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Evaluating the potential carcinogenic hazard of glyphosate

Critical Reviews in Toxicology (CRT] has been a leader for
more than four decades in publishing scientific reviews
evaluating the health hazards of exposure to chemicals that
are widely used around the globe. These reviews have
been Internationally recognized for their comprehensive
coverage of contemporary topics ranging from novel testing
and assessment strategies to the characterization of the

potential hazards associated with chemicals. The reviews
evaluating potential chemical hazards and risk typically
cover and integrate evidence from multiple avenues of

Investigation, including molecular and cellular research, ani-
mal Investigations and epidemiological studies. From its first
issue in 1971 to the present, CRT has a well-earned reputa-
tion for scientific rigor and thoroughness of its external
peer review.

This Special Issue of CRT contains five papers each
addressing aspects of the evaluation of the potential carcino-
genic hazard of glyphosate, a chemical discovered by a scien-
tist at Monsanto Company in 1970, Glyphosate was rapidly
commercialized and initially marketed in 1974 as Roundup.
Since going off patent In 2000, glyphosate has been pro-
duced and marketed by a growing number of companies. It
is one of the most widely used agricultural chemicals in the
world and has been of great benefit in weed control and
enhanced productivity of a number of crops.

Monsanto conducted the first safety evaluations on gly-
phosate prior to marketing of products containing the chem-
ical. These in-house evaluations were followed by review and
approval for marketing by the U.S. Environmental Protection
Agency and then other government agencies around the
world. Scientific information available on the potential health
hazards of glyphosate continues to increase and Is now
voluminous.

The International Agency for Research on Cancer (IARC)
announced in 2014 that it was going to review glyphosate
along with four pesticides for their potential carcinogenic
hazard. Four review papers, commissioned by Monsanto
Company, addressing various aspects of the toxicity of gly-
phosate and glyphosate-based formulations, were submitted
to Critical Reviews in Toxicology, subjected to rigorous exter-
nal review, revised and published In CRT prior to the IARC
meeting (Kimmel et al. 2013; Kier & Kirkland 2013; Kier 2015,
Greim et al. 2015). Those papers were frequently accessed
on-line and, most Importantly, copies were provided to IARC
prior to the meeting of the IARC review panel in Lyon, France
in March 2015

The IARC Panel classified glyphosate in Category 2a, prob-
ably carcinogenic to humans. At the conclusion of the review,
IARC released a piess announcement reporting key results of
the review; this was followed by publication of a summary

paper (Guyton et al. 2015) and publication of a monograph
(IARC 2015). The conclusions of the IARC Panel were a sur-
prise to many scientists who had followed the literature on
the potential health hazards of glyphosate over many deca-
des. This was especially the case because the IARC classifica-
tion of glyphosate as probably carcinogenic to humans ran
counter to the conclusions of a number of previous carcino-
genic hazard assessments conducted by multiple government
agencies around the world.

Following the IARC carcinogenic hazard classification of
glyphosate, the Monsanto Company engaged Intertek, a sci-
entific and regulatory consulting firm, to convene an Inde-
pendent scientific panel to evaluate and synthesize the
scientific evidence of the potential carcinogenic hazard of
glyphosate. The activities and conclusions of the independent
panel are reported in the five papers in this special issue.
Each of the five papers was rigorously reviewed by 5-10
independent reviewers selected by the CRT Editor and
anonymous to the authors. A total of 27 different reviewers
participated with several of the Individuals reviewing all five
papers. The authors of each paper were provided the review
comments on their paper and asked to make appropriate
revisions. The final papers, published here, represented the
work product of the authors. Each paper includes an
Acknowledgements section and an extensive Declaration of
Interest section.

In order to facilitate the broadest possible readership,
Intertek requested that these five papers be published in a
sponsored Open Access Supplement Issue in the 2016 vol-
ume of Critical Reviews in Toxicology. Negotiations for such
sponsored supplements are customarily conducted between
the sponsor and publisher, separate from the review process,
thereby maintaining the journal's editorial independence. The
Editor-In-Chief was not party to these negotiations.

It Is anticipated that scientific discussions concerning the
science of the potential carcinogenic hazards of glyphosate
and its use will continue for some time along with related
discussions of how this science informs policy decisions on
the regulation of glyphosate-contalning products. The con-
tents of These five papers, the extensive listing of references
in each paper and the Supplemental Material (available on-
line for several of the papers), will contribute to and facilitate
continued scientific discussions and policy decisions on this
Widely used chemical.
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ABSTRACT ARTICLE HISTOMV
The International Agency for Research on Cancer (IARC) published a monograph in 2015 concluding Received £ April 2016
that glyphosate is "probably carcinogenic to humans" (Group 2A) based on limited evidence in humans Revised 20 June 2016
and sufficient evidence in experimental animals. It was also concluded that there was strong evidence ~ Accepted IS July 2016
of genotoxicity and oxidative stress. Four Expert Panels have been convened for the purpose of con-
ducting a detailed critique of the evidence in light of IARC's assessment and to review all relevant infor- )

. - . . .. . . . . . Glyphosate; amlnomelhyl-

mation pertaining to glypho_sate exposure, animal carcinogenicity, genotoxicity, ar_u_j epidemiologic phospboric acid, Roundup,
studies. Two of the Panels (animal bioassay and genetic toxicology) also provided a critique of the IARC herbicide: cancer:
position with respect to conclusions made in these areas. The incidences of neoplasms in the animal genoloxidly
bioassays were found not to be associated with glyphosate exposure on the basis that they lacked stat-
istical strength, were inconsistent across studies, lacked dose-response relationships, were not associ-
ated with preneoplasia, and/or were not plausible from a mechanistic perspective. The overall weight
of evidence from the genetic toxicology data supports a conclusion that glyphosate (including GBFs
and AMPA) does not pose a genotoxic hazard and therefore, should not be considered support for the
classification of glyphosate as a genotoxic carcinogen. The assessment of the epidemiological data
found that the data do not support a causal relationship between glyphosate exposure and non-
Hodgkin's lymphoma while the data were judged to be too sparse to assess a potential relationship
between glyphosate exposure and multiple myeloma, As a result, following the review of the totality of
the evidence, the Panels concluded that the data do not support IARC's conclusion that glyphosate is a
"probable human carcinogen" and, consistent with previous regulatory assessments, further concluded
that glyphosate is unlikely to pose a carcinogenic risk to humans.
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Introduction
Background on glyphosale

Glyphosate, or N-(phosphonomethyl)glyclne (CAS# 1071-83-6),
is a widely used broad-spectrum, nonselective post-emergent
herbicide lhat has been in use since 1974. Glyphosate effect-
ively suppresses the growth of many species of trees, grasses,
and weeds. Glyphosate works by interfering with the synthe-
sis of the aromatic amino acids phenylalanine, tyrosine, and
tryptophan, through the Inhibition of the enzyme 5-enolpyru-
vylshlkimate-3-phosphate synthase (EPSPS). Inhibition of the
synthesis of these amino acids stops growth of plants such as
weeds, Importantly, EPSPS is not present in mammals, which
obtain their essential aromatic amino acids from the diet.

A wide variety of new uses have been developed for gly-
phosate in agricultural, Industrial, and home & garden appli-
cations, Glyphosate accounts for approximately 25% of the
global herbicide market (http://www.glyphosate.eu).
Glyphosate is currently marketed under numerous trade
names by more than 50 companies in several hundreds of
crop protection products around the world. More than 160
countries have approved uses of glyphosate-based herbicide
products (http://www.monsanto.com) To further enhance the
effectiveness of glyphosate in agriculture, a number of genet
ically modified crop varieties have been developed which are
tolerant to glyphosate (i.e. atlows for application after emer-
gence of the crops). In addition, given its effectiveness and
broad-spectrum activity, glyphosate is also used worldwide
for forestry, rights of way, landscape, and household control
of weeds.

Glyphosate is a relatively simple molecule which consists
of the amino acid glycine and a phosphonomethyl moiety
(Figure 1). As such, glyphosate has no structural alerts for
chromosomal damage, genotoxicity, mutagenicity or carcino-
genicity when analyzed by DEREK (Deductive Estimation of
Risk from Existing Knowledge) (Kier & Kirkland 2013). It is a
polar molecule that is incompletely (15-36%) absorbed orally,
undergoes very little biotransformation, and is rapidly
excreted unmetabolized (Williams et al. 2000). A molecule
with these characteristics would be expected to exhibit, If
any, only a low order of toxicity. The results from toxicity
studies and regulatory risk assessments have been consistent
with that expectation (JMPR 1987, 2006; US EPA 1993; WHO
1994; Williams et al. 2000; European Commission 2002: EFSA
2015).

o o
HO - C- CHjNH - CH, - P- OH
OH

Figure 1 Stmrrwe of glyphosait

Previous assessments of the carcinogenicity of
glyphosate

The safety, including the potential carcinogenicity, of glypho-
sate has been reviewed by scientists and regulatory author-
ities worldwide, Including the US Environmental Protection
Agency (US EPA), the European Commission, and the
Canadian Pest Management Regulatory Agency (Health and
Welfare Canada 1991; US EPA 1993, 2013; WHO 1994
Williams et a 2000; European Commission 2002; Kier &
Kirkland 2013; EFSA 2015; Health Canada 2015; JMPR 2016).
The conclusion of all these reviews is that proper use of gly-
phosate and glyphosate-based formulations (GBFs) does not
pose a genotoxic or carcinogenic hazard/rlsk to humans.

The first assessment of glyphosate's carcinogenic potential
was undertaken by the US EPA in 1985. This review was done
by a US EPA panel Ihai then was called the Toxicology
Branch Ad Hoc Committee, which comprised members of the
Toxicology Branch of the Hazard Evaluation Division. At that
time, two chronic animal bloassays were available; a com-
bined chronic toxicity/carcinogenicity study in Sprague-
Dawley rats and a carcinogenicity study in CD-I mice The
Agency concluded Ihat the data did not demonstrate a car-
cinogenic response In rats. However, the US EPA also con-
cluded that the dose levels used In that study were
inadequate for assessing glyphosate's carcinogenic potential
in this species. The US EPA concluded that there was limited
evidence of an increased Incidence of renal tubule adenomas
in male mice at the high-dose level (4841 mg/kg/day), a dose
that greatly exceeds the limit dose level (1000 mg/kg/day) for
carcinogenicity testing With pesticides (OECD 2009). Based on
this information, the Agency Initially classified glyphosate as
a Group C (Possibly Carcinogenic to Humans: Agents with
limited animal evidence and little or no human data) carcino-
gen (see US EPA 1991a)

The kidney slides from the mouse study were subse-
quently reexamined by a consulting pathologist (Dr. Marvin
Kuschner M.D., Dean, School of Medicine, State University of
New York at Stony Brook), and three other scientists (Dr.
Robert A. Squire, Robert A Squire Associates Inc., Ruxton
Maryland; Dr Klaus L Stemmer M.D. Kettering Laboratory,
University of Cincinnati Medical Center; Dr, Robert L Olson,
M.D., Ph.D., Professor of Medicine and Pharmacological
Sciences. State University of New York at Stony Brook) also
reviewed the slides and/or the chronic toxicity data. All these
scientists concluded that there was no relationship to treat-
ment (US EPA, 1986a). In addition, a Pathology Working
Group (PWG), consisting of 5 pathologists (Dr. RM Sauer,
Dr. MR Anver, Dr. JD Strandberg, Dr. J]M Ward, and Dr. DG
Goodman), was also assembled and they issued the following
conclusion: This PWG firmly believes and unanimously con-
curs with the original pathologist and reviewing pathologist
that the incidences of renal tubular cell neoplasms in this
study are not compound related” (US EPA 1986a).

All available information was presented to an US EPA
FIFRA Science Advisory Panel (SAP) in February 1986, The SAP
determined that the carcinogenic potential of glyphosate
could not be determined from the existing data and pro-
posed that a chronic rat and/or mouse study be conducted
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in order to clarify these unresolved questions; the panel
also proposed that glyphosate be categorized as Group D or
having Inadequate animal evidence of oncogenicity" (US
EPA 1986bh).

After considering the SAP's conclusions and recommenda-
tions, the US EPA requested that a new 2-year rat oncogen-
icity study be conducted In 1991 after the new rat study
was completed, the US EPA re-convened Its Carcinogenicity
Peer Review Committee to leview the results of this study as
well as all of the relevant scientific data on glyphosate (US
EPA 1991a). The Committee concluded that glyphosate
should be classified in Group E (evidence of non-carcinogen-
Icity) based upon the lack of a carcinogenic response in two
animal species. Subsequent réévaluations by US EPA (1993,
2012, 2013) have re-affirmed the Agency’s earlier conclusion.

After Monsanto had marketed glyphosate-based herbicide
products for a number of years, other companies entered the
glyphosate market; as a result, some of them generated sub-
stantial, or even complete, additional toxicology databases.
The first additional databases that became available were
generated by Cheminova and Syngenta in the mid- to late
1990s timeframe Additional data packages were subse-
quently generated by other companies (e.g. Arysta, Excel,
Feinchemle, Nufarm) and became available in the mid- and
late 2000s timeframe

In addition to new studies conducted to meet regulatory
guidelines and support various re-registration processes
globally, new epidemiology and genotoxiclty studies (testing
glyphosate and glyphosate-based herbicide formulations)
began to appear In the scientific literature in the late 1990s
and early 2000s One of the first epidemiological investiga-
tions of interest involving glyphosate published in the scien-
tific literature was that of Hardell and Eriksson (1999), and
other epidemiology studies were periodically published after
2000 up until the present. Genetic toxicology studies of gly-
phosate and GBFs began to appear in the literature In
increasing numbers throughout the 1990s and were reviewed
by Williams et al. (2000). The occurrence of such studies has
increased during the 2001-2015 timeframe: approximately
125 such genotoxidty studies were reviewed by Kier and
Kirkland (2013), and an additional 40 genotoxlcity biomoni-
toring studies of GBFs were reviewed by Kier (2015).

As glyphosate underwent reregistration processes by
major national regulatory authorities and additional reviews
by other health agencies after 2000, these evaluations
included more and more of the new toxicology, genotoxidty,
and epidemiology information generated after the Initial
Monsanto animal bioassay studies. For example, a 2004 Joint
Meeting of the FAO Panel of Experts on Pestidde Residues
(JMPR) in Food and the Environment and the WHO Core
Assessment Group concluded that there was an absence of
carcinogenic potential in animals and a lack of genotoxidty
in standard tests; thus, "the Meeting concluded that glypho-
sate Is unlikely to pose a carcinogenic risk to humans" (JMPR
2006). The Australian Pesticides and Veterinary Medicines
Authority (APVMA) evaluated the active Ingredient and con-
cluded that the evidence shows that glyphosate Is not geno-
toxic or carcinogenic (APVMA 2013) The US EPA conducted a
comprehensive Human Health Risk Assessment in 2012
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(US EPA 2012). The Agency noted that "no evidence of car-
cinogenicity was found in mice or rats,” and US EPA con-
cluded that "glyphosate does not pose a cancer risk to
humans" (US EPA 2013). Health Canada's Pesticide
Management Regulatory Agency (PMRA) completed a com-
prehensive review of glyphosate as part of the reregistration
process in that country. PMRA concluded that "the overall
weight of evidence Indicates that glyphosate is unlikely to
pose a human cancer risk” (Health Canada 2015). Tire com-
plete genotoxidty, carcinogenicity, and human epidemiology
databases were evaluated by the German Federal Institute for
Risk Assessment (BfR) for the European Commission on the
Annex 1 renewal of glyphosate The BfR concluded that gly-
phosate is unlikely to pose a carcinogenic risk to humans
(Markard 2014) This conclusion was supported by the peer
review evaluation conducted by the European Food Safety
Authority (EFSA) both before and after a mandate from the
European Commission to consider the findings from IARC
regarding glyphosate's carcinogenic potential (EFSA 2015).
Most recently, JMPR (2016) reviewed the data and concluded
that: "glyphosate is unlikely to pose a carcinogenic risk to
humans from exposure through the diet."

IARC assessment of the carcinogenicity of glyphosate

The International Agency for Research on Cancer (IARC) in
2015 undertook an evaluation of the oncogenic potential of
glyphosate as part of Its Monograph Programme. Glyphosate,
along with four other pesticides (the insecticides diazinon,
malathion, parathion, and tetrachlorvinphos), was considered
by an IARC Working Group, which met in March 2015 at IARC
in Lyon, France. A brief summary of IARC's conclusions was
initially published in The Lancet Oncology on 20 March 2015
(Guyton et al. 2015), and the full IARC Monograph (Volume
112) was published online on 29 July 20)5 (IARC 2015). IARC
concluded that glyphosate Is "probably carcinogenic to
humans (Group 2A)" based on limned evidence in humans
and sufficient evidence in experimental animals; it was also
concluded that there was strong evidence of genotoxidty
and oxidative stress (IARC 2015)

Expert Panel critique of the IARC assessment and review
of relevant data

Since the IARC conclusions were found to be In such stark
contrast to those from all other assessments of carcinogenic
potential, It was decided that a thorough review should be
conducted by scientists In the area of cancer risk assessment,
critiquing lARC's processes where appropriate Toward that
end, Intertek Scientific & Regulatory Consultancy (Intertek,
Mississauga, Ontario, Canada) was commissioned by the
Monsanto Company to assemble panels of scientific experts
in the four areas considered by IARC: exposure; epidemiology;
cancer in experimental animals; mechanistic and other rele-
vant data (focused on genotoxlcity and oxidative stress).
Fifteen scientific experts were selected on the basis of
their expertise and standing within the international scientific
community fie_ publication history, participation in scientific
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Table 1 Composition of The four Expert Panels.

Expert panel group* Name of participating scientist
Keltti R Solomon

Gary M Williams

Sir Colin Berry

Michele M Bums

Joao Lauro Vlana de Camargo
Helmut A Grelm

Human exposures
Carcinogenicity bioassays

Germany
David Srusick
Marilyn Aardema
Larry D Kier
David J Kirkland
Gary M. Williams
John Acquavella
David Garabrant

Genotoxiqty

Epidemiology

Affiliation ol scientist

Centre for Toxicology, University of Guelph, Guelph, ON Canada

Professor of Pathology, New York Medical College, Valhalla, NY

Emeritus Professor of Pathology, Queen Mary, University of London, London, UK

Boston Children’s Hospital, Boston, MA. USA

Professor ol Pathology. Botucatu Medical 5chool, Sao Paulo State Urnv, UNESP, SP, Brwill
Emeritus Professor of Toxicology and Environmental Hygiene, Technical University of Munich,
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and regulatory committees, and familiarity with regulatory
authorities) and recruited by Intenek to participate on these
Expert Panels, Panelists were recruited and assigned to one
of the four areas considered by IARC (noted above) based on
their areas of expertise; two panelists participated in two
areas. A sixteenth scientific expert from Infertek participated
on the Expert Panels and served as the overall organizer and
facilitator for the panel meetings. A listing of the expens,
their affiliations, and the specific "Panel” on which they
served is presented in Table 1

Prior to the meeting, all key studies/publications cited by
IARC were made available to the panelists for their review;
panelists were told to request any additional information
they felt was necessary for them to conduct a thorough
evaluation. The epidemiology panel conducted its own inde-
pendent literature search, The scientists were asked to closely
examine the studies/data that IARC used to come to their
conclusions, panelists were also advised to examine any add-
itional Information needed to come to an overall conclusion
in their respective areas.

Based on the scope of the information to be evaluated, It
was decided that the panels would meet over a 2-day period
to discuss all relevant information and make appropriate con-
clusions regarding the carcinogenic potential of glyphosate.
As needed, the expert scientists held pre-meeting phone con-
ferences and communicated via email to establish and plan
how they would prepare for and conduct their review at the
Expert Panels review meeting. Since the amount, nature, and
quality of the data used by IARC varied considerably across
the foui areas, the evaluation approaches used by the expert
panelists In their specialist areas varied somewhat as well
The Expert Panels Meeting was held on 27-28 August 2015
at Intertek in Mississauga, Canada. On the first day of the
meeting, the discussions focused on the exposure and human
epidemiology data. The second day of the meeting began
with a summation of epidemiology and exposure discussions/
conclusions and then focused on the animal bioassay and
genotoxlcity/oxidative stress data. After the Expert Panels
met. the reports for the four individual areas were developed

by designated scientists; the content of these reports was
finalized through additional phone conferences and email
communications as necessary with the other panel members.
As Indicated previously, due to the large amount of data and
information evaluated by the individual panels and the sub-
sequent length of the individual reports, it was decided to
prepare four separate specialist manuscripts covering the
methodologies applied and their respective outcomes and
conclusions. This report presents a summary of the delibera-
tions, and conclusions reached, by the Expert Panels in the
four areas of research, Prior to publishing the Expert Panels
findings, they were presented at the Society fot Risk Analysis
Annual Meeting at Arlington, Virginia on 7 December 2015.
As a preface to the remainder of the document, the pro-
cess by which IARC identifies and reviews data must be com-
pared with that employed by the Expert Panel(s). IARC only
reviews data included in; "reports that have been published
or accepted for publication In the openly available scientific
literature” or "data from governmental reports that are pub-
licly available" (IARC 2006). In addition, IARC reviews and
assesses these data in the context of hazard (i.e. inherent car-
cinogenic potential) not risk (i.e. the likelihood of carcino-
genic effects at exposure levels humans may encounter) As a
result, the conclusion of IARC is often solely associated with
hazard. In contrast to IARC, toxicology, mechanism, and
exposure Expert Panels evaluated all of the available scientific
data. Including the results of a number of unpublished
reports, some of which have been submitted to and reviewed
by regulatory authorities. These reports document GLP- and
OECD/FDA Redbook guideline compliant studies, conducted
to assess the genotoxic and carcinogenic potential of glypho-
sate In essence, these studies provide the highest quality of
documentation and verification; hence, a balanced assess-
ment requires the inclusion of such studies in the review pro-
cess. The third panel (epidemiology) took an approach
consistent with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines for system-
atic reviews (Moher et al. 2009), standard approaches to crit-
ically evaluating epidemiologic studies (Aschengrau & Seage



2003a,b; Sanderson el al, 2007) and well-recognized interpret-
ative methods - e.g the criteria-based methods of causal
Inference (Hill 1965,1971) - sometimes referred to as "weight
of evidence" (WoE) methods (Weed 2005). In addition to the
identification of hazard potential, the Expert Panels assessed
exposure data to provide a perspective from which to com-
ment on potential risk. In the absence of carcinogenic hazard,
however, no risk Is present regardless of exposure. The con-
clusions reached by the Expert Panels and IARC dearly differ.
However, In the opinion of the Expert Panel(s) this Is not due
to differences In process (hazard versus risk assessment), but
rather the result of the exclusion from the IARC review pro-
cess of key data (animal bioassay and genotoxiciry) or differ-
ences in the Interpretation of the data that was assessed
particularly in regard to the animal bioassay results. Given
these differences, even without the data IARC did not include,
there Is no support for (ARC'S conclusion that glyphosate is
“probably carcinogenic to humans.” This critique is presented
and discussed in the context of the Expert Panels' assessment
of the totality of the data.

Exposures to glyphosate

Unpublished reports of studies on exposure to glyphosate in
applicators were provided by Monsanto Company which cov-
ered uses in agriculture and forestry (see Solomon 2016 for
additional details and bibliography). Other data on exposures
were obtained from the open literature as a result of searches
in PubMed'5, references in reviews, and Google Scholar®.
These papers and reports were grouped into sources of expo-
sures and the data analyzed as described below.

Only one paper reported concentrations of glyphosate In
air, In a study conducted in lowa, Mississippi, and Indiana in
2007 and 2008, concentrations of glyphosate and Its major
environmental degradate, amlnomethylphosphonic add
(AMPA), were measured in air and precipitation (Chang et al.
2011). For estimation of human exposure, it was assumed
that there was 100% absorption of glyphosate from the air
Into the body of a 70 kg human breathing 8 m3 air (half a day
for an adult) (US EPA 2009), Also, surface water measure-
ments of glyphosate as part of the National Water-Quality
Assessment (NAWQA) progiam (USG5 2015) since 2002 were
downloaded from the NAWQA data warehouse and then
sorted by concentration, All values measured across the US
between 2002 and 2014 were pooled for the analysis. Where
concentrations were less than the level of detection (0.02 pg
glyphosate acid equivalents (a.e.)/L), these values were substi-
tuted with a dummy value of "zero." Although chlorine and
ozone are highly effective in removing glyphosate and AMPA
during purification of drinking water Uonsson et al. 2013), It
Was assumed that treatment did not remove any glyphosate.
The estimated concentrations are thus a worst-case.

Studies documenting exposures through food and to
"bystanders” (persons who are located within or directly adja-
cent to areas where pesticides are applied but who are
not actively involved in the process) were reviewed and
data extracted (Acquavella et al. 2004; Curwin el al. 2007;
Mesnage et al. 2012; Hoppe 2013; Honeycutt & Rowlands
2014; Niemann et al. 2015). For those measurements,
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publications that provided actual systemic dose calculations
were used rather than estimates calculated from default
exposure factors (e.g. body weight (bw), watei consumption,
breathing rate, etc.). Where dietary exposures were calculated
the urinary concentration was used to calculate the systemic
dose on the assumption of 2L of urine per day and a 60 kg
person (Niemann et al. 2015). In 2013, the JMPR reviewed
dietary exposures to glyphosate (glyphosate, N-acely! glypho-
sate, AMPA, and N-acetyl AMPA) and calculated the Inter
national estimated dally intakes (IEDI) of glyphosate for 13
regional food diets (JMPR 2014). These IEDIs were based on
estimated mean residues from supervised trials under normal
or good agricultural practice The US EPA has calculated
exposures to glyphosate using the Dietary Exposure
Evaluation Model (DEEM, ver 7.81), based on tolerance levels
for all commodities and modeled estimates of exposures
from food and drinking water for the overall US population
(US EPA 2012). For studies using dosimetry, the normalization
to systemic dose was conducted using the following assump-
tions: 70kg adult, 21 m2 surface area for a 70 kg male (US
EPA 2009), 10% penetration through clothing if not actually
measured, 1% dermal penetration. The estimated systemic
doses were ranked from smallest to largest and a cumulative
frequency distribution derived. These values were plotted on
a log-probability scale, The median (50th centile) and 90th
centile values were calculated from the raw data using the
Excel function < =percentile>.

Where an applicator makes a single application, the sys-
temic dose of glyphosate can be estimated from the total
amount of glyphosate excreted In the urine over the 4 or 5
days following and Including the day of application
(Acquavella et al. 2004). If applications are conducted every
day, the amount excreted each day provides a time-weighted
average for daily exposures. Because glyphosate is applied
infrequently in normal agricultural practice, the assumption
of a single Initial exposure is considered appropriate for risk
assessment purposes.

Exposures via air

Based on the above assumptions, inhaling glyphosate in air
at the maximum measured concentration would result in an
exposure of 1.04\ 10 B mg/kg body mass (bm)/day. This is
about five orders of magnitude less than the systemic ADI
proposed by EFSA (2015).

Exposures via water

The concentrations of glyphosate measured in US surface
waters ranged from 0.02 to 73pg/L, The 90th centile value
was 0.79 pg/L (see Solomon (2016) for details of the calcula
tlons), more than four orders of magnitude less than the
EFSA ADI.

Exposures from food and in bystanders

Estimates of glyphosate exposures to bystanders and the
general public have been reported by various Investigators
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(Curwin et al. 2007, Meshage et al. 2012, Hoppe 2013;
Honeycutt & Rowlands 2014; Kruger et al. 2014; Markard
2014). In these studies, the range for estimates of systemic
doses was 0.000022-0.00063 mg/kg/day. These values are all
less than the ADI suggested by EFSA.

Exposure of applicators

The 90th centlle in the dosimetry studies was 0.021 mg/kg/
day; about five-times less than the systemic EFSA ADI. The
range of values for the systemic doses determined by blomo-
nltorlng was smaller than for the passive dosimeters. The
90th centlle was 0.0014 mg/kg b.m./day; about 70-times less
than the systemic EFSA ADI

In summary, there is a robust dataset on glyphosate expo-
sures to humans. Even when using worst-case assumptions,
systemic exposures to applicators, bystanders, and the gen-
eral public are very small Based on current RfDs and ADIs
and measured exposures, there is an extremely large margin
of safety from exposure to glyphosate via normal uses.

Epidemiological data

The epidemiology Expert Panel conducted a systematic
review of the published glyphosate literature for the two can-
cers that were the focus of IARC's epidemiology review: non-
Hodgkin's lymphoma (NHL) and multiple myeloma (MM) (see
Acquavella et al. (2016) for additional details). Initially, an
exhaustive search of the medical literature was performed to
Identify all epidemiological studies that examined the rela-
tionships between reported use of glyphosate and NHL or
MM. This resulted in seven unique studies for NHL and four
studies for MM after removal of duplicates and focusing on
the most recent findings for study populations that were the
subject of more than one publication. The relevant studies
are listed in Table 2. Each study was then reviewed individu-
ally according to key validity considerations specified a priori
and the results for NHL and MM were separately and system-
atically evaluated according to widely used criteria for judg-
ing causal associations from epidemiologic studies (Hill 1965),

Data abstracted from each study included: first author,
year of publication, outcome (NHL, MM), study design, study
size, statistical methods, results (measure of relative risk [RR]
with accompanying 95% confidence interval (95% ClI]), expos-
ure-response findings, and variables controlled in the analy-
ses. Each study was evaluated for key features that relate to
study validity, most importantly: recall bias, proxy respond-
ents, selection bias, adequate statistical control for confound-
ing factors, and evaluation of dose response (Table 3).

Of the seven NHL studies, only one study - the
Agricultural Health Study (AHS) cohort study (de Roos et al.
2005) - was devoid of major concerns about recall bias and
selection bias by virtue of the design (prospective versus
retrospective), was controlled comprehensively for confound-
ing factors, and extensively considered RR by frequency and
duration of glyphosate use. This study of more than 50 000
licensed pesticide farmers and applicators collected Informa-
tion about pesticide use before follow-up for health out-
comes, had only first-hand respondents reporting about
pesticide use (viz. no proxy respondents), had minimal poten-
tial for selection bias, and included statistical analyses that
controlled confounding factors by myriad personal character-
istics and non-glyphosate occupational exposures. In addition,
de Roos et al. (2005) were the only Investigators who con-
ducted exposure-response analyses while controlling exten-
sively for confounding exposures. In contrast, the NHL
case-control studies had major validity concerns including
the strong potential for recall bias, selection bias (either
appreciably lesser participation for controls than cases or
selecting controls that clearly did not reflect the population
that gave rise to the cases [e.g. hospitals controls from
rheumatology and orthopedic departments]), proxy respond-
ents, and uncontrolled confounding factors in the statistical
analyses. Indeed, In many of the case-control studies virtually
every pesticide exposure studied was associated with
increased risk for NHL (or MM) - a clear Indication of wide-
spread systematic bias.

With these considerations in mind, for NHL. the results of
the de Roos et al, (2005) cohort study were considered the
only reliable epidemiologic findings. As de Roos et al. (2005)

Table 2. Relevant studies for glyphosate review: non-Hodgkin's lymphoma (NHL) and multiple myeloma (MM).

First author (year) Study location(s) Study design More recent analysis Outcome
Cantor et al (1992) lowa ~“Minnesota Case-control de Roos et al. (2003) NHL
Nordstrom et al. (1998) Sweden Case-control Hardell et al. (2002) HCL
Hardell and Eriksson <1999) Sweden Case-Control Hardell et al. (2002) NHL excluding HCL
McDuffie et al. (20011 Canada Case-control n/a NHL
Hardell el al, (2002) Sweden Case-control (pooled) n/a NHL+ HCL
de Roos et al, (2003) Nebraska,lowa/Minnesota,Kansas Case-control (pooled) n/a NHL
de Roos et al. (2005) lowa, North Carolina Cohort n/a NHL. MM
Eriksson et al. (2008) Sweden Case-control n/a NHL
Orsi et al. (2009) France Case-control n/a NHL, MM
Hotienadel et al. (2011) Canada Case-control Extension of McDuffie et al (2001) NHL
Cocca et al (2013) Czech, France, Germany, Ireland, Italy, Spain Case-control n/a B-cell lymphoma
Brown et al. (1993) lowa Case-control n/a MM
Landgren et al. (2009) lowa Prevalence, n/a MGUS

North Carolina Case-control

Minnesota
Pahwa et al. (2012) Canada Case-control Kachurl et al. (2013) MM
Kacburi et al. (2013) Canada Case-control n/a MM

Sorahan (2015)
n/a: not available.

lowa, North Carolina

Cohort

Reanalysis of de Roos et al, (2005) MM



Table 3. Key validity considerations In glyphosate epidemiological studies.
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Adequate control Exposure-response

First author (year) Study design Outcome Recall bias Selection bias Proxy respondents for confounding and trend lest
de Rooj et al. (2005) Cohort NHL, MM No Unlikely No Yei Ves, yes
McDuffie et al. (2001) Case-control NHL Likely Likely 21% cases 15% No Yes, no trend test
controls
Hardell et al. (2002) Case-control NHL. HCL Likely Unlikely a3% NHL cases and No No
controls, 0% for
HCL
de Roos et al. (2003) Case-control NHL Likely Likely 31% for cases; 40% Yes No
for controls
Eriksson et al (2008) Case-control NHL Likely Unlikely No No Yes, no trend test
Orsi et al (2009) Case-control NHL, MM Likely Likely No No No
Cocco et al. (2013) Case-control NHL Likely Likely No No No
Brown et al. (1993) Case-control MM Likely Unlikely 42% for cases; 30% No No
for controls
Kachurl et al (2013) Case-control MM Likely Likely Excluded In analysis No Yes, no trend test

NHL" non-Hodgkin's lymphoma; MM; multiple myeloma

Whether recall bias, exposure misdasslfication, or selection bias was classified as likely or unlikely was based on a consensus after an in person discussion of each

study by the authors.

concluded the available data provided evidence of no
association  between glyphosate exposure and NHL
incidence," Results from this study were the basis for the
Panel's conclusion of no epidemiologic support for a causal
relationship between reported glyphosate use and NHL.

The glyphosate literature for MM Is appreciably sparser
than the literature for NHL, both in terms of the number of
available studies (one cohort and three case-control studies)
and the number of cases In those studies with reported gly-
phosate use. The three case-control studies had Important
validity concerns, as noted for the NHL case-control studies,
and were unable to adjust analyses comprehensively for con
founding factors due to the very small number of exposed
cases. The AHS cohort study (de Roos et al. 2005 and re-ana-
lyzed by Sorahan 2015) found that glyphosate users had
about the same rate of MM as non-users adjusting for con-
founding factors, but had too few exposed cases to conduct
informative exposure response analyses.

In summary, the epidemiology Expert Panel concluded
that the glyphosate epidemiologic literature does not Indicate
a causal relationship between glyphosate exposure and NHL.
For MM, the evidence was considered too sparse to judge a
relationship between MM and reported glyphosate use. The
panel’s conclusion for NHL differed from that of the IARC
working group primarily because the null findings from the
AHS (cohort) study were the only epidemiologic findings con-
sidered likely to be valid.

Cancer bioassays

The carcinogenicity Expert Panel reviewed all listed cancer
bioassays reviewed by Greim et al. (2015) and IARC (2015).
The recommended method for evaluating the results of an
extensive database of toxicology and carcinogenicity bioas-
says, as exist for glyphosate, involves the application of a
WOoE approach (US EPA 1986¢; ECHA 2010). Methods for eval-
uating the results of an extensive database of toxicology and
carcinogenicity bioassays, as exist for glyphosate, have
evolved from the application of WoE approaches (US EPA,
2005; Suter and Cormier, 2011) to approaches built on the
systematic and rigorous methods of systematic evidence-

based reviews (James et al. 2015). These approaches recom-
mend that all reliable Information be evaluated. Transparent
descriptions of studies to be included and excluded are a key
component of this approach. In any review, If certain studies
are judged to be unreliable and thus not included, the rea-
sons for this should be provided. The carcinogenicity Expert
Panel reviewed the incidences of the tumors in the various
studies with respect to dose-response, rate of occurrence
relative to known spontaneous rates in control animals, and
on the basis of biological plausibility. Additional details of the
Expert Panel's considerations and conclusions are presented
in Williams et al. (2016).

In contrast to the results of past reviews (see Table 4),
IARC (2015) concluded that there is sufficient evidence in
experimental animals for the carcinogenicity of glyphosate,
based on the following:

a A significant positive trend in the Incidence (p=.037) of
renal tubule carcinomas and of adenomas and carcino-
mas (p=.034) in male CD-I mice of one study only. This
is a rare tumor type.

b. In a second feeding study In the same strain of mice, a
significant positive trend in the Incidence (p < .001) of
hemangiosarcomas occurred in males.

¢ In two dietary studies in SD rats, a significant positive
trend (p < .05) in the incidence of pancreatic Islet cell
adenomas occurred in males,

d. In a dietary study in SD rats, a significant positive trend
(p=.016) in the incidence of hepatocellular adenomas
occurred in males.

e. In a dietary study In SD rats, a significant positive trend
(p=.031) in the Incidence of thyroid C-cell adenomas
occurred in females.

Kidney tubular - cell neoplasia in mice

In regard to the rare renal tubular tumors In male CD-1 mice,
the Expert Panel noted that the conclusions of the IARC were
based on only one 2-year oral mouse carcinogenicity study,
(Monsanto 1983) excluding two additional 18-month oral
studies In CD-i mice (Arysta Life Sciences 1997,- Nufarm 2009)
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Table 4. Regulatory agency reviews of three studies evaluated by IARC,

Regulatory authorities

2015 WHO/IARC

2016 WHO/IMPR

2016 US EPA Registration Review"

2016 Japan Food Safety Commission ADI Review"
2015 EU Annex | Renewal (8FR)"

2015 Canada PMRA Registration Review"
2013 Australia

2012 US EPA Human Health RA

2005 WHO/Water Sanitation Health

2004 WHO/IMPR

2002 EU Annex |

1999 Japan Food Safety Commission
1994 WHO/IPCS

1993 US EPA RED

1991 Canada PMRA

1991 US EPA Cancer Classification

1987 WHO/IMPR

Mouse study
(Monsanto 1983)

Conclusions of review - tumors related to treatment?

Rat study
(Stout & Ruecker 1990)

Mouse study
(Cheminova 1993]

Yes Yes Yes
f N0 »
No No -
No No No
No No No
No No No
No No -
No No
- No No
No No No
No No -
No No
No No -
No No -
No No
No *

*The meeting could not exclude the possibility that glyphosate is carcinogenic In mice at very high doses.

"Evaluation not completed.

and one 18-month oral study in Swiss Albino mice
(Feinchemie Schwebda 2001). All of the studies were consid-
ered by authoritative bodies to have met the guidelines for a
carcinogenicity bloassay in mice (US EPA 1990; ICH 1997).

in the study conducted by Monsanto (1983) considered by
IARC (2015) to show evidence of renal tubular neoplasia asso-
ciated with glyphosate dosing, male (M) and female (F) CD-I
mice received 0 (MO/FO mg/kg/day, control), 1000 (157/190,
LD), 5000 (814/955, MD), or 30,000 (4841/5874, HD) ppm in
the diet. The incidence by dose of renal neoplasms in male
mice was as follows: 1/49, 0/49, 1/50, and 3/50. The
important non-neoplastic renal findings of hyperplasia were
as follows: 3/49, 0/49, 4/50, and 2/50, indicating lack of a
dose-response, with the highest incidence in the mid-dose
(MD) group, followed by the control group, and the high-
dose (HD) group. The low-dose (LD) group had no renal find-
ings. Females had neither neoplasia nor hyperplasia. Absence
of hyperplasia indicates that all renal proliferative and neo-
plastic lesions, which occurred in all experimental groups
(including controls) occurred de novo, i.e. were spontaneous
or background lesions and were not compound related.

Factors to assess whether an association between expos-
ure and an effect (two variables) is causal include strength,
consistency, and specificity of the association, the temporal
(latency) and dose-response relationships present, plausibility
of effect, and coherence of the available data. When applied
to the study by Monsanto (1983), several conclusions were
drawn, as follows:

1 The association was not strong because the incidence of
rare renal neoplasms was not statistically significant in
any exposed group when compared to the control
group.

2. The association is not consistent, since four out of five
mouse studies did not find similar renal neoplasms at
similar doses.

3. The association is not specific, since females of this piv-
otal study, which were exposed to higher levels of gly-
phosate, did not develop renal neoplasms, Also, there

were no renal findings (hyperplasia, neoplasia) in the LD
group, whereas the control group had four.

4. The time required between exposure and effect, i.e. the
latency time, was not reduced; all tumors were observed
only at termination. Also, no mouse with neoplasia had
also hyperplasia.

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 four mouse carcinogenicity
studies (three of which were not considered in the IARC
monograph), the mice did not develop similar neoplastic
renal lesions.

8. The association does not demonstrate a dose-response
pattern (see #5, 6), and furthermore the "in-study"
females had neither neoplasms nor any of the other
renal lesions, although they were exposed to higher lev-
els of glyphosate.

Consequently, under the conditions of this assessment, the
renal neoplastic effects are not plausibly associated with gly-
phosate exposure. This conclusion is in agreement with that
of JMPR (1987, 2006), US EPA (1993), and EFSA (2015).

Hemangiosarcomas in mice

With respect to the common liver hemangiosarcoma in male
mice, in the CD-l mouse study reported by Cheminova
(1993) there were no statistically significant increases in the
incidence of any tumors when compared with the in-study
and historical (for both sexes 2-12%) control groups and no
dose response was apparent (Williams et al. 2016). IARC,



based on their own statistical analysis, indicated/reported
that there was an increase In the incidence of hemangiosar-
coma in males (p ¢.001, Cochran-Armitage trend test) based
on the Incidence of the HD group (Table 5) In addition, IARC
(2015) did not comment on the lack of hemanglosarcomas in
females which have received higher doses of glyphosate, and
also of renal tumors in this mouse study

It is clear that the association between glyphosate treat-
ment and hemangiosarcoma In mice Is weak since pairwise
comparisons are not significant, there Is no consistency
(some mouse studies show no tumors of this type at all at
comparable doses), and a dose response effect Is not seen
(some HD groups have a lower Incidence than lower doses).
In addition, the recorded Incidences are within the historical
control range.

Given the foregoing analysis, the Expert Panel concludes
that overall the evidence does not support the conclusion
that glyphosate exposure results in increased incidence of
hemangiosarcoma In mice

Pancreatic tumors In rats

In two of the seven carcinogenicity studies in rats that were
evaluated by IARC, tumors of islet cells of the pancreas were
diagnosed in both males and females. Both studies were
made available to IARC by the US EPA (1991a,b,c).

In the first study Sprague-Dawley rats received doses of 0,
30 (3), 100 (10), and 300 (31 mg/kg bw/day) ppm In the diet
for 26 months. No pancreatic islet carcinomas were observed.
Adenomas were found having a positive trend (p< OS) in the
study The level of significance for an increase in common
tumors in the trend test should be p< .005. The tumoi inci-
dences for controls, low, mid, and high doses respectively
were: males - 0/50, 5/49 (10%), 2/50 (4%), 2/50 (4%), and
females - 2/50 (4%), 1/50 (2%), 1/50 (2%) 0/50, This incidence
demonstrares no dose-response pattern, and an absence of
pre neoplastic effects. In addition, In the first study in males,
the adenomas did not progress to carcinomas.

In the second study Sprague-Dawley rats received 0, 2000,
8000, and 20,000 ppm glyphosate (96.5% purity) in the diet,
fed ad libitum for 24 months. In males, the following pancre-
atic islet cell tumor Incidences were observed in the controls
and three dose groups (low to high). adenoma: 1/58 (2%),
8/57 (14%), 5/60 (8%), 7/59 (12%); carcinoma: 1/58 (2), 0/57,
0/60, 0/59. Corresponding incidence values In females were.
5/60 (8%), 1/60 (2%), 4/60 (7%), 0/59, and 0/60, 0/60, 0/60,
0/59. The historical control rates for pancreatic islet cell
tumors at the testing laboratory were in the range 1.8-8.5%.
The Panel disagrees with the conclusion of IARC that there Is
a significant positive trend [p < .05) in the incidence of pan-
creatic adenomas in males, since here again the level of sig-
nificance should be p ¢.005 (US FDA, 2001; Williams et al.
2014). Moreover, there was no progression of adenomas to
carcinomas.

Four additional studies in rats, described by Greim et al.
(2015) not evaluated by IARC, similarly did not show pancre-
atic Islet cell tumors. Based on this information the Expert
Panel concludes that there is no evidence that glyphosate
induces islet cell tumors in the pancreas.
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Table 5. Tumor incidence/number of animals examined img/kg bw/day)*

Males Females
0 100 300 1000 0 100 300 1000
Hemangiosarcoma 0/50 0/50 0/SO 4/50 0/50 2/50 0/50 1/50
m i (4%) (2%)
‘Taken from Greim et al (20151
Table 6. Sprague-Dawley male raw, hepatocellular tumor rates-», ami
Cochran-Armltage trend and Fisher's exact tests results (p values).
Dose (ppm)

Tumors n 2000 8000 20000
Carcinomas 3/34 2/45 1/49 2/48t
9 v @ @ @
\Y; .324 489 269 458
Adenomas 2/44 2/45 3/49 7/481
(%) ©® @ ©) (15
P .016* .683 .SSl 101
Adenoma + carcinoma 5/44 4/45 4/49 9/48
199 (1D © ®) 19
2] .073 486 431 245
Hyperplasia only 0/44 0/45 1/499 0/48
©9 © © @ 10

p 462 1.000 ill 1.000

Source US EPA 11991«,b).

‘Number of tumor-bearing anlmals/numbet of animals examined, excluding
those that died oi were sacrificed before week 55.

tFlrst carcinoma observed al week 8S at 20000 ppm

ifirst adenoma observed ,« week 83 3t 20 000 ppm,

9Firsl hyperplasia observed at week 89 at 8000 ppm.

Significance of trend denoted at Control. Significance of pair-wise comparison
with control denoted at dose level, If then p < .05.

Liver tumors In rats

Hepatocellular neoplasms are common for the SD rat (about
5% in males and 3% in female controls) (Williams et al. 2014).

The IARC evaluation Indicated that there was "...a sig-
nificant (p=.016) positive trend in the incidences of hepa-
tocellular adenoma in males..."” (IARC 2015). This opinion
was based on its interpretation of the Stout and Ruecker
(1990) study as presented by the US EPA’s Peer Review of
Glyphosate (US EPA 1991ab) (see Table 6), The Stout and
Ruecker (1990) study has been reviewed twice by the US
EPA (1991ab). The final interpretation of the US EPA
Review committee was: "Despite the slight dose-related
increase in hepatocellular adenomas In males, this increase
was not significant In the pair-wise comparison with con-
trols and was within the historical control range.
Furthermore, there was no progression from adenoma to
carcinoma and Incidences of hyperplasia were not com-
pound-related Therefore, the slight Increased occurrence of
hepatocellular adenomas in males is not considered com-
pound-related” (US EPA 1991b) The US EPA ultimately con-
cluded that glyphosate should be classified as a Group E
(evidence of non-carcinogenicity for humans) chemical
(US EPA 1991ab).

There are other aspects of the Stout and Ruecker (1990)
data that support the conclusion that glyphosate did not
exert an oncogenic effect on the liver of SD rats. For
example, chemically induced rat hepatocellular carcinogenesis
is a multiple stage process characterized by progressive
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functional, morphological, and molecular changes that Indi-
cate or precede the full establishment of neoplasia, such as
enzyme induction, hepatocyte hypertrophy, degeneration and
necrosis, hepatocyte proliferation, altered hepatocellular foci,
etc (Williams 1980; Bannasch el al. 2003; Maronpot et al.
2010). Identification and analyses of these liver changes -
that span from adaptive to irreversible toxic effects - can
help support characterization of key events along the carcino-
genesis process and inform the mode of action of the tested
chemical (Williams & latropoulos 2002, Holsapple et al. 2006;
Carmichael et al. 2011). These changes were not apparent
in this study.

In the last 30 years, the sysiemic carcinogenic potential of
glyphosate has been assessed In at least eight studies In
Sprague-Dawley or Wistar rats, which were not all included
within the IARC monograph (Greim et al. 2015); a ninth could
not be evaluated because of a high mortality and the low
doses used (Chrusdelska et al. 2000). Considered Jointly, the
animals were exposed through the diet to 24 different doses
distributed across a wide range (3.0-1290mg/kg bw/day). In
exposed males, the incidences of hepatocellular adenomas
across the doses showed no dose-response relationship and
varied within the same range as the controls. Similar rates
were also seen for hepatocellulai carcinomas. These observa-
tions confirm that glyphosate is not carcinogenic to the
rat liver

Thyroid tumors In rats

C-cell tumors of the thyroid are a common tumor in the SD
rat (Wiiliams et ill. 2014)

The Incidence of thyroid C-cell adenoma was reported In
the Monograph (IARC 2015), to have a significant positive
trend (p - ,031) in females, IARC based their opinion, again,
on their interpretation of the Stout and Ruecker's (1990)
study and the US EPA's Second Peer Review of Glyphosate
(US EPA 1991a) In the Stout and Huecker's study (1990), no
statistically significant difference (group comparison) was
reported in the incidence of thyroid C-cell neoplasms, as
shown in Table 7. Additionally, the US EPA (1991a) concluded
that "the C-cell adenomas In males and females are not con-
sidered compound-related." Although the C-cell adenomas
were slightly numerically greater in male and female MD and
HD groups, there was no dose-related progression to carcin-
oma and no significant dose-related increase in severity of
grade or incidence of hyperplasia in either sex. However,
IARC concluded that "theie was a statistically significant posi-
tive trend in the incidence of thyroid, C-cell adenomas in
females” ip - 031 but, because this is a common tumor type,
the trend significance value should be p< .005 (US FDA 2001,
Williams et al, 2014)). Thus, this tumot is not significant.

Table 7. Tumor incidence/numbei of animals examined (mg/kg bw/day)*

Males Females

0 89 362 940 0 113 457 1183

Thyroid C-cell adenoma  2/60 4/58 8/58 7/60 2/60 2/60 6/60 6/60
Thyroid C-cell carcinoma 0/60 2/58 0/58 1/58 0/60 0/60 1/60 0/60

*Slout and Ruecker (1990) (all deaths reponed).

Theiefore, in one of the two evaluated studies, the signifi-
cant trend in the incidence of thyroid Ccell adenomas In
female rats did not materialize, and there was no progression
to carcinomas. The adenomas were within the historical ranges,

Genetic toxicity and oxidative stress data

The genetic toxicology Expert Panel (Brusick et al, 2016) con-
sidered published studies reviewed in the IARC monograph
and additional published studies identified by literature
searches or from review articles, not considered by IARC.
These included both genetic toxicology studies and studies
of oxidative stress. A large nhumber of core genetic toxicology
regulatory studies were also considered by the Expert Panel
for which information was available from review publication
supplements. These regulatory studies were not considered
in the IARC monograph, but the Expert Panel concluded that
sufficient test-related Information Was available to justify
including these studies. In addition, some unpublished regu-
latory studies not reviewed previously were included in the
Expert Panel evaluation

The universally recommended method for evaluating the
databases of the type associated with glyphosate (including
GBFs and AMPA), involves the application of a WoE approach
as discussed recently for genetic toxicology testing (US FDA
2006; Deerfield et al 2011) One of the most important
requirements of a WoE approach is that individual test meth-
ods should be assigned a weight that is consistent with their
contribution to the overall evidence, and different types of
evidence or evidence categories must be weighted before
they are combined into a WoE.

The weight of a category of evidence used In the
Expert Panel evaluation is based on four considerations;
(i) different categories of evidence (i.e. assay types) have
different weights, (ii) the aggregate strength (robustness of
protocols and reproducibility) and quality of evidence In
the category also influence the weight (Klimisch et al.
1997), (iii) the number of items of evidence within a cat-
egory influences the weight, and (iv) tests with greater
potential to extrapolate results to humans carry greater
weight. In general, human and In vivo mammalian systems
have the highest test system weight, with a lower weight
applied to in vitro mammalian cell systems and in vivo
non-mammalian systems and lowest weight to in vitro non-
mammalian systems (with the exception of the well-vali-
dated bacteria! reverse mutation-[Ames] test using mamma-
lian metabolic activation). Typically, the results of in vivo
assays supersede the results of in vitro assays (EFSA 2011).

In contrast to the standard WOE approach used by the
Expert Panel, IARC's process for evaluating/weighting the
genotoxicity data for glyphosate, GBF and AMPA was not
defined. IARC's process may be inferred by how the data
were summarized and described, and indicate a number of
differences from current standard procedures for WOoE. For
instance. It appears that IARC considered in vitro studies in
human cells as carrying more weight than rodent in vivo
studies as evidenced by the order of discussion topics in
Section 4.2.1, and the Inclusion of a separate table for
human In vitro studies. Further, the IARC conclusion of



strong evidence of genotoxicity was stated as based on
"studies in humans in vitro and studies in experimental ani-
mals." In contrast, the Expert Panel evaluation considered
In vitro studies using cells of human origin to be weighted
as equivalent to any other In vitro mammalian cell assay
using the same endpoint, IARC also gave weight to publica-
tions In which glyphosate or GBFs have been tested for
genotoxiclty in a variety of nonstandard non-mammallan
species (Fish, insects). The Expert Panel did not consider
data from these non-mammallan systems and nonstandard
tests with glyphosate, GBF and AMPA to have weight In the
overall genotoxicity evaluation, especially given the large
number of standard core studies assessing the more rele-
vant gene mutation and chromosomal effects categories
available in mammalian systems. In addition, nonstandard
tests lack Internationally accepted guidelines for design and
conduct, databases that document acceptable negative con-
trol data or positive control responses are absent, and valid-
ation with respect to concordance with rodent or human
carcinogenicity has yet to be completed. OECD guidelines
specifically state that use of any nonstandard tests require
Justification along with stringent validation including estab-
lishing adequate historical negative and positive control
databases (OECD 2014)

In addition, the IARC review seemed to apply significant
weight to "Indicator" tests such as DNA damage (comet
assay) or sister chromatid exchange (SCE) studies. These tests
are identified as indicators because the measured endpoint is
reversible and does not always lead to mutation, a key event
In cancer development. As stated by OECD (2015), when eval-
uating potential genotoxicants, more weight should be given
to the measurement of permanent DNA changes than to
DNA damage events that are reversible. Therefore, the Expeit
Panel also considered that the data from these "Indicator”
tests with glyphosate, GBFs and AMPA should not have sig-
nificant weight in the overall genotoxicity evaluation, espe-
cially given the large number of standard core studies In the
more relevant gene mutation and chromosomal effects cate
gories available in mammalian systems.

IARC did not consider the chemical structure of glyphosate
In its mechanistic section. Many guidelines recommend that
the presence of structural alerts be considered In evaluation
of or testing for genotoxicity (Cimino 2006; Eastmond et al,
2009; EFSA 2011; ICH 2011). As reported In Kier and Kirkland
(2013), analysis of the glyphosate structure by DEREK soft-
ware identified no structural alerts for chromosomal damage,
genotoxicity, mutagenicity, or carcinogenicity The lack of
structural alerts in the glyphosate molecular structure sug-
gests lack of genotoxicity and that genotoxic effects observed
might be secondary to toxicity or resulting from mechanisms
other than DNA reactivity.

Genetic toxicology tests relied upon by most regulatory
bodies to support decisions regarding safety focus on a set
of core endpoints that are known to be involved either in dir-
ect activation of genes responsible for neoplastic initiation in
somatic cells or alteration of the genetic Information In germ
cells (EFSA 2011; ICH 2011; Kirkland et al. 2011). Therefore,
the endpoints given the greatest weight in Table 8 consist of
gene mutation and chromosomal aberrations.
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An evaluation of the studies in Table 8 according to their
relative contributions to a WOoOE produced the following
results:

e Test methods Identified as providing low contribution
to the WoE (low weight) produced the highest fre-
quency of positive responses, regardless of whether the
responses were taken from the results of IARC-eval-
wated studies alone (8 of 9) or from all studies com-
bined (8 of II).

e The highest frequencies of positive responses were
reported for test endpoints and systems considered most
likely to vyield 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.

e The numbers of studies providing strong evidence of rele-
vant 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 Identi-
fied as high weight being positive far all studies combined.

In summary, the WoE from in vitro and in vivo mammalian
tests for genotoxicity indicates that:

e 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.

e Glyphosate, GBFs, and AMPA are not clastogenlc In vitro.
Glyphosate is also not clastogenlc In vivo. Some positive in
vivo chromosomal aberration studies with GBFs are all sub-
ject to concerns regarding their reliability or biological
relevance.

e There is limited evidence that glyphosate induces micronu-
clei (MN) in vitro. Although this could be a reflection of
Increased statistical power in the In vitro MN studies, the
absence of clastogenlc effects suggests the possibility of
threshold-mediated aneugenic effects. However there Is
strong evidence that glyphosate does not induce MN in
vivo.

e 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.

e There is evidence that glyphosate and GBFs can induce
DNA strand breaks in vitro, but these are likely to be sec-
ondary 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 glypho-
sate 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 more
abundant.

e There Is evidence that glyphosate and AMPA do not
Induce unscheduled DNA synthesis (UDS) in cultured
hepatocytes
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Table 8. Summary of the Panel's evaluation of human, non-human mammalian and selected microbial genotoxicity studies from IARC section 4.2.1 and other

published sources.

Glyphosate GBFs AMPA Total
Source Test category Endpoint Weight (Pos/Neg)  (Pos/Neg) (Pos/Neg)  (Pos/Neg)
Kier and Kirkland (2013) and Bacterial reverse mutation Gene mutation High 0/19 0/20 o1 0/40
other published studies
not Included in IARC
Mammalian in vitro Gene mutation Moderate 0/2 ND ND 0/2
Chromosomal aberrations Moderate 1/5 1/0 ND 2/5
Micronucleus Moderate 2/0 1/0 ND 3/0
ubs Low o/1 ND o1 0/2
SCE None ND 1/0 ND 1/0
Mammalian in vivo Chromosomal aberrations High o1 2/0 ND 2/1
Micronucleus High 0/13 0/17 o1 0/31
SCE None ND 1/0 ND 1/0
IARC monograph 112 Bacterial reverse mutation Gene mutation High o1 0/0 ND o/1
Mammalian in vitro Gene mutation Moderate o1 ND ND o1
Chromosomal aberrations Moderate 1/2 ND 1/0 2/2
Micronucleus Moderate 2/0 ND 1/0 3/0
Comet/DNA breaks Low 5/0 2/0 1/0 8/0
uDs Low o/1 ND ND o1
SCE None 3/0 2/0 ND 5/0
Mammalian in vivo Chromosomal aberrations  High o1 1/1 ND 1/2
Micronucleus High 2/1 2/3 1/0 5/4
Comet/DNA breaks Moderate 1/0 1/0 ND 2/0
Dominant lethal High o1 ND ND o1
Human in vivo Chromosomal aberrations  High ND o1 ND o1
Micronucleus High ND /3 ND 0/3
High weight 2/37 (2/4)  5/4S (3/5) Vi (1/0) 8/84 (6/9)
Combined totals 1ARC results only)
Moderate weight 7/10 (4/3) 3/0 (/0) 2/0 (20) 12/10 (7/3)
Combined totals (IARC results only)
Low weight S/2 (5/7) 2/0 (2/0) 171 (1/0) 8/3 (8/1)

Combined totals (IARC results only)

ND: no data.
All responses based on study critiques and conclusions of Expert Panel members.

Non-mammalian responses from IARC Monograph in this table did not include 4 positive studies measuring

assay in bacteria from Monograph Table 4.6.

DNA strand breaks in bacteria and | negative Rec

Table 9. Summary of studies presented in Kier and Kirkland (2013) and of other publicly available studies not included in the IARC review.

Test category Endpoint Glyphosate (Pos/Neg) GBFs (Pos/Neg) AMPA (Pos/Neg) Total (Pos/Neg)
Non-mammalian (bacterial reverse mutation) Gene mutation 0/19 0/20 o/1 0/40
Mammalian In vitro Gene mutation 0/2 ND ND 0/2
Chromosomal aberrations 1/5 1/0 ND 2/5
Micronudeus 2/0* 1/0 ND 3/0
uDs o1 ND 0/1 0/2
SCE ND 1/0 ND 1/0
Mammalian In vivo Chromosomal aberrations o1 2/0* ND 2/1
Micronudeus 0/13* 0/17 0/1 0/31
SCE ND 1/0 ND 1/0
Total 3/41 6/37 0/3 9/81

‘ Inconclusive studies not included in count. ND: not done.

e Reports of the induction of SCE in vitro by glyphosate and
GBFs, and one positive report of SCE induction in vivo by a
GBF, do not contribute to the overall evaluation of geno-
toxic potential since the mechanism of induction and bio-
logical relevance of SCE are unclear.

Although IARC policies prohibited the inclusion of add-
itional data from unpublished studies or governmental
reports, It was the Expert Panel's conclusion that the regula-
tory genetic toxicology studies published in reviews such as
Kier and Kirkland (2013) (Table 9) should be included in a
WOoE assessment. The rationale supporting the inclusion of
these additional studies is that the supplementary tables pre-
sented in the Kier and Kirkland (2013) paper, contain

sufficient detail supporting the reliability 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.

Based on the results of the WOE critique detailed above
and the wealth of regulatory studies reviewed by Kier and
Kirkland (2013) and Williams et al. (2000), the Panel con-
cluded that the available data do not support IARC's con-
clusion that there is strong evidence for genotoxicity
across the glyphosate or GBFs database. In fact, the
Panel’s WoE assessment provides strong support for a lack
of genotoxicity, particularly in the relevant mechanism
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Table 10, Comparison of lest response profiles from glyphosate, GBfs. and AMPA to (he profile characteristics of confirmed geooloxlc carcinogens

Characteristic

Profile of test responses in genetic assays

Structure—activity relationships
activity
DNA binding

Consistency

in vivo

Response kinetics

exposure levels

Susceptibility to confounding factors
(e.g. cytolcixldtyi

AMPA; amlnomethylphospnonic acid; GBF. glyphosate-based formulation.

levels

categories (mutation, chromosomal effects) associated with
carcinogen prediction. As additional support for the Panel's
WOoE conclusion, Table 10 provides a comparison between
a set of characteristics associated with 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.

Beyond the standard genetic toxicity assays, IARC con-
cluded for humans exposed to GBFs that there was positive
evidence of DNA breakage as determined using the comet
assay (Paz-y-Miho et al. 2007), negative induction of chromo-
somal aberrations (Paz-y-Mino et al. 2011), and positive induc-
tion of MN (Bolognesi et al. 2009). These papers were
critically reviewed by the Expert Panel and were found to be
deficient as evidence for GBF genetic effects for many rea-
sons (e.g. identification of cells scored for comets, inconsist-
ent observations, uncertainties with respect to "negative
controls,” lack of statistical significance, and lack of effect
relative to self-reported exposure). In addition to questions
about the significance of the comet endpoint there Is also a
lack of scientific consensus regarding the relevance of MN
found in exposed humans (Speit 2013; Kirsch-Volders et al,
2014). Importantly, for the Bolognesi study, increases in MN
were not significantly correlated with self-reported GBF spray
exposure and were not consistent with application rates, The
Expert Panel concluded that there was little or no reliable evi-
dence produced In these studies that would support a con-
clusion 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
oxidative stress studies are available for GBFs than for gly-
phosate or AMPA. A higher proportion of the GBF studies
show evidence of oxidative stress. This might be consistent
with induction of oxidative stress by GBF components such
as surfactants. IARC'’s statement that there is strong evidence
supporting oxidative stress from AMPA seems to result from
glyphosate and particularly GBF results rather than AMPA
results, In fact, oxidative stress studies of AMPA are very lim-
ited. The paucity of cited data does not seem to justify a con-
clusion of strong evidence for oxidative stress induction by
AMPA.

Carcinogens with a proven genotoxic mode of action

Positive effects across multiple key predictive end-
points O«. gene mutation chromosome aberra-
tions, aneuploldy) both in vitro and in vivo

Positive for structural alerts associated with genetic

Agent or breakdown product are typically electro-
philic and exhibit direct DNA binding
Test results are highly reproducible both in vitro and

Responses are dose dependent over a wide range of

Responses are typically found ar nontoxlc exposure

Glyphosate, GBFs. and AMPA study data

No valid evidence fot gene mutation In any lest; no
evidence fot chromosome aberrations in humans
and equivocal findings elsewhere

No structural alerts for glyphosate or AMPA suggest-
ing genotoxicity

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

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

Many postlive responses do not show significant
dose-related increases

Positive responses typically associated with evidence
of overt toxicity

One mechanism connecting oxidative stress to induction
of carcinogenicity is oxidative damage to DNA and the gener-
ation of mutagenic lesions. Most of the endpoints used In
oxidative stress studies cited by IARC are indirect response
endpoints and the number of studies examining direct oxida-
tive DNA damage are very few and presented mixed results.
Further, research on oxidative stress-induced genotoxicity
suggests that it is often a secondary response to toxicity and
characterized by a threshold (Pratt & Barron 2003).
Comparison of GBF oxidative stress study results with pre-
dicted human exposure levels of less than 0.064 mg/kg bw/
day, suggests that it is improbable that GBFs would Induce
levels of oxidative stress likely to exceed endogenous detoxi-
cation capacities.

The most appropriate conclusion supported by the oxida-
tive stress data is, based on a WoE approach, that there is no
strong evidence that glyphosate, GBFs. or AMPA produce oxi-
dative damage to DNA that would lead to induction of end-
points predictive of a genotoxic hazard or act as a
mechanism for the Induction of cancer in experimental ani-
mals or humans.

A thorough WOE review of genotoxicity data does not
indicate that glyphosate, GBFs, or AMPA possess the proper-
ties of genotoxic hazards or genotoxic mechanisms of
carcinogenesis.

Discussion and conclusions

Four Expert Panels conducted detailed reviews of glyphosate
exposure, animal carcinogenicity, genotoxicity, and epidemio-
logic studies. With respect to exposure, even when using a
number of worst-case assumptions, systemic doses of glypho-
sate in human applicators, bystanders, and the general public
are very small. Exposures of the general public are three or
more orders of magnitude less than the US EPA's RfD
(1.75 mg/kg/day) as well the ADIs established by JMPR (1 mg/
kg/day) and EFSA (0.5 mg/kg/day). The RfD is the allowable
limit of daily exposure derived from toxicity studies, and even
In the most exposed applicators (90th centile) the systemic
dose was estimated at 20-fold less that the RfD. Exposures to
the public are in the range of 0.00001-0.001 mg/kg bw/day
while occupational exposures can range up to 001 mg/kg
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bw/day. Systemic exposures are even lower than the reported
ranges since oral and dermal absorption of glyphosate is low

With respect to the animal cancer bioassay data, the
Expert Panel conducted a thorough overall WoE evaluation
that considered a much wider range of studies than IARC, all
of which met Good Laboratory Practice (GLP) guidelines and
were submitted to support glyphosate Annex | renewal in the
European Union These studies provided evidence that neo-
plasms naturally occurring in rodents are widely represented
In non-exposed animals, as well as those exposed to doses
well below those that might be expected In regulatory stud-
ies. The pattern of occurrence of these tumors was found to
be inconsistent across and within species and no "novel" neo-
plasms appeared, progression of non-neoplastlc to neoplastic
lesions also was not seen Further, the comparatively large
number of studies performed would be expected to generate
several numerical imbalances by chance. In fact, Haseman
(1983) has estimated that the overall false positive rate for
animal bioassays that tested both sexes In two species,
because of multiple comparisons, corresponds to 7-8% sig-
nificance level for the study as a whole; the US Food and
Drug Administration has estimated that the overall rate can
approach 10%.

After review of all available glyphosate rodent carcinogen-
icity data, the Panel concludes:

e The mouse renal neoplastic effects are not associated with
glyphosate exposure, because they lack statistical signifi-
cance, consistency, specificity, a dose-response pattern,
plausibility, and coherence;

e The association of hemangtosarcomas in the livers of mice
Is weak, lacks consistency, and there was no dose-response
effect;

e The association of pancreatic islet-cell adenomas in male
SD rats is weak, not seen in the majority of rat studies,
lacks a dose-response pattern (the highest incidence is In
the low dose followed by the high dose), plausibility and
pre-neoplastic/malignant effects;

< In one study, the significant positive trend In tire incidence
of hepatocellular adenomas in male rats did not material-
ize, no progression to malignancy was evident and no gly-
phosate-associated pre-neoplastlc lesions were present;

< In one study, the significant positive trend in the Incidence
of thyroid C-cell adenomas In female rats did not
materialize, the adenomas were only slightly increased in
mid- and high doses, and there was no progression to
malignancy,

Overall, extensive reviews of the genotoxicity of glypho-
sate, AMPA, and GBFs that were available prior to the devel
opment of the IARC Glyphosate Monograph all support a
conclusion that glyphosate (and related materials) Is inher-
ently not genotoxic Further, evidence indicative of an oxida-
tive stress mechanism of carcinogenicity is largely
unconvincing. The Expert Panel concluded that there is no
new, valid evidence presented in the IARC Monograph that
would provide a basis for altering these conclusions.

Lastly, the Expert Panel’s review of the glyphosate epide
milologic literature and the application of commonly applied

causal criteria did not indicate a relationship with glyphosate
exposure and NHL In addition, the Panel considered the evi-
dence for MM to be Inadequate to judge a relationship with
glyphosate. The extremely large margin of safety found In
exposure monitoring studies is considered to be supportive
of these conclusions.

In summary, the totality of the evidence, especially In light
of the extensive testing that glyphosate has received, as
judged by the Expert Panels, does not support the conclusion
that glyphosate is a "probable human carcinogen" and, con-
sistent with previous regulatory assessments, the Expert
Panels conclude that glyphosate is unlikely to pose a carcino-
genic risk to humans.
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ABSTRACT
The tecent classification of glyphosate as a probable human carcinogen by the International Agency for
Research on Cancer (IARC) was arrived at without a detailed assessment of exposure. Glyphosate Is
widely used as an herbicide, which might result in exposures of the general public and applicators.
Exposures were estimated from information in the open literature and unpublished reports provided by
Monsanto Company. Based on the maximum measured concentration in air, an exposure dose of
104 x 10" 6mg/kg body mass (b.m.)/d was estimated. Assuming consumption of surface water without
treatment, the 90th centile measured concentration would result in a consumed dose of
2.25 « 10~5mg/kg b.m/d. Estimates by the Food and Agriculture Organization of the United Nations
(FAO) of consumed doses in food provided a median exposure of 0.005mg/kg b.m./d (range
0.002-0.013). Based on tolerance levels, the conservative estimate by the US Environmental Protection
Agency (US EPA) for exposure of the general population vio food and water was 0.088 mg/kg b.m./d
(range 0.058-0.23). For applicators, 90th centiles for systemic exposures based on biomonitoring and
dosimetry (normalized for penetration through the skin) were 0.0014 and 0.021 mg/kg b.m./d, respect-
ively. All of these exposures are less than the reference dose and the acceptable daily intakes proposed
by several regulatory agencies, thus supporting a conclusion that even for these highly exposed popu
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lations the exposures were within regulatory limits.
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Introduction

The recent classification of glyphosate as a probable human
carcinogen by the International Agency for Research on
Cancer (JARC 2015) has generated considerable interest,

particularly as the IARC classification was arrived at without a
detailed assessment of risk to applicators and the general pub-
lic. Glyphosate is widely used for control of weeds in agri-
culture, forestry, and in the management of public and
private landscapes. These uses might result in exposures of
the general public as well as applicators. Unfortunately, the
IARC monograph merely focused on the potential hazards
of glyphosate and not on the risks. Exposure is a critical
component of risk assessment and, without measured val-
ues; it is difficult to provide guidance on the appropriate
uses of glyphosate or, for that matter, any pesticide. It is
also not possible to properly assess toxicity and hazard data
for relevance to humans and the environment. As per their
mandate, none of the IARC evaluations characterize expo-
sures analytically or in the context of risk; the monograph
on glyphosate (IARC 2015) summarizes several exposure
studies from the open literature, but does not use these val-
ues to estimate risks. This is different from the approach
used by most regulatory agencies such as the US EPA, the
Food and Agricultural Agency (FAO) of the United Nations,
and the European Food Safety Agency (EFSA) where expo-
sures are compared to Reference Doses (RfDs) or Acceptable
Daily Intake (ADIs).

There are several sources of exposure of humans to gly-
phosate in the environment. These are: air, water, application
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to crops and target weeds, and food. The following sections
are an analysis of exposures of humans to glyphosate from
these sources. Data for these exposures were obtained from
papers published in the open literature and from unpub-
lished reports provided by the Monsanto Company. These
sources of Information are listed in the references and sum-
mary data are provided in the Supplemental information fSI).

Methods

Unpublished repons of studies on exposure to glyphosate in
applicators were provided by the Monsanto Company and
covered uses in agriculture and forestry Other data on expo-
sures were obtained from the open literature as a result of
searches in PubMed®, references In reviews, and Google
Scholar®, These papers and repons were grouped into sour-
ces of exposures and the data analyzed as described below,

Air

Only one paper reported concentrations of glyphosate in air
In a study conducted in lowa, Mississippi, and Indiana in
2007 and 2008, concentrations of glyphosate and Its major
environmental degradation, aminomethylphosphonic add
(AMPA) were measured in air and precipitation (Chang et al.
2011). Detections of AMPA were infrequent and the concen-
trations were small. These are not discussed further. The fre-
quency of detection of glyphosate ranged from 60 to 100%
in air and rainwater Concentrations in air ranged from <0.01
to 91 ng/m1 while those in rain were from <0,1 to 25 |ig/L.
Unless rainwater was collected as drinking water, this Would
be an incomplete pathway for exposure of humans. Once in
contact with soil, exposures would be via surface waters (see
below) Concentrations in air were seasonal and the sources
were likely associated with application to crops in the grow-
ing season. For estimation of human exposure, It was
assumed that there was total absorption of glyphosate from
the air into the body of a 70kg human breathing 8 ms air
(half a day for an adult, US EPA 2009). These values were
then used to calculate the systemic dose, based on a worst-
case assumption of 100% uptake via the respiratory tract.

Water

Glyphosate can enter surface waters through use on aquatic
weeds, runoff from sprayed soils, and from drift of spray.
Glyphosate Is very soluble In water and, although it binds
strongly to soils and sediments, small concentrations have
been measured on surface waters in the United St3tes These
measurements are part of the US Geological Survey (USGS)
National Water-Quality Assessment (NAWQA) program (USGS
2015), which has been In place since the 1980s. Glyphosate
was added to the large range of analytes measured in surface
water In 2002. These data were downloaded from the
NAWQA data warehouse (USGS 20)5) and then sorted by
concentration. All values measured across the US between
2002 and 2014 were pooled for the analysis. Where concen-
trations were less than the level of detection (0.02 pg glypho-
sate acid equivalents (a.e)/L), these values were substituted

with a dummy value of “zero" The values were ranked from
the smallest to the largest and 3 cumulative frequency distri-
bution was derived. These values were processed using
the Welbull formula to estimate ranks and plotted on a log-
probability scale (Solomon and Takacs 2002). The 90th cenule
values were calculated from the raw data using the Excel
function <=percentile>. Systemic dose was estimated from
the assumption of consumption of 2L of water per day by a
70kg human with 20% absorption from the gastrointestinal
(Gl) tract (EFSA 2015) Although chlorine and ozone are
highly effective for removing glyphosate and AMPA during
purification of drinking water (Jonsson et al. 2013), it was
assumed that treatment did not remove any glyphosate. The
estimated concentrations are thus a worst-case

Food and bystanders

Several studies have measured concentration of glyphosate In
"bystanders" and people not involved in application of gly-
phosate- Bystanders are presumable exposed via food, water,
and air (see above). It is also assumed that bystanders are
exposed on a daily basis through the environment and/or
food and drinking water, and that these exposures are con-
stant and not episodic as in an applicator. Here, a single dally
sample of urine is a reasonable surrogate for dally exposures,
although uncertainty would be reduced with more frequent
samples and analysis of total daily urinary output Several of
these studies were critically reviewed In 2015 (Niemann et al.
2015). This review was thorough, but the strengths of the
methods of the original studies were variable. In addition, the
authors did not correct for incomplete excretion of glypho-
sate (95%) as has been done for the applicator studies. In a
study of farm and non-farm households in lowa (Curwin et al.
2007), urine samples were analyzed from 95 adults and 117
children. A study In Europe (Mesnage et al. 2012) measured
exposuies in a farm family (two adults and three children).
A report on the analysis of urine of 182 people from 18 coun-
tries (Hoppe 2013) provided data on concentrations in urine,
In another study, urine concentrations of 40 male and female
German students were measured (Matkard 2014). The original
study was In German and the value used here for the sys-
temic dose is from the review of Niemann et al (2015),
A study using enzyme linked Immunosorbent 3ssay (ELISA)
analysis with an unstated level of quantitation (LOQ) was
used to measure the concentrations of glyphosate In samples
of urine from more than 300 individuals In the EU (most from
Germany) (Kruger et al 2014). A report of a study in the US
on 35 Individuals using an ELISA analysis (Honeycutt and
Rowlands 2014) provided data from which a systemic dose of
glyphosate was estimated,

Where the systemic dose was calculated, it was used
Where dietary exposures were provided, the urinary concen-
tration was used to calculate the systemic dose on the
assumption of 2L of urine per day and a 60kg person
(Niemann et al. 2015).

Under the auspices of the Food and Agricultural
Organization of the United Nations, the Joint Meeting on
Pesticide Residues (JMPR) conducts routine assessments of
residues of pesticides in (ood (IMPR 2014) These are



evaluated in relation to diets in various regions of the world
and exposure via food compared to an ADI. In 2013, the
JMPR reviewed dietary exposures to glyphosate, Its major
metabolites, and breakdown products iN-acetyl glyphosate,
AMPA. and N*acetyl AMPA) and calculated the international
estimated daily Intakes (IEDI) of glyphosate for 13 regional
food diets (JMPR 2u14). These IEDIs were based on estimated
mean residues from supervised trails under normal or good
agricultural practice. These values were for a 60 kg person
but were used without modification.

The US Environmental Protection Agency (US EPA) has cal-
culated exposures to glyphosate using the Dietary Exposure
Evaluation Model (DEEM, ver 7.81), which Is based on toler-
ance levels for all commodities and modeled estimates of
exposures from food and drinking water for the overall US
population (US EPA 2012).

There is some uncertainty In all of these studies and
approaches. All of the monitoring studies used relatively few
participants (<300), which increases uncertainty and lack of
raw data in most studies does not allow variance to be fully
characterized, Modeling approaches (US EPA and JMPR)
based on maximum residue limits and assumptions of good
agricultural practices are also subject to uncertainty; however,
the assumptions used are more likely to result in overesti-
mation. However, proportion of foods consumed is based on
the statistical analyses of diets and this does Incorporate, but
not quantify, uncertainty.

Applicators

A relatively large number of studies on exposures of applica-
tors to glyphosate have been conducted (see Sl for a full list)
Older studies tended to use passive dosimetry, either as
whole-body dosimeters or patches Some of the studies with
dosimeters used tracers (dyes or other surrogates) and others
analyzed dosimeters for glyphosate itself. Some more recent
studies used biological monitoring and some a mixture of
biological monitoring and dosimeter-patches. For com-
pounds, such as glyphosate, where the excretion kinetics Is
well understood, biological monitoring provides a measure of
the actual amount of the chemical in the body. For this rea-
son, data from these studies are most appropriate for risk
assessment. However, data from dosimetry studies can be
used to estimate systemic dose. This allows comparison of
exposures from different studies to a benchmark for exposure
lL.e. the reference dose (RfD) or ADI,

For studies using dosimetry, the normalization to systemic
dose was conducted using the procedure outlined in Table |
This was done for the dosimetry studies listed In Sl Table 1
The estimated systemic doses were ranked from smallest to

Table I. Procedure for normalization of dosimetry data to estimate systemic dose.

Step From To

1 Total residue on parches pg/em”) to Potential body exposure (pg)
2 Potential body exposure (pg) to Actual body exposure (pg)

3 Actual body exposure (pg) to Systemic body exposure (pg)
4 Systemic body exposure |pg) to Systemic dose Img/kg body

weight/day)
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largest and a cumulative frequency distribution was derived.
These values were plotted on a log-probability scale as
above. The 90th centile values were calculated from the raw
data using the Excel*' function < =percentile>.

Where an applicator makes a single application, the sys-
temic dose of glyphosate can be estimated from the total
amount of glyphosate excreted in the urine over the four or
frve days following and including the day of application
(Acquavella et al. 2004). Glyphosate is rapidly excreted and
does not bioaccumulate. If applications are conducted every
day, the amount excreted each day provides a time-
weighted average for dally exposures. Because glyphosate is
applied infrequently in normal agricultural practice, the
assumption of a single initial exposure is appropriate for risk
assessment.

The procedure of normalization for biomonitoring studies
is complicated by the fact that many studies reported con-
centrations of glyphosate that are less than the LOQ, even
on the day of application (d-0), when exposures would be
expected to be greatest. Similarly, even if residues were
detected on d-0, those on subsequent days might have val-
ues less than the LOQ. The common practice of using half
the level of detection as a default value might be accept-
able for the first observation day, but this fails to account
for excretion that would reduce the amount in the
body on each successive day. Use of half the LOQ on each
day would grossly overestimate the systemic dose. Because
of this, normalization of systemic doses was modeled
using excretion kinetics and followed the steps outlined in
Table 2

If concentrations in urine are >LOQ for one or more days,
the actual elimination rate for the individual can be used to
correct for days where concentration is <LOQ. Unless already
carried out in the study lItself, these corrections were applied
to the data in S| Table 2.

Because raw data were available for the studies on appli-
cators, uncertainty could be considered. Total number of par-
ticipants was large (249, See Sl Table 2) and range of the
values provided the upper and lower bounds of uncertainty.
To be conservative, the 90th centlles of the data were used
to characterize reasonable worst-case exposures.

Normalization of the RfD and ADI for systemic dose

Regulatory agencies set allowable limits for consumption of
residues of glyphosate exposure based on toxicity studies.
The US EPA RfD is 1.75 mg/kg body mass (b.m.)/day (US EPA
2012). The ADI for JMPR/WHO Is 1mg/kg b.m./d IJMPR 20 14),
while the ADI used by EFSA is 0.5 mg/kg b.m./d (EFSA 2015).
In a recent review (summary published on 16 May 2016),

Explanation

2 1 mJ surface area for a 70 kg male (US EPA 3009)
Measured penetration through clothing or default o( 10%
1% dermal penetration (from the value used by EFSA 2015)
70kg adult
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Table 2. Procedure for normalization of blomonltoring data to estimate systemic dose of glyphosate.

Step Data

1 LOD =10 pg/kg urine

2 Adjust estimated dose to amount of urine

3 D-0 value amount estimated

4 D-1 value estimated from remainder of d-O concentration after
excretion

5 D-2 value estimated from remainder of d-1 concentration after
excretion

6 D-3 value estimated from remainder of d-2 concentration after
excretion

7 D-4 value estimated from remainder of d-3 concentration after
excretion

8 D-5 value estimated from remainder of d-4 concentration after
excretion

9 Sum of amounts for each day of urine collected

10 Correction for monitoring period from elimination rate constant
and number of days

1 Correction for Incomplete excretion (95%)

12 Correction for dosimeters, if used

13 Correction for hand wash or gloves, if used

14 Calculate systemic dose

Action

Assume half the LOD = S pgAg

Multiple kg urine produced on day by 1/2 LOD

Co amount

Elimination rate constant (k) of 0.86d " from (Acquavella et al, 2004) use
C,=C,xe*

For example. 99% for S d, divide by 0.99

Based on observations In TK studies In monkeys, which showed that 95%
of total systemic dose was excreted via urine (Wester et al. 1991), div-
ided by 0.95

Increase dose by percentage of body area represented by the dosimeters

Increase dose by percentage of body area represented by hands

Divide total systemic dose by body mass

CO: Initial concentration; C,: concentration at time t; LOD: level of detection, TIC toxicokinetic

Concentrations of glyphosate measured in surface waters of the US
(pg/L) between 2002 and 2014

Figure 1. Distribution of concentrations of glyphosate measured in surface
waters across the US.

JMPR (2016) has reaffirmed their ADI of 1mg/kg b.m./d.
These values are suitable for comparison to the dietary
intake, but for comparison to systemic doses as estimated
from biological monitoring (urinary excretion), the ADIs and
RfD were divided by five to account for only 20% absorption
from the Gi tract (EFSA 2015). These normalized values are
0.35, 0.2, and 01 mg/kg b.m./d, for US EPA, JMPR, and EFSA,
respectively.

Results

Air

Based on the above assumptions of respiratory volume and
total absorption, inhaling glyphosate in air at the maximum
measured concentration would result in an exposure dose
of 1.04x 10_6mg/kg b.m./d. This is about five orders of

magnitude less than the systemic ADI proposed by EFSA
(2015).

Water

The cumulative frequency distribution of concentrations of
glyphosate measured in surface waters of the US are shown
in Figure 1 The 90th centile was 0.79 pg/L. The maximum
concentration measured was 73 pg/L. Consumption of 2L of
drinking water by a 70 kg person at the 90th centile concen-
tration is estimated to result in a consumed dose of
225 x 10~smg/kg b.m./d, more than four orders of magni-
tude less than the EFSA ADI.

Food and bystanders

Estimates of the systemic dose resulting from exposures of
bystanders and the general public to glyphosate are shown
in Table 3. All of these systemic doses are more than 150-
times less than the EFSA ADI, normalized for reduced uptake
from the gut.

Based on the estimates of daily intake from the FAO/
JMPR, the minimum I[EDI was 124 pg/person/d, the median
was 301, and maximum was 762 (JMPR 2014). These values
were normalized to a 60kg person (0.002, 0.005 and
0.013 mg/kg b.m./d, respectively) for comparison to the ADI.
Median exposures are 100-times less than the ADI suggested
by EFSA.

The dietary exposure of the general population in the US
was estimated by US EPA to be 0.088 mg/kg b.m./d and the
range of values was from 0.058 to 0,23 mg/kg b,m./d across a
range of age-groups from adults to toddlers. These values are
all less than the ADI suggested by EFSA.

Applicators

For the applicator studies, the corrections were applied as in
Table 1 or Table 2 and the results are presented graphically
in Figure 2, Raw data are provided in Sl Tables 1 and 2.
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Table 3. Summary of exposures lo glyphosate in bystanders and the general public.

Urinary concentration (pg/L)

Study Source of exposure Greatest mean
Table 2 from Curwin Presumably food and water 2.7
et al. 2007 from non-farm households in
lowa
Table 3 from Curwin Bystanders from farm house- 21

et al. 2007
Mesnage et al. 2012

holds in lowa
Bystander, farm family of five
Hoppe 2013 Presumably food and water 0.82
Markard 2014
Kruger et al. 2014
Honeycutt and
Rowlands 2014

Presumably food and water
Presumably food and water -
Presumably food and water —

Systemic dose
(mg/kg b.m./d)

Maximum Greatest mean Maximum Comment
9.4 0.00009 0.00031 Highest mean and max was in
non-farm children
0.00007 — Highest median was in farm
children. Max not reported.
2 0.00007 Maximum concentration In
child
182 0.000027 0.000061 Highest mean was in samples
from Malta
0.65 - 0.000022 Maximum concentration
5 - 0.00017 Maximum concentration
188 0.00063 Maximum concentration

Systemic dose (mg/kg b.m./d); Urinary concentration (pg/L) 2L urine/day 4-60 kg body mass x1000. b.m.,.

Systemic dose of glyphosate (mg/kg b.m./d)

Figure 2. Systemic doses of glyphosate measured In exposure studies conducted in applicators.

The range of values for systemic doses measured in the
dosimeter studies (90th centile =0.021 mg/kg b.m./d) was
greater than in the biomonitoring studies (90th centile
=0.0014 mg/kg b.m./d). Given the corrections applied to the
data, this is surprising; however, there are a number of
assumptions used in the normalization of the systemic doses
that might result in overestimation of exposure. These are
likely in the amount of absorption though skin and the pene-
tration of clothing. The assumption of 1% penetration
through the skin is greater than the value of 0.7% suggested
from observations in an in vitro model with human skin (Bo
Nielsen et al. 2009). The 90th centile in the dosimetry studies
was 0.021 mg/kg b.m./d; about five-times less than the sys-
temic EFSA ADI.

The range of values for the systemic doses determined by
biomonitoring was smaller than for the passive dosimeters
and more accurately refleas the true exposures. The 90th
centile was 0.0014 mg/kg b.m./d; about 70-times less than
the systemic EFSA ADI.

Conclusions

Even when using a number of reasonable worst-case assump-
tions, systemic doses of glyphosate in human applicators,
bystanders, and the general public are small. Exposures to
glyphosate in the general public are less than EFSA’s ADI.
The same conclusion applies to applicators. As an overall
summary, exposures and ADIs are compared graphically in
Figure 3. It should be noted that the ADIs and RFDs used in
this assessment are derived from the most sensitive response
in long-term feeding studies in the most sensitive laboratory
test species and that an uncertainty fattor is applied to these
values. Furthermore, the biomonitoring exposures measured
in applicators aggregate all sources of exposures (air, food,
water, and dermal contaa) and are still less than the most
conservative ADI. Based on the current RfDs and ADIs, there
is no hazard and no intolerable risk from exposure to glypho-
sate via its normal use in agriculture and management of
weeds in landscapes.
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Figure 3, lllustration of measured and estimated exposures to glyphosate In applicators and the general public from various sources. Solid horizontal bars show

10-90th cenliles, whiskers show minimum and maximum.

Acknowledgments

The author gratefully acknowledges the extensive comments offered by
five reviewers selected by the Editor and presented anonymously to the
author These comments were useful in revising the paper. | thank
Monsanto Inc. for providing access to reports from exposure studies for
glyphosate In applicators. | wish to thank the authors of the other papers
in this series for their constructive suggestions and comments.

Declaration of interest

The employment affiliation of the author Is shown on the covet page.
However, it should be recognized that the authot participated In the
review process and preparation of this paper as an independent profes
sional and not as a representative of his employer. Keith R. Solomon pre
viously served as an independent consultant for the Monsanto Company
on the European Glyphosate Task Force. KS has not been Involved in any
litigation procedures involving Monsanto Company and glyphosate. KS's
recruitment and evaluation of the data was organized and conducted by
Intertek Scientific & Regulatory Consultancy (Intertek). KS acted as a con-
sultant for Intertek. Intertek (previously Cantox) is a consultancy firm that
provides scientific and regulatory advice, as well as safety and efficacy
evaluations for the chemical, food and pharmaceutical industries.

While Intertek Scientific & Regulatory Consultancy has not previously
worked on glyphosate related matters for the Monsanto Company, previ-
ous employees of Cantox had worked In this capacity. Funding for this
evaluation was provided by the Monsanto Company which is a primary
producer of glyphosate and products containing this active ingredient.
Neither any Monsanto company employees nor any attorney reviewed
any of the Expert Panel's manuscripts prior to submission to the journal.

Tills article is pari of a supplement, sponsored and supported by
Intertek Scientific & Regulatory Consultancy. Funding for the sponsorship
of this supplement was provided to Intertek by the Monsanto Company,
which Is a primary producer of glyphosate and products containing this
active Ingredient.

Supplemental material

Supplemental material for this article is available online here.

References

Acquavella JF, Alexander BH, Mandel JS, Gustin C, Baker B, Chapman P.
Bleeke M. 2004. Glyphosate biomonitoring for farmers and their fame
lies; results from the farm family exposure study. Environ Health
Perspect. 112:321-326.

Bo Nielsen J, Ahm Sorensen J, Nielsen F. 2009. The usual suspects-infiu-
ence of physicochemical properties on lag time, skin deposition, per-
cutaneous penetration of nine model compounds. J Toxicol Environ
Health A, 72:315-323.

Chang FC, Simclk MF, Capel PD. 2011. Occurrence and fate of the herbi-
cide glyphosate and Its degradate aminomethylphosphonlc acid In
the atmosphere Environ Toxicol Chem. 30:548-555.

Curwin BD, Hein MJ, Sanderson WT, Strlley C, Heederik D, Kromhout H,
Reynolds SJ, Alavanja MC 2007. Urinary pesticide concentrations
among children, mothers and fathers living in farm and non-farm
households in lowa. Ann Occup Hyg. 51:53-65.

EFSA. 2015. Conclusion on the peer review of the pesticide risk assess-
ment of the active substance glyphosate (EFSA-Q-2014-00546, EFSA-Q-
2015-00279, approved on 30 October 2015 by European Food Safety
Authority). EFSA J. 13:4302; p. 107. doi:10.2903/j.efsa.20t5,4302.
Available from: http://www.efsa.eutopa.eu/en/efsajournal/pub/4302

Honeycutt 2, Rowlands H. 2014. Glyphosate testing report, findings In
American mothers’ breast milk, urine and water. Moms Across America
& Sustainable Pulse; p. 19. Available from: https://d3n8a8pro7vhmx.
cloudfront.net/yesmaam/pages/774/attachments/orlginal/1396803706/
Glyphosate__Final__in_the_breast_mllk_of_Amencan_women_Draft6_
pdf?1396803706.

Hoppe H-W. 2013. Determination of glyphosate residue in human urine
samples from 18 European countries. Bremen (Germany): medical
laboratory Bremen. (Report Glyphosate MLHB-2013-06-06); p. 18.
Available (torn: https://www.bund.net/fileadmin/bundnet/pdfs/gen-
technlk/130612 gentechnik bund glyphosat urin_analyse.pdf.

IARC. 201S. Glyphosate. In: Some organophosphate insecticides and her-
bicides: dlazinon, glyphosate, malathion. parathion, tetrachlorvinphos,
IARC working group, March 3-10, 2015 Lyon (France): World Health
Organization (WHO), International Agency for Research on Cancer
(IARC). (JARC monographs on the evaluation of carcinogen risks to
humans, vol 112); p. 1-92. Available from: http://monographs.larc.fr/
ENG/Monographs/vol 112/index.php,


http://www.efsa.eutopa.eu/en/efsajournal/pub/4302
https://d3n8a8pro7vhmx
https://www.bund.net/fileadmin/bundnet/pdfs/gen-technlk/130612
https://www.bund.net/fileadmin/bundnet/pdfs/gen-technlk/130612
http://monographs.larc.fr/

JMPR. 2014. 5.21. Glyphosate (158) and metabolites. In: Pesticide residues
in food 2013. Joint FAO/WHO meeting on pesticide residues and the
WHO core assessment group on pesticide residues, Geneva, 17 to 26
September 2013. Rome: Food and Agriculture Organization of the
United Nations/Geneva, World Health Organization (WHO). (FAO Plant
Production and Protection Paper No. 219); p. 225-228, 484-486.
Available from: http://www.fao.org/publicatlons/card/en/c/299ca869-
ae51-5093-8407-9cb30782b9f5/.

JMPR. 2016. Summary report for dlazinon, glyphosate, malathion. Geneva,
Switzerland: Food and agriculture organization of the United Nations/
Geneva, World Health Organization (WHO). Joint FAO/WHO meeting
on pesticide residues (JMPR); p. 6. Available from: http://www.who.int/
foodsafety/jmprsummary2016.pdf?ua =1.

Jonsson J, Camm R, Hall T. 2013. Removal and degradation of glyphosate
in water treatment: a review. Aqua. 62:395-408.

Kruger M, Schledorn P, Shrodl W, Wolfgang Hoppe H, Lutz W, Shehata
AA. 2014. Detection of glyphosate residues in animals and humans. J
Environ Anal Toxicol. 4:210. doi: 10.4172/2161-0525.1000210.

Markard C. 2014. Ergebnisse der Vorstudie HBM von Glyphosat. Dessau-
RoBlau (Germany): Federal Environmental Agency (UBA),
Umweltprobenbank des Sundes. [Unpublished Report provided to]
Berlin (Germany): German Federal Institute for Risk Assessment (BfR).

Mesnage R, Moesch C, Grand R, Lauthier G, Vendomols J, Gress S, Seralini
G. 2012. Glyphosate exposure in a farmer's family. J Environ Protect.
3:1001-1003.

CRITICAL REVIEWS IN TOXICOLOGY (g) 27

Niemann L, Sieke C, Pfell R, Solecki R. 2015. A critical review of glypho-
sate findings in human urine samples and comparison with the expos-
ure of operators and consumers. J Verbr Lebensm. 10:3-12.

Solomon KR, Takacs P. 2002. Probabilistic risk assessment using species
sensitivity distributions. In: Posthuma L, Suter GW, Traas T, editors.
Species sensitivity distributions in ecotoxicology. Boca Raton (FL): CRC
Press; p. 285-313.

US EPA. 2009. Exposure factors handbook: review draft. Washington (DC):
U.S. Environmental Protection Agency (US EPA), Office of Research and
Development, National Center for Environmental Assessment. (No.
EPA/600/R-09/052A); p. 1265. Available from: http://cfpub.epa.gov/
ncea/cfm/recordisplay.cfm?deid =209866.

US EPA. 2012. Glyphosate. section 3 registration concerning the applica-
tion of glyphosate to carrots, sweet potato, teff, oilseeds (crop group
(CG) 20) and to update the CG definitions for bulb vegetable (CG 3-07),
fruiting vegetable (CG 8-10), citrus fruit (CG 10-10), porne fruit (CG 11-
10), berry (CG 13-07), human health risk assessment. Washington (DC):
U.S. Environmental Protection Agency (US EPA), Office of Chemical
Safety and Pollution Prevention. (No. Decision No.: 459870); p. 28.

USGS. 2015. NAWQA Database. Reston (VA): United States Geological
Survey (USGS); [cited 2015 Sep 2]. Available from: http://cida.usgs.gov/
nawga_public/apex/f?p-136:1:0.

Wester RC, Melendres J, Sarason R, McMaster J, Maibach HI. 1991.
Glyphosate skin binding, absorption, residual tissue distribution, and
skin decontamination. Fundam Appl Toxicol. 16:725-732.


http://www.fao.org/publlcatlons/card/en/c/299ca869-ae51
http://www.fao.org/publlcatlons/card/en/c/299ca869-ae51
http://www.who.int/
http://cfpub.epa.gov/
http://cida.usgs.gov/

Taylor t. Francis
Ur* L1 tane» Group

Critical Reviews in Toxicology

ISSN: 1040-8444 (Print) 1547-6898 (Online) Journal homepage: https://www.tandfonline.com/loi/itxc20

Glyphosate epidemiology expert panel review:
a weight of evidence systematic review of the
relationship between glyphosate exposure and
non-Hodgkin's lymphoma or multiple myeloma

John Acquavella, David Garabrant, Gary Marsh, Tom Sorahan & Douglas L.
Weed

To cite this article: John Acquavella, David Garabrant, Gary Marsh, Tom Sorahan & Douglas

L. Weed (2016) Glyphosate epidemiology expert panel review: a weight of evidence systematic
review of the relationship between glyphosate exposure and non-Hodgkin’s lymphoma or multiple
myeloma, Critical Reviews in Toxicology, 46:sup1,28-43, DOI: 10.1080/10408444,2016.1214681

To link to this article: https://doi.org/10,1080/10408444.2016.1214681

@ ©2016The Author(s). Published by Informa E | View supplementary material G?
UK Limited, trading as Taylor & Francis

Group.

fﬁ- Published online: 28 Sep 2016. 0 r Submit your article to this journal G?

lilll Article views: 4636 éu< View Crossmark data G?

Citing articles: 13 View citing articles G?

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journallnformation?journalCode=itxc20


https://www.tandfonline.com/loi/itxc20
https://doi.org/10,1080/10408444.2016.1214681
https://www.tandfonline.com/action/journallnformation?journalCode=itxc20

CRITICAL REVIEWS IN TOXICOLOGY. 2016
VOL. 46, NO. S|, 28-45
http://dx.doi.org/! 0.1080/10408444.2016.1214681

REVIEW ARTICLE

Taylor & Francis
® Taylor h Francis Group

8 OPEN ACCESS

Glyphosate epidemiology expert panel review: a weight of evidence systematic
review of the relationship between glyphosate exposure and non-Hodgkin's

lymphoma or multiple myeloma

John Acquavella* ., David Garabrantb, Gary Marsh'

, Tom Sorahand and Douglas L Weed®

mmDepartrent of Clinical Epidemiology, Aarhus University, Aarhus, Denmark; “EpidStat Institute, Emeritus Professor of Occupational Medicine
and Epidemiology, University of Michigan, Ann Arbor, M, USA; 'Center for Occupational Blostatlstics & Epidemiology, Graduate School of
Public Health, University of Pittsburgh, Pittsburgh, PA, USA; dOccupational Epidemiology, University of Birmingham, Birmingham, UK,

'DLW Consulting Services, LLC, University of New Mexico School of Medicine, Albuquerque, NV USA

ABSTRACT
We conducted a systematic review of the epidemiologic literature for glyphosate focusing on non-
Hodgkin's lymphoma (NHL) and multiple myeloma (MM) - two cancers that were the focus of a
recent review by an International Agency for Research on Cancer Working Group. Our approach
was consistent with Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines for systematic reviews. We evaluated each relevant study according to a priori criteria for
study quality: adequacy of study size, likelihood of confounding, potential for other biases and
adequacy of the statistical analyses. Our evaluation included seven unique studies for NHL and four
for MM, all but one of which were case control studies for each cancer. For NHL, the case-control
studies were all limited by the potential for recall bias and the lack of adequate multivariate adjust-
ment for multiple pesticide and other farming exposures. Only the Agricultural Health (cohort)
Study met our a priori quality standards and this study found no evidence of an association
between glyphosate and NHL For MM, the case control studies shared the same limitations as
noted for the NHL case-control studies and, in aggregate, the data were too sparse to enable an
informed causal judgment. Overall, our review did not find support in the epidemiologic literature
for a causal association between glyphosate and NHL or MM
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Table |. Relevant studies for glyphosate review: non-Hodgkin's lymphoma (NHL) and multiple myeloma [MM).

Author, year Study locat)on(s) Study design More recent analysis Outcome
Cantor et al. 1992 lowa - Minnesota Case-control De Roos et al 2003 NHL
Nordstrom et al. 199a Sweden Case-control Hardell et al. 2002 HCL
Harden & Eriksson 1999 Sweden Case-Control Hardell et al. 2002 NHL excluding HCL
McDuffie et al. 2001 Canada Case-control n/a NHL
Hardell et al. 2002 Sweden Case-control (pooled) n/a NHL + HCL
De Roos et al. 2003 Nebraska Case-control (pooled) ma NHL

lowa/Minnesota

Kansas
De Roos et al. 2005 lowa. North Carolina Cohort n/a NHL MM
Eriksson et al. 2008 Sweden Case-control n/a NHL
Orsi et al. 2009 France Case-control n/a NHL, MV
Hohenadel et al. 2011 Canada Case-control Extension of NHL

McDuffie et al. 2001
Cocco et al 2013 Czech Republic, France. Germany, Case-contiol n/a B cell lymphoma
Ireland, Italy, Spain

Brown et al. 1993 lowa Case-control n/a MM
Landgren et al. 2009 lowa Prevalence n/a MGUS

North Carolina Case-control

Minnesota
Pahwa et al. 2012 Canada Case-control Kachuri et al. 2013 MM
Kachuri et al. 2013 Canada Case-control n/a MM
Sorahan 2015 lowa, North Carolina Cohort Reanalysis of De Roos el al. 2005 MM

HCL hairy cell leukemia; MGUS: monoclonal gammopathy of undetermined significance

related inability to adjust findings for other pesticide and
farming exposures. Lastly, the panel concluded that there
was no epidemiologic evidence of a relationship for other
cancer sites with respect to glyphosate exposure.

In this epidemiology expert panel review, we focused on
the possible relationship between glyphosate exposure and
two cancers that were the focus of the IARC epidemiology
review: NHL and MM. The focus of our review was qualitative.
That is, we evaluated the published evidence according to
widely accepted validity considerations and criteria for causal-
ity. When there were two or more publications with overlap-
ping populations, we concentrated on the most recent
publication noting the relationship to a previous publications)
(see Table 1). Herein, in succeeding sections, we have pre-
sented our evaluation approach, reviewed the key validity
issues for epidemiologic studies of pesticides, detailed some
statistical considerations pertinent to the glyphosate literature,
critically evaluated published studies, and, lastly, provided an
overall weight of evidence assessment of the epidemiologic
evidence for causality between glyphosate and NHL or MM,

Methods

The approach we took was Informed by and consistent with
the PRISMA guidelines for systematic reviews (Moher et al.
2009), standard approaches to critically evaluating epidemio-
logic studies (Aschengrau & Seage 2003a,b; Sanderson et al.
2007) and well-recognized interpretative methods - e.g. the
crlterla-based methods of causal inference (Hill 196S, 1971) -
sometimes referred to as "weight of evidence"” methods
(Weed 2005). With this approach in mind, we address the fol-
lowing 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?

Other types of scientific evidence are often evaluated
when making causal determinations, including data on
human exposure as well as animal studies and studies on
mechanism. Since exposure assessment Is critical for the val-
idity of occupational epidemiologic studies and biologic
plausibility is informed by presumed dose, the former were
considered in our overall assessments.

Literature search and included/excluded
published papers

A systematic search of the medical literature was per-
formed to Identify all analytic epidemiological studies that
have examined the possible relationships between exposure
to glyphosate and NHL and MM. The aim was to include
all such publications - case control studies, cohort studies
and pooled analyses - published to the present. In this
process, other publications are typically identified, such as
reviews, commentaries, methodological investigations, letters
to the editor and case reports (or case series). Our primary
concern here, however, was the evaluation of the pub-
lished analytical epidemiological studies of glyphosate and
either NHL or MM. To the extent that other types of publi-
cations inform our assessment, those papers will be cited
in this report, The soolled *“gray literature2' was not
reviewed.

Medline (PubMed) and TOXLINE were searched for English-
language publications (with no time constraints) as follows:

a PubMed: (2 August 2015):. search terms: "glyphosate"
and "cancer" (n=31);

b. TOXLINE: (2 August 2015): search terms: "glyphosate"
and "cancer" (n = 48);

¢. PubMed: (13 August 2015): search terms: "herbicide" and
"cancer" and "lymphoma" and "epidemiology" (n= 153);

d. PubMed: (24 August 2015): search: "herbicide" and
"cancer" and "multiple myeloma" and "epidemiology"
(n=38);
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Table 2, Results for glyphosate: Non-Hodgkin's lymphoma (NHL).

# cases, controls total or

Author, year (study design) exposed OR/RR (95% Cl) Multivariate adjustments Outcome
McDuffie et al. 2001 517, 1506 [total] NHL
(case-control) 51, 133 Any use OR= 1.2 (95% Cl 0.8, Age, province, medical
1-7) conditions
28, 97 <2 days/year OR= 1.0 (95% Cl Age, province
0.6, 1.6)
23, 36 >2 days/year OR= 2.1 (95% Cl
13, 27)
Hardell et al. 2002 515, 1141 [total] NHL -e HCL
(case-control) 8,8 Any use OR= 3.0 (95% Cl 1.1, None
85)
8 8 Any use OR= 1.9 (95% Cl 0.6, Multivariate (unspecified)
6.2)
De Roos et al. 2003 650, 1933 [total] NHL
(case-control) 36, 61 Any use OR= 21 (95% Cl 1.1, Age, other pesticides, study site
40)
36, 61 Any use OR= 1.6 (95% Cl 0.9, Age, other pesticides, study site,
2.8) priors for chemical class and
probability of being carcino-
genic [hierarchical model]
De Roos et al. 2005 71 exposed cases Any use RR= 11 (95% Cl 0,7, Age, education, smoking, alco- NHL
19) hoi, family history, state, 10
pesticides
(cohort, n= 57 311) 21 unexposed cases
29 cases 1-20 days RR=1.0 (referent) same
15 cases 21-56 days RR= 0.7 (95% Cl
04, 1.4)
17 cases 57-2678 days RR= 0.9 (95% Cl
0.5, 1.6)
Eriksson et al. 2008 910, 1016 [total] NHL
(case-control) 29, 18 Any use OR=2.0 (95% Cl 1.1, Age, sex, year of diagnosis or
37) enrollment
17,9 >10 days OR=2.4 (95% Cl 1.0, Same
5.4)
Orsl et al. 2009 244, 436 total NHL
(case-control) 12, 24 Any use OR=1.0 (95% Cl 0.5, Age, center, socioeconomic

2.2)

Cocco et al. 2013 2348, 2462 [totalj
(case-control) 4,2

17.1)

Cl: confidence interval; HCL: hairy cell leukemia; OR: odds ratio; RR: relative risk.

After removal of duplicates and examining the titles and
abstracts, 11 publications were Identified as relevant. Reasons
for exclusions include: not analytical epidemiology, glypho-
sate not examined, and NHL and/or MM not examined.

An additional seven relevant analytic epidemiological stud-
ies were identified after examining reference lists from the
publications above, the IARC Monograph 112 (2015) wherein
glyphosate and cancer were evaluated, as well as personal
collections of relevant papers by the expert panel. Upon fur-
ther review, two of these references were excluded: Lee et ai.
(2005) because it did not focus on NHL or MM (only glioma)
and the meta-analysis of Schinasi and Leon (2014) because
our focus was on the primary literature. A meta-analysis by
Chang and Delzell (2016) that was pending publication at the
time of our review would have been excluded for the same
reason.

The 16 relevant analytical epidemiological studies are
listed in Table 1 Data collected from each study included the
following: first author, year of publication, study design, num-
ber of cases and controls (for case-control studies), number
of participants in cohort studies, results (typically in terms of
an estimate of the relative risk [RR], e.g. an odds ratio [OR]
with accompanying 95% confidence interval [95% ClI]), expo-
sure-response (if available), variables adjusted for in the

Any use OR=31 (95% Cl 08,

category
B-cell lymphoma
Age, sex, education, study
center

analyses, and outcome (e.g. NHL, MM). See Tables 2 and 3 for
details.

Each study was evaluated by the panel for the following
key features that relate to study validity: recall bias (likely/
unlikely3), exposure misclassification (likely/unlikely),
exposure-response analyses with a trend test (yes/no), selec-
tion bias (likely/unlikely), adjustment for confounding by
other (non-glyphosate) pesticides (yes/no), adjustment for
confounding from other variables (yes/no), pathological
review of cases (yes/no), proxy respondents (%cases/
%controls), bias from sparse data (possible/no), blinding of
interviews (yes/no/unciear) and consideration of induction/
latency (yes/no). See Table 4 for details.

Validity considerations
Selection bias and recall bias

With the exception of one notable cohort study (De Roos
et al. 2005), epidemiologists have employed the case control
design to investigate glyphosate. Case control and cohort
studies are related designs. Both study designs, if conducted
with high quality, can produce valid results. In fact, the case
control design is best thought of as including the cases that
would have been detected in a hypothetical cohort study



Table 3. Results for glyphosate: multiple myeloma (MM).
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Author, year # cases, controls OR/RR Multivariate adjustments Outcome
(study design) Total or exposed (95% Cl)
Brown et al. 1993 173, 650 [total]

(case-control) 11, 40 Any use OR= 17 (95% Cl 0.8, 3.6) Age, vital status MM
De Roos et al. 2005 24 exposed cases Any use RR= 11 (95% Ci 0.5, 2.4) Age MM
(cohort, n= 57 311) Eight unexposed cases

Not specified Any use RR= 2.6 (95% Cl 0.7, 9.4) Age, education, smoking, alcohol,
family history, state, 10 pesticides
Eight exposed cases 1-20 days RR = 1.0 (referent) Age, education, smoking, alcohol,
family history, state, 10 pesticides
Five exposed cases 21-56 days RR= 11 (95% Cl 04,
35)
Six exposed cases 57-2678 days RR= 1.9 (95%
Cl 0.6, 6.3)
Orsl et al. 2009 56, 313 [total] MM

(case-control) 5, 18 Any use OR= 2.4 (95% CI 0.8, 7.3) Age, center, socioeconomic category
Kachuri et al, 2013 342, 1357 [total] MM

(case-control) 23, 108 Any use OR= 11 (95% Cl 0.7, 1.9) Age, province, smoking, selected med-

ical conditions, family history of
cancer
Same
11, 78 <2 days/year OR= 0.7 (95% Cl
0.4, 14)
10, 26 >2 days/year OR= 21 (95% Cl
0.95, 4.7)
Sorahan 2015 24 exposed cases Any use RR=1.1 (95% Cl 0.5, 25) Age MM

Eight unexposed cases
Reanalysis of
De Roos et al. 2005
24 exposed cases

Eight unexposed cases
Eight cases

10 exposed cases
3.0)
Eight exposed cases
43)
Six exposed cases
0.4, 45)

Cl: confidence interval; HCL; hairy cell leukemia; OR: odds ratio; RR: relative risk,

Any use RR= 12 (95% Cl 05, 2.9)

Never used RR= 1.0 (referent)

Age, sex, education, smoking, alcohol,
family history of cancer, education,
10 pesticides

Age, sex, education, smoking, alcohol,
family history of cancer, education,
10 pesticides

1-20 days RR= 11 (95% Cl 0.4,
21-57 days RR= 1.5 (95% Cl 0.5,

57-2678 days RR= 1.4 (95% Cl

1 Reanalysls of De Roos et al. to assess the exclusion of 14 000 with some missing covariate data as the explanation for the difference in RRs adjusted for age
(RR= 1.1) versus adjusted for age, education, smoking alcohol, family history, state and 10 pesticides (OR = 2.6).

along with a sample of the source population (Rothman et al.
2008). The purpose of the control group is to determine the
relative size of the exposed and unexposed populations that
gave rise to the cases, so as to enable valid risk estimates for
exposed versus unexposed populations. At times in case con-
trol studies, the control population is selected for conveni-
ence or practicality in a way that does not allow determining
the relative size of the exposed and unexposed populations.
For example, hospital controls may be less likely to have
strenuous occupations than the general population; hence
farmers and/or others with pesticide exposures might be
under-represented among hospital controls. Poor or selective
participation by potential controls can produce the same
result. Both scenarios are examples of selection bias that
would almost certainly generate spurious positive associa-
tions between farming exposures and cancers.

A particularly important and well-known potential bias in
case control studies of pesticides is recall bias. That is, cases
tend to be more likely to remember or report exposures than
are study participants who have not been diagnosed with
cancer. 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 (De
Roos 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 posi-
tive associations between exposure and disease.

Concern about recall bias also extends to next-of-kin who
participate in epidemiologic studies in place of deceased or
disabled family members. Analyses of next-of-kin or proxy
respondents have been found to produce results similar to
those of first-hand study subjects (e.g. Kachuri et al. 2013) or
to show results quite different than those based on first-hand
responders (e.g. Lee et al. 2005 - ORs for glyphosate and gli-
oma were 0.4 based on primary respondents and 31 for
proxy respondents); one never knows the impact of having
appreciable numbers of next-of-kin respondents without a
thorough analysis of data with/without proxy respondents
(Johnson et al. 1993). This concern is noteworthy because the
case-control studies for glyphosate frequently have a high
proportion of next-of-kin participants and many studies did
not evaluate the potential bias from next-of-kin responders.



Table 4. Validity considerations for glyphosate studies.

First author,
year

Brown et al.
1993

McDuffie et al.
2001

Hardell et al.
2002

De Roos et al.
2003

De Roos et al.
2005

Eriksson et al.
2008

Orsi et al.
2009

Cocco et al.
2013

Kachuri et al.
2013

NHL" non-Hodgkin's lymphoma.

Recall bias
Likely

Likely

Likely

Likely in ori-
ginal
publications
No

Likely
Likely
Likely

Likely

Exposure
misdassification

Moderate ever/
never

Moderate ever/
never; appre-
ciable days of
use

Moderate ever/
never; appre-
ciable in days
of use analysis

Moderate ever/
never

Moderate ever/
never; appre-
ciable in days
of use analysis

Moderate ever/
never

Moderate ever/
never

Likely

Moderate ever/
never; appre-
ciable in days
of use analysis

Exposure-resp-
onse and
trend test

No

Yes, no trend
test

Yes, yes

Yes, no trend
test
No

No

Yes, no trend
test

Selection bias
Unlikely

Likely

Unlikely

Likely, in original
publications

Unlikely

Unlikely
Likely
Likely

Likely

Adjusted for
confounding
from other
pesticides yes/
no

No

No

Yes, but varia-
bles not
specified

Yes

Yes

Yes

Adjusted for con-
founding from
other variables

yes/no

Yes

Yes and no

Unclear

Yes

Yes

Age, sex, year of
diagnosis
Yes
No

Yes

Pathology
review of
cases

Yes

Yes

Yes for NHL,
unclear for
HCL

Yes

Yes

Yes
Yes
20%

Yes

Proxies %cases/
%controls
42% for cases;
30% for controls
21% cases; 15%
controls

43% NHL cases
and controls, 0%
for HCL

31% for cases;
40% for controls

No

Excluded

Bias from sparse
data

No

No

Possible

Possible in some
analyses

Possible in some
analyses
Possible
Possible

No

Blinding of
interviews
Unclear

Unclear

Yes

Yes

NA

Yes
Yes
Unclear

Unclear

Consideration
of latency

No

No

Yes

&
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Exposure assessment and misdasslfication

With few exceptions, epidemiologic studies of pesticides
assess exposure by questioning participants or their next-of-
kin about the prior use of specific pesticides and associated
work practices. This practice has limitations compared with
other branches of occupational research where epidemiolo-
gists often have access to objective documentation about
past industrial workplace conditions to aid in exposure
assessment (e.g engineering diagrams, process descriptions,
job descriptions, area or personal exposure-monitoring data).

A number of publications provide insights about the valid-
ity or reliability of self-reported pesticide information used In
epidemiologic studies. In one study, approximately 60% of
farmers' self-reports agreed with suppliers' records of pur-
chases for specific pesticides (Hoar et al. 1986). In another art-
icle, researchers evaluated the repeatability of self-reported
pesticide information on enrollment questionnaires for 4188
licensed pesticide applicators, primarily farmers, who filled
out questionnaires in successive years (Blair el al. 2002), The
year-to-year reliability for reporting any lifetime use of 11
widely used pesticides varied from 79 to 87%; categorical
agreement varied from 50 to 59% for typical days of use per
year and from SO to 77% for years of use Based on this lit-
erature. it is apparent that perhaps 10-20% or more of partic-
ipants in epidemiologic studies may report incorrectly that
they have used a specific pesticide and that reporting on fre-
quency of use and years of use is even less certain.

There seems to be considerable under-appreciation of the
implications of the acknowledged degree of exposure mis-
classlfication in the pesticide literature. Many consider expos-
ure misclassification to almost always be non-differential (e.g.
similar for cases and controls) and. therefoie, to bias analyses
towaid the null for no association between an exposure and
a disease), However, even assuming the misclassification Is
non-differential oveiall over multiple analyses, the direction
of the resulting bias can be uncertain for any specific analysis.
As Rothman and Greenland (1998) pointed out, in any given
study, random fluctuations can lead to bias away from the
null (towards a positive or negative association) even if the
classification method satisfies all the conditions for being
non-differential (Viz. on average) Hence, in the studies con
sidered in this review, with hundreds of comparisons per
study, some fraction of results likely will be biased away from
the null even if misclassification is non-differential.

Finally, unlike the five days per week, 50 weeks per year
routine for exposures In Industrial settings, glyphosate and
other pesticide applications are not a frequent occurrence for
farmers and applicators. In fact, for most, application of a
specific pesticide, like glyphosate, Is seasonal and happens
only a few days per year The high exposure category in the
glyphosate literature is usually two or more days per year -
reflecting extremely infrequent use for the great majority of
study subjects and, annually, long periods without exposure.
This implies that pesticide exposures are much less frequent
than other occupational exposures for those who use pesti-
cides in their occupations and that these other, daily expo-
sures need to be addressed comprehensively in any analysis
of infrequently used pesticides.

CRITU" Ai REVIEWS IN TOXICQUBCY 3

Biomonitoring studies, implications for exposure
assessment

Epidemiologists recognize that there is a difference between
exposure (viz. reported use) and dose Ithe quantity of a sub-
stance that is absorbed). In fact, dose is of more interest than
exposure in studying potential causal associations For some
chemicals, exposure and dose correlate well. For other chemi-
cals, the correlation is low, Understanding the correlation
between exposure and dose is essentia! for exposure-response
analyses - an important indicator for a causal relationship

The properties of a chemical affect dose Glyphosate is usu-
ally formulated as the isopropylamine salt, which has an
extremely low vapor pressure of 1.6x 10"8 mm Hg (Tomlin
2003). Inhalation of spray droplets was found to be a minor
route of glyphosate exposure in a study of glyphosate applica-
tors In Finland (Jauhlainen et al 1991), leaving dermal contact
as the primary route of exposure. Dermal penetration experi-
ments, where glyphosate was left undisturbed on skin surfaces
of experimental animals and on human skin in vitro, indicate a
percutaneous absorption of less than 2% (Wester et al, 1991),

Biomonitoring studies show lesults consistent with glyph-
osaie's physical/chemical properties. In a study of 48 farmers
in Minnesota and South Carolina during a normal day of gly-
phosate application on their farms, 60% of applicators were
found to have quantifiable glyphosate in urine (the predomin-
ant route of excretion), while 40% of farmers did not
(Acquavella et al. 2004). The distribution of urinary concentra-
tions was highly skewed, with only a small percentage of val-
ues appreciably different than the one part per billion limit of
detection. Nine farmers completed applications in excess of
100 acres and did not have detectable values for glyphosate In
their urine Evaluation of different approaches to exposure
assessment used in epidemiologic studies has not shown
good correlation with biomonitoring data for glyphosate
(Acquavella et al. 2006), implying appreciable misclassification
In studies that rely on traditional pesticide exposure assess-
ment approaches.

The maximum systemic dose found in a review of all gly-
phosate biomonitoring studies completed to date is
0.004 mg/kg (Niemann et al. 2015). For comparison, the WS
Environmental Protection Agency (US EPA)'s reference dose
(viz. the daily oral exposure to the human population, includ-
ing sensitive subgroups such as children, that is not likely to
cause harmful effects during a lifetime) is 500-fold higher at
2mg/kg/day (US EPA 1993) The geometric mean systemic
glyphosate dose for applicators is 0.0001 mg/kg/day.

Statistical considerations

In addition to the potential study biases discussed above,
other threats to validity arise from the statistical procedures
used (or not used) in the epidemiology studies reviewed for
glyphosate. First, glyphosate risk estimates in several studies
were based on small numbers of events in the exposure sub-
categories considered For example, the case-control studies
of NHL reported by Hardell et al. (2002), Cocco et al, (2013),
and Eriksson et al. (2008) and of MM reported by Otsl et al.
(2009| involved less than to exposed cases and/or controls
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overall or in specific glyphosate exposure categories. Even
the large cohort study of 57 311 pesticide applicators con-
ducted by De Roos et al. (2005) and reanalyzed by Sorahan
(2015) included sparse data (viz, 10 or fewer glyphosate-
exposed MM cases in each of the three exposure categories
considered),

Sparse data not only leads to imprecise risk estimates, but
can decrease their validity when analyses are limited to
asymptotic procedures (Greenland et al. 2000; Hirji 2006). The
phenomenon of a bias away from the null due to small sam-
ples or sparse data is termed sparse data bias. It can occur if
case-control or cohort studies are analyzed by conventional
asymptotic methods such as logistic regression or Poisson
regression rather than their counterparts based on exact esti-
mation. For example, In the presence of sparse data, the esti
mated OR derived from asymptotic conditional logistic
regression is substantially overestimated If the true OR is
greater than one (Breslow & Day 1980). Sparse data bias also
affects estimated Cls and p values (Greenland et a 2000;
Subbiah & Srmivasan 2008), It appears that all studies Involv-
ing sparse data relied upon asymptotic procedures only, and
were thus likely subject to sparse data bias and inflated risk
estimates.

As shown in Table 4, with few exceptions, the statistical
models used to evaluate NHL or MM risks among pesticide-
exposed individuals were deficient at many levels. As all stud-
ies were exploratory (viz not testing a priori hypotheses
regarding specific pesticide exposures and NHL or MM risk),
they produced a large number of risk estimates along with a
high probability of some estimates being statistically signifi-
cant simply due to chance alone. No attempt was made in
any of the studies to adjust p values for these multiple com-
parisons, though one case control study (De Roos et al. 2003)
used a two stage hierarchical modeling approach to adjust
risk estimates based on pesticide class characteristics and
extant carcinogenic classification to minimize false positives.
Also, as shown in Table 4, most studies did not adjust gly-
phosate risk estimates for potential confounding by other
pesticide exposures or relevant medical variables, and only
one (Eriksson et al. 2008) considered latency period or the
time between first (or last) glyphosate exposure and health
outcome- Moreover, only one study (Hohenadel et al. 2011),
considered the possible interaction or effect modification
between pairs of commonly used pesticides.

Even among the few studies that incorporated potential
confounding or effect modifying factors, little if any informa-
tion was provided about the statistical model selection (e.g.
asymptotic or exact), model building strategy (e.g. criteria for
including/excluding co variables) or the diagnostic proce-
dures used to evaluate the fit or robustness of intermediate
and final models. Thus, in most studies, repoited glyphosate
risk estimates remained relatively crude (viz. not fully
adjusted) and likely biased due to residual confounding, poor
model fit and in some cases, sparse data,

NHL studies

Cantor et al. (1992) conducted a NHL case control study in
lowa and Minnesota to evaluate possible causal factors,.

Including pesticides. The data from this study were pooled
with two other US NHL case control studies and subsequently
reported by De Roos et al (2003). We defer consideration to
that more recent analysis.

Nordstrom et al (1998) conducted a population-based
case control study in Sweden that included 121 cases of hairy
cell leukemia (HCL) and 484 general population controls. The
intent of the study was to evaluate occupational exposures
and smoking as risk factors for HCL The data from this study
are included with data from the Hardell and Eriksson (1999)
study in a later publication (Hardell et al. 2002). We defer
consideration of both primary studies to that more recent
analysis.

McDuffie et al. (2001) conducted a trans-Canada multi-cen-
ter case control study to evaluate the relationship between
pesticide exposures and NHL. Cases (n=517) were identified
from provincial Cancer Registries except in Quebec, for which
hospital ascertainment was used. Controls (n=1506) were
selected at random from the provincial Health Insurance
records (Alberta, Saskatchewan, Manitoba, Quebec), compu-
terized telephone listings (Ontario) or voters' lists (British
Columbia). Participation was much higher among invited
cases (67%) than among invited controls (48%). Pesticide
exposure was determined through telephone Interviews of
study participants or their proxies (21% of cases, 15% of con-
trols), The authors used conditional logistic regression to esti-
mate ORs. The OR for any reported glyphosate use was 1.2
(95% Cl 0.8-1.7) controlling for age, province and medical
variables associated with NHL. The strongest pesticide associ-
ations were with mecoprop (OR- 23) and dicamba
(OR= 1.9). A subsequent analysis by reported days of use per
year (none, <2 days/year, >2 days/year) showed glyphosate
ORs of 10, 10 (95% ClI 0.6-1.6), and 21 (95% Cl 13-2.7),
respectively. This latter analysis did not adjust for medical
variables th3t were controlled in the analysis of any glypho-
sate use or for the effects of other pesticides.

Assessment; The strengths of this study are the relatively large
number of NHL cases and the likelihood that almost all cases
were corifnmed histologically. The limitations aie likely residual
confounding in the analysis by days of use by the uncontrolled
effects of medical variables and other pesticides, selection bias
(differential participation by cases and more proxies for cases),
and possible recall bias

Hardell et al. (2002) reported a pooled analysis of two case
control studies, one of NHL and the other of HCL. Both of
these studies were previously reported as separate case-con-
trol studies (Nordstrom et al 199S; Hardell & Eriksson 1999).
HCL is rare, comprising 2% of lymphoid leukemias, and typic-
ally affects middle aged to elderly men (Foucar et al. 2008). It
is regarded as a mature B cell neoplasm, as are a high pro-
portion of NHLs. It appears that the authors pooled the two
separate studies principally to achieve a larger study size
under the assumption that the two neoplasms could be
treated as a homogeneous entity for etiologlc research.
However, the pooled analysis is thereby heavily weighted by
HCL cases and the results not representative of NHL more
broadly The 404 NHL cases were males aged 25 and older,
diagnosed in 1987-1990, and living in mid- and northern
Sweden drawn from regional cancer registries fviz



histologically verified). Each case was matched on age and
sex to two controls drawn from the National Population
Registry The 111 HCL cases were males diagnosed In
1987-1990, identified from the Swedish Cancer Registry cov
erlng the whole country. Each HCL case was matched on age.
sex and county to four controls drawn from the National
Population Registry. A total of 515 cases and 1141 controls
were included in pooled analyses of NHL and HCL A ques-
tionnaire was completed by study subjects or next-of-kin
regarding complete working history and exposure to various
chemicals. Exposure to each chemical was dichotomized, with
at least one working day a year before diagnosis being
regarded as positive for exposure Conditional logistic regres-
sion was used to estimate ORs and 95% Cls, adjusted for
study (NHL versus HCL), study area, and vital status. In the
analyses, only subjects with no pesticide exposure were
regarded as unexposed\ whereas subjects who had not used
glyphosate but had used other pesticides were excluded.
Analysis for glyphosate, unadjusted for other pesticides,
showed a positive association (OR=3.0, 95% ClI 1.1-85)
based on eight exposed cases and eight exposed controls.
Although multivariate analyses were done, it was not stated
how variables were selected for inclusion or which Variables
were included in the multivariate models. The multivariate
model for glyphosate Indicated appreciable confounding In
the unadjusted analysis and a reduced, statistically Imprecise,
positive association for glyphosate (OR=1.9, 95% Cl 0.6-6.2).
Analyses based on increasing days of use were presented for
some pesticides, but not for glyphosate.

Assessment: The strengths nf this study were that cases were
histologically confirmed and controls were population-based. The
limitations of this publication were many First, the Investigators
found a positive association for every dess o( pesticide and foi
every Individual pesticide, suggesting a systematic bias in either
the assessmenl of exposure (e.g recall bias, interviewer or subject
(inadvertent) unblinding), In the reporting of results, or due to
selection bias. Second, the definition of unexposed (via. no
exposure to any pesticide) used In the analysis distorted The
exposure prevalence for glyphosate and precluded being able to
control for possible confounding by other pesticides and farming
exposures Third, there seems to be some inconsistency in
exposure assessment between the two studies that were pooled
in this publication. The prevalence of exposure to glyphosate was
three times higher among HCL cases and controls (1.3%) than il
was among NHL study subjects (04%), even though both studies
were contemporaneous and would be expected to have similar
exposure prevalences.

De Roos et al. (2003) leported a pooled analysis of three
NHL case-control studies of pesticides and other potential
causal factors (Hoar et al. 1986, Zahm et al. 1990; Cantor
et al. 1992). This analysis was limited to men and excluded
cases and controls with a history of living or working on a
farm before (but not after) age 18 Cases from the Nebraska
study by Zahm et al. (1990) were diagnosed between July
1983 and June 1986 and were identified using the Nebraska
Lymphoma Study Group as well as data from area hospitals.
Cases from the Kansas study by Hoar et al. (1986) represented
a random sample of cases diagnosed between 1979 and
1981 and selected from the Kansas Cancer Data Service
Cases from the study in lowa and Minnesota by Cantor et al
(1992) were diagnosed between 1981 and 1983 and were
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identified from the lowa State Health Registry along with a
suiveillance system established in Minnesota. Controls for
these studies were randomly selected from population data-
bases le.g. Medicare, random digit dialing, and state mortality
files tor deceased cases) and frequency matched to cases on
race, sex, age and vital status at time of interview. Cases and
controls were interviewed (including next-of-kin when neces-
sary) regarding use of pesticides and/or herbicides as well as
other known or suspected risk factors for NHL The final ana-
lysis dataset Included 650 cases and 1933 controls, after
exclusions of individuals for whom there was missing infor-
mation Forty-seven pesticides were included in the analysis
after excluding pesticides for which there were not at least
20 persons exposed and data available from all three studies.
The exposure metric in the analysis was restricted to any
reported use of a specific pesticide, with no consideration of
extent of use. Two types of statistical models were used to
estimate ORs and 95% Cls; (11 standard logistic regression
and (2) hierarchical regression, wherein logistic regression
estimates were adjusted in a second stage based on
expected similarities of effects within pesticide classes and
the presumed o priori carcinogenic probability for specific
pesticides as determined by external review bodies. For pesti-
cides like glyphosate that were presumed to have a low
probability of being carcinogenic, this second stage adjust-
ment tended to draw positive associations toward the null.
All analyses were adjusted for age and for the use of 46 other
pesticides. Results for glyphosate showed an OR of 21 (95%
Cl: 11-4.0) in the logistic regression and a lesser association
(OR= 16, 95% CI: 0 9-2)S1 in the hierarchical regression.

Assessment: The strengths Of this analysis were the histological
confirmation of NHL cases and The large numbers of cases and
controls that enabled simultaneous adjustment of the eftects of
47 pesticides. The weaknesses of this study were the reliance on a
relatively crude indicator of exposure (ever having used a
pesticide witf, no consideration of the extent of use) and the
limitations common to case control studies of pesticides - namely
recall bias and, in this case, an appreciably higher proportion nf
proxy respondents for controls than cases (40% versus 31%).

De Roos et al. (2005) reported glyphosate findings from
the Agricultural Health Study (AHS), a large prospective
cohort study of health outcomes related to numerous pest)
cides among more than 53 000 licensed pesticide applicators
in North Carolina and lowa. Analyses for glyphosate consid-
ered potential exposure In a number of ways including: ever/
never use, estimated cumulative exposure days (CED), and
estimated intensity-weighted exposure days OWED). The stat-
istical approach was Poisson regression and effects were esti-
mated as RRs with 95% Cls. After adjusting for age, findings
for ever/never use of glyphosate showed a near null RR of
12 for NHL (95% Cl 0.7-1.9), based on 92 cases. Further
adjustment for education level, pack-years of smoking, alco-
hol use in last 12 months, family history of cancer, state of
residence and 10 other pesticides that weie correlated with
glyphosate use, and excluding applicators Who had missing
data for any of these variables, had little effect on findings
for NHL (RR 11 95% CI 07-1.9). Analyses of potential expo-
sure-response effects using the fust fertile of CEDs as a base-
line category and with adjustments as described above, and
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excluding the nevei-users from the analysis, found a slight
non-significant negative trend (1-20 days; RR 1.0; 21-S6 days;
RR 0.7, 95% Cl 0.4-1.4; 57-2678 days. RR 0.9, 95% Cl 0.5-1.6).
These categorical analyses were repeated for IWEDs and find-
ings were little changed. Oe Roos et al 1,2005) qualified their
results as being based on small numbers, but concluded "
the available data provided evidence of no association
between glyphosate exposure and NHL incidence.”

Assessment: The strengths of this study are the large size of ihe
study cohort the high quality assessment of cancer incidence
based on statewide tegisttles In lowa and North Carolina, the lack
of proxy respondents, the control for confounding by other
pesticides, and the fact that collection of information about
pesticide use could nol be influenced by health status The
limitations of the study are the relatively short duration of follow
up for AHS cohort members, the relatively small numbei of NHL
cases, and ihe likelihood of some degree of exposure
miscla5siflcatlon In the various analyses.

Eriksson et al (2008) reported a population based case
control study of NHL in males and females aged 18-74 living
in Sweden in 1999-2002. Cases were Identified through
physicians who diagnosed and treated NHL, and all cases
were histologically verified. Controls were randomly chosen
from population registries in the same health service regions
as the cases, and were frequency matched In 10-year age
and sex groups. A total of 910 NHL cases and 1016 controls
were Included in the analyses. The authors emphasized that,
in contrast to their previous studies (Hardell et al 1981,
Hardell & Eriksson 1999), the analyses evaluated newer types
of pesticides in relation to different histopathological sub-
types of NHL All subjects received a mailed questionnaire
focusing on total work history and exposure to pesticides,
solvents and other chemicals. For all pesticides, the number
of years, number of days per year and length of exposure per
day were questioned. Exposure to each chemical was dicho-
tomized, with at least one working day at least a year before
diagnosis being regarded as positive. In the analyses, only
subjects with no pesticide exposure were regarded as unex-
posed5 whereas subjects with other pesticide exposures
were excluded. Unconditional logistic regression was used to
calculate ORs and 95% Cls, adjusted for age, sex, and year of
diagnosis. Analyses for individual herbicides showed positive
associations for every agent and ORs were elevated for every
other pesticide (although not In every analysis by NHL sub-
type or category of duration of exposure). In the model for
glyphosate and all NHL (not adjusted for other exposures),
the OR was 20, 95% Cl 1.1-3.7 for ever/never exposure,
based on 29 exposed cases and 18 exposed controls.
Exposure to glyphosate for -10 days showed OR=2.4, 95%
Cl 10-5.4 (not adjusted for other exposures). Analyses of gly-
phosate exposure and NHL subtypes (not adjusted for other
exposures) were positive for every subtype of NHL, and were
statistically significant for lymphocytic lymphoma/B-CLL
(OR =34, 95% Cl 14-7.9) and unspecified NHL (OR=5.6.
95% Cl 1.4-22.0) Results for other NHL subtypes were not
statistically significant: all B-cell NHL (OR=1.9, 95% ClI
0.998-3.5); follicular NHL (OR=1.9, 95% Cl| 0.6-5.8); DLBCL
IOR= 12, 95% Cl 0.4-3.4); other B-cell NHL (OR = 1.6, 95% ClI
D.5-5-0); unspecified 8-cell NHL (OR= 15. 95% Cl 0.3-6.6) and

T-cell NHL (OR =23, 95% Cl 0.5-10.4). Multivariate analysis of
glyphosate exposure wa; st3ted to include agents with statis-
tically significant increased ORs or with an OR >15 and al
least 10 exposed subjects. These models excluded subjects
with exposure to pesticides that did not meet these condi-
tions. The multivariate model for glyphosate and all NHL
showed a non-significant positive association (OR= 1.5, 95%
Q 0,8-2.9) for ever/never exposure, indicating substantial
confounding in the analysis that were not adjusted for other
pesticides.

Assessment: Strengths at the study Include histological
verification of cases and use of population-based controls. There
were, however, a couple of major limitations, First, the
investigator found a positive association for every herbicide and
for every individual pesticide (although not In every sub-analysis),
suggesting a systematic bias In either the assessment of exposure
(e.g. recall bias. Interviewer or subject linadvertent] unblinding), in
the reporting of results, or due to selection bias, Second, (be
definition or unexoosed (viz no exposure to any pesticide) used
In the analysis distorted the exposure prevalence for glyphosate
for cases and controls and precluded being able to control for
possible confounding by other pesticides and farming exposures.

Hohenade! et al (2011) conducted a reanalysis of data
included in the McDuffie publication to evaluate the relation-
ship between exposure to specific pesticide combinations
and NHL The authors used unconditional logistic regression
to estimate ORs for the total number of pesticides used by
type and carcinogenic potential and for pairwise pesticide
combinations (neither, either only or both). Where the OR for
joint exposure was higher than the OR for exposure to either
pesticide alone, interaction on the additive scale was eval-
uated using an Interaction contrast ratio (ICR). Exposure to
glyphosate alone yielded an estimated 8% deficit in NHL risk
(OR- 092, 95% Cl 0.5-1.6), whereas use of malathion only
was associated with an elevated NHL risk (OR= 2.0, 95% Cl
1 3-2.9). The OR of 21 (95% ClI 1.3-3.4) for joint exposure to
glyphosate and malathion was similar to that foi malathion
alone and there was no Indication of a super additive joint
effect (ICR <0.5).

Assessment; The strengths and limitations of this study are
similar to those outlined for the (elated study by McDuffie et al
(2001) The re-analysis was more an exploratory assessment of
joint exposures than It was a study of specific pesticides per se
and is of limited relevance for a possible association between
glyphosate and risk of NHL

Orsl et aL (2009) reported a hospital-based case-control
study of occupational exposure to pesticides and lymphoid
neoplasms (including but not limited to NHL and MM) under-
taken in France. Incident cases of NHL (n= 244) weie identi-
fied from six French hospital center catchment areas between
2000 and 2004. A panel of pathologists and hematologists
confirmed pathology. Controls (n 436) were selected from
the same hospitals as cases; controls had no history of
lymphoid neoplasms and were primarily patients from
rheumatology and orthopedic departments Patients admitted
for occupation-related diseases or diseases related to smoking
and/or alcohol abuse were nol eligible as controls although a
past history of such diseases/conditions did not eliminate the
control. Controls were matched to cases by center, age tt3
years) and gender Information on cases and controls



Involved a standardized self-administered questionnaire on
socioeconomic status, family medical history, and lifelong
residential and occupational histories. For additional informa-
tion (on personal and family history), smoking, alcohol, tea
and coffee consumption, use of pesticides (insecticides, fungi-
cides, and herbicides) as well as detailed questions about
work on farms, a trained interviewer performed a face-to-face
Interview with cases and controls. Two exposure definitions
were used: definite or possible. Duration of exposure was
estimated. ORs and 95% Cls were calculated using logistic
regression Results for any use of glyphosate and NHL
showed no association (QR=1.0, 95% CI: 0.5-2.2) based on
12 exposed cases and 24 exposed controls.

Assessment: A strength of this study is that the NHL cases were
confirmed histologically. The limitations are nu assessment of
ootentlal confounding due to the uncontrolled effects of other
pestlddes/exposuies, possible recall bias and selection bias
(controls weie primarily selected from orthopedic and
rheumatologlcal  departments general  population
prevalence of pesticide exposure would likely be under-
represented). Scanning the ensemble of hundreds of effect
estimates shows that the vast majority of estimates (though not
for glyphosate) were gieater than one, suggesting systematic
error across the various analyses.

where

Cocco et al. (2013) reported results from the EPILYMPH
case control study of NHL In six European countries, con-
ducted In 1998-2004. The study Included 2348 incident
lymphoma cases and 2462 controls. Approximately 20% of
the cases had their tissue slides reviewed by a central panel
of pathologists. Controls were population-based in Germany
and ltaly, matched on gender, age (within five years) and resi-
dence area. Hospital controls were used in the Czech
Republic, France, Ireland and Spain, excluding patients with
diagnoses of cancer, infectious disease, and Immunodefi-
ciency. The participation rate was 88% in cases, 81% in hos-
pital controls, but only 52% In population controls in
Germany and ltaly (Cocco et al. 2010). Trained interviewers
conducted in-person interviews with a structured question-
naire regarding full time jobs held for a year or longer
Industrial hygienists coded the occupations to the 1SCO,
International Labour Office (1968) and the NACE, Statistical
Office of the European Communities (1996) classifications.
Subjects who reported having worked In agriculture were
given a job-specific module Inquiring In detail about tasks,
kinds of crops, size of cultivated area, pests being treated,
pesticides used, procedures of crop treatment, use of per-
sonal protective equipment, reentry after application and fre-
quency of treatment in days/year. Hygienists reviewed the
Job modules to assess exposure to pesticides in categories.
Exposure was scored in terms of confidence (probability and
proportion of workers exposed), intensity and frequency A
cumulative exposure score was calculated. Subjects unex-
posed to any pesticide® were the referent category for all
analyses. Unconditional logistic regression was used to calcu-
late ORs and 95% Cls, adjusted for age, gender, education
and study center. The authors reported a moderate associ-
ation between glyphosate (ever/never exposure) and B-cell
NHL (OR=31 95% Cl 0.6-17.1) in a univariate analysis that
was statistically imprecise being based on only four exposed
cases and two exposed controls. Clearly, there were too few

CRITICAL REVIEWS IN TOXICOLOGY .-»/ 37

exposed cases and controls to estimate an OR for glyphosate
controlling for other exposures.

Assessment: Glyphosate exposure was so Infrequent in this study
that it precluded an informative analysis. Were that not the case,
there would have been obvious concerns about selection bias
(esp. low participation for comrolsl, confounding by other
exposures lesp solvent exposures found to be associated with
NHL Is a previous analysis of this data iCocco et al 2010), and
recall bias, In addition, the definition of uneiposed Ivlz, no
exposure to any pesticide) used in the analysis distorted the
exposure prevalence fot glyphosate and would have precluded
being able to control for possible confounding by other pesiiddes
and farming exposure« had such analyses been attempted.

MM studies

Brown et al. (1993) conducted a re-analysis of the National
Cancer Institute lowa population-based case-control study
(Brown et al. 1990; Cantor et al. 1992) to evaluate the rela-
tionship between exposure to specific pesticides and MM.
Cases (n= 173) were ldentified from the lowa Health Registry
Controls (n=650) were frequency matched to cases by age
group and vital status at interview and selected from three
sources random digit dialing (living cases under age 65);
Medicare records (living cases aged 65-H and state death cer-
tificate files (for deceased cases). Participation was relatively
high and similar among cases (84%) and controls (78%).
Pesticide exposure for 34 crop insecticides, 38 herbicides
(Including glyphosate) and 16 fungicides was determined
from in-person interviews with subjects or their proxies, The
authors used unconditional logistic regression to estimate
ORs for pesticides handled by at least five cases. Subjects
who did not farm"” were the referent exposure category for
these analyses. The OR for mixing, handling or applying gly-
phosate was 1.7 (95% Cl 0.8-3.6) adjusted for vital status and
age. Failure to use protective equipment (obtained from
Interviews) did not appreciably increase the risk for glypho-
sate (OR =19, 95% ClI not reported). None of the pesticides
considered showed a statistically significant association with
MM risk

Assessment Strengths of the study were The histological
confirmation ol cases and the high and similar participation for
cases and controls Study limittlinm were Its exploratory nature
las noted by the authors), lack of connol for potential
confounding by possibly relevant peisonal characteristics or by
exposure to other pesticides, and possible recall bias. In addition,
the definition of unexposed (viz non-farmers) used in the analysis
excluded 64% of cases and 58% of controls, distorted the
exposure prevalence for glyphosate. and would have precluded
being able to control for possible confounding by other pesticides
and farming exposures had (he Investigators sought to control
potential confounding.

De Roos et al. (2005), based on data from the AHS cohort
study described previously, estimated the age-adjusted RR for
glyphosate and MM to be 11 (95% Cl O.S-2.4), based on 32
cases. Further adjustment for education level, pack-years of
smoking, alcohol use in the last 12 months, family history of
cancer and state of residence, together with the use of 10
other pesticides that were correlated with glyphosate use,
and excluding approximately 14 000 applicators and 13 MM
cases with missing data for any of these variables, markedly
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increased the RR for MM (RR=26, 95% Cl 0.7-9.4). Analyses
of exposure-response effects using the first tertile of CEDs as
a baseline category and with adjustments as described above,
and excluding the never-users from the analysis, produced a
non-significant positive trend (1-20 days’ RR=1.0; 21-56
days: RR=1.1, 95% Cl 0.4-3.5; 57-2678 days: RR= 1.9. 95% ClI
0.6-6.3; p values for trend 0.27). This MM CED analysis was
based on 19 (of 32) cases, the other 41% of cases being
excluded for any missing covarlate Information. These analy-
ses were repeated for IWED categories and findings were lit-
tle changed (RRs 1.0, 12, and 21; p values for trend =0.17).
The authors also repeated the exposure-response analyses
for MM, using the never-use group as the baseline category
and found a monotonic positive trend (tertile 1. RR=23;
95% Cl 0.6-8.9; tertile 2. RR=2.6; 95% CI, 0.6-11.5; tertile 3:
RR=4.4; 95% Cl 1.0-20.2; p Values for trend =0.09). The
authors noted that the marked difference between the age
adjusted MM findings and the more fully adjusted findings
(viz. RR= 11 versus 2.6) could have been due to selection
bias related to the 14 000 AHS cohort members who were
dropped from the more fully adjusted analysis due to missing
values for one or more variables.

Assessment: The strengths of this study are the large stze of lhe
study cohort, ihe high quality assessment of cancer incidence
based on statewide reglstnes in lowa and North Carolina, the lack
of proxy respondents, the control for confounding by other
pesticides, and the fact that collection of Information about
pesticide use could not be influenced by health status The
limitations of the study are the short duration of follow-up for
AHS cohort members, the relatively small number of MM cases,
the likelihood of some degree of exposure mlsclassification in the
various analyses, and the Indications ol selection bias affecting RR
estimates due to the exclusion of so many cohort members and
MM cases from the more fully adjusted analyses (addressed In a
subsequent publication by Sorahan 20151

Orsi et al. (2009) reported a French hospital-based case-
control study of occupational exposure to pesticides and
lymphoid neoplasms (including but not limited to NHL and
MM), described previously, Included were 56 incident cases of
MM and 313 controls matched to cases by center, age (3
years) and gender, ORs and 95% Cls were calculated using
logistic regression. Results for glyphosate and MM showed a
moderate, but statistically imprecise, association (OR =24,
95% CI: 0.8-7.3) based on five exposed cases and 18 exposed
controls.

Assessment: A strength of this study is that the MM cases were
confirmed histologically. The limitations are likely residual
confounding due to the uncontrolled effects of other pesticides/
exposures In the assessment of the OR for glyphosate, possible
recall bias, and selection bias (controls were primarily selected
from orthopedic arid rheumatological departments where general
population prevalence of pesticide exposure would likely be
under-represented) Scanning the ensemble Of hundreds of ORs
shows that the vast majority was gieater than 1.0, suggesting
systematic error across the various analyses.

Landgten et al. (2009) estimated the age-specific preva-
lence of monoclonal gammopathy of undetermined signifi-
cance (MGUS) (a medical condition that is sometimes a
precursor to multiple myeloma) among a stratified random
sample of 678 AHS participants selected based on lifetime
organophosphate use. Subjects In the sample had completed

all three phases of the AHS questionnaires, were enrolled Into
a neurobehavloral study nested within the AHS cohort, and
had provided serum for analysis. The authors compared
MGUS prevalence for this sample to that for the general
population of Olmsted County, Minnesota (due to availability
of Mayo Clinic MGUS screening data) and found higher
prevalence for AHS participants. Within the AHS sample, asso-
ciations between MGUS prevalence and pesticide exposures
and subject characteristics were assessed in logistic regres-
sion models adjusted for age and education level. The preva-
lence OR for MGUS for glyphosate users versus non-users,
adjusted for age and education level, was 05 195% Cl
0.2-1.0). None of the herbicides studied showed a strong
association with MGUS.

Assessment: This Is a small exploratory study of pesticide affects
on a medical condition that Is sometimes a precursor lo MM.
Taken al face value, the tesulis piovirie evidence of a weak
Inverse association between risk @l MGUS and glyphosate, though
the exploratory nature of this study, the lack of adjustment for
other pesticides In pesticlde-spectfic analyses, the cross-sectional
nature of the study, and the implied speculative hypothesis
underlying the analysis (that pesticides might cause MM by
causing MGUS first! limit conclusions that can be drawn from this
work.

Pahwa et al. (201?) reported a trans-Canada, multi center
case control study regarding the relationship between pesti-
cide exposuies and MM. The publication is related to the
trans-Canada NHL study reported initially by McDuffie et al.
(2001) wherein there was a common control group for the
study of several lymphopoietic cancers. Pahwa et al. (2012)
was updated by Kacburl et al. (2013) and we defer consider-
ation to that more recent publication.

Kachurl et al. (201 3) presented a reanalysis and extension of
Pahwa et al. (20121 in which they excluded 149 (of 1506) con-
trols who did not have an age match with the MM cases.
Kachurl et al. utilized unconditional logistic regression to esti-
mate ORs and presented analyses Including and excluding
proxy respondents (15% of controls and 30% of cases) and
adjusting for smoking, which was associated with MM. They
also presented analyses by days of use for individual pesti-
cides. Approximately 9% of cases and controls reported use of
glyphosate ORs adjusted for smoking were 12 (95% Cl
0,8-1.9) Including all cases and controls and 11 (95% Cl
0.7-1.9) excluding cases and controls who had proxy respond-
ents. ORs excluding proxy respondents for one and two days/
year of glyphosate use and for two or more days/year were 0.7
(95% Cl 0.4-1.3) In the lower use category and 2.0 (95% ClI
0,98-4.2) in the higher use category. However, these results
for days of use per year were not adjusted for the potential
confounding effects of other pesticides or farm exposures.

Assessment: The strengths ol this study are the relatively large
number of MM cases, the likelihood that almost all cases Were
confirmed histologically and the explicit consideration of proxy
respondents In the analysis, The limitations are likely residual
confounding In the days of use per year analysis by the
uncontrolled effects of other pestlcldes/exposures. selection bias
(53% participation for cases and <8% participation for controls),
and possible recall bias.

Sorahan (2015) conducted a re-analysis of data from the
AHS to assess the basis for the disparate age-adjusted and



more fully adjusted giyphosate MM findings reported by De
Rods et al (2005), The author used Poisson regression to
estimate RRs for MM In relation to giyphosate exposure
categorized as ever versus never exposed and by levels of
CEDs and IWEDs. Applicators who had missing covariate
data were included In the analysis in a "not known" cat-
egory so that the entire AHS cohort could be maintained.
The RR for any giyphosate use adjusted for age and gender
was 11 (95% Cl 0.5-2,5); further adjusting for lifestyle factors
and use of 10 other pesticides yielded a similar RR of 12
19S% Cl 0.5-2.9). RRs for MM tended to increase with
increasing CED and IWED reaching a peak RR of 19 (95% Cl
07-5.3; p values for trend =0.2) in the highest category of
IWED in the fully adjusted model; however, none of the
trend tests or category-specific RRs was statistically signifi-
cant. This reanalysis showed that selection bias was associ-
ated with inflated MM risk estimates in the paper by De
Roos et al. (2005). Those excluded from the analysis included
five of eight MM cases in the giyphosate never use category.
Sorahan's secondary analysis of this AHS data does not sup-
port the hypothesis that giyphosate use is a risk factor for
MM and indicates that the practice of restricting analyses to
subjects with complete data for all variables can produce
appreciable bias.

Assessment: This reanalysis answers some of the questions about
the Impact ol selection bias In lhe MM analysis by De Roos et al
(20051. Given that there were only 32 MM cases In the original
publication, there aie obvious limitations to analyses by estimated
extent of exposure that can only be addressed wltn analyses of
the AHS cohort using more recent follow-up data.

A special consideration: selection bias in
the analysis

Accotding to accepted case control theory (Rothman et al.
2003), the validity of case control studies depends on accur-
ately estimating the exposure prevalence in the population
that gave rise to the cases. Exposure prevalence cannot be
estimated accurately by excluding from the analysis cases
and controls with farm exposures other than giyphosate as
was done In several studies. This practice distorts the giypho-
sate exposure prevalence for cases and controls and biases
OR estimates. We illustrate this bias using data from such a
giyphosate analysis by Brown et al. (1993).

Brown et al. (1993) analyzed a case control study that had
173 MM cases and 650 controls Of these, 11 of 173 cases
(6%) and 40 of 650 controls (6%) reported use of giyphosate.
Hence, there was no difference in exposure prevalence for
cases and controls, However, the authors calculated ORs
using non-farmers as the referent population with the ration-
ale that they were not exposed to any farm activities. This
seemingly well intentioned modification of the referent popu
latlon violates a fundamental premise that underlies the val-
idity of case control studies - that controls should be drawn
from the population that gave rise to the cases, which, of
course, Includes Individuals with exposure to farm activities.
With these exclusions 100 of 173 cases (58%) and 338 of 650
controls (52%), the giyphosate exposure prevalence for cases
was increased to 15% (11 of 73 cases) and the giyphosate
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Table 5 Results as presented by Brown et al 119931 fur
giyphosate exposure.

Case Control Total
Exposed 1 40 51
Unexposed 62 272 334
Total 73 312 385

CRjred\efi= 17 95% ClI 05, 2.6.

Table 6. Results for giyphosate exposure using all ihe
cases and controls from Brown et al. (1993).

Case Control Total
Exposed IT 40 51
Unexposed 162 610 772
Total 173 650 825

ORunadiJiteu —1-0, 95% CI 05, 2,1.

exposure prevalence for controls was Increased a lesser
amount to 13% (40 of 312 controls). This created a bias away
from the null as illustrated in Tables 5 and 6 In our OR ana-
lysis of the Brown et al. data with and without restriction of
the referent group to those not exposed to any farm related
activities (using Stata version 14).

Ironically, the reason for the clear bias away from the null
Is that those with exposure to farm related activities and who
did not use giyphosate had higher MM risks than farmers
who used giyphosate. In addition, bv excluding those without
exposure to giyphosate and exposure to other farm expo-
sures, the authors would have precluded being able to con-
trol fully for confounding had they attempted multivariate
analyses of pesticide exposures. Hardell et al (2002), Eriksson
et al. (2008) and Cocco et al. (2013) made similar exclusions,
defining their referent population as those not exposed to
pesticides (other than giyphosate) The limited data presented
in those papers did not permit us to address statistically the
direction and extent of the bias as we have for Brown et al.
(1993).

In a similar vein, Sorahan's reanalysis of the MM data from
the cohort analysis by De Roos et al (2005) provides another
example of selection bias In the analysis that produced an
appreciable bias away from the null. In this case, Sorahan
(2015) showed that excluding those with any missing covari-
ate data increased the adjusted RR from 11 to 2.6, largely by
excluding five of eight MM cases from the giyphosate unex-
posed population

Weight of evidence evaluation
Descriptive summary

We systematically collected, summarized and critiqued 16
analytical epidemiological publications examining aspects of
the possible relationship between reported use of giyphosate
and two cancer types: NHL and MM. We excluded redundant
publications (Cantor et al. 1992; Nordstrom et al. 1998;
Hardell & Eriksson 1999; Pahwa et al. 2012) in favor of more
recent published analyses of the same subjects. This resulted
in a final evaluative dataset of seven studies of giyphosate
exposure and NHL (see Table 2) and four Studies of giypho-
sate exposure and MM (see Table 3), considering the Sorahan
publication (2015) as an extension of De Roos et al. (2005).
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The descriptive characteristics of each of these studies
were examined for the likely presence or absence of validity
concerns (see Table -1 It is clear from Table 4 that only one
study in the glyphosate lileratuie (highlighted in Table 4) -
the AHS cohort study (De Roos et al. 200S) * was designed to
minimize selection bias and recall bias, had only firsthand
respondents reporting about exposures (viz.z no proxy
respondents), and conducted analyses that controlled compre-
hensively 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 our 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 expos-
ure studied was associated with NHL or MM - a clear indica-
tion of widespread systematic bias and the unreliability of any
of the reported exposure-disease associations.

We note one potential limitation to our systematic review,
Although we were careful to systematically search the exist-
ing literature using search terms and secondary sources to
Identify relevant studies, It Is possible that some relevant
studies were not Identified. Given the focus on glyphosate
epidemiology by IARC and the authors of two recent meta-
analyses, included among our secondary sources, we think
this potential limitation is unlikely to be consequential.

Assesiment of cousalfty

The assessment of causality Is a complex process that relies
upon a family of well-recognized methods: the general scien-
tific method (familiar to all scientists), study design and statis-
tical methods, and research synthesis methods (eg the
systematic narrative review, meta-analysis and pooled ana-
lysis, and the so-called criteria-based methods of causal infer-
ence). Of these, the criteria-based methods are often
described and considered In causal assessments, with the
most familiar having been proposed by Hill (1965) and uti-
lized 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 1950s
and early 1960s (Surgeon General 1964; Weed 2005). These
"criteria" or "considerations" are substantive components of
the stated methodologies of agencies such as the US EPA
P005) and IARC (2015).

At the center of these methods is the fundamental scien-
tific aim of selecting the best explanation from the alternative
explanations that exist for any body of scientific observations,
however carefully they were obtained In epidemiological
terms, those alternative explanations typically are defined as
cause, bias, confounding (a type of bias) and chance. Some
studies are better at excluding alternative explanations than
others; cohort studies, for example, are typically better at
avoiding recall bias than interview based case-control studies,
and recall bias affects not only the exposure of interest (here,
glyphosate) but also potential confounding factors (e.g,
exposure to other pesticides). Similarly, any and all epidemio-
logic study designs can - and should - control statistically for

factors believed to be potential alternative explanations, l.e.
known and putative confounders. For example, studying gly-
phosate and any lymphohematopoietic cancer without con-
trolling for the potential confounding effects of other
pesticides and herbicides, as was widely the case for almost
all of the case control studies, does not permit one to
exclude those confounders as an alternative explanation, And
finally, If the results of an epidemiologic study (whether case
control or cohort) fail to achieve conventional levels of statis-
tical significance - whether defined In terms of "p values" or
“95% CIs" - then the alternative explanation of chance can-
not be excluded. Notably, however, as Greenland H990)
pointed out. Interpretation of p values and Qs at face value
requires the assumption that a particular OR or RR has been
estimated without bias (e.g, recall bias, selection bias, or con-
founding), elevating the Importance of concerns about study
validity in the Interpretation of results.

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 statistic
ally robust enough to rule out chance as an explanation (Hill
1965; Bhopal 2002; Aschengrau & Seage 2003ti, 2003b;
Sanderson et al. 2007),

Assessment of the NHL studies

With these considerations in mind, for NHL, it is justified sci-
entifically to rely most on the results of the De Roos et al.
(2005) cohort study as those best suited to reveal the exist-
ence (or not) of an association between exposure to glypho-
sate 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 glypho-
sate. 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 (r=92) and
that the length of follow-up after enrollment was less than



a decade Those limitations
not validity

speak to statistical robustness,

Assessment for MM

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 three available case control studies. The AHS data
Indicate that glyphosate users had about the same rate of
MM as non-users adjusting for confounding factors (factoring
in Sorahan's (2015) reanalysis of the fully adjusted MM results
from De Roos et al. (2005) to correct the inadvertent selection
bias discussed previously). Exposure-response analyses by De
Roos et al, (2005) and Sorahan (2015) were relatively unin-
formative In light of the few MM cases split among exposure
categories. More informative analyses await additional follow-
up of the AHScohort to increase the number of MM cases.
The threeMMcase 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.

Conclusions

The purpose of this literature review was to address two
questions:

1 Does thecurrent published epidemiologic evidence
establish a causal relationship between glyphosate
exposure and NHL?

2. Does thecurrent published epidemiologic evidence
establish a causal relationship between glyphosate
exposure and MM?

Our review of the glyphosate epidemiologic literature and
the application of commonly applied causal criteria do not indi-
cate a relationship with glyphosate exposure and NHL. In add-
ition, we consider the evidence for MM to be Inadequate to
judge a relationship with glyphosate. Our conclusion for NHL
differs from that of the IARC workgroup seemingly because we
considered the null NHL findings from the AHS to be more con
vincing than the case control studies, in aggregate, With their
major limitations. We utilized a structured systematic review
approach, we formally addressed pre-speclfied validity criteria
for each study, and our weight of evidence assessment
employed widely utilized criteria for causal Inference-

Notes

1. A positive association has been observed between exposure to the
agenr and cancer for which a causal interpretation Is considered by
the Working Group to be credible, but chance, bias or confounding
could not be ruled out with reasonable confidence.

2. Grey literature publications may Include, but are not limited to the
following types of materials: reports (pre-prints, preliminary
progress and advanced reports, technical reports, statistical reports,
memoranda, state-of-the art reports, market research reports, etc),
theses, dissertations conference proceedings, technical
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specifications and standards, non-commercial
bibliographies, technical and commercial documentation, and
official documents not published commercially (primarily
government reports and documents) (Alberani et al 1990).

3. Whether recall bias, exposure misctasslficatlon or selection bias was
classified as likely or unlikely was based on a consensus after an in
person discussion of each study by the authors.

4 According to accepted case control theory Isee Rothman et al.
20081, the validity of case control studies depends on accurately
estimating the exposure prevalence in the population that gave rise
to the cases. Exposure prevalence cannot be estimated accurately
by excluding from the analysis cases and controls with farm
exposures other than glyphosate. This practice distorts the
glyphosate exposure prevalence for cases and controls and biases
OR estimates. We illustrate this In the section on selection bias in
the analysis using data from such an analysis by 8rown et al H993),
In addition, excluding those with exposure to other pesticides
hinders controlling for confounding by other farming exposures and
pesticides in multivariate models

5 Per footnote 2. defining the referent In this way dlislorts the
glyphosate exposure prevalence foi cases and controls, biases OR
estimates, and precludes adequate control for confounding in
multivariate models. See the section on selection bias in the
analysis for additional details

6 Per footnote 2, defining the referent in this way distorts the
glyphosate exposure prevalence for cases and controls, biases OR
estimates, and precludes adequate control for confounding In
multivariate models. See the section on selection bias In the
analysis for additional details

7 Pei footnote 2, defining the referent in this way distorts the
glyphosate exposure prevalence for cases and controls, biases OR
estimates, and predudes adequate control for confounding in
multivariate models. See lhe section on selection bias in the
analysis for additional details.

translations,
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ABSTRACT

Glyphosate has been rigorously and extensively tested for carcinogenicity by administration to mice
(five studies) and to rats (nine studies). Most authorities have concluded that the evidence does not
indicate a cancer risk to humans. The International Agency for Research on Cancer (IARC), however,
evaluated some of the available data and concluded that glyphosate probably is carcinogenic to
humans. The expert panel convened by Intertek assessed the findings used by IARC, as well as the full
body of evidence and found the following: (1) the renal neoplastic effects in males of one mouse study
are not associated with glyphosate exposure, because they lack statistical significance, strength, consist-
ency, specificity, lack a dose-response pattern, plausibility, and coherence; (2) the strength of association
of liver hemangiosarcomas in a different mouse study is absent, lacking consistency, and a dose-
response effect and having in high dose males only a significant incidence increase which Is within the
historical control range; (3) pancreatic islet-cell adenomas (non-significant incidence increase), in two
studies of male SD rats did not progress to carcinomas and lacked a dose-response pattern (the highest
incidence Is in the low dose followed by the high dose); (4) in one of two studies, a non-signiflcant
positive trend in the Incidence of hepatocellular adenomas in male rats did not lead to progression to
carcinomas; (5) in one of two studies, the non-significant positive trend in the incidence of thyroid C-
cell adenomas in female rats was not present and there was no progression of adenomas to carcinomas
at the end of the study. Application of criteria for causality considerations to the above mentioned
tumor types and given the overall weight-of-evidence (WOE), the expert panel concluded that glypho-
sate Is not a carcinogen in laboratory animals.

Abbreviations; APVMA: Australian Pesticides and Veterinary Medicines Authority; EC:. European
Commission; EFSA: European Food Safety Authority; FAO; Food and Agriculture Organization; 1ARC,
International Agency for Research on Cancer; ICH: International Conference on Harmonization; IPCS:
International Program on Chemical Safety; JMPR; Joint FAO/WHO Meeting on Pesticide Residues; OECD;
Organization for Economic Co-operation and Development; US EPA: United States Environmental
Protection Agency, US FDA; United States Food and Drug Administration; WHO: World Health
Organization
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Introduction

An expert panel was convened by Intertek, as described
above (Williams et al. 2016) In response to the scientifically
surprising conclusion of an International Agency for Research
on Cancer (IARC 2015) panel's conclusion that data on gly-
phosate were sufficient to be classified by IARC as category
2a - "probably carcinogenic to humans"”. This conclusion con-
tradicts a number of reviews and regulatory approvals that
previously evaluated the carcinogenic and genotoxic poten-
tial of glyphosate (N-(phosphonomethyl)glycine) and Its
metabolite aminomethyl phosphonlic acid. Glyphosate-based
formulations (GBFs) were also In use prior to the
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development of IARC Monograph 112 (Health and Welfare
Canada 1991; US EPA 1993a, 2013; WHO 1994; Williams et al.
2000; European Commission 2002; Kler & Kirkland 2013). The
consensus among these reviews was that glyphosate was not
considered to be an animal or human carcinogen and that
the use of glyphosate and GBFs does not pose a genotoxic
or carcinogenic hazard or risk, As a result, glyphosate-based
herbicides have been approved for use In over 160 countries.

Background to the IARC evaluation

In this section, direct quotes from the IARC documentation
are Italicized so as to better define their stated objectives.

In examining what are called "agents', IARC refers to
"specific chemicals, groups of related chemicals, complex mix-
tures, occupational or environmental exposures, cultural or
behavioral practices, biological organisms and physical
agents" A consistent pattern of consideration of this extraor-
dinarily wide range of categories is clearly hard to achieve by
a single mode of action (MoA),

Any of these categories might be considered in a mono-
graph, which is staled to be the first step in carcinogen risk
assessment - mote precisely described as hazard identifica-
tion. The monographs are Intended to identify cancer hazards
even when the perceived risks are very low at current exposure
levels, because new uses or unforeseen exposures could engen-
der risks that are significantly higher. In some IARC mono-
graphs, epidemiological studies used to Identify a cancer
hazard can also be used to estimate a dose-response relation-
ship The epidemiological review in the IARC document
makes clear that this would not be appropriate regarding
glyphosate.

IARC indicates that the outcome of these deliberations rep-
resent only one part of the body of Information on which public
heolth decisions may be based It is nevertheless Important
that the data presented are the result of a set of delibera-
tions, which acknowledge the characteristics of the scientific
method in terms of the consideration of the available data.

Rodent carcinogenicity studios
Background

In considering any potential human carcinogen, information
from many fields of science can be of value and none should
be Ignored, unless there are cogent and properly defined rea-
sons for so doing. Studies that are poorly designed and thus
inherently flawed may be excluded from consideration and
developments In science subsequent to testing or new infor-
mation may make It dear that the conclusions of earlier stud-
ies were not valid; this is how science progresses.

Animal testing over a significant portion of their lifespan Is
an Integral part of the regulatory process and is dearly
Intended to provide information, which aids in the Identifica-
tion of potentially carcinogenic properties of a chemical
These properties are those that might result in an increased
incidence of neoplasms in tieated animals when compared
with concurrent control groups. The studies may identify tar-
get organ(s) for carcinogenicity, characterize a tumor dose/
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response relationship, identify a no-observed-adverse-effect
level (NOAEL) or point of departure for establishment of a
benchmark dose, provide Information allowing the extrapola-
tion of carcinogenic effects to low-dose human exposure lev-
els, and may also provide data to test hypotheses regarding
a possible MoA (Williams et al 2014).

Methods for evaluating the results of an extensive data-
base of toxicology and carcinogenicity bioassays, as exist for
glyphosate, have evolved from the application of WoE
approaches (US EPA, 2005; Suter and Cormier, ;011) to
approaches built on the systematic and rigorous methods of
systematic evidence-based reviews lJames et al. 2015). These
approaches lecommend that all reliable Information be eval-
uated. Transparent descriptions of studies to be included and
excluded are a key component of this approach. For example,
if certain studies are determined to be Invalid and thus not
included, the reasons for these exclusions should be
provided.

The majority of carcinogenicity studies are carried out In
rodent species, most commonly with dosing via the oral
loute. In regulatory toxicology, the Organization for Economic
Co-operation and Development (OECD) guidelines are com-
monly followed and these have been reviewed over a num-
ber of years, most recently in 2003 (OECD 2009). It therefore
follows that In reviewing data on compounds that have been
tested over many years, a careful examination of the precise
nature of the studies reviewed must be made lest they fall to
satisfy current standards of reliability, In any review, If any
studies are to be ignored, the reasons for this should be
piovided.

The panel members were of the opinion that the IARC
evaluation showed selectivity in the choice of data reviewed,
with some omissions for which reasons were not clearly pre-
sented. These points will be considered below in more detail
with regard to particular tumors, but an example of how an
Informative data set was not included in the IARC review is
highlighted by the paper of Greim et al (2015) who evaluated
14 carcinogenicity studies, nine chronlc/carcinogenicity studies
in the rat, Including one peer-reviewed published study, and
five carcinogenicity studies with glyphosate in mice. All were
submitted to support glyphosate Annex | renewal in the
European Union (European Commission, 2002) and were
detailed In a supplement to the Greim et al. (2015) paper. The
IARC Monograph reviewed only six rat and two mouse studies.

The dosing regimens in regulatory studies are determined
on the basis of internationally agreed frameworks and in gen-
eral, some evidence of an effect is sought The attempt to
demonstrate a potential toxic effect with a nontoxic com-
pound, such as glyphosate has meant that the highest doses
studied may utilize the compound at dosages of tens of
thousands of parts per million In the diet, levels that are con-
sidered to be orders of magnitude greater than would be
achieved from human exposure. Unusually, for glyphosate,
there are also a number of studies in which lower doses
are used.

Table 1 from Greim et al. (2015) provides a summary of
the results of eight different rat studies conducted on glypho-
sate. As the studies used dietary exposure, the achieved dose
levels in each study vary Table i presents a tabulation of the



Table 1. Summary of select neoplasms in male rats (studies 1-8) listed in the legend*.

Tumor incidence/number of animals examined by dose in mg/kg bw/day (ppm diet)

73.95 (1000)

0/32
3/31
NF

2/32

1/29
10/48
18/48
NF

86« (1500)

1/51
11/51
NF
3/51

#1/51
2/51
0/51
3/51

894 (2000)

8/57
32/58
NF
0/60

5/58
2/60
2/60
3/60

1001 (adjust)«

2/17
8/19
0/19
0/19

17
1/49
1/49
NF

Tumor Incidence/number of animals examined by dose mg/kg bw/day (ppm diet)

Select neoplasm Controls - 0 [range in %] 3+ (30) 7.48 (100) 10t (100) 1011 (adjust)« 311 (300)
Pancreas islet cell adenoma 20/397 (0-14) 5/49 0/30 2/50 1724 2/50
Pituitary adenoma 153/398 [6-57] 19/49  4/30 20/48 12/24 18/47
Pituitary carcinoma 4/98 [2-6] 2/49 NF 3/48 1724 1/47
Testes interstitial cell 14/447 [0-8] 3/50 0/37 1/50 1/25 6/50
(Leydig)
Thyroid C cell adenoma 35/391 [4-18] 1/49 0/26 0/49 1/21 2/49
Hepatocellular adenoma 30/351 [0-48] NF 22/50 NF 1/50 NF
Hepatocellular carcinoma 22/384 [0-42] 0/50 28/50 1/50 1/50 2/50
Benign keratoacanthoma 8/250 [2-5] NF NF NF NF NF
(skin)
Select neoplasm 150| (3000) 285« 30011 354# 361* 362t 740.65 780
(5000) (adjust)« (10000) (6000) (8000) (10000) (15000)
Pancreas islet cell adenoma NF 2/51 2121 1/80 0/64 5/60 1/49 NF
Pituitary adenoma NF 10/51 /2 33/80 18/64 34/58 5/49 NF
Pituitary carcinoma NF NF 1/21 NF NF NF NF NF
Testes interstitial cell (Leydig) 1/49 1/81 0/21 0/80 2/63 3/60 3/50 2/49
Thyroid C cell adenoma NF «0/51  2/21 5/79 «1/63 8/58 1/50 NF
Hepatocellular adenoma NF 0/51 2/50 2/80 0/64 3/60 21/50 NF
Hepatocellular carcinoma 1/49 0/51 0/50 2/80 NF 1/60 24/50 0/49
Benign keratoacanthoma (skin) NF 0/51 NF 0/80 1/64 4/60 NF NF

The 25 doses result from the multiple doses per individual study.

‘Taken from Greim et al. 2015.

I1Study 1 (Monsanto) (CD) SD rats, rated unreliable for carcinogenicity evaluation.
tStudy 2 (Monsanto) (CD) SD rats, including interim sacrifice groups.

UStudy 3 (Cheminova) SD rats.

§Study 4 (Feinchemic Schwebda) Wistar rats.

iStudy S (Excel) SD rats, rated unreliable for carcinogenicity evaluation.

(»Study 6 (Arysta Life Sciences) Crj:CD SD rats, including interim sacrifice groups.
“ Study 7 (Syngenta) AlpkrAPfSD Wistar rats, including interim sacrifice groups.
ttStudy 8 (Nufarm) Wistar Han Crl:WI rats.

ttRecorded as parafollicular adenoma.

«Dietary concentrations adjusted weekly to achieve target mg/kg bw/day dose.
NF: not found/not reported.

9404
(20000)

7/59
32/59
NF
2/60
7/60
8/60
2/60
5/59

100011
(adjust)

1/49
17/50
0/50
2/50
8/49
2/50
0/50
NF

1077tt
(15000)

1/51
20/51

1127#
(30000)

/78
42/78
NF
2/78
6/78

104# (3000)
1/74

21/75

NF

2/75

10/74
0/75

3/75

1214**
(20000)

1/64
19/63
NF
2/64
440/64
5/64
NF
1/63

121** (2000)

2/64
17/63
NF
2/63

#1/63

0/64

1290|
(25000)

NF
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relevant tumor data for each of these eight studies In ascend-
ing order of achieved dose (lowest to highest) This allows a
comparison of the incidence of specific neoplasms In each of
the eight studies at all dose levels. As can be seen from
Table 1, some of the benign tumors in male rats that appear
to concern IAPC in terms of the potential risk to humans, are
widely represented in non-exposed animals as well as those
exposed to doses well below those that might be expected
In standard carcinogenicity studies conducted for regulatory
purposes. The incidence of tumors shows no clear or consist-
ent pattern, either across dose or individual study. Such a dis-
tribution of findings strongly indicates that these incidences
represent spontaneous variations.

Neoplasm data can be analyzed using a survival-adjusted
trend test that discriminates among fatal, incidental, and
palpable neoplasms (Peto el at, 1980). If one or more tumor
types In a valid bioassay show a significant positive trend In
Incidence rates, the significance level (p value) for rare (< 1%
background Incidence) neoplasms would be 0.02S and for
common neoplasms 0.005 (US FDA 2001; Williams et al.
2014). For pairwise comparisons (control vs high dose), the
significance of rare neoplasms would be 0.05 and of common
0. 01.(US FDA 2001; Williams et al. 2014).

In the Monograph, IARC concluded that there is sufficient
evidence in experimental animals for the carcinogenicity of gly-
phosate, reaching this opinion by the use of trend analysis In
the absence of statistical significance in pairwise comparlsons.
Furthermore, the level of significance which differs between
rare and common tumors was not taken into account.

Evaluation of jARC'S conclusions

IARC concluded that glyphosate induced:

1 A significant positive trend in the incidence (p=.037) of
renal tubule carcinomas and of adenomas and carcino-
mas (p=.034) In male CD-1 mice of one study only. This
Is a rare tumor type.

2. In a second feeding study in the same strain of mice, a
significant positive trend In the incidence (pc.001) of
hemanglosarcomas in male mice.

3. In two dietary studies in SD rats, a significant positive
trend (p<.05) in the incidence of pancreatic islet cell
adenomas occurred in male rats.

4. In the first dietary study In SD rats, a significant positive
trend (p=.016) In the incidence of hepatocellular adeno-
mas occurred in males.

5. In the first dietary study in SD rats, a significant positive
tiend (p=.031) in the Incidence of thyroid C-cell adeno-
mas occurred In females.

The expert panel evaluated each of these conclusions
further below.

Kidney tubular-cell neoplasia in mice

The expert panel noted that the conclusions of the IARC
monograph 112 (IARC 201S) with respect to kidney
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neoplasms in male CD-1 mice were based on only one of
two oral mouse two-year carcinogenicity studies (Monsanto
1983; Cheminova 1993a) excluding two additional 18-month
oral studies In CD-I mice (Arysta Life Sciences 1997, Nufarm
2009), and one 18-month oral study in Swiss Albino mice
(Feinchemie Schwebda 2001) All of the mouse studies were
considered by expert groups to meet the guidelines for car-
cinogenicity bioassay in mice (US EPA 1990; ICH W97). The
two mouse studies evaluated by IARC, which were the first
two studies reported, were also reviewed by Williams et al.
(2000).

This section examines the renal neoplasms that occurred
in the first two-year, oral chronic toxicity, and carcinogenicity
study in CD-I mice (Monsanto 1983), which was subsequently
reevaluated by a pathology working group (PWG) (Dr. R M
Sauer, Dr. MR Anver, Dr. JD Strandberg, Dr. J]M Ward, and Dr.
DG Goodman) and peer review experts including Dr. Marvin
Kuschner M.D., Dean, School of Medicine, State University of
New York at Stony Brook; Dr. Robert A Squire, Robert A.
Squire Associates Inc., Ruxton Maryland; Klaus L Stemmer
M.D., Kettering Laboratory, University of Cincinnati Medical
Center, and; Robert E. Olson, M.D. Ph.D, Professor of
Medicine and Pharmacological Sciences, State University of
New York at Stony Brook (Sauer 1985; US EPA 1985a, 19S5b,
1986, 1991a; McConnell 1986) and compares these findings
to the other four chronic toxicity and carcinogenicity mouse
studies with oral glyphosate (GLY) administration. These latter
four studies did not produce renal neoplasms (Cheminova
1993a; Arysta Life Sciences 1997; Feinchemie Schwebda 2001,
Nufarm 2009).

In the first two-year bloassay reported by Monsanto In
1983. male and female CD-1 mice were dosed with GLY at
0 (MO/FO, control group), 1000 [157/190, low-dose (LD)
groupj, 5000 [814/955, mid-dose (MD) group] or 30,000
14841/5874 mg/kg/d, high-dose (HD) group] ppm In the dlet.
In this and all the other carcinogenicity studies, HD animal
survival was high. Some of the pertinent, but not significant,
GLY-related effects were observed only in the high-dose
group in males. They included: decrease in body weight
gain, a centrilobular hepatocellular hypertrophy, and a urin-
ary bladder hyperplasia. In addition, initially, neoplastic
(benign) renal tubule adenomas were found microscopically
in male mice only (0/49, 0/49, 1/50 (2%), 3/50 16%) at the
terminal necropsy. The initial diagnosis In one MD mouse
(mouse #3023), and three HD mice (mouse #'s 4029, 4032,
4041) was that of renal cell adenoma (Monsanto 1983). This
rare neoplasm is designated as renal cell adenoma or tubu-
lar cell adenoma (Greaves 2012). Macroscoplcally, the loca-
tion and dimensions of these adenomas were as follows: In
#3023, a mass was found on the right kidney (2.4 x 1.8 cm),
in #4029, a very small area was suspected (no location and
dimensions were given), in #4032, a suspicious area was
found on the left kidney (0.5x 0.4cm), in #4041, a suspi-
cious area was found on the left kidney (0.6cm In diam-
eter). Subsequently, réévaluation was made by a PWG that
resulted In a report by Sauer (1985) and McConnel (1986).
This was also reflected In four US EPA submissions (US EPA
1985a, 1985b. 1986. 1991a) The final evaluation of the
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Table 2. flint evaluation of pertinent ienal Instopalhology findings from
Monsanto Study M9331.

Mouse and group

Diagnosis Identification Group Incidence
tubular-«!! adenoma 1028 Control 1/49
Tubular-cell carcinoma 3023*, Mid dose 1/50
4029, 4032, 4041 High dose 3/50
Tubular-cell hyperplasia 1018. Control 1/49
3031, 3039, Mid dose 2/50
4008, 4049 High dose 2/50
Imercurrentt papillary 1008, 1041, Control 2/49
hyperplasia 3008, 3050 Mid dose 2/50

Bold numbers indicate the original histopatholaglcal diagnosis of tubular-cell
adenoma in four male mice. TCA/TCC, this combination was utilized In the
(ARC 201c evaluation, only the trend analysis was p =.034, a value level.
Which Is not significant for rare tumors (US ft)A 20011 *, tnls neoplasm was
the largest of all neoplasms, t, intercurrent occurring Indicates while another
process/renal toxic change was in progress.

kidney pathology produced the following Incidences of per-
tinent renal findings detailed in fable 1.

The overall final Incidence of renal neoplasms In male
mice was as follows: 1/49, 0/49, 1/50, and 3/50, with the larg-
est neoplasm being In the MD (#30231 group. The important
non-neoplastic renal findings of hyperplasia were as follows.
3/49, 0/49, 4/50, and 2/50, Indicating absence of a dose-
response, with the highest Incidence in the MD group,
followed by the control group, and the HD group. The LD
group had no renal findings.

Based on the pattern of pre-neoplasia and neoplasia
described above, the PWG recommendation was that the
renal neoplasms were not compound related, since they were
not preceded by dose-related proliferative changes (hyperpla-
sia). Thus, there was no dose-response for pre-neoplasia In
addition, no multiple renal neoplasms and no nephrotoxic
lesions were found in any of the mice; many mice had prolif-
erative/cystic lesions in the parietal layer of the 8owmans'
capsule and proximal convoluted tubules. These changes,
however, were more severe In controls. In addition, the
females from the HD group of the study had no renal neo-
plasms and only proximal tubule epithelial basophilia and
hypertrophy No discrepancies were noted in any of the
histopathology reporting among the various expert panel
groups (Sauer 1985 US EPA )985a, 1985b, 1986; McConnel
1986),

In addition to the PWG recommendations (above), a
review of the renal lesions, which occurred only In 14 out of
198 male mice at the termination of the first (Monsanto
1983) study, showed clearly that none of the occurrences of
hyperplasia (tubular-cell hyperplasia or intercurrent papillary
hyperplasia were present In mice that had tubular-cell aden-
oma or tubular-cell carcinoma (Table 2). The absence of
hyperplasia indicates that all renal proliferative and neoplastic
lesions occurred de novo in male mice in all experimental
groups (including controls), lLe. they were spontaneous or
background lesions, and were not compound related.
Moreover, the female mice, which had received 1.2-times,
1.1-times, or 12-times more GLY, within the LD, MD, or HD
groups, respectively, had no renal neoplastic lesions.

Thus, the Monsanto (1983) report concluded that for male
and female mice, the lower NOAEL was 157 mg/kg/d, and the
lowest observed adverse effect level was 814 mg/kg/d.

Three additional oral carcinogenicity studies were con-
ducted in CD-l mice and one in Swiss Albino mice
(Cheminova 1993a; Arysta Life Sciences 1997; Felnchemie
Schwebda 2001; Nufarm 2009)

The Cheminova (1993a) report, was a two-year mouse
study. In this study, no renal neoplasms were evident up to
1000 mg/kg/d (HD) of GLY in CD-I mice of both sexes.

In an 18-manth diet study in CD-I mice, histopathologlcal
evaluations of groups dosed up to 4200 mg/kg/d of GLY (HD),
did not show any evidence of renal neoplasms In male or
female mice (Arysta Life Sciences 1997),

In an 18-month diet study in Swiss Albino mice, up to
1460 mg/kg/d (HD) of GLY produced no statistically significant
neoplastic lesions (Feinchemle Schwebda 2001) and finally, In
a 18-month diet study In CD-I mice at dosages up to
946 mg/kg/d (HD) of GLY was shown not to be carcinogenic
to the kidney (Nufarm 2009).

In the last four mouse carcinogenicity studies, multiple-
section sampling of kidneys for histopathology was utilized
according to Eustis et al. (1994),

Thus, for the five glyphosare mouse carcinogenicity stud-
ies, only the first conducted study showed any neoplastic
renal lesions and these occurred only In male mice of the MD
at 814 mg/kg/d, and HD groups at 4841 mg/kg/d All of these
general and renal neoplastic findings indicating a lack of a
glyphosare renal carcinogenic response were reported in key
regulatory submission updates (US EPA 1985a, 1985b, 1986,
1991a, 1993a, 1993b, 2012, 2013; JMPR 1987, 2006, 2014,
2016; IPCS 1996, 2005; European Commission 2002; EFSA
2009, 2015), and one review publication (Greim et al 2015)

In conclusion. 14 GLY carcinogenicity studies (nine rat and
five mouse) were evaluated for their reliability, and selected
neoplasms were Identified for further evaluation across all
databases (Greim et al. 2015). The mouse renal neoplasms
occurred only In males of the first study. In the other four,
the HD of 1000 mg/kg/d (Cheminova 1993a), 4200 mg/kg/d
(Arysta Life Sciences 1997), 946 mg/kg/d (Nufarm 2009), and
1460 mg/kg/d (Feinchemle Schwebda 2001) produced no
tenal neoplasms in either male or female mice.

The assessment of this study (Monsanto 1983) based on
the PWG of the US EPA (1986) evaluation and which was
reported by (ARC (2015), concluded that the incidence of
renal tubule adenoma 1/49 (2%), 0/49. 0/50, 1/50 (2%), was
not statistically significant, whereas, the incidence of renal
tubule carcinoma: 0/49, 0/49, 1/50 (2%), 2/50 (4%), was sig-
nificant at p=.037 (in the Cochran-Armlitage trend test).
When the adenomas and carcinomas were combined: 1/49
(2%), 0/49, 1/50 (2%), 3/50 (6%), then the value was p= 034
(In the Cochran-Armltage trend lest). While both these p val-
ues [p= .037 and p =.034) were reported to be significant In
this one study, it Is important that these p values are not
considered significant for rare neoplasms, for which author-
ities require a level of significance for trend at p--: 025
(US FDA 2001).

Furthermore, the Panel applied to the kidney neoplasms
noted within the Monsanto (1983) study a set of logical con-
siderations for causation similar to those proposed for evalu-
ation ol epidemiologic dala (Hill, 1965: Woodslde & Dauvis,
2013) to assess whether an association between exposure



and effect (two variables) might be deemed strong, consist-
ent, specific, temporal, plausible, coherent, and to demon-
strate a dose-response pattern. Several conclusions following
this evaluation were made:

1 The association is not strong, since the higher incidences
of rare renal neoplasms in dosed groups are not consid-
ered to be statistically different from control group

2. The association is not consistent, since four out of five
mouse studies did not reproduce similar renal neoplasms
at comparable doses.

3. The association is not specific, since females of this piv-
otal study, which have been exposed to higher levels of
GLY did not develop renal neoplasms, Also, there were
no renal findings (hyperplasia or neoplasia) in the LD
group, whereas the control group had four Incidences of
hyperplasia or adenoma (Table 2).

4. The time required between exposure and effect, ie. a
reduced latency time was not present: all tumors were
observed only at termination. Also, ho mouse with neo-
plasia had also hyperplasia, and the largest tubular-cell
carcinoma (#3023) was in the MD group.

5. The biological gradient of association or the dose-
response curve was absent, since the females and the
males in LD group had no neoplasms, whereas the con-
trols had one.

6. A plausible explanation for the association was absent,
since a MoA for Induction of these renal neoplasms was
not established.

7. Coherence of the association was also absent, female
mice and male and female rats did not display kidney
effects. Also, in the other four 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 nei-
ther neoplasms nor any of the other renal lesions,
although they were exposed to higher levels of GLY.

Hemangiosarcomas in mice

This is a common neoplasm in this strain of mice with histor-
ical control values for both males and females ranging from
2 to 12%, This tumor was observed only in the liver.

The IARC conclusion was that “there was a significant
(p< 001) positive trend in the incidence of hemanglosarconia
in high dose male CD-I mice" (Control 0%, 0%, 0%, 8%)
based on their interpretation of the Joint Meeting of the FAO
panel of experts on Pesticide Residues in Food and the
Environment (JMPR) 2006 study. Yet in females, the highest
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incidence (4%) was In the low-dose group followed by the
high dose (2%) (Table 3).

In the CD-I mouse study reported by Cheminova (1993a),
the animals were fed diets providing intakes of glyphosate at
dose levels of 100, 300, or 1000mg/kg bw/d for 104 weeks.
There were no treatment related effects on survival or body
weight, nor were there any notable intergroup differences in
the incidences of externally palpable masses. There were no
statistically significant increases in the incidence of any
tumors when compared with the control groups and no dose
response was evident.

Based on their own statistical analysis, IARC concluded
that there was an increase in the incidence of hemangiosar-
coma in males [p< .001, Cochran-Armitage trend test).

IARC did not comment on the absence of hemangiosarco-
mas in Nufarm (2009), an 18-month diet study in CD-I mice
providing intakes up to 946mg/kg bw/d of glyphosate
similar to the previous study high dose. IARC also failed to
note the historical control data, which have a range of 2-12%
for both sexes (Charles River Labs 2000), Therefore, the statis-
tically significant tumors were within the control data range
(Table 3).

If the likelihood of the occurrence of hemangiosarcoma is
considered In terms of the criteria for causality. It is clear that
there is no strength in the association. For example, pairwise
comparisons are not significant, there is no consistency (other
mouse studies show no tumors of this type at all), a dose/
response effect was not seen (some HD groups have a lower
Incidence than lower dose groups) In addition, the dose
(@about 170mg/kg bw/d) associated with the highest inci-
dence in males, did not produce any renal neoplasia in this
study. Moreover, the female mice which have received higher
doses of GLY had no significant incidence of hemangiosarco-
mas. Thus, despite the significantly positive trend in high
dose males only, the Incidence of this neoplasm was not
compound related.

Pancreatic tumors in rats

Pancreatic islet cell tumors are common in this strain of rat
(Williams et al. 2014). In two of the nine carcinogenicity stud-
ies in rats evaluated by IARC, tumors of islet cells of the pan-
creas were diagnosed in both males and females. Both
studies were made available to IARC by the US EPA (1991a,
1991b, 1991c).

In the first study, SD rats received 0, 30 (3), 100 (10), and
300 (31 mg/kg bw/d) ppm ad libitum in diet for 26 months.
No pancreatic islet carcinomas were observed, The incidence
of adenoma was found to have a positive trend (p<,05) in
the study. However, the level of significance for common
tumors should be p< .005 The following islet cell adenoma

Table 3. incidences of hemanglosarcoma in CD-1 mouse study (Cheminova 1993b).

Tumor incidence/number of animals examined (mg/kg bw/d)*

Males Females
0 100 300 1000 Q 100 300 1000
Hemangiosarcomas 0/50 0/50 0/50 4/50 (8%) 0/50 2/5014%) 0/50 1/50 (2%)

‘Taken from Greim et al. (20151 supplemental data, doses were administered in the diet, with dietary concentrations adjusted regularly to

achieve target mg/kg bw/day dose.
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Table 4 Uvei tumor incldenctVnumber Of Sptagtie-Pawley tals/group (Stout and Butcker 1990).

Males
mg/kg bw/d (ppm) 0 10) 89 (2000) 362 (8000!
Interim sacrifice (12th nmonth)
Hepatocellular adenoma 0/10 0/10 0/10
Hepatocellular carcinoma 0/10 0/10 0/10
Unscheduled deaths
Hepatocellular adenoma 2/36 1/31 0/33
Hepatocellular carcinoma 2/36 1/31 1/33
Scheduled sacrifices
Hepatocellular adenoma 1/14 1/19 3/17
Hepatocellular carcinoma VI 1719 0/17
M deaths
Hepatocellular adenoma 3260 2/60 3/60
Hepatocellular carcinoma 3/60 2/60 1/60

incidences were observed for controls, low, mid and high
doses respectively in males: 0/50, 5/49 (10%), 2/50 f4%), 2/50
(4%). This incidence data shows no dose-response patterns
and preneoplastic effects are absent. In addition, in the first
study in males, the adenomas also did not progress to carci-
nomas. Thus, the pancreatic islet cell adenomas were not
compound-related. In females, the corresponding values
were: 2/50 (4%), 1/50 (2%), 1/50 (2%), and 0/50

In the second study, male and female Sprague-Dawley
(SD) rats were fed 0, 2000 (89/113), 8000 (362/457), or 20,000
(940/1183 mg/kg bw/d) ppm glyphosate (96.5% pure) ad libi-
tum in diet for 24 months. The following islet cell tumor Inci-
dences were observed in males: adenomas - 1/58 (2%), 8/57
(14%), 5/60 (8%), 7/59 (12%); carcinomas - 1/58 (25%), 0/57,
0/60, 0/59, In females, the corresponding incidences were:
adenomas - 5/60 (8%), 1/60 (2%), 4/60 (7%), 0/59; carcino-
mas - 0/60, 0/60, 0/60, 0/59. The historical control rates for
pancreatic islet cell tumors at the testing laboratory were in
the range 1.8-85%. The panel disagrees with the conclusion
of IARC that there is a significant positive trend (pc.OS) in
the incidence of pancreatic adenomas in males, since the
level of significance for trend should be p<.005 (US FDA
2001; Williams et al. 2014). Moreover, there was no progres-
sion of adenomas to carcinomas.

Four additional studies in rats, described by Grelm et al.
(2015), but not evaluated by IARC, similarly did not show
pancreatic Islet cell tumors. Based on this Information, the
panel concluded that there Is no evidence that glyphosate
induces islet cell neoplasia In the pancreas.

Liver tumors in rats

Hepatocellular neoplasms are common for this strain of rat
(@about 5% In males and 3% In female controls) (Williams
et al. 2014). The IARC evaluation indicated that there was
"...a significant positive trend (p -.016) In the incidences of
hepatocellular adenoma in males..." (IARC 2015). This opin-
ion was based on its Interpretation of the Stout and Ruecker
(1990) study as presented by the US EPA's Peer Review of
Glyphosate (US EPA 1991b, 1991c).

In the Stout and Ruecker (1990) carcinogenic bioassay, SD
rats were exposed through the diet to 0, 2000, 8000, and
20,000 ppm of 96.5% pure glyphosate for 24 months. These
dietary concentrations corresponded to 0, 89, 362, and

Females
9<0 (20,0001 0 10| 113 (2000) 457 (8000) f 183 (20,0001
0/10 0/10 0/10 1/10 0/10
0/10 0/10 0/10 0/10 0/10
4/33 0/28 1/28 2/33 1/32
7/33 0/28 0/28 0/33 1/32
4/17 6/22 1/22 3/17 0/18
0/17 1/22 0/22 1/17 1/18
8/60 6/60 2/60 6/60 1/60
2/60 1/60 0/60 1/60 2/60

940 mg/kg bw/d for males and 0, 113, 457, and 1183 mg/kg
bw/d for females, the highest tested dose (HTD) being close
to the limit dose for long-term studies with rats (OECD 2009).
No glyphosate-related clinical signs or influence on survival
were observed. At term, there was no influence on body
weights or body weight gain by males; In the females there
was a 6.4% decreased body weight gain. The original data on
tumor incidence in this study are available in Greim et al
(2015) The all-deaths incidences of hepatocellular adenomas
or carcinomas in the glyphosate-exposed groups were not
significantly different from the controls (Table 4). At the 12th
month (interim sacrifice), no adenomas or carcinomas were
observed in the male groups, but a single adenoma case was
noted in a female at 457mg/kg/d. The rates of hepatocellular
adenomas In females and of hepatocellular carcinomas In
each sex followed no dose-response pattern at any time. In
males, the first liver adenoma and carcinoma were observed
at week 88 and 85, respectively, In animals exposed to the
HTD of 940mg/kg/d. A non-significant numerically greater
(p—.101, Fisher Exact) incidence of hepatocellular adenomas
occurred in male rats exposed to the highest dose, since it is
a common tumor type, the level of significance required is
p < .01 There was no progression from adenoma to carcin-
oma. The authors did not highlight lhe occurrence of hepato-
cellular tumors in their final report and concluded that "an
oncogenic effect was not observed".

The Stout and Ruecker (1990) study has been reviewed
twice by the US EPA (1991b, 1991c) The US EPA memoranda
Indicate that the incidences of hepatocellular adenomas In
males were within the range (1.4-18.3%) of historical controls
from the Monsanto Environmental Health Laboratory (EHL),
where lhe study was conducted. Additional statistical analy-
ses developed by US EPA on liver tumor rates of male rats
surviving after the 55th week indicated that the incidence of
adenomas in the HTD males did not differ significantly
from the control by the Fisher's Exact Test pair-wise compari-
son, but detected a significant trend (p=016) by the
Cochran-Armitage trend test (see also above) (Table 5). Since
liver adenoma is a common tumor type, the significance level
for trend should be 0.005 (US FDA 2001; Williams et al 2014).
It should be noted that the Incidences of hepatocellular
adenomas In animals exposed to the two intermediate doses
were of the same magnitude as the controls, ie there was
no linear ascending trend of incidence across doses, but a
"hockey-stick’-type slope. The biological Importance of the



Table 5, Sprague-Dawley male rats- hepatocellular tumot latest and
Cochran-Armitage bend and Fisher's exact tests results ip values).
Dose mg/kg bw/d (ppm)

TUmors 0©) 89 (2000) 362 (8000) 940 (20,000)
Carcinomas 3/34 2/45 1/49 2/48»
©9 @ W @) @
p 324 489 269 458
Adenomas 2/44 2/45 3/49 7/4811
©9 ® @ ©) (151
P .016* 6S3 .551 101
Adenoma - Carcinoma 5/44 4/45 4/49 9/48
@) (1) @ ® 19
P 073 486 431 245
Hyperplasia only 0/44 0/45 1/49§ 0/48
©9 © © @ ©

462 1.000 527 1.000

t

Adapted from Table 3 IDS EPA *991a) or Table 7 (US ERA 199Ib).

"(p<.05) Significance of trend indicated at control (Oppmt Significance of
pair wise comparison with control denoted at dose level, If occurred

tNuinbei of tunior-beaimg anlmals/number of animals examined, excluding
those that died or were sacrificed before week 55.

»First carcinoma observed at week 35 at 20,000 ppm;

HFIrsl adenoma obsetved at week 88 at 30,000 ppm;

§First hyperplasia observed at week 89 at 8000 ppm

observed data should be taken into account (OECD 2012)
and in this case the result of the trend test should not over-
ride the absence of significance found by the pair-wise test.

The final interpretation of the US EPA Review committee
was appropriate: "Despite the slight dose-related Increase in
hepatocellular adenomas in males, this increase was not sig-
nificant in the pair-wise comparison with controls and was
within the historical control range. Furthermore, there was no
progression from adenoma to carcinoma and incidences of
hyperplasia were not compound-related. Therefore, the slight
increased occurrence of hepatocellular adenomas in males is
not considered compound-related'1(US EPA 1991b). As noted
previously, the US EPA ultimately concluded that glyphosate
should be classified as a Group E (evidence of non-carclno-
genicity for humans) chemical (US EPA 1991b, 199ic),

There are other aspects of the Stout and Ruecker (1990)
data that support the conclusion that glyphosate did not
exert an oncogenic effect on the liver of SD rats. For
example, chemical-induced rat hepatocellular carcinogenesis
is a multiple stage process characterized by progressive func-
tional, morphological and molecular changes that indicate or
precede the full establishment of neoplasia, such as enzyme
induction, hepatocyte hypertrophy, degeneration and necro-
sis, hepatocyte proliferation, hyperplasia, and preneoplasia,
i.e altered hepatocellullar foci, and malignant tumors
(Williams 1980; Bannasch et al. 2003; Maronpot et al. 2010).
Identification and analyses of these liver changes - that span
from adaptative to Irreversible adverse effects can support
characterization of key events along the carcinogenesis pro-
cess and inform the MoA of the tested chemical (Williams &
latropoulos 2002; Holsapple et al. 2006; Carmichael et al.
2011). None of these alterations were significantly found In
this study

It is clear that there was a non-significant numerically
greater incidence of liver adenomas in a long-term bioassay
With male rats exposed to glyphosate, at a dose that was
close to the limit dose There was no progression to
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Table 6. Tumor Incidence/number of animals examined (mg/kg bw/d) (Stour
and Ruecker 1990 all deaths reported).

Males

Females

0 89 362 940 0 113 457 1183

Thyroid C cell adenoma  2/60 4/58 8/58 7/60 2/60 2/60 6/60 6/60
Thyroid C cell carcinoma 0/60 2/58 0/58 1/58 0/60 0/60 1/60 0/60

malignancy and no compound-associated pre-neoplastic
lesions were induced

In the last 30 years, the systemic carcinogenic potential of
glyphosate has been assessed in at least eight studies in
Sprague-Dawley or Wistar rats (Greim et al. 2015); a ninth
could not be evaluated because of a high mortality and the
low doses used (Chruscielska et al. 2000). Considered jointly,
these animals were exposed through the diet to 24 different
doses distributed across a wide range of 30-1290,0 mg/kg
bw/d In exposed males, the incidences of hepatocellular
adenomas across the doses showed no dose-response rela-
tionship and varied within the same range as the controls.
Similar rates were also seen for hepatocellular carcinomas
These observations confirm the absence of carcinogenic
potential of glyphosate on the rat liver.

Thyroid tumors in rats

C-cell tumors of the thyroid are a common tumor in this
strain of rat (Williams et al. 2014).

The Incidence of thyroid C-cell adenoma in females was
reported in the Monograph (IARC 2015) to have a significant
positive trend (p—.031). IARC based their opinion, again, on
its interpretation of the Stout and Ruecker (1990) study and
the US EPA's Second Peer Review of Glyphosate (U5 EPA
1991a),

In the Stout and Ruecker (1990) study, no statistically sig-
nificant difference was reported in the incidence of thyroid C-
cell neoplasms, as shown in lable 6 Additionally, the US EPA
(1991a) concluded that "the C-cell adenomas in males and
females are not considered compound-related." Although the
C-cell adenomas were slightly numerically greater in male
and female mid- and high-dose groups, there was no dose
related progression to carcinoma and no significant dose-
related increase in severity of grade or incidence of hyperpla-
sia in either sex. However, iARC concluded that "there was
also a statistically significant positive trend in the incidence
of thyroid C-cell adenoma in females (p =.031)." But, because
this Is a common tumor type, the trend significance value
should be p< 005 (US FDA 200t; Williams et al 2014) Thus,
the Incidence of this tumor is not statistically significant.

In the Arysta Life Sciences (1997) study, no increase in C-
cell adenomas up to 1247mg/kg/d was reported. The
Chruscielska et al, (2000) study in Wistar rats is not inform-
ative and this work fails to meet appropriate standards for
Inclusion.

Thus, in one of the two studies, the significant trend (n
the incidence of thyroid C-cell adenomas in female rats did
not materialize, although the adenomas were only slightly
Increased In mid and high doses, but there was no progres-
sion to malignancy Thus, only one out of nine life-time
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studies in rats showed a slight not significant Increase In C-
cell adenomas, which however did not progress to
carcinomas.

Evaluations by regulatory agencies, scientific bodies and
third party experts

A number of scientific groups, regulatory agencies and indi-
viduals have evaluated and commented on these data with
the latter grouping from third party experts appearing in
peer reviewed documents. The expert panel agrees with the
opinions expressed below that glyphosate was not carcino-
genic to rodents.

Regulatory agencies

e EFSA 2015: "No evidence of carcinogenicity was confirmed
by the large majority of the experts (with the exception of
one minority view) in either rats or mice due to a lack of
statistical significance in pair-wise comparison tests, lack of
consistency in multiple animal studies and slightly increased
Incidences only at dose levels at or above the limit dose/
maximum tolerated dose, lack of preneoplastic lesions and/
or being within historical control range. The statistical sig-
nificance found in trend analysis (but not in pair-wise com-
parison) per se was balanced against the former
considerations." (EFSA 201S)

m APVMA (2013) - 'The weight and strength of evidence
shows that glyphosate is not genotoxic, carcinogenic, or
neurotoxlc.”

e US EPA (2013) - “No evidence of carcinogenicity was
found in mice or rats.”

e US EPA (2012) - "No evidence of carcinogenicity was
found In mice or rats."

e European Commission
carcinogenicity."

US EPA (1993a, 1993b) - 'The Agency has classified gly-
phosate as a Group E carcinogen (signifies evidence of
non-carcinogenicity in humans).”

e Health and Welfare Canada (1991) - "Health and Welfare
Canada has reviewed the glyphosate toxicology data base,
which is considered to be complete. The acute toxicity of
glyphosate is very low. The submitted studies contain no
evidence that glyphosate causes mutations, birth defects
or cancer."

(2002) - "No evidence of

Scientific bodies

e JMPR (2016) - "Glyphosate is not carcinogenic In rats, but
could not exclude the possibility that it is carcinogenic In
mice at very high doses."

« JMPR (2006) - "In view of the absence of a carcinogenic
potential in animals and the lack of genotoxiclty In stand-
ard tests, the meeting concluded that glyphosate is
unlikely to pose a carcinogenic risk to humans.”

e WHO (1994) - The available studies do not Indicate that
technical glyphosate is mutagenic, carcinogenic or
teratogenic."

e JMPR (1987) - The chronic toxicity of glyphosate is low ...
There is no evidence of carcinogenicity"

Independent experts

e Williams et al (2000) - "It was concluded that, under pre-
sent and expected conditions of use, Roundup herbicide
does not pose a health risk to humans"

e Greim et al, (2015) - There was no evidence of a carcino-
genic effect related to glyphosate treatment. The lack of a
plausible mechanism, along with published epidemiology
studies, which fail to demonstrate clear, statistically signifi-
cant, unbiased and non-confounded associations between
glyphosate and cancer of any single etiology, and a com-
pelling weight of evidence, support the conclusion that
glyphosate does not present concern with respect to car-
cinogenic potential in humans.”

Conclusions

After review of all available glyphosate carcinogenicity data,
the panel concluded:

i. The rare renal tubule tumors in one male (CD-l) mouse
study were not associated with glyphosate exposure,
because they lacked statistical significance, strength,
consistency, specificity, dose-response patterns, plausibil-
ity, and coherence.

ii. In a different mouse (CD-I) study, there was a lack of
association of exposure to glyphosate and a statistically
significant positive trend for the incidence of liver
hemangiosarcoma (a common tumor) because the find-
ings were inconsistent, there was no dose-response
effect, and the incidences were within the historical con-
trol range.

ill The strength of association of pancreatic islet-cell adeno-
mas (a common tumor) to glyphosate exposure in two
studies of male SD rats was absent. There was a lack of
a dose-response pattern (the highest Incidence is in the
low dose followed by the high dose), plausibility and
absence of pre-neoplastic effects and progression to
Islet-cell carcinomas.

Iv. In one of two studies, a significant positive trend in the
Incidence of hepatocellular adenomas (a common
tumor) In male SD rats did not occur, and no progres-
sion to carcinomas was evident and no glyphosate-asso-
ciated pre-neoplastic lesions were present,

v In one of two studies, the significant positive trend in
the incidence of thyroid C-cell adenomas in female SD
rats was not evident. The adenomas were only slightly
Increased in mid and high doses, within the historical
ranges. Also, there was no progression to carcinomas.

Application of criteria for causality considerations to the
above mentioned tumor types and given the overall WOE,
the expert panel concluded that glyphosate is not a carcino-
gen in laboratory animals.
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ABSTRACT ARTICLE HISTORY
In 2015, the International Agency for Research on Cancer (IARC) published a monograph concluding there Received 8 April 2016
was strong evidence for genotoxicity of glyphosate and glyphosate formulations and moderate evidence Revised 24 May 2016
for genotoxicity of the metabolite aminomethylphosphonic acid (AMPA). These conclusions contradicted Accepted 15 July 2016
earlier extensive reviews supporting the lack of genotoxicity of glyphosate and glyphosate formulations.
The IARC Monograph concluded there was strong evidence of induction of oxidative stress by glypho-
sate, glyphosate formulations, and AMPA. The Expert Panel reviewed the genotoxicity and oxidative AMPA: o

. . . . . , genotoxicity;
stress data considered in the IARC Monograph, together with other available data not considered by mutagenicity; oxidative
IARC. The Expert Panel defined and used a weight of evidence (WOE) approach that included ranking of stress, carcinogenesis
studies and endpoints by the strength o* their linkage to events associated with carcinogenic mecha- mechanism; weight of
nisms. Importantly, the Expert Panel concluded that there was sufficient Information available from a very evidence; Roundup
large number of regulatory genotoxicity studies that should have been considered by IARC. The WoE
approach, the inclusion of all relevant regulatory studies, and some differences in interpretation of indi-
vidual studies led to significantly different conclusions by the Expert Panel compared with the IARC
Monograph. The Expert Panel concluded that glyphosate, glyphosate formulations, and AMPA do not
pose a genotoxic hazard and the data do not support the IARC Monograph genotoxicity evaluation With
respect to carcinogenicity classification and mechanism, the Expert Panel concluded that evidence relat-
ing to an oxidative stress mechanism of carcinogenicity was largely unconvincing and that the data pro-
files were not consistent with the characteristics of genotoxic carcinogens.
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Executive summary

Overall, extensive reviews of the genotoxldty of glyphosate,
aminomethylphosphonic acid (AMPA) and glyphosate based
formulations (GBFs) that were available prior to the develop-
ment of the International Agency for Research on Cancer
(IARC) Glyphosate Monograph all support a conclusion that
glyphosate (and related materials) is inherently not genotoxic.
Further, evidence indicative of an oxidative stress mechanism
of carcinogenicity is largely unconvincing. The Expert Panel
concluded that there is no new, valid evidence presented In
the IARC Monograph that would provide a basis for altering
these conclusions.

The differences between the conclusions of the IARC
review and the Expert Panel review were In large part due to
IARC exclusion of numerous available studies and in some
cases differences in interpretation of study results reported in
the IARC Monograph. Another significant source of difference
was the Expert Panel's weighting of different studies and
endpoints by the strength of their linkage to mutagenic
events associated with carcinogenic mechanisms, The Expert
Panel concluded that without critically evaluating all available
data, it is not possible to make an accurate weight of evi-
dence (WOE) assessment.

The 1ARC review process does not allow for use of data
from reports that are not published or accepted for publica-
tion In the open scientific literature or data from govern-
ment reports that are not publicly available. However,
detailed primary data were extracted and published in
reviews such as Kier and Kirkland (2013), although the study
reports themselves are unpublished. The Expert Panel con-
cluded that these data along with regulatory studies of
GBFs and AMPA summarized in Williams et al. (2000) should
have been considered by IARC, and should be considered
by all stakeholders going forward in evaluating the genetic
toxicology of glyphosate and GBFs. A critical review of the
complete dataset by the Expert Panel supports a conclusion
that glyphosate (including G8Fs and AMPA) does not pose a
genotoxic hazard and therefore, should not be considered
support for the classification of glyphosate as a genotoxic
carcinogen.

Introduction

in 2015, IARC published the Glyphosate Monograph of
Volume 112 (IARC 2015) which concluded that there was
strong evidence supporting that "glyphosate can operate
through two key characteristics of known human
carcinogens” including genotoxldty and induction of oxida-
tive stress. This was viewed as providing strong support for
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IARC classifying glyphosate as probably carcinogenic to
humans. Group 2A. A number of published and regulatory
approval reviews of the carcinogenic and genotoxic potential
of glyphosate, AMPA and GBFs were available prior to the
development of the IARC Monograph (Health and Welfare
Canada 1991; US EPA 1993; WHO 1994; Williams et al 2000;
European Commission 2002; Kier & Kirkland 2013, US EPA
2013). The consensus among these reviews was that proper
use of glyphosate and GBFs does not pose a genotoxic or
carcinogenic hazard/rlsk with hazard indicating potential for
adverse effects and risk indicating potential for adverse
effects under actual conditions and amounts of exposure. As
a result, glyphosate based herbicides have been approved for
use In over 160 countries. The recent IARC conclusion was
therefore  inconsistent  with these  other  reviews.

Consequently, the Monsanto Company commissioned
Intertek Scientific & Regulatory Consultancy to assemble a
panel of experts to conduct a thorough review in the four
areas considered by IARC including mechanistic data (focused
on genotoxicity and oxidative stress). This review section
reports the views of the Expert Panel of genetic toxicologists
on the genotoxicity of glyphosate, GBFs and AMPA and dis-
cusses how they relate to the IARC opinions. The views and
conclusions represent those of the Expert Panel of genetic
toxicologists as Independent scientific consultants and neither
employees of the Monsanto Company not attorneys reviewed
this manuscript prior to submission.

Proper methods to accurately evaluate and
interpret complex sets of genetic toxicology data

Characteristics of genetic toxicology tests and genetic
testing data sets

Due to interest in understanding the potential to produce
adverse effects, chemicals such as glyphosate, for which there
is widespread human exposure, are typically subjected to
extensive testing for genotoxic activity The resultant data-
base will contain studies that encompass diverse phylogen-
etic boundaries, types of genetic alterations, and exposure
methods. Some of the more common test methods are
often represented by multiple entries In the database Proper
evaluation of such data sets requires an approach that Is
both systematic and critical.

In large datasets, there are always likely to be some posi-
tive responses that are described as "false" or "misleading"”
positives from the standpoint of predicting carcinogenicity or
relevance to carcinogenic mechanism (Waters et al. 1988;
Mendelsohn et al. 1992; Jackson et al. 1993). False or mislead-
ing responses generally fall into one of three types-

1 Non-predictive - positive responses produced by
non-carcinogenlc agents. It is well documented that mis-
leading positive responses are more frequent in certain
genotoxicity tests (particularly in in vitro mammalian
cells) due to their inherent lack of specificity (Kirkland
et al. 2005; Pfuhler et al, 2011; Walmsley & Billinton
2011) and artifacts resulting from In vitro treatment
conditions (Halliwell 2003).
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2. Secondary response - the positive response Is not associ-
ated with direct DNA-reactivity of the agent or metabo-
lites of the agent but is a downstream or indirect
consequence of high levels of cytotoxicity (Kirsch-Volders
et al. 2003; Pratt & Barron 2003) or extreme treatment
conditions such as high osmotic conditions or significant
variations in pH (Scott et al 1991) Such responses may
not be relevant to in vivo prediction because they
involve effects generated by exposures that exceed
potential in vivo exposures.

3, Technical deficiencies - positive responses may be pro-
duced by inadequate study designs, mistakes made dur-
ing the conduct of a test or inappropriate evaluation of
data. This type includes cases where there is reason to
question whether a positive experimental result has actu-
ally been obtained.

An Understanding of possible actions leading to false or
misleading responses with respect to carcinogenicity predic-
tion or carcinogenic mechanism must be Incorporated
into the design, conduct, evaluation, and interpretation of
genotoxicity assays. As a consequence, new standard test
guidelines for in vitro mammalian assays published by the
Organization for Economic Cooperation and Development
(OECD) and other organizations indicate that treatment
conditions must be monitored for maintenance of normal
physiological parameters.

Therefore, it is expected that a chemical as heavily tested
as glyphosate would exhibit some positive responses in its
genotoxicity database that would be considered “misleading"”
and therefore not predictive of its true genotoxic or carcino-
genic hazard/risk potential.

Methods applicable to evaluation and Interpretation of
complex data sets

The universally recommended method for evaluating the
databases of the type associated with glyphosate (including
GBFs and AMPA), involves the application of a WoE approach
as discussed recently for genetic toxicology testing (US FDA
2006, Dearfield et al. 2011). Many of the principles of the
WOoE analysis indicated here are consistent with and included
In the very recently issued endpoint specific guidance docu-
ment of the European Chemicals Agency (ECHA 2015).

While numerous attempts to develop a standard WoE
method to evaluate large, complex data sets have not found
universal acceptance, some critical performance requirements
for WoE approaches have been identified by the US EPA
(Suter & Cormier 2011) One of the most important require-
ments is that individual test methods should be assigned a
weight that is consistent with their contribution to the overall
evidence, and different types of evidence or evidence catego-
ries must be weighted before they are combined Into a WoE.

The weight of a category of evidence used In the Expert
Panel evaluation is based on four considerations:

1 Different categories of evidence (i.e. assay types)
have different weights Genotoxicity tests measuring
mutations and chromosome damage have greater

weight than "Indicator" assays that measure DNA dam-
age For example, for human pharmaceuticals, ICH S2
(RI) (ICH 2011) states that "fixation of damage to DNA In
the form of gene mutations, larger scale chromosomal
damage or recombination is generally considered to be
essential for heritable effects and in the multi-step pro-
cess of malignancy". The following comments are taken
from the "Overview of the Set of OECD Genetic
Toxicology Test Guidelines and Updates Performed In
2014-2015" (OECD 2015): "There are tests that detect pri-
mary DNA damage (i.e. the first in the chain of events
leading to a mutation), but not the consequences of this
genetic damage. The endpoint measured in these tests
does not oiways lead to a mutation, a change that can be
passed on to subsequent generations (of cells or organ-
isms). The DNA damage measured in the comet assay, or
the unscheduled DNA synthesis (UDS) test, may lead to cell
death, or it may initiate DNA repair, which can return the
DNA either ro its otiginal state or result In mutation. When
evaluating the mutagenic potential of a test chemical,
more weight should be given to the measurement of per-
manent DNA changes lie. mutations) than to DNA damage
events that ate reversible."

2. The aggregate strength (robustness of protocols and
reproducibility) and quality of evidence in the cat-
egory also influence the weight. It is generally
acknowledged that studies conducted in compliance
with Good Laboratory Practice (GLP) Regulations and
studies conducted according to OECD guidelines have
greater weight than studies lacking these attributes.
These are fundamental features of the Kllimisch scoring
system, which is widely used to assess the reliability of
study data, particularly for regulatory purposes (Klimisch
et al. 1997).

3. The number of pieces of evidence within a category
influences the weight. A single (or few) divergent
responses (positive or negative) within a majority of
studies exhibiting concordant findings would be insuffi-
cient to alter the direction and strength of the WoE- This
component of the overall WoE is an aggregate of the
weights of all the pieces of evidence within a single test
category (e.g. tests for gene mutation).

4 Tests with greater ability to extrapolate results to
humans carry greater weight. Test responses able to
more accurately predict potential hazard in humans,
such as in vivo tests, will generally be weighted more
heavily than evidence developed from tests conducted in
vitro or in non-mammalian models.

Human versus non-human test results

Using a variety of different methods, genotoxicity test data
can be derived from human populations exposed under typ-
ical use conditions. Human population monitoring studies, If
performed with sufficient sample sizes, knowledge of expos-
ure levels and adjusted appropriately for confounding varia-
bles, can offer highly relevant information. Poorly controlled
human biomonitoring studies, however, can lead to errone-
ous conclusions (Schmid & Speit 2007; Dusinska & Collins



¢008). Adjustments that need to be considered In human bio-
monltoring studies for genotoxicity must extend beyond age,
gender, smoking, alcohol, tobacco use, and medicines used.
Diet, disease status (e.g. presence of inflammatory diseases),
seasonal variation, and physical stress are all important con-
founding factors that influence an individual's background
level for any parameter under consideration (Moller 2005;
Battershill et al. 2008; Bonassl et al, ;011; Fenech et al. 2011;
Tenorio et al. 2013; Collins et al. 2014). There is evidence that
different factors may have different impact depending on the
specific genotoxic endpoints (e.g. Fenech et al. 2011 for the
cytokinesis block MN endpoint; Collins et al. 2014 for the
comet endpoint).

It is worth noting that there is currently considerable
debate concerning the relevance of increased levels of micro-
nuclei in human biomonitoring studies. Speit (2013) sug-
gested that micronuclei induced in the cytochalasin B
mlicronudeus assay used in human biomonitoring studies, do
not represent micronuclei that were induced during expos-
ure, but rather represent DNA damage that generates micro-
nuclei during the in vitro culturing required for the assay As
such, this bioassay could be classified as an "indicator test" of
DNA damage with lower relevance for genotoxic risk. Kirsch-
Volders et al (2014), however, considered gaps in the know-
ledge regarding the source of micronuclei observed in human
biomonitoring studies, but considers lhe assay, especially
with modifications, to have utility for human genotoxic haz-
ard/risk measurements. For the purposes of this review, the
Expert Panel adopted a conservative approach and the meas-
urement of micronuclei detected in studies of exposed
humans was assigned a high weight

It is also possible to conduct genetic tests using human
derived cell lines or in primary lymphocyte cultures. With
respect to results from cell lines of different origin, the bene-
fits ot using human rather than rodent derived cell lines are
not as compelling as one might presume. Cell lines (human
or rodent origin) With mutations affecting how cells handle
initial DNA damage (e.g. p53 mutations) are typically more
susceptible to genetic damage. Consequently, human cell
lines With altered responsiveness to DNA damaging mecha-
nisms may be expected to generate results not dissimilar
to those produced in rodent cell lines. At this time there are
not enough data available to reliably determine If the use
of p53-competent cell lines of human origin (as opposed
to p53-competent rodent derived lines) or other human
cells confer greater accuracy (Walmsley & Billlnton 2011
Fowler et al. 2014).

The most current OECD in vitro mammalian cell chromo-
somal aberration and micronucleus test guidelines Indicate
that either human or rodent cell lines or primary cultures
m3y be used (OECD 2014a, 20Md). These guidelines also
st3te that: 'At the present time, the available data do not allow
firm recommendations to be made but suggest it is important,
When evaluating chemical hazards to consider the p53 status,
genetic XKkaryotype) stability, DNA repair capacity and origin
(rodent versus human) of the cells chosen for testing.'

Thus, any In vitro mammalian cell results should be inter-
preted with caution, and the weight they contribute to an
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overall assessment of genotoxic activity should take account
of the potential limitations.

A summary of assumptions, results, and conclusions
regarding the IARC genotoxicity evaluation of
glyphosate, GBFs, and AMPA

The Expert Panel used the considerations discussed above
when assigning weights to genotoxicity endpoints and to the
responses present in the glyphosate (and related materials)
dataset. The results of this review indicate some areas of
agreement with IARC, but also identified some major differen-
ces between the conclusions of the two assessments.

An evaluation of IARC and expert panel
review Processes

The Expert Panel agreed that there was sufficient evidence to
conclude that glyphosate and GBFs appeared to induce DNA
strand breaks and possibly micronuclei In in vitro mammalian
and non-mammalian systems and sister chromatid exchanges
(SCEs) in In vitro mammalian systems. These results provide
some evidence of genotoxicity, but It is not possible to accur-
ately characterize or classify genotoxic hazard/risk or carcino-
genesis mechanisms based on these results alone. As noted
earlier and further stated in the OECD overview comments
(OECD 20151 regarding test weights, “When evaluating the
mutagenic potential of a test chemical, more weight should be
given to the measurement of permanent DNA changes (le
mutations) than to DNA damage events that ore reversible
Consequently, positive responses In genotoxic endpoints
identified above as "Indicator tests" (i.e DNA strand breaks,
SCEs) are evidence of compound exposure but not sufficient
to determine compound effect. In order to determine com-
pound effect, consideration must be given to available evi-
dence clearly demonstrating the induction of gene mutations
or stable chromosomal alterations, particularly In vivo In
mammalian systems.

Evidence weighting

Weights assigned to individual assays represent the strength
of evidence assigned to an endpoint or category and may be
derived from validation studies supporting the endpoint’s
involvement in carcinogen prediction as well as Its relevance
to mechanisms involved with Initiation of malignancy (ICH
2011). In general human and In vivo mammalian systems
have lhe highest test system weight, with a lower degree of
weighting applied to in vitro mammalian cell systems and in
vivo non-mammalian systems and lowest weight to In vitro
non-mammalian systems (with the exception of the well vali-
dated bacterial reverse mutation "Ames" tests using mamma-
lian metabolic activation). Other considerations, such as
response reproducibility or GLP compliance, may Influence
the weight of a particular study result. GLP compliance Indi-
cates a high degree of. and standard for, detailed documen-
tation of experimental conditions and data.

Section 4.2.1 of the IARC Monograph does not provide suf-
ficient information to its readers regarding the strategy
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employed by IARC reviewers in assessing the WOoE; therefore,
it Is not possible to know If, for example, studies were
assigned variable weights in accordance with the criteria dis-
cussed above. While the Expert Panel agrees that data from a
well conducted human population biomonitoring study
might carry more weight in a WOE assessment, it appears
that IARC considered in vitro studies in human cells as carry-
ing more weight than rodent in vivo studies as evidenced by
the order of discussion topics in Section 4.2.1, and the inclu-
sion of a separate table for human in vitro studies. The overall
IARC Monograph evaluation (Section 6.0) and rationale
(Section 6.4) indicate that the conclusion of strong evidence
of genotoxicity is based on "studies in humans in vitro and
studies in experimental animals." As discussed above, the
Expert Panel evaluation considered in vitro studies using cells
of human origin to be weighted as equivalent to any other in
vitro mammalian cell assay using the same endpoint.

There did not, however, appear to be additional weight
assigned by IARC to other criteria such as relevance of the
endpoint to neoplastic initiation, quality of study perform-
ance, in vitro versus in vivo or reproducibility of responses.

Table 1 summarizes the Expert Panel's endpoint weighting
assumptions. Weights represent strength, relevance and
reliability of evidence and are based on a compilation of
Information regarding the endpoint's reversibility and suscep-
tibility to false or misleading positive responses with respect
to carcinogenicity prediction or relevance to mechanisms
Involved in initiation of malignancy (Solomon et al. 1991,
Plerottl et al. 2003; Petkov et al. 2015).

The endpoint and test system weighting categories are
defined as follows:

* Negligible weight - the endpoint is not linked to any
adverse effect relevant to genetic or carcinogenic hazard/
risk and as such is not given weight as evidence of
genotoxicity.

e 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.

e Moderate weight - the endpoint is potentially relevant to
tumorigenicity or may be subject to secondary, threshold-
dependent mechanisms of induction (e.g. cytotoxic clasto-
gens, aneugens) or the test system exhibits a high rate of
misleading positives with respect to carcinogenicity predic-
tivity or carcinogenic mechanism.

» High weight - the endpoint is one that has been demon-
strated with a high level of confidence to play a critical
role in the process of tumorigenicity.

Chemical structure and chemistry of GBFs

Chemical structures of glyphosate and AMPA are presented
in Figure 1 IARC did not consider the chemical structure of
glyphosate in its mechanistic section; however, IARC
Monograph Section 5.3 states that glyphosate is not electro-
philic. Many guidelines recommend that the presence of
structural alerts be considered in evaluation of or testing for
genotoxicity (Cimino 2006; Eastmond et al. 2009; EFSA 2011;
ICH 2011). As reported in Kier and Kirkland (2013) analysis of
the glyphosate structure by DEREK software identified no
structural alerts for chromosomal damage, genotoxicity,
mutagenicity, or carcinogenicity. Analysis of structural alerts
for genotoxicity inherently includes consideration of potential
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Figure 1. Chemical structures of glyphosate and AMPA. Glyphosate: N-(phos-
phonomethyljglydne, acid form, CAS 1071-83-6, AMPA: aminomethylphosphonic
acid: CAS 1066-51-9.

Table 1 Expert Panel’s evidence weighting assumptions for mammalian (plus selected microbial test) endpoints.

Endpoint’l

DNA binding (adduct formation) in vitro
DNA binding (adduct formation) in vivo
SSB/DSB in vitro (including comet)
SSB/DSB in vivo fincluding cornel)

SCEs in vino

SCEs in vivo

Oxidative DNA

Oamage 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 in vitro
Chromosomal aberrations in vivo

Gene mutation In bacteria (Ames Test)

Gene mutation mammalian in vitro
Gene mutation in vivo

Negligible weight

Low weight Moderate weight High weight

H

’Shaded box Indicates weight for the endpoint SSB: single strand breaks; DSB: double strand breaks; SCE: sister chromatid exchange,



metabolites. Although formal analysis is not available, it does
not appear likely that the metabolite AMPA (glyphosate with-
out a carboxyrnethyl group) has structural alerts. While struc-
tural alerts are not as definitive as experimental data, they
serve as part of a WoE (Dearfield et al. 2011). The lack of
structural alerts in the glyphosate molecular structure sug-
gests lack of genotoxiclty or that genotoxic effects might well
be secondary to toxicity or resulting from mechanisms other
than DNA-reactivity.

Another aspect of chemistry that should be recognized is
the fact that GBFs, while containing glyphosate (often present
as a sodium or potassium salt) also contain other compo-
nents which frequently include surfactants. Specific formula-
tions differ in composition and differences may exist between
GBFs Identified with a common brand name Frequently.
GBFs are observed to have greater toxicities than glyphosate
Evaluation of genotoxicity results for glyphosate and GBFs
should always consider the possibility that effects observed
with GBFs may be due to GBF components other than gly-
phosate and that there may be chemical differences between
various GBFs.

The case for including other published results in the
IARC genotoxicity evaluation

Although IARC policies and Working Group decisions
excluded consideration of additional data from unpublished
studies or publicly unavailable governmental reports, it was
the Expert Panel's conclusion that the genetic toxicology
studies published in reviews such as Kler and Kirkland (2013),
in particular the supplementary primary data submitted with
the paper, should have been considered by IARC in evaluat-
ing the genetic toxicology of glyphosate and GBFs. Though
the primary study reports from which the data were extracted
were not available to IARC, detailed data were provided in
the Kler and Kirkland (2013) review and exceed the weight of
data in most published reports that were considered by IARC.
Regulatory studies of GBFs and AMPA summarized in
Williams et al. (2000) should also have been considered and
Information on these studies Is presented in Appendices A
and B

Inclusion of the studies in these publications would have
filled data gaps, supplemented study categories fo> which
there were limited numbers of test responses and would
have added a very high level of confirmation to other core
assay results. Table 2 summarizes an additional 90 studies
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covering a range of test categories that were available for
review If the regulatory studies In the Kler and Kirkland
(2013) publication and other published or publicly available
studies had been included. Among the 90 studies not
included in the IARC Monograph, only nine were reported as
positive. Inclusion of these studies in a WoE produces a much
clearer, more reliable and balanced assessment of the geno-
toxiclty of glyphosate. GBFs and AMPA.

The rationale supporting the Inclusion of these 90 add-
itional studies is that the supplementary tables presented in
the Kier and Kirkland (2013) paper, and presented In
Supplemental Information, Appendix A of this publication, do
contain sufficient detail concerning the robustness of the
studies, For the regulatory studies, which were the key stud-
ies not reviewed by IARC, the Kler and Kirkland (2013) paper
clearly states:

Each study examined was stated to have been conducted in
accordance with GLP standards with almost all studies citing the
OECD Principles of Good Laboratory Practice (OECD GLP 1982.
199X1 Reports also cited compliance with various national and
regional GLP Guidelines le.g. European Commission GLP Directives
87/18/EEC or 88/320/EEC; U.S. Environmental Protection Agency
GLP Standards, 40 CFR Part 160; Japanese Ministry of Agriculture,
Forestry, and Fisheries (MAFF) GLP Standards. 11 Nousan No.
62831. Variations from GLPs were considered not to have
significantly impacted the study results

Almost all of the studies were reported to have been conducted
in accordance with the relevant OECD test guidelines applicable
at the time of the study. Sludy reports were examined to
determine that the protocols and experimental methods for the
report were consistent with the OECD guidelines and any
deviations were noted and consldeied. Report data were
examined to confirm the conclusion of the report regarding
whether treatment-related activity had been observed.

Thus, the methods used were generally as specified in
OECD guidelines, or any deviations were noted. Moreover,
the studies were performed under GLP conditions, which
would ensure protocol compliance and high quality data. The
key aspects of each test method were detailed in the first
few pages of the supplementary material In Kier and Kirkland
(2013) so It Is easy to see how top concentrations were
chosen, what measures of cytotoxicity were used, how many
cells were scored etc. Links to the guidelines were provided

The rationale given by IARC for not Including the regula-
tory studies in Kier and Kirkland (2013) was that the primary
study reports were not available, and that the information
provided in the supplementary tables was insufficient regard-
ing topics such as details of statistical methods, choice of

Table 2. Summary of test categories, number of studies, and study responses available from Kler and Kirkland (2013| and other publically available studies not

included In the IARC Monograph [details for all studies provided In Supplemental Information, Appendix A).

Test category Endpoint Glyphosate (Pos/Neg) GBFs (Pos/Neg) AMPA (Pos/Neg) Total (Pos/Neg)
Non-mammalian (Bacterial Reverse Mutation) Gene mutation 0/19 /20 o1 0/40
Mammalian in Vitro Gene mutation (074 ND ND 02
Chromosomal aberrations 1/5 10 ND 2/5
Micronudeus 2/0* 10 ND 3/0
uDs (048 ND 01 02
SCE ND 10 ND 10
Mammalian In Vivo Chromosomal aberrations 1 2/0* ND 21
Micronudeus 0/13* 0/17 01 0/31
SCE ND 10 ND 10
Total 3/41 6/37 0/3 9/8)

Inconclusive studies not included in count’ AMPA- ammomethylohosphonlc acid

: GBFs: glyphosate based lurmulatlons; ND nol done
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highest dose tested, and verification of the target tissue
exposure.

This rationale for exclusion is unjustified for the following
reasons.

For bacterial reverse mutation assays the concentrations
tested were detailed in every table, as were critical aspects of
the methods (e.g. plate incorporation or pre-incubation for
the Arnes tests, inducing agent for the S9 and its final con-
centration, and number of replicate cultures). Thus, it is clear
what top concentrations were Used, whether they complied
with the maximum concentration/dose as recommended in
OECD guidelines, or whether they were defined by toxicity.

Almost all of the many Ames tests on glyphosate used a
top concentration of the maximum required, 5000 (ig/plate
unless contraindicated by toxicity. All of the required strains,
Including eithei FA102 or Escherichia coli, have been used In
the regulatory studies Included in Kier and Kirkland (20)3)
The Ames tests on GBFs used quite variable top concentra-
tions. Some Went as high as the maximum required (5000 fig/
plate) but others only reached < 100 fig/plate, seemingly lim-
ited by toxicity. Since we know glyphosate per se is not very
toxic In the bacterial tests, the toxicity is presumably caused
by the other components of the formulations, which were
more toxic In some GBFs than In others.

The mammalian cell assays on glyphosate generally
reached top concentrations in the range 500-5000 ug/mL,
even when prolonged (48 h) treatments were performed in
the chromosomal aberration studies. Thus, many of these
studies exceeded IOmM (1690fig/mL for glyphosate), the top
concentration currently recommended In OECD guidelines for
nontoxic substances. There were no regulatory mammalian
cell tests on GBFs.

All excepi one of the regulatory in vivo micronucieus (MN)
tests on glyphosate that used oral dosing achieved a top
dose of at least 2000mg/kg, which Is the top dose for a non-
toxic substance recommended in OECD guidelines. One oral
study achieved a top dose of only 30mg/kg, seemingly
because severe toxicity and lethality was seen at higher
doses It is unclear why such lethal effects were seen in this
study when much higher doses were tolerated In other stud-
ies using the same acute dosing regimen. Several studies
using intraperitonea! (tp.) injection had lower top doses
because of greater toxicity when using the intraperltoneal
route. Thus, all of the regulatory MN studies on glyphosate
met or exceeded the required rop dose,

The in vivo bone marrow MN and chromosomal aberration
regulatory studies of Kier and Kirkland (2013) generally did
not report evidence of target organ toxicity (e.g. %PCE, which
would be a measure of bone marrow toxicity) or include
analyses to demonstrate presence of glyphosate in plasma.
Therefore, the issue of whether the bone marrow was
exposed needs verification by evidence other than target
organ toxicity.

The IARC Monograph states that about 1/3 of glyphosate
administered orally to rodents is absorbed and excreted,
largely unchanged, in urine. This provides evidence that it is
likely that the bone marrow, a well-perfused tissue, is
exposed to glyphosate In rodents treated orally. Definitive
evidence of absorption and systemic distribution of

glyphosate in rodents is also contained In a summary of
regulatory toxicokinetic studies (JMPR 2006), These studies
demonstrated absorption of glyphosate and systemic distri-
bution, including distribution in bone marrow, in rats dosed
intraperitoneally or orally Published reports have also Indi-
cated absorption and systemic distribution of glyphosate
administered by the intravenous (l.v.) or oral route In rats
(Brewster et al, 1991; Anadon et al. 2009) and by the oral
(dietary) route in mice (Chan & Mahler 1992). Thus, In the
regulatory rodent in vivo MN and chromosomal aberration
tests, target organ exposure would have been achieved.

If statistical analysis was performed (not commonly per-
formed or required for Ames tests) this is given as a footnote
to the supplementary tables (Kier & Kirkland 2013, supple-
mentary tables; Appendix B, this report), together with the
statistical method used, and whether the results were
significant,

Thus, in view of the Expert Panel, the exclusion of these
studies was not Justified. 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, resulted In an inaccurate assessment
of glyphosate, GBFs and AMPA's genotoxic hazard/rlsk
potential.

Expert panel's critique of selected studies: impact
on IARC evaluation

Genetic toxicology tests relied upon by most regulatory
bodies to support decisions focus on a set of core endpoints
that are known to be Involved either in direct activation of
genes responsible for neoplastic Initiation In somatic cells or
alteration of the genetic Information In germ cells (EFSA
2017 ICH 2011; Kirkland et al. 2011). Therefore, the endpoints
given the greatest weight in Tabl. | Include gene mutation
and chromosomal aberrations,

MN formation in vivo was also assigned a high weight
(Table 1), as it Is considered an indication of chromosome
breakage but could also result from aneuploldy (Klrsch-
Volders et al. 2003). However, aneugenlc effects are usually
thresholded (Parry et al. 1994). For Instance, MN may be
induced by alterations In normal mitosis produced by various
kinases. It was demonstrated that GBFs activate mitotic kinase
CDK-1 (Marc et al. 2002) which could possibly play a role in
MN induction through a separate mechanism believed to be
threshold based (Terasawa et al. 2014). Although a thresh-
olded mechanism may be considered of less weight than a
non-thresholded mechanism, most in vivo MN studies did not
investigate this. In the absence of Information on clastogenic
or aneugenic mode of action, the panel considered that a
high weight should be applied to all In vivo MN studies.

Human genatoxicity biomonitoring studies

The results provided for GBFs in Table 41 (human studies) of
the IARC Monograph 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



chromosomal aberrations (Paz-y-Mino et al. 2011), and posi-
tive induction of MN (Bolognesi et al. 2009), Due to the
importance of these studies in the IARC review, these papers
were critically reviewed by the Expert Panel as described in
detail below.

Paz-y-Mino et al, (2007) reported increased DNA damage
(comet assay) in Individuals recently exposed to GBF spraying,
but only "suggested" this implied a genotoxic risk. The comet
assay, as discussed earlier is an "indicator" endpoint and pri-
mary DNA damage does not accumulate, so the consequen-
ces of the observed DNA breaks remain unknown (Faust
et al. 2004).

The Expert Panel review of this study Identified a number
of issues that questioned the validity of the Interpretation of
results. For example, it is not dear which blood cells were
scored for comets, or if it was all cells in the blood. Also, the
observation of a median comet tail length of exactly 25.0 pm
for 20/21 unexposed control individuals In this publication
questions the quality of data collection. This unusual observa-
tion was not noted In the IARC Monograph, The Paz-y-Mino
et al (2007) publication indicated that signs of clinical toxicity
were reported in the population and that the GBF application
rate was reported to be some 20 times higher than recom-
mended. The clinical signs were consistent with acute intoxi-
cation associated with severe exposures (Menkes et al. 1991)
and these factors suggest that comet effects might have
been secondary to toxicity from very high exposure to GBF.
The Paz-y-Mino et al. (2007) report seems to qualify the con-
clusiveness of the results by indicating that the results "sug-
gest" a genotoxic effect. Due to uncertainties regarding the
negative control data, and particularly because of uncertain
ties regarding the mechanistic role of cytotoxicity in generat-
ing the effects the Panel regarded this study as inconclusive
evidence for in vivo human genotoxic effects relevant to
induction of mutations or carcinogenesis.

In a follow-up study, Paz-y-Mino et al. (2011) reported
negative results for induction of chromosomal changes in
individuals from areas where GBF spraying had occurred two
years previously, The absence of chromosomal aberrations
supports the presumption that the DNA strand breaks identi-
fied m the Paz-y-Miho et al. (2007) study were either repaired
or lethal and did not persist as lesions which could be
expressed as chromosomal aberrations in cultured lympho-
cytes in the follow-up study.

Bolognesi et al. (2009) reported a significant but small,
transient and inconsistent effect of glyphosate spraying on
MN induction in individuals living in areas where aerial spray
application of glyphosate occurred (Figure i in Bolognesi
et al. 2009), but concluded that any risk was "low". Of greater
importance however, is the observation that no statistically
significant increase in the frequency of micronucleated
binucleated cells (BNMN) was observed in individuals that
actually reported direct exposure to the spray compared to
individuals who lived in the spray area but were not present
during spraying (Bolognesi et al. 2009, Table 4), These results
are shown graphically In Figure 2 (graph provided by K
Solomon). As indicated in Table 4 of Bolognesi et al. (2009),
statistical analysis did not Indicate a significant difference
(p< 05. ANOVA) in post-spray BNMN frequency between
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Micronuclei in Individuals with Vili Remo'ti
Exposures io the (ilyulicvsin Spray

Figure 2. Mean frequency of binucleated cells with micronudei iBNMN) m self-
reported exposures (0 glyphosate spray in areas where aerial application
occurred. From Bolognesi el al. (2009); Table 4 Data horn Valle del Cauca not
shown in graph since only one individual reported exposure Graph provided by
K. Solomon

different categories of self-reported spray exposure and there
Was no statistically significant difference Ip< 05) between no
exposure and any self-reported spray exposure for any of the
three regions. The Valle del Cauca region, which exhibited
the highest post-spraying increase, only had )/26 persons
self-reporting spray exposure and the GBF spray application
rate was substantially lower than the application rates in the
other two regions.

Although results were temporally consistent with GBF
spraying, the lack of significant correlation between increased
post-spraying BNMN frequencies and self-reported spray
exposure, and inconsistency with application rates, Indicate
that the MN effects observed in this study cannot be associ-
ated with GBF exposure (Figure 2) and therefore the Expert
Panel concluded the results to be negative. The panel agrees
with the statement made In the discussion section of
Bolognesi et al. (2009) that based on the Bradford Hill criteria
(Hill '965) It is not possible to assign causality to the BNMN
increases observed in their study and notes that elsewhere in
this publication the authors seemed to qualify their conclu
sions with terms like "suggest" and "potentially". Lack of clear
evidence of causality indicates that it is inappropriate to con-
clude that 6BF induces MN In humans. The Bolognesi et al.
(2009) results were considered negative by the Expert Panel
because there were no statistically significant increases in MN
frequency associated with self-reported spray exposure. This
conclusion is subject to the limitation of the use of self-
reporting as a measure of exposure.

The Expert Panel conclusion for the Bolognesi et al (2009)
results seems to be quite different from the IARC Monograph.
The qualifications about lack of consistency with exposure
rates or statistically significant association with self-reported
spray exposure are noted in the discussion of this study in
IARC Monograph Section 4.2.1(a)(1). However, these qualifica-
tions are not evident in IARC Monograph Section 5.4 which
presents these results as positive without qualification. IARC
Monograph Section 6.4 not only presents the results as
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positive without qualification but seems to give this study a
high weight in arriving at their conclusion of a genotoxic
mode of action,

Due to the deficiencies cited in the biomonitoring studies
above, along with the lack of scientific consensus regarding
the relevance of MN 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,

Studies in mammalian In vitro and in vivo assays

The number of studies conducted In mammalian models
both In vitro and in vivo was relatively extensive but with
some notable data deficiencies and gaps. However, looking
for evidence consistent with a concern for genotoxic hazard
finds little or no compelling support among test methods
that assess relevant endpoints.

Gene mutation

(ARC noted one negative in vitro mammalian gene mutation
tesult Tor glyphosate (IARC Monograph Table 4.4).
Additionally there are two negative results for glyphosate In
the mouse lymphoma tk locus assay (Kler & Kirkland 2013).
These provide a clear WoOE that glyphosate does not
induce gene mutation in mammalian cell systems. There are
no in vitro mammalian cell gene mutation results for GBFs
or AMPA.

Chromosomal effects in vitro

In in vitro mammalian cell chromosomal aberration assays
(IARC Monograph Tables 4.2 and 4.4) glyphosate was
reported positive in one study and negative In two other
studies. Regulatory studies and published studies, not consid
ered by IARC, provide one additional positive result and five
additional negative results (see Supplemental Information,
Appendix A, Table 2 of this paper). One of the positive stud-
ies (Lloi et al. 1998a) is not considered valid due to the fact
that there was excessive cytotoxicity (>50% reductions in
mitotic Index at all concentrations tested, exceeding current
regulatory guidelines for a valid assay). Several of the pub-
lished studies did not include exogenous mammalian meta-
bolic activation. Most importantly, the negative studies tested
glyphosate at dose levels well in excess of those reported
positive by Lioi et al. (199!la, 1998b) and included several
human and bovine lymphocyte studies. In addition to the
negative chromosomal aberration assays the two negative
results in the mouse lymphoma tk locus assay also add
weight to a conclusion that glyphosate is not clastogenic in
in vitro mammalian cell assays. Overall these results provide
sufficient evidence that glyphosate is not clastogenic In mam-
malian cells when studied under appropriate in vitro treat-
ment conditions.

No in vitro mammalian chromosomal aberration studies of
GBFs and one positive in vitro mammalian chromosomal

aberration study with AMPA were reported by IARC The lat-
ter study by Sivikova and Dianovsky (2006), reported as a
GBF study in IARC, is considered to be a study of a manufac-
turing batch of an isopropyl salt of glyphosate from a
Monsanto source (Kier & Kirkland 201 <. An additional posi-
tive in vitro mammalian chromosomal aberration study was
not considered by IARC (Amer et al. 2006; see Supplemental
Information, Appendix A, table 2 of this paper). The positive
GBF study tested an unusual GBF and employed very high
dose levels. These single studies do not provide a strong
WOE for induction of chromosomal aberrations for GBFs or
AMPA In mammalian cells in vitro.

IARC reported two positive In vitro mammalian cell MN
studies of glyphosate However, another four positive or
equivocal in vitro mammalian cell MN studies of glyphosate
were identified in the literature that were not reported In
IARC but were summarized in Kler and Kirkland (2013),
Several of the studies had weak or inconsistent responses.
Piesova (2004, JO05), not in IARC, reported statistically slgnifi
cant increases in MN in bovine lymphocytes only with 48-h
Incubation without S9 metabolic activation but the responses
Were not consistent between donors. Two papers by Mladinic
et al (2009a, 2009b) reported weak responses In human lym-
phocytes at the highest dose tested in the presence of 59
metabolic activation. MN results for Mladinic et al. (2009a)
were not reported In IARC. One of these studies (Mladinic
et al 2009a) had a very high control MN frequency and In
both publications it appears that cells were treated prior to
mitogen stimulation which would mean cells would have
been exposed In GO cell stage. This treatment regimen is not
considered appropriate according to current test guidelines.
The MN Induced at high doses were predominantly centro-
mere positive suggesting the possibility of an aneugenic
effect. These responses were considered of limited quality by
IARC and the publication authors Indicated that the high
dose effects might have been at a dose level exceeding a
threshold and possibly associated with high toxicity. Koller
et al. (2012), MN results not evaluated by IARC, reported posi-
tive in vitro MN results in human-derived buccal epithelial
cells for glyphosate in the absence of S9 metabolic activation.
An unusual feature of this paper was indication of significant
cytotoxicity at very low dose levels (20 pg/mL) and with very
short exposure times (20 min). Although the authors specu-
lated their epithelial cells might be more sensitive than cells
of the hematopoietic system such as lymphocytes, a large
number of other studies using non-hematopoietic cells used
much higher doses and longer exposure times. A study by
Roustan et al. (2014) reported increases in MN frequency in
CHO-K1 cells only in the presence of S9 activation. There
was very little dose response observed over an order of
magnitude of concentrations (10-100 (rg/mL), Thus, although
positive (or equivocally positive) responses were observed for
glyphosate In several studies these responses were not con-
sistent in terms of dose levels or requirement for an S9 meta-
bolic activation system. The possibility of a threshold
aneugenic effect in the presence of S9 metabolic activation
might be suggested by the results of Mladinic el al. (200Sa,
2009b) but other studies cannot confirm this possibility
because presence or absence of centromeres was not



measured. It should be noted that there is a report that gly-
phosate is essentially unchanged by Incubation with rat liver
homogenate which would Indicate that S9 activation depend-
ent responses might not be due to metabolites of glyphosate
(Gohre et al. 1987).

Overall these studies provide only very limited evidence of
the possibility of MN induction by glyphosate in In vitro
mammalian cell assays and this observation, coupled with the
negative profile for dastogenicity In in vitro mammalian cell
assays, would suggest this low possibility is limited to aneu-
genlc effects that are likely to be indirect and thresholded.

Although IARC reports one negative in vitro mammalian
cell assay with a GBF (Sivikova & Dianovsky 2006), as noted
above this assay Is likely to have been performed with a tech-
nical glyphosate preparation rather than a formulation. Koller
et al (2012) report a positive in vitro MN result for a GBF
(result not induded in IARC) in buccal epithelial cells derived
from a human-neck metastatic tumor The authors noted that
these cells have not been used for genotoxicity assessments
and the Expert Panel considered the results In this non-vali-
dared system to be of unknown relevance. IARC reported one
positive result for AMPA in an in vitro mammalian cell MN
assay in CHO-K1 cells (Roustan et al. 2014). An unusual fea-
ture of the Roustan et al. (2014) study was that AMPA appar-
ently exhibited much higher cytotoxicity than glyphosate.
Although complete cytotoxicity data are not presented, the
maximum AMPA concentrations evaluated for MN, appearing
to produce less than 50% reduction in cytokinesis blocked
proliferation index, were 1000-fold lower than glyphosate
concentrations in the absence of S9 metabolic activation, 20-
fold lower in the presence of 59 metabolic activation and
)00,000-fold lower with light activation. These very large
cytotoxicity differences are dramatically different from the
relative toxicitles of AMPA and glyphosate observed in other
mammalian cell studies, eg Chaufan et al. (2014); Manas
et al (2009a, 2009b); Li et al. (2013), Kwlatkowska et al.
(2014). These individual studies, particularly the Roustan et al
(2014) study, appear to exhibit technical problems and do
not piesent a convincing WoE for in Vitro mammalian cell MN
effects of GBFs or AMPA.

Chromosomal effects In vivo

As a general point, it was noted earlier that there is adequate
evidence available from toxicology studies demonstrating
absorption and distribution of glyphosate to bone marrow in
the rat (i p., i.v,, and oral routes) and absorption and distribu-
tion of glyphosate in blood by the oral route in the mouse.
This information provides evidence for target organ exposure
in the rodent bone marrow studies discussed below, which is
particularly important when negative results are obtained.
Table 4.3 In the IARC Monograph reported one negative in
vivo rat bone marrow chromosomal aberration result and one
negative mouse dominant lethal result for glyphosate. In add
itlon there is one negative regulatory In vivo mouse bone
marrow chromosomal aberration study of glyphosate not
evaluated by |IARC (5uresh 1994; see Supplemental
Information, Appendix A Table 3). These studies provide
in vivo evidence complementing the larger number of In vitro
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studies (discussed above) Indicating glyphosate is not dasto-
genic when tested in mammalian assays.

IARC reported two positive results and one negative result
for glyphosate In in viva MN assays. In one of the positive
studies reported by IARC (Bolognesi et al, '997), relatively
low increases in MN frequency were observed which might
well be within the historical range of many laboratories
(Salamone & Mavournin 1994), The other positive study
(Manas et al. 2009a) had an unusual feature in that It is
reported that erythrocytes were scored for MN, but in the
bone marrow and at an early sampling time. Historical con-
trol data were not reported in the publication so the rele-
vance of this result cannot be determined. By contrast, there
are an additional 13 published, publicly available or regula-
tory in vivo MN studies with glyphosate in the mouse (12
studies) or rat (one study), all of which gave negative results
(see Supplemental Information, Appendix A, Table 3 of this
paper). These negative results were obtained in multiple stud-
ies at dose levels that exceeded those at which positive
results had been reported in the IARC reviewed studies men-
tioned above using the same (i.p.) route of administration.
With respect to a route of exposure, the negative MN results
in a glyphosate mouse feeding study (Chan & Mahler 1992)
that was not reported in IARC are of particular relevance to
carcinogenic potential. The Expert Panel s conclusion is that
there is a strong WOE that glyphosate does not Induce MN In
vivo in mammals.

IARC reported one positive and one negative rodent bone
marrow chromosomal aberration study for GBFs. An add-
itional iwo published positive rodent chromosomal aberration
studies on GBFs were identified that were not reported In
IARC. One mouse study with positive results (Prasad et al
2009) employed sampling times for a chromosomal aberra-
tion assay quite different from those currently recommended
(OECD 2014c). Moreover, the GBF was administered i.p. using
dimethylsulfoxlde (DMSO) as a vehicle and the use of this
vehicle and route has unusual toxicity properties (Heydens
et al 200&). This assay was also unusual in that dose-
responsive Increases were observed at multiple sampling
times, which is difficult to explain since cells damaged at
early sampling times have usually died and disappeared from
the bone marrow by later sampling times. Another positive
publication (Amer et al 2006), not reported in IARC, found
positive chromosomal aberration results In mouse bone mar-
row and spermatocytes with treatments that Induded
repeated oral and i.p. dosing. The test material was reported
to be a formulation containing 84% glyphosate which Is very
unusual and raises the possibility that observed effects were
due to some unusual or unique component of this formula-
tion. Another published positive GBF study (Helal 8 Moussa
2005) uniquely involved rabbits exposed to GBF (750 ppm) in
drinking water for 60 days. Using extended repeat dosing for
a bone marrow chromosomal aberration assay is questionable
because cells with chromosome breaks usually do not accu-
mulate and any cytogenetic effects would likely be due to
the final one or two doses Total aberrations reported for this
study included some nonstandard and questionable catego-
ries such as gaps and centromerlc attenuations. Thus, most of
the oositive in vivo chromosomal aberration studies with
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GBF's are all subject to concerns regarding the reliability or
biological relevance of the results. While they cannot be
Ignored, they do not warrant undue weight, and do not sup-
port a conclusion of strong evidence of genotoxicity,

IARC reported two positive and three negative in vivo
rodent bone marrow MN results for GBFs. One of the two
positive studies (Bolognesi et al. ivy?) had low negative con-
trol MN frequencies and the MN frequencies in treated
groups were within historical control ranges for many labora-
tories (Salamone & Mavournin 1994) although historical con-
trol ranges for the laboratory were not reported in the
publication. The other positive study (Prasad et al 2009) was
unusual in using DMSO as a vehicle by the i.p. route which,
as noted above, may have led to unusual toxicity, However,
there are an additional 17 rodent bone marrow studies with
GBFs that were not considered by IARC, and all were negative
(see Supplemental Information, Appendix A, Table 3 of this
paper). The negative studies included use of both oral and
i.p. routes and maximum dose levels frequently were limit
doses of 2000mg/kg (OECD 2014b), The overwhelming
majority of In vivo MN studies on GBFs, therefore, gave nega-
tive results. In the studies reported positive, there are indica-
tions that the results may not be biologically meaningful, or
that artifacts may have resulted from use of DMSO as vehicle.

For AMPA, IARC reported one positive mouse bone mar-
row MN study There was one negative regulatory mouse
bone marrow MN study of AMPA not reported in IARC Both
studies used the l.p. route. The positive study used a top
dose of 200mg/kg administered on two occasions, 24 h apart.
The negative study used a single top dose of 1000mg/kg
which produced signs of toxicity. There is no obvious explan
atlon for these conflicting results and the limited data do not
allow reasonable WoE conclusions for AMPA In terms of the
in vivo MN endpoint.

DMA damage In vitro

As noted above, the Expert Panel Is In agreement with IARC
reviewers that there are several in vitro mammalian cell studies
of glyphosate which show DNA strand break effects (more
specifically the alkaline single cell gel electrophoresis or comet
endpoint). However, as also noted above, these studies should
be assigned low weights compared to other more relevant
endpoints In evaluating genotoxic risk, particularly when the
results for relevant endpoints are more abundant. An assump-
tion that the DNA damage observed in vitro might be second-
ary to toxicity rather than leading to DNA-reactive or
persistent genotoxicity is underscored by cases where the
same publication reports DNA damage effects but not
chromosomal alterations, e.g. Sivfkova and Dianovsky (2006),
Manas et al (2009a); Mladinic et al (2009a) without metabolic
activation. Other publications reported both DNA damage and
chromosomal effects, e.g. Lioi et al. (1998a); Koller et al. (2012).

For GBFs there are only two positive In vitro mammalian
cell comet results reported by IARC, These provide limited
evidence for GBF-induced DNA damage effects in vitro in
mammalian cells.

There are a few positive in vitro mammalian cell SCE
reports for glyphosate and GBFs reported In 'ARC. Since the

OECD guideline for the SCE test has recently been deleted
because of a lack of understanding of the mechanism(s)
detected by the test, the biological relevance of SCE Is
unclear, and these studies have not been further considered
by the Expert Panel for a WoE evaluation,

One negative primary hepatocyte UDS result Is reported
by IARC for glyphosate, but there are also negative primary
hepatocyte UDS results for glyphosate and AMPA lone each)
not reported by IARC

DNA damage,”adducts in vivo

One in vivo mammalian DNA damage and one in vivo mam-
malian DNA adduct study of glyphosate were reported by
IARC. No additional regulatory or published studies were
identified. Results for 8-hydroxydeoxyguanosine (8-OFIdG)
measurements are considered in the oxidative stress section
(Section 11IB).

Bolognesi et al. (1997) reported transient (4h after dosing)
increases in alkali-labile DNA strand breaks in liver and kid-
neys of mice treated lp. with glyphosate. Inteipretation of
the genotoxic significance of these observations is difficult
because such effects might be due to arrest of cells In
S-phase or secondary to cytotoxicity (Williams et al 2000).
Peluso et al. (1998) reported no induction of adducts In
mouse liver or kidney detectable by 33P-postlabelling meth-
odology after i.p. administration of glyphosate.

There Is one positive in vivo SCE report for a GBF by Amer
et al. (2006) which was not evaluated by IARC For reasons of
relevancy noted above, this study has not been further con-
sidered by the Expert Panel in a WoE evaluation.

One in vivo mammalian DNA damage and one in Vivo
mammalian DNA adduct studies of GBFs were reported by
IARC. No additional regulatory or published studies were
identified.

Bolognesi et al (1997) reported transient (4 h after dosing)
Increases In alkali-labile DNA strand breaks in liver and kid-
neys of mice treated ip, with a GBF. Similar conclusions
about interpretation of these results apply as for the glypho-
sate results by the same authors discussed above. Peluso
et al. (1998) observed 3P-postlabellmg adducts in liver and
kidneys of mice dosed with a GBF. The source or identity of
the adducts were not characterized although such adducts
were not observed in studies with glyphosate in their
publication.

No in vivo mammalian DNA damage studies of AMPA
were reported In IARC or Identified.

The paucity of data as well as the limited significance of
the primary DNA damage endpoints on tumor Initiation did
not warrant that these observations should have a significant
WOoE impact.

Weight of evidence IWOoE) for genotoxic effects in
mammalian systems

In summary, the WoE from in vitro and in vivo mammalian
tests for genotoxicity indicates that:



e 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.

e Glyphosate, GBFs, and AMPA are not clastogenlc In vitro.
Glyphosate is also not clastogemc in vivo. Some positive in
vivo chromosomal aberration studies with GBFs are all sub-
ject to concerns regarding their reliability or biological
relevance

e There is limited evidence that glyphosate induces MN in
vitro. Although this could be a reflection of increased stat-
istical power in the in vitro MN studies, the absence of
clastogenic effects in a large majority of in vitro chromo-
somal studies suggests the possibility of threshold-medi-
ated aneugenic effects. However, there is strong evidence
that glyphosate does not induce MN in vivo.

e 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 viva induction
of MN by AMPA.

e 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 m 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.

e 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 contribute to the overall evaluation of
genotoxic potential since the mechanism of induction and
biological relevance of SCE are unclear.

Studies in non-mammalian test systems

With the exception of the bacterial reverse mutation test, glo-
bal genotoxiclty testing guidelines such as those issued by
OECD (2015) and other regulatory bodies do not recommend
routine use of non-mammalian assays. Recently, OECD guide-
lines for two non-mammalian tests have been deleted
because mammalian cell tests are considered more biologic-
ally relevant, and non-mammalian tests (with the exception
of the bacterial reverse mutation test! are rarely used for
regulatory test batteries.

Table 4.6 in the (ARC Monograph summarized results from
two bacterial reverse mutation test publications. One publica-
tion (Li & Long 1988) reviewed by IARC reported no muta-
genic activity associated with glyphosate in a bacterial
reverse mutation test but a publication by Rank et al. 11993)
indicated a positive finding with a glyphosate formulation.

Rank et al (1993) reported positive mutagenicity in TA98
only without S9 and positive mutagenicity in TA100 only with
S9. At the outset this combination of responses is problem
atlc as it is an unlikely combination and suggests that either
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one or both straln/S9 responses would be in error The study
data shown in Table 2 of the Rank et al. (1993) publication
Indicates that the positive responses reported for TA98 and
TA100 were neither dose related nor were they reproduced
In repeat data sets. The authors called the results Indicative
of gene mutation capabilities for a GBF; however, the data
should never have been accepted for publication without
additional testing over a narrower range of doses and as they
currently stand, do not meet commonly used criteria for
declaring Ames test results positive. The data from this one
publication are not in agreement with 19 bacterial reverse
mutation assays of GBFs presented in Supplemental
Information, Appendix A, Table 1 that were not included in
the IARC Monograph. The Expert Panel considered the results
of this study to be Inconclusive

A large number (20) of negative bacterial reverse mutation
assays of GBFs are presented in Supplemental Information,
Appendix A, Table |, None of these were Included in the
IARC Monograph There is also one negative regulatory study
of AMPA

In contrast to the two bacterial reverse studies considered
In the IARC Monograph there are actually abundant data
from 40 additional studies (Supplemental Information,
Appendix A, Table 1) that glyphosate and GBFs are negative
in the one genetic test for gene mutation considered overall
to be the best non-mammalian predictor of mammalian
carcinogenesis.

Publications in which glyphosate or GBFs have been
tested for genotoxicity in a variety of non-mammalian species
other than bacterial reverse mutation appear to be included
In the IARC Monograph, with only a few regulatory or pub-
lished studies not included. With the exception of two posi-
tive and one negative chromosomal aberration assays in
plants for glyphosate, chromosomal effect assay results have
mainly been published for GBFs and showed predominantly
positive results for MN in fish and amphibians.

A larger number of DNA damage comet assays in fish and
other non-mammalian species in vitro are reported as exhibit
ing predominantly positive results for glyphosate Larger
numbers of positive comet results are available for GBFs In
fish and amphibian/reptile studies. One positive fish comet
study is reported for AMPA

Some general features of these non-mammalian tests
should be noted. First, both major endpoints measured in the
majority of non-mammalian tests (l.e. MN and comet) might
well be secondary to toxic effects. Second, many of these
tests involve exposure by immersion In or surface contact
with the test material In water This is certainly not a stand-
ard or relevant route of exposure for In vivo mammalian sys-
tems and may Introduce route-specific unique toxicity and
genotoxic effects. This is particularly a concern for GBFs
which commonly contain surfactants.

As a consequence, the Expert Panel did not consider data
from a majority of the non-mammalian systems and nonstan-
dard tests with glyphosate, GBF, and AMPA to have signifi-
cant weight in the overall genotoxiclty evaluation, especially
given the large number of standard core studies in the gene
mutation and chromosomal effects categories available in
mammalian systems. Rationale supporting this consideration
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is the absence of internationally accepted guidelines for such
non-mammalian test systems, lack of databases of acceptable
negative control data or positive control responses, and no
results from validation studies suggesting concordance with
carcinogenicity. OECD guidelines specifically state that use of
any nonstandard test requires Justification along with strin-
gent validation Including establishing robust historical nega-
tive and positive control databases. Therefore, results in these
tests, when conflicting with findings obtained in well vali-
dated test systems for which OECD guidelines exist, and
where the biological relevance of the results can be eval-
uated, do not carry a significant WoE.

Critique of the classifications and mode of action
(MoA) proposed In the IARC monograph for
glyphosate and related agents

Genotoxicity classification and MoA

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 WOE assessment pro-
vides strong support for a lack of genotoxicity, particularly In
study categories closely associated with Indications of poten-
tial genetic and carcinogenic hazard,

In order to demonstrate how the evidence from all sources
was used to develop the Expert Panel's WoE conclusions foi
glyphosate, GBFs, and AMPA, the results from all study types
were compiled in Table 3 Wherever possible, positive or
negative responses were assigned to the individual studies In
Table 3 according to the conclusions given in the original
publication or report In a small number of studies the Expert
Panel concluded that there were significant issues regarding
data analysis and interpielation of results and either changed
the positive call given by IARC, e.g. Bolognesl et al. (2009) or,
if the Impact of the Issues on the overall conclusions of the
study was considered inconclusive, the data from that paper
were excluded from Table 3, e.g. Paz-y-Miho et al. (2007) and
Rank et al. (1993).

It should also be noted that the weight indicated in this
table primarily reflects the endpoint of the publication or
report. As noted above, there are significant test system
(experimental protocol and data interpretation) considera-
tions for some specific studies that significantly lowered the
weight of these studies Independently of the endpoint
measured.

An evaluation of the studies in Table 3 according to their
relative contributions to a WoE produced the following
results:

e Test methods identified as providing low contribution
(Low Weight) to the WoE produced the highest frequency
of positive responses, regardless of whether the responses
were taken from the results of IARC evaluated studies
alone (eight of nine) or from all studies combined (eight of

e The highest frequencies of positive responses were
reported foi test endpoints and systems considered most
likely to yield false or misleading positive results with
respect to carcinogenicity prediction or carcinogenic mech-
anism due to their susceptibility to secondary effects. This
relationship was constant regardless of whether the resulrs
were taken from IARC evaluated studies alone or all stud-
ies combined.

e The numbers of studies providing strong evidence of rele-
vant genotoxicity (High Weight) were in the minority for
both the IARC and Expert Panel evaluations, with six out
of 15 studies Identified as High Weight being positive for
the IARC evaluation, and only eight out of 92 studies iden-
tified as High Weight being positive for all studies com-
bined by the Expert Panel

Contrary to IARC's conclusion that there is strong evidence
of genotoxicity, the Expert Panel's WoE analysis of the com-
plete database (or the IARC subset alone) using the weight-
ing categories proposed in Suter and Cormier (2011)
Indicates that glyphosate and GBFs should not be classified
as genotoxic. The panel does not agree with IARC's conclu-
sion of moderate evidence for genotoxicity of AMPA. The
data needed to make an assessment of the genetic hazard of
AMPA are too limited and conflicting to reliably support such
a classification.

To provide greater emphasis to the Expert Panels WoE
conclusion, Table * provides a comparison between a set of
characteristics found In confirmed genotoxic carcinogens
(Bolt et al 2004; Petkov et al 2015) and the genotoxic actlv
ity profiles for glyphosate, AMPA, and GBFs. There is virtually
no concordance between the two sets of characteristics.

Oxidative stress classification and MoA

Oxidative stress was the second characteristic considered by
IARC as operative in human carcinogens and thus supporting
their classifying glyphosate as probably carcinogenic to
humans. Publications investigating the relationship between
oxidative DNA damage and cancer (Wu et al. 2004; Klaunig
et al. 20)0) have demonstrated that following exposure to
oxidative stress-inducing agents, a common adaptive
response induced in mammalian cells is the up-regulation of
stress-response genes. The resultant toxic response is thresh-
old dependent,

It has been shown that reactive oxygen species (ROS) are
genotoxic In principle, and the question arises as to whether
GBFs that increase ROS production will add to an endogen-
ously produced background level of DNA lesions or whether
compensatory mechanisms may result in non-linear dose-
effects. Halllwell (2003) reported that alteration to DNA mole-
cules triggers repair, and frequent activation may increase the
general repair capacity, irrespective of the cause of the dam-
age. Thus, repeated exposure to ROS may lead to an adaptive
response, mitigating the mutagenicity of oxidative DNA
lesions. Moreover, as suggested by Deferme et al. (2015) oxi-
dative stress is not uniquely associated with a genotoxic car-
cinogens and simple measurements of ROS are insufficient
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Table 3. Summary of Expert Panel's evaluation of human, non-human mammalian, and selected microbial genotoxicity studies from IARC Section 42 1 and other

published sources.

Glyphosate GBFs AMPA Total
Source Test category Endpoint Weight (Pos/Neg) (Pos/Neg)  (Pos/Neg)  (Pos/Neg)
Kier and Kirkland (2013) and Bacterial Reverse Mutation Gene mutation High 0/19 0/20 o/1 0/40
other published studies
not included In IARC
Mammalian In Vitro Gene mutation Moderate 0/2 ND ND 0/2
Chromosomal aberrations  Moderate 1/5 1/0 ND 2/5
Micronucleus Moderate 2/0 1/0 ND 3/0
ubs Low o1 ND o1 0/2
SCE None ND 1/0 ND 1/0
Mammalian In Vivo Chromosomal aberrations  High o1 2/0 ND 2/1
Mkronudeus High 0/13 0/17 o/1 0/31
SCE None ND 1/0 ND 1/0
IARC Monograph 112 Bacterial Reverse Mutation Gene mutation High o1 0/0 ND o1
Mammalian In Vitro Gene mutation Moderate o1 ND ND o/1
Chromosomal aberrations ~ Moderate 1/2 ND 1/0 2/2
Micronucleus Moderate 2/0 ND 1/0 3/0
Comet/DNA breaks Low 5/0 2/0 1/0 8/0
ubs Low o1 ND NO 0/1
SCE None 3/0 2/0 ND 5/0
Mammalian In Vivo Chromosomal aberrations  High o/1 1/1 ND 1/2
Mkronudeus High 2/1 2/3 1/0 5/4
Comet/DNA breaks Moderate 1/0 1/0 ND 2/0
Dominant lethal High o1 ND NO o1
Human In Vivo Chromosomal aberrations  High ND o1 ND o1
Micronucleus High ND 0/3 ND 0/3
High Weight Combined Totals 2/37 5/4s 1/2 8/84
/IARC results onlyl (2/4) (3/5) (1/0) (6/9)
Moderate Weight Combined Totals 7/10 3/0 2/0 12/10
(IARC results only) (4/3) (1/0) (2/0) /3
Low Weight Combined Totols 5/2 2/0 71 8/3
(IARC results only) (5/1) (2/0) (1/0) 8/1)

AMPA: aminomethylphosphonic acid; GBFs: glyphosate based formulations; ND: no data.

All responses based on study critiques and conclusions of Expert Panel members.

Non-mammalian responses from IARC monograph In this table did not include four positive studies measuring DNA strand breaks in bacteria and one negative

Rec assay in bacteria from IARC monograph Table 4 6,

Table 4. Comparison of test response profiles from glyphosate, GBFs, and AMPA to the profile characteristics of confirmed genotoxic carcinogens.

Characteristic
Profile of test responses in genetic assays

Structure activity relationships
activity
DNA binding
Consistency
in vivo
Response kinetics
exposure levels
Susceptibility to confounding factors
(e.g. cytotoxicity)

levels

evidence supporting a genotoxic causal MoA for carcinogen-
icity (Aral et al. 2006).

The evidence for oxidative stress induction summarized by
IARC comes from studies employing a variety of endpoints
and test systems, but In the IARC Monograph the data on
oxidative stress are comingled with data from other end-
points, and data on glyphosate and GBFs are also comingled.
It is therefore difficult to obtain a clear picture of the oxida-
tive stress effects.

Indirect measures of oxidative stress vs. measures of oxi-
dative damage

In some respects, measures (endpoints) of oxidative effects
can be weighted in a manner similar to that applied to

Carcinogens with a proven genotoxic mode of action

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

Positive for structural alerts associated with genetic

Agent or breakdown product are typically electro-
philic and exhibit direct DNA binding
Test results are highly reproducible both in vitro and

Responses are dose dependent over a wide range of

Responses are typically found at nontoxic exposure

Glyphosate, GBFs, AMPA study data in Section 4.2.1

No valid evidence for gene mutation in any test; no
evidence for chromosomal aberrations in humans
and equivocal findings elsewhere.

No structural alerts for glyphosate or AMPA suggest-
ing genotoxicity

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

Conflicting and/or non-reproducible 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

measures of genotoxicity. For example, in the majority of the
studies reviewed by IARC, the endpoints assessed were only
indirect measures of oxidative stress, in the form of antioxi-
dant suppressive effects, changes in endogenous levels of
protective molecules or enzymes (e.g. glutathione, superoxide
dismutase) or changes in ROS (e.g. H0 2. The experiments
in vitro in mammalian cells produced conflicting results and
some positive results were observed only at very high dose
levels which could be problematic for reliable evaluation
of the potential for in vivo oxidative stress (Halliwell 2003).
Long et al. (2007) demonstrated that reactive oxygen can be
produced as an artifact by chemical reactions with compo-
nents of the culture media, a possibility not evaluated in the
studies reviewed by IARC. Overall, IARC's assessment did not
appear to consider the relative importance of different
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biomarkers of oxidative stress with the exception of noting
limitations of using dihydrofluorescein acetate as a marker of
oxidative stress.

A more meaningful endpoint for Identification of oxidative
damage, particularly as it pertains to identification of a pos-
sible genotoxic mechanism of cancer, would be the identifica-
tion and application of a biomarket relevant to oxidative
stress-induced damage to DNA. While a number of biochem-
ical and physiological changes In cells can be produced dur-
ing oxidative stress, the most extensively studied oxidative
DNA lesion produced is 8-OHdG, This adduct has been widely
used as a biomarker of oxidative DNA damage, and determin-
ation of 8-OHdG levels may be useful In defining a chemical's
MoA.

Oxidative damage studies evaluated in the IARC
monograph

Peluso et al. (1998) reported 4'P-postlabelling adducts In rats
treated with GBFs (but not glyphosate) The nature or source
of the adducts was not identified but Williams et al. (2000)
noted that the solvent system used by Peluso et al. (1998)
could not detect oxidative DNA damage. Evidence for
increased DNA damage in Bolognesl et al. (1997) as measured
by 8-OHdG DNA adducts was both limited and contradictory.
Glyphosate was reported to Induce 8-OHdG adducts in liver
but not kidney tissues whereas a GBF (with an equivalent
level of glyphosate) was reported to induce 8-OHdG adducts
in kidney but not In liver tissue. Results of the Bolognesi
et al (1997) study are contradicted by another published
study (Heydens et al. 2008) that was not considered by IARC.
In this study no statistically significant increases In 8-OHdG
were observed In liver or kidneys of mice 24 h after treatment
by ip, injection with 600 and 900mg/kg of a GBF Df the
same composition as those used by Peluso et al. (1998) and
Bolognesi et al. (1997).

The only other cited mammalian study examining oxida-
tive DNA damage was a measurement of the effect of
human 8-oxoguanine DNA N-glycosylase 1 (hOGGI) on the
comet endpoint in human lymphocytes exposed to aiypho-
sate (Mladinic et al. 2009a). This study showed a small but
statistically significant effect on comet tail intensity at only
a low mid-dose level in the absence of an 59 metabolic
activation system and at the highest dose level tested
i580"g/mL) in the presence of S9. The observation of an
effect at the highest dose level only in the presence of S9
is unusual because statistically significant increases in other
markers of oxidative stress were observed at the high dose
levels in either the presence or absence of S9. The authors
Indicated that their results were not considered an
unequivocal indication of the oxidative potential of glypho
sate. As noted above there does not appear to be any sig-
nificant in vitro metabolism of glyphosate with rat liver
homogenate (Gohre et al. 1987),

A series of studies in eels examined oxidative DNA dam-
age of glyphosate, GBF, and AMPA by measurement of comet
endpoints with and without treatment of samples with endo-
nucleases that cleave at sites of oxidative damage (Guilherme
et at. 2012a 2012b: Guilherme et al. 2014a, 2014b: Marques

et al. 2014a, 2014b). When considering net effects of endo-
nuclease treatment there were varied responses in different
conditions, tissues, and treatments ranging from no statistic-
ally significant effect to relatively small but statistically signifi-
cant effects These studies did not provide consistent strong
evidence of oxidative DNA damage in a non-mammalian
system.

In addition there was a human biomonitoring study
measuring blood 8-OHdG which did not indicate a statistic-
ally significant association between previous GBF exposure
and high 8-OHdG levels (Koureas et al. 21)14, not evaluated
in IARCI. There are concerns with this study, particularly the
relationship between the timing of exposure and a presum-
ably transient marker of exposure. While some other agents
did show associations, the lack of a statistically significant
association between 8-OHdG and past GBF exposure does
not provide support for GBF-related oxidative DNA damage
in humans.

Many more oxidative 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 ROS followed by
normal cellular protective responses. Comparison of GBF oxi-
dative stress study results with predicted human exposure
levels (e.g. calculated 90th percentile for applicators of
0.064 mg/kg body weight/day and much lower for other
exposures), suggests that it is not likely that GBFs would
induce oxidative stress likely 1o exceed endogenous detoxifi-
cation 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 (Ctiaufan et al 2014) and one positive In vitro
mammalian cel! 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 and jneon
sistency of cited data does not seem lo justify a conclusion
of strong evidence for oxidative stress Induction by AMPA.

Research on oxidative stress induced genotoxidty suggests
that it is often a secondary response to toxicity and charac-
terized by a threshold (Pratt & Barron 2003) Therefore the
most appropriate conclusion supported by the oxidative
stress data presented in IARC Monograph Section 4.2 is that
there is not a strong WoE that glyphosate, GBFs, or AMPA
produce oxidative damage to DNA that would lead to induc-
tion of endpoints predictive of a genotoxic hazard or act as a
mechanism for the induction of cancer In experimental ani-
mals or humans.

Summary and conclusions

Detection of genotoxic activity or Induction of oxidative
stress/damage in any test conducted with a chemical does



not, a priori, mean that the agent has a carcinogenic
potential, induces key events leading to tumor develop-
ment or represents an in vivo genotoxic risk A systematic
and critical assessment of the WOE Is required before geno-
toxic hazard and MoA conclusions can be reached. The
IARC process leading to conclusions suggesting modes of
action involving genotoxicity and oxidative stress was
Incomplete (excluding valuable data) and did not appear to
critically evaluate some of the key studies it relied upon. A
meaningful WOE evaluation depends on an assessment of
all available data using an appropriate weighting process.

A number of reviews of the carcinogenicity, genotoxicity,
and oxidative stress/damage for glyphosate, AMPA, and GBFs
were available prior to the development of the IARC
Glyphosate Monograph (see Introduction). These prior reviews
included much of the data available to IARC reviewers Involved
in the evaluation presented in the IARC Monograph. In general,
genetic toxicology data evaluated in these prior reviews all sup-
port a conclusion that glyphosate (and related materials) Is
Inherently not genotoxic. The Expert Panel concluded that
there is no new, valid evidence presented in the IARC
Monograph that would provide a basis for altering these con-
clusions and that including the study results reviewed by Kler
and Kirkland (2013) would provide considerable additional sup-
port to the conclusion of absence of inherent genotoxic
potential.

e The Expert Panel concluded that glyphosate, GBFs, and
AMPA genotoxicity response profiles are nor consistent
with characteristics of genotoxic carcinogens (Table 4).

e There is substantial evidence, particularly in bacterial
reverse mutation assays, demonstrating that glyphosate.
GBFs, or AMPA do not induce gene mutation from either
direct or oxidative induced mechanisms.

e The evidence indicating that glyphosate can produce
chromosomal aberrations in mammalian systems is very
limited, conflicting, and potentially due to secondary
mechanisms.

e The absence of evidence indicating that glyphosate or
GBFs induced lesions characteristic of genotoxic carcino-
gens. in well-validated test systems with robust experimen-
tal protocols, invalidates conclusions that glyphosate or
GBFs might act via a genotoxic MoA.

e The evidence for oxidative stress/damage as a mechanism
or predictor of carcinogenesis Is unconvincing. Repeated
exposure to ROS most likely leads to adaptive responses,
mitigating the mutagenicity of oxidative DNA lesions.
Studies directed toward a better understanding of this
relationship for glyphosate or GBF related exposures have
not been reported.

e There Is little or no reliable evidence that GBFs. at levels
experienced across a broad range of end-user exposures,
poses any human genotoxic hazard/risk.

The Expen Panel concluded that the IARC assessment of
classifications regarding strong evidence of genotoxicity and
oxidative stress capabilities of glyphosate, GBFs, and AMPA is
not supported by the available data, A critical review of the
complete dataset by the Expert Panel supports a conclusion

CRITICAI REVIEWS IN TOXifOLOGVY 0 7t

that glyphosate (Including GBFs and AMPA) does not pose a
genotoxic hazard and therefore, should not be considered
support for the classification of glyphosale as a genotoxic
carcinogen. These conclusions are supportive of recent
reviews that have occurred during the preparation of this
review. A European Food Safety Authority peer review con-
cluded that glyphosate is unlikely to pose a carcinogenic haz-
ard to humans (EFSA 2015) and a Joint FAO/WHO Meeting
on Pesticide Residues concluded that glyphosate is unlikely
to be genotoxic at anticipated dietary exposures and unlikely
to cause a carcinogenic risk to humans from dietary exposure
(JMPR 2016).
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