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1.0 Introduction

1.1  Background

Glyphosate is a non-selective, phosphonomethyl amino acid herbicide registered to control
weeds in various agricultural and non-agricultural settings. The herbicide acts by inhibiting the
5-enolpyruvylshikimate-3-phosphate synthase (EPSPS) enzyme, which is not present in
mammalian systems. Glyphosate was initially registered in 1974. Since then, several human
health analyses have been completed for glyphosate. In 1986, EPA issued the Glyphosate
Registration Standard which updated the agency’s toxicity database for this compound. In 1993,
EPA issued the registration eligibility decision (RED) that indicated that glyphosate was eligible
for re-registration.

Currently, glyphosate is undergoing Registration Review?!, a program where all registered
pesticides are reviewed at least every 15 years as mandated by the Federal Insecticide, Fungicide,
and Rodenticide Act (FIFRA). The initial docket opening for glyphosate occurred in 2009 with
the publication of the human health scoping document and preliminary work plan2. As part of
this process, the hazard and exposure of glyphosate are reevaluated to determine its potential risk
to human and environmental health. Risks are assessed using current practices and policies to
ensure pesticide products can still be used safely. Registration Review also allows the agency to
incorporate new science. For human health risk assessment, both non-cancer and cancer effects
are evaluated for glyphosate and its metabolites, aminomethylphosphonic acid (AMPA) and N-
acetyl-glyphosate; however, this document will focus on the cancer effects only. EPA expects to
complete its complete human health risk assessment in 2017 that will include an assessment of
risk from anticipated exposures resulting from registered uses of glyphosate in residential and
occupational settings.

1.2 Evaluation of Carcinogenic Potential

Since its registration, the carcinogenic potential of glyphosate has been evaluated by EPA several
times. In 1985, the initial peer review of glyphosate was conducted in accordance with the
Proposed Guidelines for Carcinogen Risk Assessment. The agency classified glyphosate as a
Group C chemical (Possible Human Carcinogen), based on the presence of kidney tumors in
male mice. In 1986, the agency requested that the FIFRA Scientific Advisory Panel (SAP)
evaluate the carcinogenic potential of glyphosate. The panel determined that the data on renal
tumors in male mice were equivocal (only an increase in adenomas was observed and the
increase did not reach statistical significance). As a result, the panel recommended a Group D
chemical classification (Not Classifiable as to Human Carcinogenicity) for glyphosate and
advised the agency to issue a data call-in notice for further studies in rats and/or mice to clarify
the unresolved questions (FIFRA SAP Report, 1986)3.

! Additional information on the Registration Review process can be found at: https://www.epa.gov/pesticide-
reevaluation/registration-review-process

2 Documents of the Registration Review can be found in the public docket at: EPA-HQ-OPP-2009-0361, accessible
at www.regulations.gov.

3 Review available at: http://www.epa.gov/pesticides/chem_search/cleared_reviews/csr_PC-103601_24-Feb-
86_209.pdf
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With the submission of two rat carcinogenicity studies following this data call-in, a second peer
review was conducted in 1991 by the agency’s Carcinogenicity Peer Review Committee (CPRC)
to incorporate the new data. In accordance with the agency’s 1986 Draft Guidelines for
Carcinogen Risk Assessment, the CPRC classified glyphosate as a Group E Chemical:
“Evidence of Non-Carcinogenicity for Humans” based upon lack of evidence for carcinogenicity
in mice and rats and the lack of concern for mutagenicity (TXR# 0008897).

Most recently, in September 2015, a third review was done by the Cancer Assessment Review
Committee (CARC). Relevant glyphosate data available to EPA at that time for glyphosate were
reevaluated, including studies submitted by the registrant and studies published in the open
literature. The agency performed this evaluation in support of Registration Review in
accordance with the 2005 Guidelines for Carcinogen Risk Assessment, classified glyphosate as
“Not Likely to be Carcinogenic to Humans” (CARC, 2015; TXR #0057299).

Recently, several international agencies have evaluated the carcinogenic potential of glyphosate.
In March 2015, the International Agency for Research on Cancer (IARC), a subdivision of the
World Health Organization (WHO), determined that glyphosate was a probable carcinogen
(group 2A) (IARC, 2015). Later, in November 2015, the European Food Safety Authority
(EFSA) determined that glyphosate was unlikely to pose a carcinogenic hazard to humans
(EFSA, 2015). In May 2016, the Joint Food and Agriculture Organization (FAO)/WHO Meeting
on Pesticide Residues (JMPR), another subdivision of the WHO, concluded that glyphosate was
unlikely to pose a carcinogenic risk to humans from exposure through the diet (JMPR, 2016).
Some individual countries (e.g., France, Sweden) have been moving to ban glyphosate based on
the IARC decision, while other countries (e.g., Japan, Canada) have continued to support their
conclusion that glyphosate is unlikely to pose a carcinogenic risk to humans.

The recent peer review performed by CARC served as an initial analysis to update the data
evaluation for glyphosate at that time. Based on an evaluation of the studies included in the
recent analyses by IARC, JMPR, and EFSA, the agency then became aware of additional
relevant studies not available to EPA. As a result, EPA also requested information from
registrants about studies that existed, but had never been submitted to the agency. The current
evaluation incorporates these additional studies. In addition, the Agency conducted a systematic
review of the open literature and toxicological databases for glyphosate by using a draft
“Framework for Incorporating Human Epidemiologic & Incident Data in Health Risk
Assessment”. As such, the current evaluation also provides a more thorough evaluation than the
2015 CARC review.

1.3 Overview of Draft “Framework for Incorporating Human Epidemiologic &
Incident Data in Health Risk Assessment”

In 2010, OPP developed a draft “Framework for Incorporating Human Epidemiologic & Incident
Data in Health Risk Assessment” which provides the foundation for evaluating multiple lines of
scientific evidence in the context of understanding of the mode of action (MOA)/adverse
outcome pathway (AOP) (U.S. EPA, 2010). The draft framework, which includes two key
components, problem formulation and use of the MOA/AQOP pathway frameworks, was reviewed
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favorably by the FIFRA SAP in 2010 (FIFRA SAP, 2010). Recently, EPA has applied this
framework to the evaluation of atrazine and chlorpyrifos®.

OPP’s draft framework is consistent with updates to the World Health Organization/International
Programme on Chemical Safety MOA/human relevance framework, which highlights the
importance of problem formulation and the need to integrate information at different levels of
biological organization (Meek et al., 2014). Consistent with recommendations by the National
Research Council (NRC) in its 2009 report on Science and Decisions, OPP’s draft framework
describes the importance of using problem formulation at the beginning of a complex scientific
analysis. The problem formulation stage starts with planning dialogue with risk managers to
identify goals for the analysis and possible risk management strategies. This initial dialogue
provides the regulatory context for the scientific analysis and helps define the scope of such an
analysis. The problem formulation stage also involves consideration of the available information
regarding the pesticide use/usage, toxicological effects of concern, and exposure pathways and
duration along with key gaps in data or scientific information. Specific to glyphosate, the
scoping document prepared for Registration Review (J. Langsdale et al., 2009) along with the
review conducted by the CARC (CARC, 2015) represent the problem formulation analyses for
the weight-of-evidence evaluation for carcinogenic potential. A summary of the US exposure
profile is provided in Section 1.4 below to provide context for interpreting the various lines of
evidence.

One of the key components of the agency’s draft framework is the use of the MOA
framework/AOP concept (Figure 1.1) as a tool for organizing and integrating information from
different sources to inform the causal nature of links observed in both experimental and
observational studies. Specifically, the modified Bradford Hill Criteria (Hill, 1965) are used to
evaluate strength, consistency, dose response, temporal concordance and biological plausibility
of multiple lines of evidence in a weight-of-evidence analysis.

Structure Activity Relationships

In\vitro studies

- Pharmaco- Molecular Cellular Tissue/
Chemicals s
kinetics Target Response Organ

Human Incidents Epidemiology

Figure 1.1. Source to outcome pathway (adapted from NRC, 2007).

4 Chlorpyrifos Revised Human Health Risk Assessment for Registration Review; 29-DEC-2014; D424485.

U.S. EPA 2010 SAP Background White Paper — Re-evaluation of Human Health Effects of Atrazine: Review of
Experimental Animal and In Vitro Studies and Drinking Water Monitoring Frequency. EPA-HQ-OPP-2010-0125.
U.S. EPA 2011 SAP Issue Paper — Re-evaluation of Human Health Effects of Atrazine: Review of Cancer
Epidemiology, Non-cancer Experimental Animal and In Vitro Studies and Drinking Water Monitoring Frequency.
EPA-HQ-OPP-2011-0399.
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1.4 Summary of the Exposure Profile in the United States

All pesticide products provide critical information about how to safely and legally handle and
use pesticide products. Pesticide labels are legally enforceable and all carry the statement “it is a
violation of Federal law to use this product in a manner inconsistent with its labeling.” In other
words, the label is law. As a result, a key function of the pesticide product label is to manage the
potential risk from pesticides.

Labeled uses of glyphosate include over 100 terrestrial food crops as well as other non-
agricultural sites, such as greenhouses, aquatic areas, and residential areas. It is also registered
for use on glyphosate-resistant (transgenic) crop varieties such as corn, soybean, canola, cotton,
sugar beets, and wheat. Registered tolerances in the United States include residues of the parent
compound glyphosate and N-acetyl-glyphosate, a metabolite found in/on glyphosate-tolerant
crops®.

Dietary (food and water) exposures are anticipated from applications to crops. Since there are
registered uses of glyphosate that may be used in residential settings, residential handlers may be
exposed to glyphosate during applications. Exposures may also occur from entering non-
occupational areas that have been previously treated with glyphosate. Occupational/commercial
workers may be exposed to glyphosate while handling the pesticide prior to application (mixing
and/or loading), during application, or when entering treated sites. The agency considers all of
the anticipated exposure pathways as part of their evaluation for human health.

Oral exposure is considered the primary route of concern for glyphosate. Oral absorption has
been shown to be relatively low for glyphosate (~30% of administered doses) with negligible
accumulation in tissues and rapid excretion (primarily unchanged parent) via the urine. Due to
its low vapor pressure, inhalation exposure to glyphosate is expected to be minimal. Dermal
penetration has also been shown to be relatively low for human skin (<1%) indicating dermal
exposure will only contribute slightly to a systemic biological dose. Furthermore, in route-
specific inhalation and dermal toxicity studies, no adverse effects were observed. This all
suggests that there is low potential for a sustainable biological dose following glyphosate
exposure.

In residential/non-occupational settings, children 1-2 years old are considered the most highly
exposed subpopulation with oral exposures from dietary (food and water) ingestion and
incidental oral ingestion (e.g., hand-to-mouth activities) in treated areas. There is also potential
for dermal exposures in previously treated areas. Using HED’s standard exposure assessment
methodologies which are based on peer-reviewed and validated exposure data and models®, a
high-end estimate of combined exposure for children 1-2 years old is 0.47 mg/kg/day (see
Appendix E).

5> All currently registered tolerances for residues of glyphosate can be found in the Code of Federal Regulations (40
CFR §180.364).

6 Available: http://www2.epa.gov/pesticide-science-and-assessing-pesticide-risks/standard-operating-procedures-
residential-pesticide
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At the time of initial registration (1974), total use of glyphosate in the United States was
approximately 1.4 million pounds (Benbrook, 2016). In 1995, total use of glyphosate increased
to approximately 40 million pounds with agriculture accounting for 70% of use. With the
introduction of transgenic crop varieties in the United States circa 1996, (such as soybean,
cotton, and corn) use of glyphosate increased dramatically (Green and Owen, 2011), and in 2000
the total use of glyphosate in the United States was approximately 98.5 million pounds. By
2014, total annual use of glyphosate was approximately 280-290 million pounds (based on
Benbrook, 2016 and industry proprietary data accessible to EPA) with agriculture accounting for
90% of use. Although glyphosate use has continuously increased up to 2012, the stabilization of
glyphosate usage in recent years is due to the increase in a number of glyphosate-resistant weed
species, starting with rigid ryegrass identified in California in 1998 and currently totaling 16
different weed species in the United States as of March 2016. Figure 1.2 below provides a visual
representation of the increased agricultural use of glyphosate in the United States using
proprietary market research data from 1987-2014.

The increased use of glyphosate may be partly attributed to an increase in the number of farmers
using glyphosate; however, it is more likely that individuals already using glyphosate increased
their use and subsequent exposure. With the introduction of transgenic crop varieties, glyphosate
use shifted from pre-emergent to a combination of pre- and post-emergent applications.
Additionally, application rates increased in some instances and more applications were allowed
per year (2-3 times/year). Maps from the United States Geological Survey (USGS) displaying
glyphosate use in the United States indicate that although use has drastically increased since
1994, areas treated with glyphosate for agricultural purposes appear to be approximately the
same over time (Figures 1.3-1.4). The introduction of transgenic crops in some cases led to a
shift in crops grown on individual farms, such that more acreage within the farm would be
dedicated to growing the glyphosate-tolerant crops replacing other crops. In addition, during the
2000s there was also an increase in growing corn for ethanol production, which could also have
resulted in increased acreage dedicated glyphosate-tolerant corn.

Page 16 of 227



300,000,000

Alfalfa
and

Corn Sugar
l

l

Soybean and
Canola

0
N 00 O O d N D < 1N O N 0 O O 9 AN OO < 1N OWIN 0 OO 41 N <
00 00 0 OO OO OO OO OO OO OO OO OO OO O O O O ©O O O O © O ™ ™ o o
A OO OO OO OO OO O OO OO OO O OO OO O O OO O O O O O o o o o o o
D IR e I e R B B I T o I e R s R B e B e IR o A o A o VA o VY o NI o U o N o N o N o I o VN o N o NN o N o
Years

Figure 1.2. Glyphosate agricultural usage (pounds applied annually) from 1987- 2014. Boxes indicate years when
glyphosate-resistant crops were introduced. Source: Proprietary Market Research Data (1987 — 2014).
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Figure 1.3. Map of estimated agricultural use for glyphosate in 1994 from USGS
(http://water.usgs.gov/nawqga/pnsp/usage/maps/show_map.php?year=1994&map=GLYPHOSATE&hilo=H)
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Estimated Agricultural Use for Glyphosate , 2014 (Preliminary)
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Figure 1.4. Map of estimated agricultural use for glyphosate in 2014 from USGS
(http://water.usgs.gov/nawga/pnsp/usage/maps/show_map.php?year=2014&map=GLYPHOSATE&hilo=H)

The potential exposure to occupational handlers is dependent on the formulation, specific task
(mixer, loader, and/or applicator), rate of application, and acreage treated. Using HED’s
standard occupational exposure assessment methodologies which are based on peer-reviewed
and validated exposure data and models’, mixer/loaders result in the highest potential exposure
estimates. Assuming no personal protective equipment (PPE), exposure estimates for
mixer/loaders range from 0.03-7 mg/kg/day using the maximum application rate for high acreage
agricultural crops (6 Ib ai/acre)®. For applicators, exposure would be lower with estimates
ranging from 0.02-0.03 mg/kg/day using the same application rate and acreage.

The maximum potential exposures from currently registered uses of glyphosate in residential and
occupational settings in the United States are used in the current evaluation to aid in the
determination of whether findings in laboratory studies are relevant for human health risk
assessment. In Sections 4.0 and 5.0, descriptions are provided for animal carcinogenicity and
genotoxicity studies, respectively. Results from these studies, particularly those administering
high doses, are put into context with the human exposure potential in the United States.

7 Available: https://www.epa.gov/pesticide-science-and-assessing-pesticide-risks/occupational-pesticide-handler-

exposure-data
8 Based on use information provided by the Joint Glyphosate Task Force for the following end-use products: EPA
Registration Nos.: 100-1182, 228-713, 524-343, 524-475, 524-537, 524-549, 524-579, 4787-23, and 62719-556.
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1.5  Organization of this Document

In this analysis of the human carcinogenic potential of the active ingredient glyphosate, the
agency has performed a comprehensive analysis of available data from submitted guideline
studies and the open literature. This includes epidemiological, animal carcinogenicity, and
genotoxicity studies. Consistent with the 2010 draft framework, the agency has evaluated these
multiple lines of evidence and conducted a weight-of-evidence analysis. Although there are
studies available on glyphosate-based pesticide formulations, the agency is soliciting advice from
the FIFRA SAP on this evaluation of human carcinogenic potential for the active ingredient
glyphosate only at this time. The remainder of this document is organized by the following:

e Section 2.0 Systematic Review & Data Collection Methods provides a description of
methods used to compile all relevant studies used in the current evaluation.

e Section 3.0 Data Evaluation of Epidemiology describes the available epidemiological
studies, evaluates relevant studies for study quality, and discusses reported effect
estimates.

e Section 4.0 Data Evaluation of Animal Carcinogenicity Studies provides a description
and evaluation of the available animal carcinogenicity studies for glyphosate.

e Section 5.0 Data Evaluation of Genetic Toxicity summarizes and discusses the various
genotoxicity assays that have been tested with glyphosate.

e Section 6.0 Data Integration & Weight of Evidence Analysis Across Multiple Lines of
Evidence integrates available data discussed in Sections 3.0-5.0 to consider concepts,
such as strength, consistency, dose response, temporal concordance and biological
plausibility in a weight-of-evidence analysis. This section also provides discussion of the
data in the context of cancer descriptors provided in the 2005 Guidelines for Carcinogen
Risk Assessment.

e Section 7.0 Collaborative Research Plan for Glyphosate and Glyphosate Formulations
provides a discussion of planned research that is intended to evaluate the role of
glyphosate in product formulations and the differences in formulation toxicity.

2.0  Systematic Review & Data Collection

In recent years, the National Academy of Sciences National Research Council (NRC) has
encouraged the agency to move towards systematic review processes to enhance the transparency
of scientific literature reviews that support chemical-specific risk assessments to inform
regulatory decision making (NRC, 2011). The NRC defines systematic review as “a scientific
investigation that focuses on a specific question and uses explicit, pre-specified scientific
methods to identify, select, assess, and summarize the findings of similar but separate studies"
(NRC, 2014). Consistent with NRC’s recommendations, EPA’s Office of Chemical Safety and
Pollution Prevention (OCSPP) is currently developing systematic review policies and
procedures. In short, OCSPP employs “fit for purpose” systematic reviews that rely on standard
methods for collecting, evaluating, and integrating the scientific data supporting the agency’s
decisions. The concept of fit for purpose implies that a particular activity or method is suitable
for its intended use. Inherent in this definition is the concept that one size does not fit all
situations and thus flexibility is allowed. However, it is notable that with flexibility comes the
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importance of transparency of documented processes; including the importance of transparency
and clarity in approaches to data collection, evaluation, and integration. These are described
throughout the document with data collection in Sections 2.1.1-2.1.2, evaluation in Sections 3-5,
and integration in Section 6.

As a result, more recent evaluations are starting to reflect this progression in the agency’s
process. Similar to the draft framework for incorporating human epidemiologic and incident
data, systematic review begins with a problem formulation to determine the scope and purpose of
the search. Studies are considered based on their relevance to answer specific questions and
those studies deemed relevant are then further considered for their usefulness in risk assessment.

The agency strives to use high-quality studies when evaluating the hazard potential of pesticidal
chemicals and considers a broad set of data during this process. This includes registrant
generated studies required under FIFRA, as well as peer-reviewed scientific journals and other
sources, such as other governments and academia. A wide range of potential adverse effects are
assessed using acute, subchronic, chronic, and route-specific studies; predominately from studies
with laboratory animals, in addition to epidemiologic and human incident data. All studies are
thoroughly reviewed to ensure appropriate conduct and methodologies are utilized, and that
sufficient data and details are provided. In this way, hazards are identified and potential risks
characterized to ensure that decisions are informed by the best science available.

2.1 Data Collection: Methods & Sources

Data were collected by searching the open literature (Section 2.1.1) and other publicly available
sources (e.g., recent internal reviews, evaluations by other organizations) (Section 2.1.2).
Internal databases were also searched for submitted studies conducted according to Organization
for Economic Cooperation and Development (OECD) test guidelines, OCSPP harmonized test
guidelines, and other pesticide test guidelines (OPP guidelines) (Section 2.1.2).

It should be noted that glyphosate is primarily manufactured as various salts with cations, such as
isopropylamine, ammonium, or sodium. These salts are derivatives of the active substance
glyphosate and increase the solubility of technical-grade glyphosate acid in water. All of these
forms were considered for the current evaluation.

2.1.1 Open Literature Search

As part of the evaluation of the human carcinogenic potential of glyphosate, the literature review
described here uses concepts consistent with fit for purpose systematic review, such as detailed
tracking of search terms and which literature have been included or excluded. The primary goal
of the literature search was to identify relevant and appropriate open literature studies that had
the potential to inform the agency on the human carcinogenic potential of glyphosate. Therefore,
non-mammalian studies were not considered, and several terms were used in the search string in
an attempt to exclude non-mammalian studies.

To obtain literature studies, OPP worked with EPA librarians to conduct searches in PubMed,
Web of Science, and Science Direct. A search was conducted on May 6, 2016 in PubMed and
Web of Science using the following search string to yield 141 and 225 results, respectively:
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((glyphosate OR "1071-83-6" OR roundup OR "N-(Phosphonomethyl)glycine™) AND
(aneuploid* OR chromosom* OR clastogenic* OR "DNA damag*" OR "DNA adduct*" OR
genome* OR genotoxic* OR micronucle* OR cancer* OR carcinogen* OR oncogenic* OR
mutagen* OR cytotoxic* OR tumor* OR tumour* OR malignanc* OR neoplasm* OR *oma))
NOT (fish* OR frog* OR tadpole* OR insect* OR eco* OR amphibian* OR reptil* OR
invertebrate* OR fly OR flies OR aquatic OR bird* OR aqueous OR water OR yeast* OR worm*
OR earthworm* OR bacteria* OR lichen OR resist* OR "herbicide resist™)

Due to differences with using Science Direct, the search string was slightly changed. This search
was also conducted on May 6, 2016 and yielded 459 results:

((glyphosate OR "1071-83-6" OR roundup OR "N-(Phosphonomethyl)glycine™) AND
(aneuploid* OR chromosom* OR clastogenic* OR (DNA pre/2 (damag* OR adduct*)) OR
genome* OR genotoxic* OR micronucle* OR cancer* OR carcinogen* OR oncogenic* OR
mutagen* OR cytotoxic* OR tumor* OR tumour* OR malignanc* OR neoplasm* OR *oma))
AND NOT (eco* OR fish* OR frog* OR tadpole* OR invertebrate* OR bird* OR insect* OR fly
OR flies OR amphibian* OR reptil* OR yeast* OR aquatic OR aqueous OR water OR worm*
OR earthworm* OR bacteria* OR lichen OR resist* OR "herbicide resist”)

After cross-referencing the results obtained from the three open literature searches for duplicates,
a total of 735 individual articles were obtained (Appendix A) and one additional study (Alvarez-
Moya et al., 2014) not identified in the search was added to this list for a total of 736 individual
articles. All of the studies were evaluated to determine if the study would be considered relevant
to the issue of concern (i.e., human carcinogenic potential of glyphosate). Many of the articles
were not considered to be within the scope of the search or not considered relevant in general
(658 articles). Additionally, 27 articles were not appropriate due to the type of article (i.e.,
correspondence, abstract only, not available in English, retraction). Of the 51relevant articles, 42
were used in the current evaluation (31 genotoxicity, 9 epidemiological, and 2 animal
carcinogenicity). Three articles also reported on the potential of glyphosate and its metabolites
to be developed into therapeutic drugs for cancer treatment. The remaining 6 articles evaluated
effects on glyphosate or glyphosate formulations on cellular processes, mostly focusing on
epidermal cells, and were not considered informative for the current evaluation.

2.1.2 Studies Submitted to the Agency

For all pesticides, there are toxicology data requirements that must be submitted to the agency
for registration. These studies, defined under the 40 CFR Part 158 Toxicology Data
Requirements, provide information on a wide range of adverse health outcomes, routes of
exposure, exposure durations, species, and lifestages. They typically follow OECD, OCSPP, or
OPP accepted protocols and guidelines, which ease comparisons across studies and chemicals.
The toxicological databases for glyphosate® were reviewed and all relevant animal, genotoxicity,
and metabolism studies were collected for consideration.

% Glyphosate pesticide chemical (PC) codes: 103601, 103603, 103604, 103605, 103607, 103608, 103613, 128501,
and 417300.
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Several resources were used to ensure all relevant studies were included in the current
evaluation. The list of studies obtained from the toxicological database and the open literature
search were cross-referenced with recent internal reviews (CARC, 2015; S. Recore et al., 2014).
This list was also cross-referenced with review articles from the open literature [Chang and
Delzell (2016), Greim et al. (2015), Kier and Kirkland (2013), Kier (2015), Mink et al. (2012),
Schinasi and Leon (2014), and Williams et al. (2000)]*°. EPA requested studies from registrants
that were not previously available to the EPA. As a result, numerous studies were subsequently
submitted to the agency. Study reports for one animal carcinogenicity study and 17 genotoxicity
studies, were not available to the agency and have been noted in the relevant sections below. For
these studies, data and study summaries provided in Greim et al. (2015) and Kier and Kirkland
(2013) were relied upon for the current evaluation.

2.2 Evaluation of Relevant Studies

Studies submitted to the agency are evaluating based on OECD, OCSPP, or OPP test guideline
requirements to determine whether studies are acceptable for use in risk assessment. In the
current evaluation, animal carcinogenicity, genotoxicity, and metabolism studies located in the
internal databases with access to full study reports were evaluated in this manner. Those
classified as unacceptable were noted and subsequently excluded from the current evaluation.

In order to evaluate open literature studies, criteria described in the OPP guidance for
considering and using open literature toxicity studies to support human health risk assessment
was utilized (U.S. EPA, 2012). This guidance assists OPP scientists in their judgement of the
scientific quality of open literature publications. More specifically, the document discusses how
to screen open literature studies for journal articles/publications that are relevant to risk
assessment, how to review potentially useful journal articles/publications and categorize them as
to their usefulness in risk assessment, and how the studies may be used in the risk assessment.
As with submitted studies, those deemed unacceptable were noted and subsequently excluded
from the current evaluation.

3.0 Data Evaluation of Epidemiology

3.1 Introduction

Epidemiological studies are valuable for risk assessment since they may provide direct evidence
on whether human exposure to a chemical may cause cancer. Studies of high quality and
adequate statistical power are preferable and remove the need to account for extrapolation from
animals to humans or extrapolation from high to low doses. Epidemiological studies can also be
integrated with experimental evidence when determining or clarifying the carcinogenic potential
of a chemical for risk assessment. The key considerations in evaluating epidemiologic studies
are study design, exposure assessment, outcome assessment, confounding control, statistical
analyses, and risk of other bias.

10 All review articles, except Schinasi and Leon (2014), were funded and/or linked to Monsanto Co. or other
registrants.
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OPP routinely evaluates the available epidemiological literature. As part of Registration Review
of glyphosate, an evaluation was initially conducted in 2014 (S. Recore et al., 2014) and
subsequently another evaluation was performed in 2015 (CARC, 2015). The 2015 evaluation
began with the epidemiological studies previously identified in the 2014 evaluation and included
three additional studies that were not included in the 2014 evaluation. These studies were
identified in review articles, included in the evaluation by IARC (2015), or were published since
the 2014 OPP evaluation. Both the 2014 and 2015 OPP evaluations considered the design and
overall quality of the epidemiological studies; however, formal study quality evaluations and
rankings were not conducted. In the current review, all of the studies in the 2015 report, as well
as additional epidemiological articles identified from a comprehensive search and cross-
referencing with available resources as described under Section 2.0, were considered in the
current evaluation, which totaled 58 epidemiological studies. The following sections provide a
description of how epidemiological studies were evaluated for study quality and subsequent
overall rankings, a summary of relevant studies, and a discussion of the overall results.

3.2  Considerations for Study Quality Evaluation and Scope of Assessment

This section summarizes how specific study characteristics were factored into the determination
of a study’s overall quality category. It should be noted that these study quality considerations
are specific to the issue of concern (i.e., carcinogenic potential of glyphosate). These
considerations are considered ‘fit-for-purpose’ under this context and could differ in another
regulatory or scientific context. Although the basic concepts apply broadly, the study quality
considerations are tailored specifically to studies investigating the association between
glyphosate exposure and cancer outcomes. As with all research studies, the design elements of
an epidemiological study have potential impacts on study quality and relevance to the research
question under investigation. Each study was, therefore, judged to be of high, moderate, or low
quality in each of the following six domains affecting study quality: study design, exposure
assessment, outcome assessment, confounder control, statistical analysis, and susceptibility to
bias (See Section 3.2.1 for general considerations under each domain). A similar approach was
recently used by OPP for the evaluation of epidemiological studies for organophosphate
pesticides (A. Lowit et al., 2015).

Primary literature and associated meta-analyses evaluating the association between glyphosate
exposure and a cancer outcome were the focus of this analysis. Reviews were only used to
identify individual studies that should be considered for study evaluation. Commentaries,
correspondence, and letters to the editor without original data were excluded. Of the relevant
studies identified, studies with the most complete analyses utilizing the greatest number of cases
and controls (e.g., pooled case-control studies) were evaluated for ranking (see Appendix B for
visual representation of these studies). If studies did not collect exposure information on
glyphosate from individual subjects, did not assess an outcome (e.g., biomonitoring studies),
and/or did not provide a quantitative measure of an association between glyphosate and a cancer
outcome, then these studies were assigned a low quality ranking and were not further evaluated
in detail (see Figure 3.1). A similar process was used by JMPR for their identification of
epidemiological studies for evaluating the carcinogenic potential of glyphosate and two other
pesticides (JMPR, 2016).
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| Articles collected from literature search, cited in review papers, and/or included in recent decisions |

Y

Yes
| Is the study a review article, commentary, correspondence, or letter to the editor without original data? |—’| Not included in study quality ranking evaluation

No
‘L No Not included in study quality ranking
| Is it the study with the most complete analyses utilizing the greatest number of cases and controls? l—b . . .
evaluation; noted in evaluation table
L Yes
3 No . . .
Assigned low quality ranking. Further
| Does the study assess a cancer outcome? I—' evaluation in detail not conducted
Yes
: No Assigned low quality ranking. Further
| Does the study collect exposure information on glyphosate from individual subjects? }—P evaluation in detail not conducted
l Yes
Does the study evaluate glyphosate exposure and a cancer outcome individually for a potential quantitative No Assigned low quality ranking. Further
—>
measure of association? evaluation in detail not conducted

Yes
'

| Detailed evaluation conducted to assign quality ranking

Figure 3.1. Study evaluation process for epidemiological studies.

3.2.1 Study Designs

In judging an individual study’s contribution to the strength of evidence in the epidemiologic
literature base, the following general hierarchy of observational study designs was considered
(from most to least preferred): prospective cohort study (including nested case-control studies),
case-control study, and cross-sectional study. It is important to note, however, that this hierarchy
of study designs reflects the potential for the collection of high quality information (related to
exposure, outcome, confounders, and effect modifiers) and potential for efficient and valid
estimation of the true association. Thus, in deliberating on quality, care has been taken to
consider the circumstances and particulars of each individual study to consider whether the study
was well conducted independent of the type of study design.

The study designs used in the epidemiological literature reviewed were analytical and descriptive
studies. Cohort and case-control study designs are analytical studies used to evaluate relative
incidence of health and disease outcomes by exposure status. Cross-sectional and ecological
studies are generally considered descriptive or hypothesis-generating study designs; however,
they can also be used to test hypotheses regarding prevalence of health outcomes and, under
certain conditions, incidence as well.

Table 3.1. Epidemiological Study Quality Considerations®.
Parameter High Score Moderate Score Low Score

Study Design Cohort Case-control Cross-sectional/Ecological
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Table 3.1. Epidemiological Study Quality Considerations®.

Parameter High Score Moderate Score Low Score

Low-quality questionnaire
and/or interview; information

. . Questionnaire and/or collected for groups of
Questionnaire and/or . . - .
. . interview for chemical- chemicals rather than
interview answered by iy . N
Exposure Assessment . . specific exposure answered | chemical-specific; no
subjects for chemical- - . e
o by subjects or proxy chemical-specific exposure
specific exposure 0N . . s
individuals information collected;

ever/never use of pesticides
in general evaluated

State or National registries,

physicians, and/or special State or National registries,

surveillance programs with physicians, and/or special No outcome evaluated:;

cases verified by surveillance programs unclear/no consideration for

histopathological evaluation | without histopathological whether prevalent or incident
Outcome Assessment ) . e . ; .

for tumors; appropriate verification for tumors; cases are appropriate;

consideration of prevalent vs. | analysis by assays that are | biomarker methods not

incident cases; analysis by less specific for biomarkers | validated

valid method specific for of interest

biomarkers

Good control for important
confounders related to
cancer, standard
confounders, and known

Moderately good control
for confounders related to

confounders for alvohosate cancer; standard variables
giyp accounted for and; attempt

and cancer outcomes (e.g., No adjustments for
. to control for known
exposure to multiple . confounders
e confounders via a less
pesticides) through study

. . efficient measure of co-
design or analytic control exposure (e.., ever/never
with well measured co- P -G

Confounder Control

. . use)

exposures (i.e., cumulative

exposure)

Appropriate to stud . .

PProp udy Minimal attention to
question and design, S
) Acceptable methods, statistical analyses, sample
. supported by relatively . . ;
Statistical Analyses - lower/questionable study size evidently low,
adequate sample size, .
power comparison not performed or

maximal use of data,

reported well described clearly

Other sources of bias Major study biases present,

Major sources of other present, acknowledged but unacknowledaed or
potential biases not likely not addressed in study, unaddressed i?1 studv. cannot
present, present but analyzed, | may influence magnitude exclude other ex Iazc:;\tion for
Risk of (Other) Bias unlikely to influence but not direction of T P!
; o . : study findings, evidence of
magnitude and direction of estimate, evidence of . . S
. . e selection bias with high
effect estimate, no/low potential selection bias otential to impact effect
potential of selection bias with low impact on effect pot P
estimate estimate

2 Overall study quality ranking based on comprehensive assessment across the parameters.

3.2.1.1 Analytical Studies

(1) Cohort Study
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In a typical cohort study, such as the Agricultural Health Study (AHS), individuals are classified
according to exposure status (i.e., presence, absence, or magnitude of exposure) and then
followed over time to quantify and compare the development (i.e., incidence) of the health
outcome of interest by exposure group. Conceptually, the non-exposed comparison group in a
cohort study provides an estimate of the incidence of the outcome among the exposed, had they,
counter-to-fact, not been exposed. Apart from chance variations, a valid cohort study comparing
exposed individuals to non-exposed individuals provides an estimate of the relative risk (or rate)
of the disease associated with exposure. Ideally, the exposed and non-exposed groups are
exchangeable, in the sense that switching the exposed to non-exposed, and non-exposed to
exposed would yield the same measure of association (e.g., relative risk). If this were the case
then, apart from chance, a cohort study would yield a measure of association equivalent to that
produced in a corresponding (intervention) study where exposure status was randomly assigned.

The chief advantage of the cohort study design is that it affords the investigator the opportunity
to avoid and/or adjust for potential biases (i.e., selection bias, information bias, and
confounding); however, these biases may also be avoided in other well-designed study designs,
such as a case-control study. Cohort studies also allow for discernment of the chronological
relationship between exposure and outcome, and can be particularly efficient for studying
uncommon exposures. The primary disadvantage of the cohort study design is logistical
inefficiency with respect to the necessary time, expense, and other resources needed to conduct
them. Cohort studies are particularly inefficient for evaluating associations with rare outcomes
and diseases with long induction or latency periods. Case-control studies that are nested within a
cohort study (nested case-control studies) share the attributes of the cohort study and may be
more efficient. However, when follow-up throughout the study period is incomplete, the
potential for selection bias is increased, especially if follow-up rates are related to exposure
status.

Two sub-categories of cohort studies — prospective and retrospective — are often applied to
distinguish between studies in which the health outcome has occurred (retrospective study), or
has not occurred (prospective study) at the time the investigators initiate the study. This
distinction is important primarily as it pertains to the potential differences in the quality (e.g.,
completeness, accuracy, and precision) of information that can be ascertained by the
investigators, and also as it relates to potential sources of bias. Although not always true, the
prospective study design is considered the preferable of the two, as investigators can potentially
have more choices in determining how exposure, outcome, and covariate information is
collected. In a retrospective study conducted to evaluate the same hypothesis, by contrast, the
investigators would have to rely on exposure information based on self-reporting or historical
records. Such reporting is subject to (human) errors in recall, however when such errors are
uncorrelated with disease state, there can be a bias towards the null due to random exposure
measurement error (information bias) and only when such errors are correlated with the disease
state can there be bias away from the null.

(2) Case-Control Study

In a typical case-control study, individuals are classified according to their outcome status (i.e.,
cases who have developed the outcome of interest, and controls who represent the population
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from which the cases arise). The relative odds of exposure are then compared between cases and
controls. The primary advantage of case-control studies is that they are logistically efficient
relative to cohort studies, often being conducted at a fraction of the cost and in a fraction of the
time as a corresponding cohort study. Case-control studies can be used to examine associations
between multiple exposures and a given health outcome. They are particularly efficient for
evaluating rare outcomes, but are inefficient for studying uncommon exposures. An important
point to evaluate in each case-control study is the potential for selection bias, which arises if the
exposure distribution among the control subjects is not representative of the exposure
distribution among the population that gave rise to the cases. When participation rates between
cases and controls are low or distinctly imbalanced, the potential for selection bias is increased,
especially if participation rates are related to exposure status. Case-control studies that rely on
self-reported exposure measures are also potentially susceptible to information bias which could
result in bias towards the null or away from the null.

3.2.1.2 Descriptive Studies

Cross-sectional studies are used to evaluate associations between exposure and outcome
prevalence in a population at a single point in (or period of) time. The primary advantage of a
cross-sectional study is logistical efficiency. They are relatively quick and inexpensive to
conduct, as a long period of follow-up is not required, and exposure and outcome assessments
occur simultaneously. Cross-sectional studies have three primary potential disadvantages: 1)
potential difficulty in discerning the temporal relationships (i.e., whether the exposure precedes
the outcome); 2) estimating outcome prevalence rather than incidence of the outcome; and 3) the
possible overrepresentation of cases of the outcome with long duration relative to the average in
the population, and often with a better prognosis.

Ecological studies are used to evaluate associations between exposures and outcomes using
population-level rather than individual-level data. The primary advantages of ecological studies
are related to logistical efficiency, as they often rely on pre-existing data sources and require no
individual-level exposure, outcome, or covariate assessments. The primary weakness of the
ecologic study is the potential for confounding and resultant inappropriate extrapolation of
associations observed on the aggregate-level to associations on an individual level. The
discrepancy that associations observed at the population level are not observed at the individual
level is referred to as the ecological fallacy. Semi-ecological studies are less susceptible to the
ecological fallacy due to incorporation of individual-level data on outcomes and/or confounders.
The quality of these studies depends on the ability of the group exposure data to represent
individual exposure and the research question of interest.

3.2.2 Exposure Measures

As described in Section 3.2 and Figure 3.1, studies assigned a low quality ranking based on an
initial evaluation were not further evaluated in detail. In all of the studies included in the
analysis that were reviewed and ranked for study quality, exposure information was collected
from subjects and/or proxy individuals via questionnaires and/or interviews. These exposure
assessments typically include questions to determine the amount of direct pesticide use or to
collect information on behaviors and conditions associated with pesticide use (e.g., occupation,
tasks). This type of reporting likely misclassifies actual pesticide exposure. If conducted as part

Page 27 of 227



of a prospective exposure assessment, these errors are likely to be non-differential with respect to
the outcome(s) of interest. In a retrospective assessment, the subject or proxy has knowledge of
the outcome; therefore, these errors may be differential or non-differential. Studies that
exclusively used subjects rather than including proxy individuals were considered more reliable
and given a higher weight given that the subjects would have a more accurate recollection of
their own exposure.

3.2.3 Outcome Measures

All of the studies evaluated in detail, except one, utilized state or national cancer registries,
physicians, and/or special surveillance programs to determine outcome status (i.e., subjects with
or without a cancer of interest). In several studies, the cases were also verified by
histopathological evaluation. Overall, outcome measures were relatively consistent across
studies and these assessments are likely to have minimal errors. The remaining study evaluated
in detail (Koureas et al., 2014) assessed oxidative DNA damage rather than a type of cancer. For
this evaluation, the oxidation by-product 8-hydroxydeoxyguanosine (8-OHdG) was measured by
enzyme immunoassay. This type of assay generally exhibits low specificity. More sensitive
quantitative methods are available to analyze genomic DNA for 8-OHdG by high-performance
liquid chromatography (HPLC) with electrochemical detection, gas chromatography-mass
spectrometry (GC-MS), and HPLC tandem mass spectrometry. Consideration of incident or
prevalent cases should also be carried out. By using only incident cases, there is greater
confidence that exposures occurred prior to the development of the outcomes. Inclusion of
prevalent cases can lead to an over-representation of cases with a long course of disease.

3.2.4 Confounding

The degree to which confounders were controlled varied across studies. Some studies adjusted
for particular medical variables, while others did not. Some standard variables, such as age,
geographical location, and sex, were either adjusted for analytically or by matching in case-
control studies. Several studies collected information on potential confounders; however, not all
of these variables were evaluated or results of the evaluation were not reported. The direction
and magnitude for confounders are, in general, difficult to determine because they are dependent
upon the relationship of each confounding factor with glyphosate and the cancer under
investigation. Several studies considered the potential for confounding from co-exposure to
other pesticides; however, only a few reported effect estimates between glyphosate exposure and
cancer risk adjusted for the use of other pesticides. Given most people in the epidemiological
studies who use pesticides occupationally will be exposed to multiple pesticides and, in some
instances, those other pesticides were observed to be risk factors for the same cancer, this is a
particularly important concern to address in either the study design or in the statistical analyses.
Across numerous studies, co-exposures to other pesticides was found to be positively correlated
with exposure to glyphosate and exposure to those other pesticides appear to increase the risk of
some cancers. As a result, the direction of confounding would be to inflate any true effect of
glyphosate in the absence of statistical control. This underlines the importance of controlling for
co-exposures to other pesticides.

For NHL, other potential confounders, such as exposure to diesel exhaust fumes, solvents,
ultraviolet radiation, livestock, and viruses, have been identified. Some of these are more
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plausible than others. For example, occupational exposure to diesel exhaust fumes (e.g.,
McDuffie et al., 2002; Karunanayake et al. 2008; Baris et al. 2001; Maizlish et al. 1998) and
solvents (Wang et al., 2009; Kato et al., 2005; Olsson and Brandt, 1988) are considered likely to
increase the risk of NHL. Agricultural workers are exposed to diesel fumes when using
agricultural vehicles when applying pesticides, such as glyphosate, and when using heavy
equipment during mixing, loading, and/or applying pesticides. Agricultural workers are also
exposed to solvents. Solvents are often used in pesticide products to aid the delivery of the
active ingredient and enhance efficacy. Solvents are also used for cleaning and
maintenance/repair of agricultural equipment used for mixing, loading, and/or applying
pesticides. With an association between exposure and outcome of interest, it is reasonable to
consider diesel exhaust fumes and solvents as probable confounders; however, neither of these
factors were accounted for in any of the studies evaluated in detail. There is also evidence that
ultraviolet (UV) radiation may increase the risk of NHL (Karipidis et al., 2007; Zhang et al.,
2007). As aresult, there is a support that UV radiation is also a potential confounder given the
extended amount of time agricultural workers spend outside performing activities, including
those associated with pesticide use. This was also not accounted for in any of the studies
evaluated in detail.

3.2.5 Statistical Analyses

Statistical analyses that were appropriate to the study question and study design, supported by
adequate sample size, maximized the use of available data, and were well characterized in the
report were weighted most highly. Acceptable statistical methods, questionable study power,
and analytical choices that resulted in the loss of information were given moderate weight.
Reports with only minimal attention paid to the conduct and reporting of the statistical analyses
were given the lowest weight.

3.2.6 Risk of Bias

The internal validity of the studies reviewed was judged by noting the design strategies and
analytic methods used in each study to constrain or eliminate selection bias, information bias,
and confounding. Selection bias can occur when the sampling of the population by the
investigator yields a study population that is not representative of the exposure and outcome
distributions in the population sampled. Put simply, selection bias occurs if selection of the
study sample yields a different estimate of the measure of association than that which would
have been obtained had the entire target population been evaluated. Although there are
numerous sources of selection bias, there are several mechanisms that may have induced
selection bias in the studies reviewed: low participation rates of eligible individuals due to non-
responsiveness or refusal (self-selection bias); loss to follow-up (i.e., failure to retain all study
participants initially enrolled in the study); and, in a case-control study, control selection bias
arising because the exposure distribution in the control sample does not represent the exposure
distribution of the study base (i.e., the population that gave rise to the cases or more formally, the
person-time experience of that population).

Information bias (also referred to as observation bias) arises when study participants are
incorrectly categorized with respect to their exposure or outcome status, or when errors arise in
the measurement of exposure or outcome, in the case of continuously distributed measures.
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Epidemiologists often distinguish between two mechanisms or types of misclassification — those
that are non-differential (or random) and those that are differential (non-random). Non-
differential misclassification of exposure (or non-differential exposure measurement error)
occurs when the probability or magnitude of error in the classification or measurement of
exposure is independent of the outcome status of the study participants. Non-differential
exposure measurement error typically results in a bias towards the null which may obscure any
true effect of the exposure of interest. Similarly, non-differential misclassification of outcome
(or outcome measurement error) occurs when the probability or magnitude of error in the
assignment of outcome status or level is independent of exposure status. Non-differential
outcome measurement error typically does not cause bias but does decrease the precision of
effect estimates and therein inflates the width of confidence intervals. In contrast, differential
exposure misclassification (or measurement error) occurs when the error in the exposure
assignment is not independent of the outcome status. The mechanisms that cause non-
differential misclassification in the currently reviewed literature include random errors in
exposure recall from subjects or proxy respondents. The mechanisms that could induce
differential misclassification include recall bias and interviewer/observer bias. Note that
mismeasurement of confounders can result in residual confounding of the association of interest,
even when adjustment for that confounder has been conducted in the analysis.

Studies in which major sources of potential biases were not likely to be present, studies in which
potential sources of bias were present, but effectively addressed and analyzed to maximize the
study validity, and studies in which sources of bias were unlikely to influence the magnitude and
direction of the effect estimate were given more weight than studies where sources of bias may
be present, but not addressed in the study.

3.3  Review of Quality Results

Each study was judged to be of high, moderate, or low quality in each of the six domains
affecting study quality, as discussed above and in Table 3.1. The results of the quality
assessment are presented separately for each group below. The quality rankings presented are
specific to the current evaluation of the carcinogenic potential of glyphosate. As noted above
and in Table 3.2, several studies were not included in the ranking evaluation because they did not
represent the most complete analysis. Rather, the subjects were included in a larger analysis
(e.g., pooled case-control study) to produce a greater number of cases and controls (see
Appendix B for visual representation of these studies). For example, Cantor et al. (1992) was
not individually evaluated for ranking because the data from this study were pooled with data
from other studies in De Roos et al. (2003), which was included.

3.3.1 “High” Quality Group

Three studies were given a high quality ranking: De Roos et al. (2005), Eriksson et al. (2008),
and Koutros et al. (2013).

De Roos et al. (2005) was the only cohort study available for ranking. This prospective cohort
study evaluated associations between various pesticide exposures, including glyphosate, and
cancer incidence for numerous solid and non-solid tumors in the AHS. The aim of the AHS is to
evaluate the role of agricultural exposures in the development of cancer and other diseases in the
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farming community. AHS recruited 52,934 licensed private pesticide applicators along with
32,345 of their spouses between 1993 and 1997. In the first two phases of the study, the cohort
also included 4,916 commercial pesticide applicators from lowa. As a prospective analysis of
the AHS cohort, information was obtained from exposed subjects at enrollment and no proxies
were necessary. Exposure was evaluated as ever/never use, cumulative lifetime exposure, and
intensity-weighted cumulative exposure. Due to the study design, the potential for many biases
were reduced. Additionally, the study adjusted and/or considered numerous factors, including
use of other pesticides. Study participants provided detailed pesticide exposure information prior
to enrollment in the study and this information has been incorporated into the study evaluation
by determining tertile cut points and calculating effect estimates by comparing to the lowest
tertile. Additional evaluations with quartiles and quintiles were performed for cancers with
elevated effect estimates in the study and for NHL.

Eriksson et al. (2008) was a population-based case-control study that recruited a consecutive
series of incident cases of NHL in several regions of Sweden from physicians treating lymphoma
within specified health service areas. Cases were verified pathologically and matched to
randomly selected controls from the national population registry by age, sex and health service
area. Exposure information was collected from exposed individuals (i.e., no use of proxy
respondents) using a comprehensive questionnaire including a total work history with in depth
questions about exposures to pesticides, solvents, and other chemicals. Interviewers were
blinded to case/control status. The study only reported minimal demographic information on
subjects (age and sex) and a table with subject characteristics (e.g., smoking status, alcohol
intake, physical activity, education) that could potentially be used to adjust effect estimates was
not provided. Glyphosate exposure was reported in 29 cases and 18 controls during the study
period. Multivariate analyses were adjusted for co-exposure to different agents, including
MCPA, “2,4,5-Y and/or 2,4-D”, mercurial seed dressing, arsenic, creosote, and tar. An analysis
for a potential exposure-response relationship was also conducted; however, it was not clear
whether this analysis controlled for co-exposure to other pesticides based on the statistical
methods description. The number of cases and controls were also not reported for this analysis.

Koutros et al. (2013) was a nested case-control study within the AHS that evaluated the
association between pesticide use and prostate cancer. Exposure information was collected from
exposed subjects (no proxies necessary) through the enrollment questionnaires, as well as in a
follow-up questionnaire administered 5 years after enrollment. This study evaluated the
association between glyphosate and prostate cancer diagnoses from enrollment (1993-1997)
through 2007 resulting in a longer follow-up time than many of the other case-control studies
that utilized AHS subjects. The study used lifetime cumulative exposure and intensity-weighted
cumulative exposure metrics. Analyses were also conducted using unlagged exposure and 15-
year lagged exposure, which excluded the most recent 15 years of exposure for both exposure
metrics. Although the effect estimate reported for glyphosate in this study was not adjusted for
co-exposure to other pesticides, additional analyses were not considered necessary since there
was no association observed.

3.3.2 “Moderate” Quality Group
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Twenty-one case-control studies were assigned a moderate quality rating (Table 3.2). In general,
these studies share many study design characteristics. Exposure information was collected from
subjects and/or proxy individuals, the outcome measurement(s) utilized state/national registries
and surveillance programs, appropriate statistical analyses were performed, some covariates but
maybe not all relevant covariates were evaluated and/or considered, and risks of bias were
minimized to some extent. Sample sizes varied across studies. Case-control studies
investigating solid tumors included study populations in the United States and Canada. For non-
solid tumors, study populations were located in the United States, Canada, Sweden, France,
Germany, Italy, Ireland, Spain, and the Czech Republic. Although several nested case-control
studies shared most of the characteristics of the AHS cohort study, these studies were primarily
given a moderate quality ranking since co-exposure to other pesticides was not accounted for in
the analyses.

3.3.3 “Low” Quality Group

Seven case-control and 27 cross-sectional/ecological studies were assigned a low quality
ranking. All of these studies, except one case-control study (Cocco et al., 2013) and one
descriptive study (Koureas et al., 2014), were not subjected to a detailed evaluation because they
did not report a quantitative measure of an association between glyphosate exposure and a cancer
outcome, did not collect information on glyphosate exposure from all subjects, and/or did not
evaluate risk to a cancer outcome (Appendix D). In many instances, effect estimates were
reported only for total pesticide exposure. Additionally, exposure was assumed and glyphosate-
specific exposure information was not collected. In other studies, the aim of the study was to
assess exposure methods for epidemiological studies and/or to evaluate the impact of exposure
misclassification; therefore, there was no evaluation of a cancer outcome.

It should be noted that some of the studies assigned a low quality ranking in the current
evaluation were included in the recent evaluation by IARC. There were a number of descriptive
studies that evaluated the genotoxicity in human populations; however, these studies did not
meet the criteria for inclusion in the ranking as described in Section 3.2 and Figure 3.1. In most
instances, these studies reported effect estimates for total pesticide exposure and/or assumed
glyphosate exposure without collecting glyphosate-specific exposure information. For case-
control studies, Cocco et al. (2013), Dennis et al. (2010) and Ruder et al. (2004) were included in
the 2015 IARC evaluation, but were not considered informative in the current evaluation.

Detailed evaluations were not performed in the current evaluation for Dennis et al. (2010) and
Ruder et al. (2004) because a quantitative measure of an association between glyphosate and a
cancer outcome was not reported. Cocco et al. (2013) received a detailed evaluation and was
assigned a low quality ranking. This case-control study, which evaluated lymphoma risk across
six European countries, was not considered informative due to a combination of numerous
limitations in the study. The power of the study was low with only four cases and two controls
exposed to glyphosate. Control ascertainment was not consistent across countries, with a mix of
hospital- and population-based controls used. The overall participation rate for population-based
controls was found to be much lower than the overall participation rates of the cases or hospital-
based controls. Lastly, the study was limited to ever/never use of glyphosate and did not control
for confounders, in particular exposure to other pesticides. Although this study was included in
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the IARC evaluation, IARC also stated that the study had very limited power to assess the effects
of glyphosate on risk of NHL.

The other study subjected to a detailed evaluation and assigned a low quality ranking was
Koureas et al. (2014). This cross-sectional study evaluated the association between glyphosate
exposure and oxidative DNA damage in 80 Greek pesticide sprayers. Although the study
reported a non-statistically significant effect estimate for glyphosate, it is limited in its ability to
contribute to the overall evaluation of the carcinogenic potential of glyphosate. The effect
estimate was not adjusted for any standard covariates or potential confounders, including co-
exposure to other pesticides. The power of the study was questionable. There were 80 subjects,
but the number exposed to glyphosate was not reported. The outcome is measured using an
immunoassay that is less specific for measuring the biomarker of interest than other available
analytical methods. Lastly, the study evaluates primary DNA damage, but does not measure the
consequence of genetic damage. An increase in oxidative DNA damage may lead to cell death
or initiate DNA repair rather than lead to a mutation.

Due to the limitations in the studies assigned a low quality ranking, they do not provide reliable
information to evaluate associations between glyphosate exposure and cancer outcomes.
Therefore, the remaining sections of this document do not further discuss these studies except to
note when a study is included in meta-analyses.
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Table 3.2. Summary of Study Design Elements Impacting Study Quality Assignment and Overall Ranking.

Journal Article Study Design Exposure Assessment Outcome Assessment Confounder Control | Statistical Analyses Risk of (Other) Bias é)a\ﬁ:?r:;
Alavanja et al. (2003) This study was not included in the study quality ranking because the data were used in the updated analysis by Koutros et al. (2013).
Questionnaire answered AdJUS.ted for age,
- smoking, and diabetes
by subjects at study Exposure
for both exposure . T
enrollment followed by metrics as well as misclassification
take-home questionnaire; State cancer regiistries anolicator tvpe particularly for spouses,
examined exposure for - : g . P yP . low response rate to take-
without histopathological | forever/never exposure | Unconditional - .
. Nested Case- glyphosatg as evgr/never, verification; exclusion of | metric logistic regression home questionnaire
Andreotti et al. (2009) and intensity-weighted - - . (40%) but unclear if Moderate
control - subjects with prevalent to obtain OR and
cumulative exposure ; . affected cases and
- - cancer at enrollment; No adjustment for co- 95% CI -
days; spouses either self- controls differently,
S follow-up ~ 9 years exposure to other : L
administered esticides or other insufficient power for
questionnaire (81%) or potential confounders pesticide exposure
telephone interview P - interactions
(19%) (e.g., solvents, diesel
0 fumes, UV radiation)
Adjustment for alcohol
consumption, cigarette
Self-administered years, education level,
questionnaire answered Cancer registry with Eégeo):ﬁjagz’t ?nde Recall bias, use of proxy
by subjects or proxies for | histopathological Ma?i tal statu);paﬁ d for deceased, exposure
Population-based deceased subjects verification; excluded ethnicity not Conditional loistic misclassification,
case-control requesting work history | farmers that worked all hnierty : gisti participation rates cited
Band et al. (2011) - - L significant regression to obtain Moderate
and demographic outside of British ORs and 95% Cls from another study, use
Males only information; use of ajob | Columbia; included No adiustment for co- of cancer patients as
exposure matrix to prostate cancer cases ! controls (excluding lung
estimate exposure to rior to the PSA era exposure to other and unknown cancer)
esticides P P pesticides or other
P potential confounders
(e.g., solvents, diesel
fumes, UV radiation)
In-person interviews State cancer registry Adjusted for vital
using standardized (lowa) and special status, age, state, ever
questionnaire with surveillance network used tobacco daily, Unconditional
Pooled population- | subjects or proxies for including hospitals and close relative with logisti del Il bias:
based case-control | deceased/incapacitated; pathology laboratories lymphopoietic cancer ogistic models to Rgca 1as, Exposure
Brown et al. (1990) ! ' | obtain OR and 95% | misclassification, use of Moderate

Males only

supplementary
questionnaire
administered by
telephone for lowa
subjects to obtain more

(Minnesota); cases
ascertained
retrospectively and
prospectively (2 years
after start of study);

nonfarming job related
to risk of leukemia in
the study, exposure to
substances related to
risk in this study

Cl; questionable pr
power (15 cases)

oxy respondents
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Table 3.2. Summary of Study Design Elements Impacting Study Quality Assignment and Overall Ranking.

Journal Article Study Design Exposure Assessment Outcome Assessment Confounder Control | Statistical Analyses Risk of (Other) Bias é)a\ﬁ:?r:;
detailed information ~26% of cases deceased (benzene, napthalene,
from those indicating or too ill when identified | hair dyes)
pesticide use and ~15% deceased or
too ill at time of No adjustment for co-
interview; exposure to other
histopathological pesticides or other
verification by potential confounders
pathologists (e.g., solvents, diesel
fumes, UV radiation)
State cancer registry Adjusted for vital
(lowa) ascertained status and age;
. . . retrospeqtively and smoking and éducation
In person interviews with | prospectively (2 years
. . evaluated and not
- standardized after start of study); Lo .
Population-based . . btai % of d d found to be significant | Logistic models to Il bias:
case-control ques_tlonpalre toq tain ~26A>9 cases decease obtain OR and 95% R(_eca Ias; exposure
Brown et al. (1993) detailed information on or too ill when identified . . . misclassification, use of Moderate
P No adjustment for co- | CI; questionable
farm activities and use of | and ~15% deceased or proxy respondents
Males only . - . - exposure to other power (11 cases)
pesticides from subjects too ill at time of -
or proxies interview; pesticides or other
P . A potential confounders
h'St.OPathOIOQ'CaI (e.g., solvents, diesel
verlflcatlpn by fumes, UV radiation)
pathologists
Cantor et al. (1992) This study was not included in the study quality ranking because the data were used in the pooled analysis conducted by De Roos et al. (2003).
Carreon et al. (2005) This study was not included in the study quality ranking because the data were used in the pooled analysis conducted by Yiin et al. (2012).
Trained interviewers .
. ) Adjustment for age,
European multi- conducted in person . . .
; - ! sex, education, and Recall bias, selection
center case-control | interviews using o -
. . center. Unconditional bias (low response rate
structured questionnaire Surveillance centers logistic regression for population-based
Hosplta_l-based and answe'red b'y_subjects; 20% of slides from each No adjustment for co- | to obtain ORs and controls and differed
Cocco et al. (2013) population-based those identified as - . Low
) - center reviewed by exposure to other 95% Cls; Low from cases), exposure
(mixed for 2 agricultural worker on . L - AT .
. - L pathologist pesticides or other power (4 cases, 2 misclassification, mix of
countries, only questionnaire given - - -
. - potential confounders | controls) hospital- and population-
hospital-based for | subsequent questions -
L (e.g., solvents, diesel based controls,
the rest) about pesticide use, -
fumes, UV radiation)
crops, etc.
Population-based Interviews with subjects | State cancer registries Adjustment for age, Recall bias, exposure
case-control or proxy for deceased (one state chose a study site, and other Logistic regression misclassification, , use of
De Roos et all. (2003) subjects. Different random sample, other pesticides. and hierarchical proxy for deceased, , Moderate

Males only

Pooled analysis of

interview techniques
across states. One study
collected information on

states chose all cases),
surveillance programs,
and hospitals without

First degree relative
with haematopoietic

regression to obtain
ORs and 95% Cls

varying quality of
questionnaire/interview
techniques across studies
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Table 3.2. Summary of Study Design Elements Impacting Study Quality Assignment and Overall Ranking.

Journal Article Study Design Exposure Assessment Outcome Assessment Confounder Control | Statistical Analyses Risk of (Other) Bias é)a\ﬁ:?r:;
Cantor et al., 1992; | pesticide use and then histopathological cancer, education, and
Hoar et al., 1986; followed-up with verification smoking not found to
Zahm et al., 1990 questions on selected be important
specific pesticides, confounders.
another study had a
direct question about a No adjustment for
selected list of specific other potential
pesticides, and the last confounders (e.g.,
study used an open ended solvents, diesel fumes,
question without UV radiation)
prompting for specific
pesticides
Adjustment for state of
residence, age,
Questionnaire answered education, smoking
by subjects at enrollment history, alcohol .
: - . Major sources of
and with subsequent consumption, family Se .
- . _ - potential biases unlikely,
. take-home questionnaire; | State cancer registries history of cancer, use . . .
Prospective cohort examined exposure as without histopathological | of other common Poisson regression potential exposure
De Roos et al. (2005) (licensed pesticide P : nout histop 9 : to obtain RRs and misclassification due to High
. ever/never, cumulative verification; follow-up pesticides .
applicators) e 95% Cls any changes in exposure
lifetime days, and ~7 years .
- . . . since enrollment, follow-
intensity-weighted No adjustment for . -
f : up period may be limited
cumulative exposure other potential
days confounders (e.g.,
solvents, diesel fumes,
UV radiation)
Adjusted for age, race
and state.
Take-home questionnaire Exposure
from spouses of enrolled Evaluated BMI, age at _ EXposure
. . . misclassification,
applicators used to obtain menarche, parity, age exposure to other
farm exposures, general N at first birth, xp
Nested case- - . State cancer registries - . pesticides (however no
health information, and | ; . . menopausal status, age | Poisson regression S
control - identifying malignant . . association observed),
Engel et al. (2005) reproductive health . at menopause, family to obtain RRs and - - Moderate
: ; - breast cancer, ~5 years - lack of information on
history; Information . history of breast 95% Cls -
Females only average follow-up time length of marriage could

obtained from applicators
used as measure of
possible indirect
exposure to spouses

cancer, physical
activity, smoking,
alcohol consumption,
fruit and vegetable
consumption and
education but none

result in overestimating
exposure based on
husband
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Table 3.2. Summary of Study Design Elements Impacting Study Quality Assignment and Overall Ranking.

Journal Article Study Design Exposure Assessment Outcome Assessment Confounder Control | Statistical Analyses Risk of (Other) Bias é)a\ﬁ:?r:;
found to be significant
No adjustment for co-
exposure to other
pesticides or other
potential confounders
(e.g., solvents, diesel
fumes, UV radiation)
Adjustment for age,
sex, year of Unconditional
. . diagnosis/enrollment, logistic regression
Questionnaire answered SO
o as well as exposure to | and multivariate
by subjects; follow-up by R .
L other pesticides in analyses to obtain
phone if incomplete o . .
. - - multivariate analyses. ORs and 95% Cls; Recall bias, exposure
answers; excluded Physicians treating : i
S Not stated what not clear how misclassification, lack of
. exposures that occurred lymphoma within - L . -
. Population-based - . - adjustments were multivariate was subject demographics/ .
Eriksson et al. (2008) during the same calendar | specified health service . s High
case-control o made for other performed; characteristics (e.g.,

year and year before areas and verified by S - :

: . - pesticides in latency questionable power | smoking, alcohol
diagnosis (cases) or pathologists analyses (29 cases, 18 consumption, race, etc)
enrollment (controls); yses. | ! | ption, '
minimal demographic . contro s); also .
information reported No adjustment other included analysis of

P potential confounders | <10 vs. >10 years
(e.g., solvents, diesel exposure
fumes, UV radiation)
Child’s age at parent’s
enrollment was Logistic regression
Questionnaire answered included in model; to obtain OR and
by applicators at parental age at child’s | 95% CI; calculated Exposure
enrollment; spouses State cancer registry to birth, child’s sex, standardized misclassification, lack of
enrolled through a identify childhood cancer | child’s birth weight, incidence ratios to timing data to determine
questionnaire brought cases (diagnosed from history of parental compare observed if exposure occurred
Nested case- home by applicator; birth through 19 yrs of smoking, paternal number of prior to conception or
Flower et al. (2004) females (applicators and | age) for children of history of cancer, and childhood cancer during pregnancy, Moderate

control

spouses) were asked to
complete a questionnaire
on female and family
health that collected
information on children
born during or after 1975

parents enrolled; hybrid
prospective/retrospective
ascertainment; excluded
female applicators

maternal history of
miscarriage were
evaluated but not
found to be significant
and not included in
model

No adjustment for co-

cases identified to
the expected
number;
low/questionable
power (6 parental
cases, 13 maternal
cases)

exposure to other
pesticides (however no
association observed and
lack of power for
adjustment)

Page 37 of 227




Table 3.2. Summary of Study Design Elements Impacting Study Quality Assignment and Overall Ranking.

Journal Article Study Design Exposure Assessment Outcome Assessment Confounder Control | Statistical Analyses Risk of (Other) Bias é)a\ﬁ:?r:;
exposure to other
pesticides or other
potential confounders
(e.g., solvents, diesel
fumes, UV radiation)
I(-Er;ige)ll and Eriksson This study was not included in the study quality ranking because the data were used in the pooled analysis conducted by Hardell et al. (2002).
Population-based Adjustment for age,
case-control _ _ vital status_,, and county - o
Questionnaire answered (by matching). Conditional logistic
Males only by subjects or proxy for Exposure to other regression to obtain
i ici i 0,
dece_ased subjects to . Registries with peStI'CIde'S n . OR'and' 95% Cl Recall bias, exposure
H . obtain complete working - - multivariate analysis. (univariate and ; o
ardell et al. (2002) Pooled analysis of . histopathological L misclassification, use of Moderate
history and exposure to L multivariate
Hardell and . Lo verification . proxy for deceased
. different chemicals; No adjustment for analyses).
Eriksson 1999 and s . . .
follow-up with interview other potential Questionable power
Nordstrom et al., L
for clarification confounders (e.g., (8 cases/8 controls)
1998 -
solvents, diesel fumes,
UV radiation)
Hohenadel et al. (2011) This study was not included in the study quality ranking because a more complete analysis was conducted by McDuffie et al. (2001).
Adjustment for age,
Questionnaire answered province, selected
by subjects or proxies; medical conditions, .
- S Recall bias, exposure
pesticide use collected family history of . : g
; : _ Unconditional misclassification, control
via detailed telephone Cancer registries or cancer, use of proxy - . -
. h h s . : logistic regression selection based on three
Population-based interview on all hospitals in 6 Canadian respondent, smoking . :
L - - b to obtain OR and different sources
Kachuri et al. (2013) case-control participants V.V'Fh 10+ provinces W'th status 95% CI; trends depending on province of | Moderate
' hours of pesticide use histopathological examinéd usin residence. low
Males only during lifetime and 15% | verification for 36.55% No adjustment for co- . 1ng S
multiple logistic participation rates among
random sample of those of samples exposure to other reqression controls. use of Drox
who did not; exposure pesticides or other 9 ' proxy
e - respondents
based on lifetime potential confounders
exposure to glyphosate (e.g., solvents, diesel
fumes, UV radiation)
Questionnaire answered Cancer registries or Adjusted for age, Recall bias, exposure
. by subjects; pesticide use | hospital in 6 Canadian province of residence, misclassification, control
Population-based ; ; - - L . - -
case-control collected via det_euled provinces wnh and glgnlf_lcant Condltl'onal Ioglst_lc sz_alectlon based on three
Karunanayake et al. (2012) telephone interview on histopathological medical history regression to obtain | different sources Moderate

Males only

all participants with 10+
hours of pesticide use
during lifetime and 15%

verification for 49% of
samples; difficulty
recruiting control

variables

No adjustment for co-

OR and 95% ClI

depending on province of
residence, low
participation rates among
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Table 3.2. Summary of Study Design Elements Impacting Study Quality Assignment and Overall Ranking.

Journal Article Study Design Exposure Assessment Outcome Assessment Confounder Control | Statistical Analyses Risk of (Other) Bias é)a\ﬁ:?r:;
random sample of those participants for older age | exposure to other controls, unable to
who did not; exposure groups pesticides or other evaluate Epstein-barr
based on lifetime potential confounders virus exposure
exposure to glyphosate (e.g., solvents, diesel
fumes, UV radiation)
For univariate, chi-
square test used to
obtain RR and 95%
Genomic DNA extracted Cl; 8-OHdG levels
from peripheral blood No adjustments. In transformed into
samples and oxidation univariate, binary variables Recall bias, did not
by-product 8- occupational exposure, | (categorized as high | control for risk factors
Questionnaire answered hydroxydeoxyguanosine | sex and alcohol and low using the identified as statistically
Koureas et al. (2014) Cross-sectional b . (8-OHdG) was consumption were 75™ percentile cut- significant for univariate | Low
y pesticide sprayers d - o SR . .
etermined by enzyme statistically significant | off); unknown analysis, does not
immunoassay; more while DAP number of exposed measure the consequence
specific methods (HPLC, | concentrations and and unexposed of genetic damage
GC-MS) are available for | smoking were not. cases (questionable
measurement power possible
given total number
of subjects is only
80)
Adjustment for age,
state, race, smoking,
fruit servings, family
Questionnaire answered history of prostate
by subjects at study A cancer, and leisure - .
. - State cancer registries . - L Poisson regression
Nested case- enrollment; examined ith histopatholoaical time physical activity to obtain RRs and
control exposure as cumulative W't. st p. 4 in the winter. . Exposure .
Koutros et al. (2013) lifeti verification; total and 95% Cls; also . e High
ifetime days and agaressive prostate included unlagaed misclassification
Males only intensity-weighted 99 FI) ted No adjustment for co- | d glg :
cumulative exposure cancers evaluate exposure to other vs. 1agged analysts
days pesticides or other
potential confounders
(e.g., solvents, diesel
fumes, UV radiation)
N Questionnaire answered Venous blood collected Adjusted for age and Logistic regression Exposure
ested case- - . : . - . e
control® py subjects at enrollment | from antecubital vein and | education level models to obtain misclassification, control
Landgren et al. (2009) in AHS cohort and analyzed for MGUS; OR and 95% ClI group not from Moderate
Males only subsequent take-home same method as used for | Association with other | comparing to geographical area (used

questionnaire to collect

controls group in

pesticides examined

population-based

control group with
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Table 3.2. Summary of Study Design Elements Impacting Study Quality Assignment and Overall Ranking.

Journal Article Study Design Exposure Assessment Outcome Assessment Confounder Control | Statistical Analyses Risk of (Other) Bias é)a\ﬁ:?r:;
information on 50 Minnesota and not found to be screening study in similar demographics
pesticides; occupational significant so no Olmsted County, from Minnesota)
expoures, medical adjustment performed | Minnesota;
histories, and lifestyle questionable power
factors updated with 5- No adjustment for (27 cases; 11
year follow-up interview; other potential controls)
subjects with prior confounders (e.g.,
history of solvents, diesel fumes,
lymphoproliferative UV radiation)
malignancy excluded

Lee et al. (2004a) This study was not included in the study quality ranking because the data were used in the pooled analysis conducted by De Roos et al. (2003).
Adjusted for age and
sex; evaluated BMI,
smoking, alcohol
consumption,
educational level,
State cancer registry or family history of
review of discharge stomach or esophageal
Subjects or proxies were diagnosis and path_oloqy cancer, respo_ndent Un_condltlonal _
. : - records at 14 hospitals; type, dietary intake of | logistic regression
Population-based interviewed by . ; A . .
; only newly diagnosed particular vitamins and | to obtain OR and Recall bias, exposure
case-control telephone; those . ! . . . ; o
o - cases with confirmed minerals, protein, and 95% Cl; misclassification, use of
Lee et al. (2004b) living/working on a farm - : Moderate
. : . adenocarcinoma of carbohydrates questionable power | proxy respondents,
White males and asked for detailed history - - . -
. stomach or esophagus (included in model if (12 cases for control selection
females only of pesticide use and S .
farming information retained; controls changed value of OR stomach; 12 cases
randomly selected froma | by more than 10%) for esophagus)
prior study conducted in
geographical area No adjustment for co-
exposure to other
pesticides or other
potential confounders
(e.g., solvents, diesel
fumes, UV radiation)
Questionnaire and/or Referral by hospitals or Adjusted for age a”‘?' R‘?“” bl_a_s, exposure
: - - . respondent type; misclassification, large
interview with subject or | through state cancer . -
N L - evaluated history of | Unconditional number of proxy
Population-based proxy mdlwdua_ls to registries W'th. head injury, marital | logistic regression respondents, control
Lee et al. (2005) collect information on histopathological X y Moderate

case-control

use of specific pesticides;
telephone follow-up for
unclear responses

verification; controls
selected from a previous
study

status, education level,

alcohol consumption,
medical history of
diabetes mellitus,

to obtain OR and
95% ClI

selection (historical
control group from
another cancer
evaluation, differences in
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Table 3.2. Summary of Study Design Elements Impacting Study Quality Assignment and Overall Ranking.

Journal Article Study Design Exposure Assessment Outcome Assessment Confounder Control | Statistical Analyses Risk of (Other) Bias é)a\ﬁ:?r:;
dietary intake of a- and exposure time period
B-carotene, and dietary evaluated, needed to add
fiber  (included in younger controls,
model if changed value exposure information
of OR by more than collected for different
10%) time periods for cases vs.
controls)
No adjustment for co-
exposure to other
pesticides or other
potential confounders
(e.g., solvents, diesel
fumes, UV radiation)
Adjustment for age,
smoking, state, total
Questionnaire answered days of pesticide
_by subjects at enrollment State cancer registries application Unconditional E)_(posurt_a L
Nested case- in AHS cohort and without histopathological - multivariate logistic mls_cla35|f|cat|on,_
Lee et al. (2007) subsequent take-home e No adjustment for co- - - limited data on dietary Moderate
control - . verification; follow-up ~ regression to obtain
questionnaire to collect exposure to other factors, NSAID drug use
: - 7 years . OR and 95% CI - :
information on 50 pesticides or other and family cancer history
pesticides potential confounders
(e.g., solvents, diesel
fumes, UV radiation)
Adjustment for age,
. . province, and
Questionnaire answered L .
o s A significant medical
by subjects; pesticide use | Cancer registries or - ] .
; ; A . variables (including :
collected via detailed hospital in 6 Canadian hi - Recall bias, exposure
- . - - istory of cancer in : g
. telephone interview on provinces with . misclassification, control
Population based Il - ith 10 hi hological study participants and Conditional lodisti lection based on th
_ case-control all participants with 10+ istopathologica family history) onditional logistic | selection based on three
McDuffie et al., 2001 hours of pesticide use verification for 84% of ' regression to obtain | different sources Moderate
PR 0 ) . 0 . .
Males only during lifetime and 15% | samples; ascertalpment No adjustment for co- OR and 95% ClI dependlng on province of
random sample of those of cases stopped in each residence, relatively low
. ! - exposure to other S
who did not; exposure province once target - participation rates
e pesticides or other
based on lifetime numbers were reached ial confound
exposure to glyphosate potential confounders
(e.g., solvents, diesel
fumes, UV radiation)
Nordstrom et al., 1998 This study was not included in the study quality ranking because the data were used in the pooled analysis conducted by Hardell et al. (2002).
. Hospital-based Data collection in 2 Hospital catchment area | Adjustment for age, Unconditional Recall bias, exposure
Orsi et al., 2009 Moderate

case-control

stages: 1) self-

with histopathological/

center, and

logistic regression

misclassification,
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Table 3.2. Summary of Study Design Elements Impacting Study Quality Assignment and Overall Ranking.

Journal Article Study Design Exposure Assessment Outcome Assessment Confounder Control | Statistical Analyses Risk of (Other) Bias é)a\ﬁ:?r:;
administered cytological verification socioeconomic to obtain OR and hospital-based controls
Males only questionnaire on category. Education 95% CI.
(occupationally socioeconomic Controls were hospital and housing not found | Questionable power
exposed) characteristics, family based with no prior to impact results. Flu (12 cases/24
medical history, and history of lymphoid immunization, controls)
lifelong residential and neoplasms, excluding previous history of
occupational histories patients with cancer ora | mononucleosis, skin
and more specific disease directly related to | type, smoking, and
information for each job | occupation, smoking or drinking did not
held for at least 6 alcohol abuse (but change results.
months, and 2) face-to- history of any of these Evaluated particular
face interview with did not prevent selection | crops and animal
trained staff (blinded) as a control) husbandry as well.
using standardized
questionnaire No adjustment for co-
exposure to other
pesticides or other
potential confounders
(e.g., solvents, diesel
fumes, UV radiation)
Adjustment for age
Questionnaire answered group, province of
by subjects; pesticide use residence, and .
; ; e . Recall bias, exposure
collected via detailed A statistically significant . . - g
- - Cancer registries or - : Conditional logistic | misclassification, control
. telephone interview on s . medical history - - -
Population-based . - hospitals in 6 Canadian - regression to obtain | selection based on three
all participants with 10+ - - variables . :
case-control S provinces with OR and 95% ClI; different sources
Pahwa et al. (2011) hours of pesticide use - - - . . Moderate
R histopathological . trends examined depending on province of
during lifetime and 15% LA No adjustment for co- . . .
Males only verification for 30% of using multiple residence, low
random sample of those exposure to other 2. . S
. ! samples - logistic regression participation rates among
who did not; exposure pesticides or other controls
based on lifetime potential confounders
exposure to glyphosate (e.g., solvents, diesel
fumes, UV radiation)
Questionnaire answered Adjustment for age Recall bias, exposure
by subjects; pesticide use | Cancer registries or group, province of Conditional logistic | misclassification, control
Population-based collected via detailed hospitals in 6 Canadian residence, and regression to obtain | selection based on three
- i i i i isti ignifi 0, . i
Pahwa et al. (2012) case-control telephone interview on provinces with statistically significant | OR and 95% ClI; different sources Moderate

Males only

all participants with 10+
hours of pesticide use

during lifetime and 15%
random sample of those

histopathological
verification for 36.5% of
samples

medical history
variables

No adjustment for co-

trends examined
using multiple
logistic regression

depending on province of
residence, low
participation rates among
controls
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Table 3.2. Summary of Study Design Elements Impacting Study Quality Assignment and Overall Ranking.

Journal Article Study Design Exposure Assessment Outcome Assessment Confounder Control | Statistical Analyses Risk of (Other) Bias é)a\ﬁ:?r:;
who did not; exposure exposure to other
based on lifetime pesticides or other
exposure to glyphosate potential confounders
(e.g., solvents, diesel
fumes, UV radiation)
Adjustment for age,
Population-based education, sex, and ,
Cases referred by sex, and farm Acknowledge other
case-control - . - S )
Questionnaire and/or physicians or through pesticide exposure Unconditional sources of bias. Recall
B Pooled analysis of interview for chemical- state cancer registries (yes/no) logistic regression blgs, exposure
Yiin et al. (2012) specific exposure with histopathological misclassification, control | Moderate

men with women
analyzed in
Carreon et al.
(2005)

answered by subjects or
proxy individuals

verification; controls
matched within state, but
not county of residence

No adjustment for
other potential
confounders (e.g.,
solvents, diesel fumes,
UV radiation)

to obtain ORs and
95% Cls

selection (low number of
deceased controls
obtained)

2 Mixed methods used in the Landgren et al (2009) study, with cross-sectional study design used to calculate prevalence rates comparing the AHS to a reference population MN.

Pesticide risk estimates (including glyphosate) calculated using nested case-control approach, comparing AHS exposed/unexposed (ever/never) study participants.
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3.4  Assessment of Epidemiological Studies for Relevance to Analysis

Using the criteria summarized in Section 3.2, a total of 58 individual literature studies were

identified in the literature review and were judged as high, moderate, or low quality. Overall, 3
studies, 21 studies, and 34 studies were assigned high, moderate, or low rankings, respectively.
All of the high and moderate quality studies were considered relevant to the current evaluation.

The majority of the studies were case-control studies evaluating a wide-range of cancers in the
United States and Canada. There were several case-control studies from Canada that utilized the
same study population (Kachuri et al., 2013; Karunanayake et al., 2012; McDuffie et al., 2001;
Pahwa et al., 2011; Pahwa et al., 2012). In a similar fashion, numerous studies in the United
States were nested case-control studies, where the AHS cohort served as the source population
for selecting cases and controls (Andreotti et al., 2009; Engel et al., 2005; Flower et al., 2004;
Koutros et al., 2013; Landgren et al., 2009; Lee et al., 2007). In these studies, a subset of the
AHS cohort were selected based on their outcome status for a particular cancer and exposure
information was used from the AHS enrollment questionnaire and/or during follow-up
interviews. Nested case-control studies allow for testing of hypotheses not anticipated when the
cohort was initially assembled. In the AHS prospective cohort study (De Roos et al., 2005),
exposure and demographic information were also obtained from the questionnaires at
enrollment; however, subjects were enrolled prior to developing cancer outcomes of interest.
Subjects were then followed from enrollment to a subsequent time point to determine if subjects
developed cancer outcomes of interest. As such, all available subjects in the cohort are included
in the evaluation of whether there was an association between a risk factor (e.g., glyphosate
exposure) and outcome.

The moderate studies included a varying degree of control for confounding and biases across
studies. As moderate studies, they encompass a combination of strengths and limitations. In
particular, important factors that impacted the quality assessment for these studies included
whether there was control for known confounders, identification of control selection issues,
study power issues, and length of follow-up. As noted previously, most people in these
epidemiological studies used pesticides occupationally and were exposed to multiple pesticides
over their working lifetime. Therefore, exposure to other pesticides is a particularly important
factor to control for and studies that made this adjustment were given more weight than those
that did not. Similarly, control selection issues were noted in a few studies and were given less
weighting than those without control selection issues. The issues ranged from concerns using
hospital-based controls, using different population sources to ascertain controls within the same
study, and appropriateness of using controls ascertained for another research question.
Numerous studies had limited power due to small sample size, which results in large confidence
intervals and reduces the reliability of the results to demonstrate a true association. Studies
demonstrating low or questionable power were therefore given less weighting. Lastly, the length
of follow-up time varied across studies.

3.5  Summary of Relevant Epidemiological Studies

A summary of the relevant studies evaluating the association between glyphosate exposure and
cancer are discussed below. Results of the studies reporting data on glyphosate exposure and
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solid tumors (non-lymphohematopoietic) at various anatomical sites are presented in Table 3.3.
Results of the studies reporting data on glyphosate exposure and non-solid tumors
(lymphohematopoietic) are presented in Table 3.4. For study details, see Table 3.2 above and
Appendix C.

3.5.1 Solid Tumor Cancer Studies
(1) Cancer at Multiple Sites from the AHS Cohort

De Roos et al., (2005) evaluated associations between glyphosate exposure and cancer incidence
of all cancers combined in the AHS cohort study and did not find an association [ever/never use
relative risk ratio (RR) =1.0 with 95% confidence interval (CI) of 0.90-1.2) when adjusting for
age, demographic and lifestyle factors, and exposure to other pesticides]. In addition, De Roos et
al., 2005 evaluated cancer at specific anatomical sites. Along with several nested case-control
studies, no statistical evidence of an association with glyphosate was observed at any specific
anatomical site (Table 3.3). Specifically, AHS researchers reported no evidence of an
association between glyphosate use and cancers of the oral cavity (De Roos et al., 2005), colon
(De Roos et al., 2005; Lee et al., 2007), rectum (De Roos et al., 2005; Lee et al., 2007), lung (De
Roos et al., 2005), kidney (De Roos et al., 2005), bladder (De Roos et al., 2005), pancreas (De
Roos et al., 2005; Andreotti et al., 2009), breast (Engel et al., 2005), prostate (De Roos et al.,
2005; Koutros et al., 2013) or melanoma (De Roos et al., 2005). The adjusted RR or odds ratio
(OR) and 95% CI for these studies are provided in Table 3.3.

(2) Prostate Cancer

In a Canadian population-based study (Band et al., 2011), researchers reported non-statistically
significant elevated odds of prostate cancer in relation to glyphosate use (OR=1.36; 95%
CI=0.83-2.25). There was no adjustment made for exposure to other pesticides. This study
included prostate cancer cases from 1983-1990, prior to the prostate-specific antigen (PSA) era.
Consequently, the study included more advanced tumors before diagnosis. The AHS related
studies (De Roos et al., 2005; Koutros et al., 2013), reflect PSA-era cases (i.e., cases which are
typically identified at an earlier stage in the progression of the disease) and also did not identify
an association with prostate cancer.

(3) Brain (Glioma) Cancer

Lee et al. (2005) investigated the association between brain cancer with farming and agricultural
pesticide use. Matching for age, sex, vital status, and region, study authors reported a non-
significant elevated odds of glioma (OR=1.5; 95% CI=0.7-3.1) in relation to glyphosate use by
male farmers; however, the results were significantly different between those who self-reported
pesticide use (OR=0.4; 95% CI1=0.1-1.6), and for those for whom a proxy respondent was used
(OR=3.1; 95% CI=1.2-8.2), indicating recall bias was a potential factor in this study.
Furthermore, there was no adjustment for co-exposure to other pesticides and issues noted with
control selection.

A population-based case-control study evaluated the risk of brain cancer, specifically, glioma
risk, among men and women participating in the Upper Midwest Health Study (Yiin et al.,
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2012). Using a quantitative measure of pesticide exposure (in contrast to an ever-use metric),
Yiin et al. (2012) observed no statistical evidence of an association with glyphosate with effect
estimates roughly equal to the null value following adjustment for age, education, sex, and use of
other pesticides (home and garden use: OR=0.98; 95% CI=0.67-1.43; non-farm jobs: OR=0.83;
95% C1=0.39-1.73).

(4) Stomach and Esophageal Cancer

In a population-based case-control study in eastern Nebraska, Lee et al. (2004b) investigated
pesticide use and stomach and esophageal adenocarcinomas. There was no association observed
between glyphosate exposure and either stomach cancer (OR=0.8; 95% CI1=0.4-1.5) or
esophageal cancer (OR=0.7; 95% CI1=0.3-1.4) after adjustment for age and sex. No adjustment
was made for exposure to other pesticides.

(5) Soft Tissue Sarcoma

A Canadian case-control study (Pahwa et al., 2011) examined exposure to pesticides and soft
tissue sarcoma and found no relation with the use of glyphosate after adjustment for age,
province of residence, and medical history variables (OR=0.90; 95% CIl= 0.58-1.40); however,
control selection issues were noted, including low response rate and selection from three
different sources depending on the province of residence.

(6) Total Childhood Cancer

Flower et al. (2004), a nested case-control study in the AHS cohort, examined the relation
between parental pesticide use and all pediatric cancers reported to state registries among
children of AHS participants and did not observe a significant association with maternal use
exposure to glyphosate (OR=0.61; 95% Cl= 0.32-1.16) or paternal (prenatal) exposure to
glyphosate (OR=0.84; 95% CIl= 0.35-2.54). The models adjusted for the child’s age at the time
of parents’ enrollment. There was no adjustment for exposure to other pesticides.
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Table 3.3. Summary of Findings: Solid Tumor Cancer Studies

Study

Study Design

Study Location

Exposure Metric

Adjusted Effect Estimate:
RR or OR (95% CI)?

Covariate Adjustments in Analyses

All Cancers Combined

Age, demographic and lifestyle factors, and

Ever/never 1.0 (0.9-1.2) other pesticides?
Cumulative Exposure Days
(by tertlli_(;lat points). 10 Age, demographic and lifestyle factors, and
' other pesticides®
. USA: lowa and 21-56 10(09-1.1)
De Roos et al. (2005) Prospective Cohort North Carolina 57-2,678 1.0(0.9-1.1)
Intensity-Weighted Cumulative Exposure
Days
(by tertile cut points): 1.0 Age, demographic and lifestyle factors, and
0.1-79.5 : other pesticides®
79.6-337.1 o Eggi%
337.2-18,241 T
Lung
) Age, demographic and lifestyle factors, and
Ever/never 0.9 (0.6-1.3) other pesticides?
Cumulative Exposure Days
(by temli czlg points). 10 Age, demographic and lifestyle factors, and
; : other pesticides®
i USA: lowa and 21-56 0.9 (0.5-1.5)
De Roos et al. (2005) Prospective Cohort North Carolina 57-2,678 0.7(04-1.2)
Intensity-Weighted Cumulative Exposure
Days
by tertile cut points): Age, demographic and lifestyle factors, and
1.0
0.1-79.5 : other pesticides®
79.6-337.1 o Eg;ig;
337.2-18,241 T
Oral Cavity
) Age, demographic and lifestyle factors, and
Ever/never 1.0 (0.5-1.8) other pesticides?
Cumulative Exposure Days
(by temli czlg points). 10 Age, demographic and lifestyle factors, and
. - . inidagh
De Roos et al. (2005) Prospective Cohort ﬁiﬁ‘h I(g\z;\:il?ﬂg 21-56 0.8 (0.4-1.7) other pesticides
57-2,678 0.8 (0.4-1.7)
Intensity-Weighted Cumulative Exposure
Days Age, demographic and lifestyle factors, and
(by tertile cut points): 1.0 other pesticides®
0.1-79.5 1.1 (0.5-2.5)
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Table 3.3. Summary of Findings: Solid Tumor Cancer Studies

Study

Study Design

Study Location

Exposure Metric

Adjusted Effect Estimate:
RR or OR (95% CI)?

Covariate Adjustments in Analyses

79.6-337.1 1.0 (0.5-2.3)
337.2-18,241
Kidney
} Age, demographic and lifestyle factors, and
Ever/never 1.6 (0.7-3.8) other pesticides?
Cumulative Exposure Days
(by tertlli_(;lat points). 1.0 Age, demographic and lifestyle factors, and
21.56 0.6 (0'3_1 2) other pesticides®
. USA: lowa and PO
De Roos et al. (2005) Prospective Cohort . 57-2,678 0.7 (0.3-1.6)
North Carolina - - -
Intensity-Weighted Cumulative Exposure
Days
(by tertile cut points): 10 Age, demographic and lifestyle factors, and
0.1-79.5 : other pesticides®
79.6-337.1 o3 Eg;%;
337.2-18,241 T
Bladder
} Age, demographic and lifestyle factors, and
Ever/never 1.5(0.7-3.2) other pesticides?
Cumulative Exposure Days
(by tertlli_(;lat points). 1.0 Age, demographic and lifestyle factors, and
21.56 10 (0'5_1 9) other pesticides®
. USA: lowa and PO
De Roos et al. (2005) Prospective Cohort . 57-2,678 1.2 (0.6-2.2)
North Carolina - - -
Intensity-Weighted Cumulative Exposure
Days
(by tertile cut points): Age, demographic and lifestyle factors, and
1.0
0.1-79.5 : other pesticides®
79.6-337.1 > Eggig;
337.2-18,241 T
Melanoma
Ever/never 1.6 (0.8-3.0) Age, demographic and I'|f'estyble factors, and
other pesticides
Cumulative Exposure Days
. (by tertile cut points): . .
De Roos et al. (2005) Prospective Cohort USA: lowa gnd 1-20 1.0 Age, demographic and I'|f'estyble factors, and
North Carolina 21-56 12 (0.7-2.3) other pesticides
57-2,678 0.9 (0.5-1.8)
Intensity-Weighted Cumulative Exposure Age, demographic and lifestyle factors, and
Days other pesticides”
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Table 3.3. Summary of Findings: Solid Tumor Cancer Studies

Study

Study Design

Study Location

Exposure Metric

Adjusted Effect Estimate:
RR or OR (95% CI)?

Covariate Adjustments in Analyses

(by tertile cut points): 1.0
0.1-79.5 0.6 (0.3-1.1)
79.6-337.1 0.7 (0.3-1.2)
337.2-18,241
Colon
Ever/never 1.4 (08-2.2) Age, demographic and !lfestyt!e factors, and
other pesticides
Cumulative Exposure Days
(by temli Czlg points). 10 Age, demographic and lifestyle factors, and
- ) .
USA: lowa and 21-56 1.4 (0.9-2.4) other pesticides
De Roos et al. (2005) Prospective Cohort : . 57-2,678 0.9 (0.4-1.7)
North Carolina - - -
Intensity-Weighted Cumulative Exposure
Days
(by tertile cut points): 10 Age, demographic and lifestyle factors, and
i ) s
0.1-79.5 0.8 (05-15) other pesticides
79.6-337.1 1.4 (0.8-2.5)
337.2-18,241 T
Lee et al. (2007) Nested Case-Control USA: lowa f?”d Ever/never 1.0 (0.7-1.5) Age, smoking, state,_totz_il days of pesticide
North Carolina application
Rectum
Ever/never 1.3 (0.7-2.3) Age, demographic and I_|f_estyble factors, and
other pesticides
Cumulative Exposure Days
(by temli Czlg points). 10 Age, demographic and lifestyle factors, and
- . inidach
USA: 1owa and 21-56 1.3 (0.7-2.5) other pesticides
De Roos et al. (2005) Prospective Cohort : . 57-2,678 1.1 (0.6-2.3)
North Carolina - - -
Intensity-Weighted Cumulative Exposure
Days
(by tertile cut points): 10 Age, demographic and lifestyle factors, and
_ ' ici b
0.1-79.5 1.0 (05-2.0) other pesticides
79.6-337.1 0.9 (05-19)
337.2-18,241 T
Lee et al. (2007) Nested Case-Control USA: lowa a}nd Ever/never 1.6 (0.9-2.9) Age, smoking, state,_totzjll days of pesticide
North Carolina application
Colorectal
Lee et al. (2007) Nested Case-Control USA: lowa gnd Ever/never 1.2 (0.9-1.6) Age, smoking, state,_totz_il days of pesticide
North Carolina application
Pancreas
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Table 3.3. Summary of Findings: Solid Tumor Cancer Studies

Adjusted Effect Estimate:

Study Study Design Study Location Exposure Metric RR or OR (95% CI)® Covariate Adjustments in Analyses
Ever/never 0.7 (0.3-2.0) Age, demographic and lifestyle factors, and
S other pesticides”
Cumulative Exposure Days
(by tertlli_czlat points): 10 Age, demographic and lifestyle factors, and
21.56 16 (0.6-4 1) other pesticides®
. USA: lowa and AL
De Roos et al. (2005) Prospective Cohort . 57-2,678 1.3 (0.5-3.6)
North Carolina - - -
Intensity-Weighted Cumulative Exposure
Days
(by tertile cut points): 10 Age, demographic and lifestyle factors, and
0.1-79.5 ' other pesticides®
79.6-337.1 (2)2 E(l)(l)igg
337.2-18,241 AT
Ever/never 1.1 (0.6-17) Age group, cigarette smoking, diabetes, and
USA: lowa and R applicator type
Andreotti et al. (2009) Nested Case-Control : . Intensity-Weighted Exposure Days
North Carolina L
(by control median): . i d diab
<184 1.4 (09-3.8) Age group, cigarette smoking, and diabetes
>185 0.5(0.2-1.3)
Prostate
Ever/never 1.1(09-13) Age, demographic and lifestyle factors, and
A other pesticides”
Cumulative Exposure Days
(by tertlli_czlat points). 10 Age, demographic and lifestyle factors, and
21.56 0.9 (0'7_1 1) other pesticides®
. USA: lowa and DI
De Roos et al. (2005) Prospective Cohort . 57-2,678 1.1 (0.9-1.3)
North Carolina - - -
Intensity-Weighted Cumulative Exposure
Days
y tertile cut points): ge, demographic and lifestyle factors, an
(b il ints) 10 Age, d hic and lifestyle f d
0.1-79.5 ' other pesticides®
79.6-337.1 ﬂ Eg'gjgg
337.2-18,241 T

Koutros et al. (2013)¢

Nested Case-Control

USA: lowa and
North Carolina

Intensity-Weighted Cumulative Exposure
Days (by quartile):

Total prostate cancer:
0.91 (0.79-1.06)
0.96 (0.83-1.12)
1.01 (0.87-1.17)
0.99 (0.86-1.15)

Age, state, race, smoking, fruit servings,
family history of prostate cancer, and
leisure time physical activity in the winter
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Table 3.3. Summary of Findings: Solid Tumor Cancer Studies

Study

Study Design

Study Location

Exposure Metric

Adjusted Effect Estimate:
RR or OR (95% CI)2

Covariate Adjustments in Analyses

Intensity-Weighted Cumulative Exposure
Days (by quartile):

Aggressive prostate cancer:

Age, state, race, smoking, fruit servings,

8; 88? Eg;giig; family history of prostate cancer, and
03 1,01 (0.82-1.25) leisure time physical activity in the winter
Q4 0.94 (0.75-1.18)
Canada: British Alcohol consumption, cigarette years,
Band et al. (2011) Case-Control Colu.mbia Ever/never 1.36 (0.83-2.25) education level, pipe years, and respondent
type
Esophagus
Lee et al. (2004b) | Case-Control | USA: Nebraska | Ever/never 0.7 (0.3-1.4) | Age and sex
Stomach
Leeetal. (2004b) | Case-Control | USA: Nebraska | Ever/never 0.8 (0.4-1.5) | Age and sex
Breast
Wives who apply
pesticides:
. 0.9 (0.7-1.1)
Engel et al. (2005) Nested Case-Control USA: lowa and Ever/never Age, race, and state of residence

North Carolina

Wives who never used
pesticides:
1.3 (0.8-1.9)

Soft Tissue Sarcoma

Pahwa et al. (2011)

Case-Control

Canada

Ever/never

0.90 (0.58-1.40)

Age group, province of residence, and
statistically significant medical history
variables

Brain (glioma)

Lee et al. (2005)

Case-Control

USA: Nebraska

Ever/never

Overall:
1.5(0.7-3.1)

Self-reported:

Age for overall analysis; age and

0.4 (0.1-1.6) respondent type for other analyses
Proxy respondents:
3.1(1.2-8.2)
USA: lowa, House/garden use:
o 0.98 (0.67-1.43) .
" Michigan, Age, education, sex, and use of other
Yiin et al. (2012) Case-Control . Ever/never o
Minnesota, and . pesticides
- . Non-farm jobs:
Wisconsin

0.83 (0.39-1.73)

Total Childhood
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Table 3.3. Summary of Findings: Solid Tumor Cancer Studies

Study

Study Design

Study Location

Exposure Metric

Adjusted Effect Estimate:
RR or OR (95% CI)?

Covariate Adjustments in Analyses

Flower et al. (2004)

Nested Case-Control

USA: lowa and
North Carolina

Ever/never

Maternal use:
0.61 (0.32-1.16)

Paternal use:
0.84 (0.35-2.34)

Child’s age at enrollment

@ Some studies report multiple quantitative risk measurements. This table reports the most highly adjusted quantitative measurements.
b De Roos et al. (2005) excluded subjects missing covariate data for demographic and lifestyle factors and exposure to other pesticides; therefore, the number of subjects included
in each analysis varies.

¢ Effect estimates for glyphosate reported in the supplemental web material for Koutros et al. (2013).
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3.5.2 Non-Solid Tumor Cancer Studies
(1) Leukemia

De Roos et al. (2005) reported no association between leukemia and glyphosate-exposed
(ever/never used) pesticide applicators in the AHS cohort. For applicators with the full data set
(54,315), the RR was 1.1 (95% CI1=0.6-2.4) with only adjustment for age. In the fully adjusted
model, the RR was similar (RR=1.0; 95% CI=0.5-1.9). The number of participants included in
the adjusted analysis was lower (n=40,716) due to the exclusion of subjects with missing
covariate data. Effect estimates using cumulative lifetime exposure and intensity-weighted
cumulative exposure were also found to be non-statistically significant and did not demonstrate a
trend with increasing exposure.

In a population-based case-control study in lowa and Minnesota, Brown et al. (1990) did not
observe an association with the ever-use of glyphosate (OR=0.9; 95% CI1=0.5-1.6). A limitation
in the study was the low number of cases exposed to glyphosate (n=15). Adjustments were made
for several covariates, including vital status, age, tobacco use, family history of lymphopoietic
cancer, high risk occupations, and high risk exposures; however, no adjustment was made for
exposure to other pesticides.

Chang and Delzell (2016) conducted a meta-analysis exploring glyphosate exposure and
leukemia using 3 studies (De Roos et al., 2005; Brown et al., 1990; and Kaufman et al., 2009).
12 values were reported, which represented the percentage of the total variance explained by
study heterogeneity and measure inconsistency in results. Larger 12 values indicate greater
inconsistency. A meta-risk ratio of 1.0 (95% C1=0.6-1.5) was obtained with an I value of 0.0%,
indicating consistency across the data sets. It should be noted that this analysis included data
from Kaufman et al. (2009), which is not considered in the current evaluation because it was
assigned a low quality ranking because a quantitative measure of an association between
glyphosate and a cancer outcome was not reported for that study.

(2) Multiple Myeloma

In a follow-up analysis of the study population from lowa and Minnesota used in Brown et al.
(1990), Brown et al. (1993) investigated whether pesticide use was related to multiple myeloma.
Among men in lowa, the authors observed a non-statistically significant elevated association
with glyphosate use (OR=1.7; 95% CI1=0.8-3.6; 11 exposed cases); however, no adjustment was
made for exposure to other pesticides. The authors cautioned that while the study may lend
support to the role of pesticides in general, the study limitations preclude use of the evidence as a
definitive finding for any one compound.

De Roos et al. (2005) reported a suggestive association between multiple myeloma and
glyphosate-exposed pesticide applicators based on 32 multiple myeloma cases observed in the
AHS cohort. For applicators with the full data set, the RR was 1.1 (95% CI1=0.5-2.4) with only
adjustment for age. In the fully adjusted model excluding subjects with missing covariate data,
there was a non-statistically significant elevated risk following adjustment for age, demographic
and lifestyle factors, and exposure to other pesticides (RR=2.6; 95% C1=0.7-9.4). The authors
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postulated that the increased myeloma risk could be due to bias resulting from a selection of
subjects in adjusted analyses that differed from subjects included in unadjusted analyses or may
be due to a confounder or effect modifier that is prevalent among the subgroup and has not been
accounted for in the analyses. When exposure data were also stratified by tertiles with the lowest
tertile of exposure as the referent category, trend analyses were not statistically significant. Non-
statistically significant elevated RRs of 1.9 (95% CI: 0.6-6.3) and 2.1 (95% CI: 0.6-7.0) were
estimated for the highest tertile of both cumulative and intensity-weighted exposure days,
respectively. The study authors did note that small sample size precluded precise estimation
(n=19 for adjusted analyses). When using never exposed as the referent category, the trend
analysis was again non-statistically significant, but the RRs ranged from 2.3 (95% CI: 0.6-8.9) to
4.4 (95% ClI: 1.0-20.2) from the lowest tertile to the highest tertile, respectively. When stratified
by quartiles, a statistically significant trend is achieved and the RR increased to 6.6 (95% CI:
1.4-30.6); however, the authors noted that the cases were sparsely distributed for these analyses.

Sorahan (2015)*! re-analyzed the AHS data reported by De Roos et al. (2005) to examine the
reason for the disparate findings in relation to the use of a full data set versus the restricted data
set. Using Poisson regression, risk ratios were calculated without excluding subjects with
missing covariate data. When adjusted for age and sex, the RR for ever-use of glyphosate was
1.12 (95% CI of 0.5-2.49). Additional adjustment for lifestyle factors and use of other pesticides
did not have a large impact (RR=1.24; 95% CI1=0.52-2.94). The authors concluded that the
disparate findings in De Roos et al. (2005) could be attributed to the use of a restricted dataset
that was unrepresentative.

Landgren et al. (2009), within the AHS study population, also investigated the association
between pesticide use and prevalence of monoclonal gammopathy of undetermined significance
(MGUS). MGUS is considered a pre-clinical marker of multiple myeloma progression. The
authors did not observe an association with glyphosate use and MGUS using subjects from the
AHS cohort (OR=0.50; 95% CI=0.20-1.0). No adjustment was made for exposure to other
pesticides.

In a population-based case-control study (Pahwa et al., 2012) among men in six Canadian
provinces, a non-statistically significant elevated odds of multiple myeloma was reported in
relation to glyphosate use (OR=1.22; 95% CI = 0.77-1.93), based upon 32 glyphosate exposed
multiple myeloma cases and 133 controls. There was no adjustment for exposure to other
pesticides. Kachuri et al. (2013), using the same Canadian study population, further explored
multiple myeloma in relation to days per year that glyphosate was used. Adjustment for
exposure to other pesticides was also not performed in this study. For ever-use, there was a
slight non-statistically significant increased odds ratio (OR=1.19; 95% CI=0.76-1.87). For light
users (>0 and <2 days/year), there was no association (OR=0.72; 95% CI = 0.39-1.32; 15
exposed cases); whereas, for heavy users (>2 days/ year), there was a non-statistically significant
increased odds ratio (OR=2.04; 95% C1=0.98-4.23; 12 exposed cases). Similar results were
obtained when proxy respondents were excluded from the analysis. The low number of cases
and controls exposed to glyphosate, particularly when exposed subjects were divided into light
and heavy users, was a limitation of the study. It would be expected that effect estimates would
be reduced if adjustment for co-exposure to other pesticides had been performed.

1 Funded by Monsanto
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In a hospital-based case-control study conducted by Orsi et al. (2009) in France, 56 multiple
myleoma cases and 313 age- and sex-matched controls were identified. A non-statistically
significant elevated risk was observed (OR=2.4; 95% CI=0.8-7.3; 5 exposed cases and 18
exposed controls). The wide CI range can primarily be attributed to the low number of exposed
cases indicating the analysis is underpowered. Additionally, the study did not adjust for
exposure to multiple pesticides.

Chang and Delzell (2016) conducted a meta-analysis exploring glyphosate exposure and multiple
myeloma using data from the 6 studies described above (Brown et al., 1993; De Roos et al.,
2005; Sorahan, 2015; Pahwa et al., 2012; Kachuri et al., 2013; Orsi et al., 2009). Meta-risk
ratios were obtained using data from each of the 4 independent study populations, such that if a
study population was already represented in the analysis by one study, then the same population
analyzed by another study would not be included (e.g., Sorahan, 2015 and De Roos et al., 2005
could not be used simultaneously in a meta-analysis). The combined meta-risk ratio based on
data from prioritized studies (Brown et al., 1993; Kachuri et al., 2013; Orsi et al., 2009; and
Sorahan, 2015) was 1.4 (95% CI1=1.0-1.9) using random-effects and fixed-effects models and the
12 value = 0.0% indicating consistency across data sets. There was relatively no impact on the
meta-risk ratio and associated 95% CI when secondary analyses were conducted using
alternative estimates for a study population (e.g., substituting the data from Sorahan, 2015 for De
Roos et al., 2005).

(3) Hodgkin Lymphoma

In a Canadian case-control study, Karunanayake et al., (2012) evaluated Hodgkin lymphoma
(HL) and observed no association with glyphosate exposure following adjustment for age,
province of residence, and medical history variables (OR=0.99; 95% CI1=0.62-1.56; 38 cases).
No adjustment was made for exposure to other pesticides.

In a hospital-based case-control study conducted by Orsi et al. (2009) in France, authors
identified 87 HL cases and 265 age-and sex-matched controls. There was a non-statistically
significant elevated odds ratio observed (OR=1.7; 95% CI1=0.6-5.0; 6 exposed cases and 15
exposed controls). The wide CI range can primarily be attributed to the low number of exposed
cases indicating the analysis is underpowered. Also, as noted earlier, this study did not adjust for
exposure to multiple pesticides.

Chang and Delzell (2016) conducted a meta-analysis exploring glyphosate exposure and HL
using data from both of these studies. A meta-risk ratio of 1.1 (95% CI1=0.7-1.6) was obtained
with a 1? value of 0.0%, indicating consistency across the data sets.

(4) Non-Hodgkin Lymphoma
NHL has about 60 subtypes classified by the WHO, which may have etiological differences
(Morton et al., 2014). There are analyses available for particular subtypes of NHL; however,

these are particularly limited by the small sample sizes. As a result, this evaluation only presents
results for total NHL.
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There were six studies available that investigated the association between glyphosate exposure
and NHL, which was the most for any type of cancer. As discussed in Section 3.4, these studies
encompass a combination of strengths and limitations. These studies are therefore discussed in
more detail in this section as compared to discussions of other cancer types in order to highlight
the strengths and identify the limitations for each study.

De Roos et al. (2005) was the only prospective cohort study available; therefore, subjects were
enrolled prior to developing cancer outcomes. Disease status was determined through state
cancer registries. Exposure information was obtained from a large number of licensed pesticide
applicators and no proxies were used. Exposure was evaluated as ever/never use, cumulative
lifetime exposure, and intensity-weighted cumulative exposure. Due to the study design, the
potential for many biases were reduced. Additionally, the study adjusted and/or considered
numerous factors, including use of other pesticides. Median follow-up time was approximately 7
years and a longer follow-up would increase the ability of the study to detect subjects developing
cancer outcomes; however, as discussed in Section 3.3.1, study participants provided exposure
information prior to enrollment and this information was incorporated into the cumulative
lifetime and intensity-weighted cumulative exposure metrics. As a result, the amount of time
exposed was longer than just the follow-up time since enrollment. For applicators with the full
data set, the RR for ever/never use was 1.2 (95% CI=0.7-1.9; 92 cases) with only adjustment for
age. In the fully adjusted model excluding subjects with missing covariate data, the RR was
similar following adjustment for age, demographic and lifestyle factors, and exposure to other
pesticides (RR=1.1; 95% CI1=0.7-1.9). Effect estimates obtained using cumulative lifetime
exposure and intensity-weighted cumulative exposure were below 1 (RR = 0.6-0.9 when
comparing to the lowest tertile).

De Roos et al. (2003) used pooled data from three case-controls studies evaluating NHL in white
males from Nebraska, Kansas, and in lowa and Minnesota (Cantor et al., 1992; Hoar et al., 1986;
Zahm et al., 1990; Appendix B). Exposure information was obtained from exposed individuals
or their next of kin (i.e., proxy respondents) if the subjects were dead or incapacitated; however,
techniques varied across the three studies. There is potential for selection bias due to exclusion
of observations with missing covariate data, but only if the lack of the covariate data was
associated with glyphosate exposure. The effect estimates for the association between
glyphosate exposure and NHL was significant (OR=2.1; 95% C1=1.1-4.0) in the logistic
regression analyses controlling for co-exposure to other pesticides. However, utilizing
alternative hierarchical regression techniques to adjust for co-exposure to other pesticide
exposures, the odds ratio was still elevated, but the increase was not statistically significant
(OR=1.6; 95% CI1=0.90-2.8).

Eriksson et al. (2008) is a Swedish case-control study that used detailed exposure information
from exposed individuals (i.e., no use of proxy respondents), but only minimal demographic
information was provided on subjects (age and sex) and a table with subject characteristics (e.qg.,
smoking status, alcohol intake, physical activity, education) was not provided. Cases were
identified through physicians and verified histopathologically. Glyphosate exposure, which was
reported in 29 cases and 18 controls between 1999 and 2003, produced a statistically significant
increased OR in the univariate analysis (OR=2.02; 95% CI1=1.10-3.71); however, in the
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multivariate analysis adjustments were conducted for co-exposure to different agents including
MCPA, “2,4,5-Y and/or 2,4-D”, mercurial seed dressing, arsenic, creosote, and tar and the OR
reduced to 1.51 (95% CI1=0.77-2.94) and was not statistically significant. Additional analyses
were conducted to investigate the impact of various exposure times. When exposure was for
more than 10 cumulative days (the median number of days among exposed controls), the OR was
2.36 (95% CI1=1.04-5.37; 17 exposed cases) and for exposure less than 10 cumulative days, the
OR was 1.69 (95% CI1=0.7-4.07; 12 exposed cases). By dividing the exposed cases and controls
using this exposure metric, wider Cls were observed indicating reduced power from the smaller
sample sizes. Additionally, these analyses did not account for co-exposure to other pesticides.
Similarly, wider Cls were also observed when exposed cases and controls were divided by a
longer exposure metric. ORs of 1.11 (95% C1=0.24-5.08) and 2.26 (95% CI=1.16-4.40) were
obtained for 1-10 years and >10 years, respectively. It was not clear whether this analysis
controlled for co-exposure to other pesticides based on the statistical methods description and the
subjects for each exposure group were not reported. This finding, while limited to a single study,
suggests that cohort studies without sufficient follow-up time or other case-control studies which
did not stratify by time since first exposure may be less sensitive in detecting risk.

Hardell et al. (2002) used pooled data from two case-control studies in Sweden (Hardell and
Eriksson, 1999; Nordstrom et al., 1998; Appendix B) that examined hairy cell leukemia, a
subtype of NHL, and NHL (not including hairy cell leukemia). Exposure information was
collected from individuals or proxy respondents based on a working history with specific
questions on exposures to different chemicals. Cases were identified from regional cancer
registries and verified histopathologically. In the univariate analysis, risk of NHL associated
with glyphosate exposure was found to be significantly increased (OR=3.04; 95% C1=1.08-
8.52), but when study site, vital status, and co-exposure to other pesticides were considered in
the multivariate analysis, the OR noticeably attenuated and was found to be non-statistically
significant (OR=1.85; 95% CI=0.55-6.20). The wide range of the CI suggests that the analysis
is underpowered (only 8 glyphosate-exposed cases and 8 glyphosate-controls).

McDuffie et al. (2001) is a multicenter population-based study among men of six Canadian
provinces. This case-control study utilized a well-conducted exposure assessment and cases
were ascertained from cancer registries or hospitals in six provinces with histopathological
verification for 84% of the samples. There are concerns with control selection. There was low
control participation (48%) and different sources were used for selecting controls depending on
the province of residence. Effect estimates were obtained using a considerable number of
exposed cases and controls (51 cases and 133 controls); however, the study did not assess co-
exposure to other pesticides. There was a non-statistically significant increased risk of NHL
from glyphosate exposure when adjusting for age and province (OR=1.26; 95% C1=0.87-1.80)
and when adjusting for age, province and medical variables (OR=1.20; 95% CI1=0.83-1.74).
Medical variables found to be statistically significant included history of measles, mumps,
previous cancer, skin-prick allergy tests, allergy desensitization shots, and a positive family
history of cancer in a first-degree relative. It would be expected that effect estimates would
attenuate if control for co-exposure to other pesticides had been performed. Additional analyses
were conducted to investigate differences in exposure time. When exposure was for more than 2
days/year, the OR was 2.12 (95% CI=1.20-3.73; 23 exposed cases and 36 exposed controls)
compared to unexposed subjects and for exposure more than 0 and < 2 days/year, the OR was
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1.00 (95% CI=0.63-1.57; 28 exposed cases and 97 exposed controls) compared to unexposed
subjects.

Orsi et al. (2009) is a French hospital-based case-control study that obtained exposure
information from subjects (no proxies used) using a detailed questionnaire with lifelong
residential and occupational histories followed by a discussion with a trained interviewer who
was blinded to case status. No issues regarding exposure or outcome assessment were identified;
however, there is potential for selection bias given the study utilized hospital-based controls.
The study evaluated several potential confounders; however, it did not assess co-exposure to
other pesticides. There was no association observed between NHL and glyphosate use (OR=1.0;
95% CI1=0.5-2.2; 12 exposed cases and 24 exposed controls). The low number of cases and
controls exposed to glyphosate and lack of adjustment for exposure to multiple pesticides were
limitations of the study.

Schinasi and Leon (2014) conducted a meta-analysis exploring occupational glyphosate exposure
and NHL using data from six of the above mentioned studies (McDuffie et al., 2001; Hardell et
al., 2002; De Roos et al., 2003; De Roos et al., 2005; Eriksson et al., 2008; and Orsi et al.,
2009). Since the authors identified a variety of sources of heterogeneity between publications,
they decided a priori to calculate meta-risk ratio estimates and 95% ClIs using random effect
models, allowing between study heterogeneity to contribute to the variance. 12 values were
reported as a measure of inconsistency in results. For glyphosate, the meta-risk ratio was 1.5
with a 95% CI of 1.1-2.0 and the 1? value was 32.7% indicating relatively low levels of
heterogeneity among these studies. This study combined multiple smaller studies that on their
own were very limited in statistical power.

The 2015 IARC evaluation noted that fully adjusted effect estimates in two of the Swedish
studies (Hardell et al., 2002 and Eriksson et al., 2008) were not used in the analysis conducted
by Schinasi and Leon (2014). Consequently, the IARC Working Group conducted a
reexamination of the results of these studies (IARC 2015). For an association between
glyphosate exposure and NHL, the IARC estimated a meta-risk ratio of 1.3 (95% CI=1.03-1.65,
12=0%; p=0.589 for heterogeneity).

Chang and Delzell (2016) conducted their own meta-analysis exploring glyphosate exposure and
NHL using six independent studies (De Roos et al., 2003; De Roos et al., 2005; Eriksson et al.,
2008; Hardell et al., 2002; McDuffie et al., 2001; and Orsi et al., 2009). A meta-risk ratio of 1.3
(95% Cl=1.0-1.6) was obtained with an 1> value of 0.0%. In a secondary analysis, the De Roos et
al. (2003) OR using hierarchical regression was replaced by the logistic regression OR. This
change had no impact on the meta-risk ratio and associated confidence interval (meta-risk
ratio=1.3; 95% CI=1.0-1.6). In another secondary analysis, the OR from McDuffie et al. (2001)
was replaced by the OR from Hohenadel et al. (2011), which evaluated the same study
population (minus four previously misclassified NHL cases). This analysis also yielded similar
results (meta-risk ratio=1.3; 95% CI=1.0-1.7). A final analysis was performed with the
replacements for both secondary analyses [i.e., logistic regression OR from De Roos et al. (2003)
and OR from Hohenadel et al. (2011)]. The results were relatively the same as the other meta-
analyses (meta-risk ratio=1.4; 95% C1=1.0-1.8). Chang and Delzell (2016) also tested for
publication bias using Egger’s linear regression approach to evaluating funnel plot asymmetry,
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and found no significant asymmetry indicating little evidence of publication bias; however, given
the small sample size (n=6), this analysis would lack power and the results are not considered
meaningful.
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Table 3.4. Summary of Findings: Non-Solid Tumor Cancer Studies.

Adjusted Effec Estimate:

Study Study Design Study Location Exposure Metric RR or OR (95% CI)® Covariate Adjustments in Analyses
Leukemia
Ever/never 1.0 (05-1.9) Age, demographic and I_if_estyble factors, and
other pesticides
Cumulative Exposure Days
(by tertlli_cé%t points). 1.0 Age, demographic and I_if_estyble factors, and
USA: 1owa and 21-56 1.9 (0.8-4.5) other pesticides
De Roos et al. (2005) Prospective Cohort N : . 57-2,678 1.0 (0.4-2.9)
orth Carolina - - -
Intensity-Weighted Cumulative Exposure
Days
(by tertile cut points): Age, demographic and lifestyle factors, and
0.1-79.5 1.0 other pesticides®
79.6-337.1 1.9 (0.8-4.7)
337.2-18,241 0.7 (0.2-2.1)
USA: lowa and Vital status, age, tobacco use, family history
Brown et al. (1990) Case-Control N Ever/never 0.9 (0.5-1.6) of lymphopoietic cancer, high occupations,
Minnesota I
and high risk exposures
Multiple Myeloma
Ever/never 2.6 (0.7-9.4) Age, demographic and I'if'estyble factors, and
other pesticides
Cumulative Exposure Days
(by tertlli_%t points). 10 Age, demographic and I'if'estyble factors, and
USA: lowa and 21-56 1.1(0.4-35) other pesticides
De Roos et al. (2005) Prospective Cohort : . 57-2,678 1.9 (0.6-6.3)
North Carolina - - -
Intensity-Weighted Cumulative Exposure
Days
(by tertile cut points): Age, demographic and lifestyle factors, and
0.1-79.5 1.0 other pesticides®
79.6-337.1 1.2 (0.4-3.8)
337.2-18,241 2.1 (0.6-7.0)
Brown et al. (1993) Case-Control USA: lowa Ever/never 1.7 (0.8-3.6) Age and vital status
Age, province of residence, smoking status,
Ever/never 1.19 (0.76-1.87) selected medical conditions, family history
Kachuri et al. (2013) Case-Control Canada - of cancef, and use 9f a proxy restpondent
Days per year of use: Age, province of residence, smoking status,
0 to <2 days/year 0.72 (0.39-1.32) selected medical conditions, family history
>2 days/year 2.04 (0.98-4.23) of cancer, and use of a proxy respondent
Age group, province of residence, and
Pahwa et al. (2012) Case-Control Canada Ever/never 1.22 (0.77-1.93) statistically significant medical history

variables
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Table 3.4. Summary of Findings: Non-Solid Tumor Cancer Studies.

Study

Study Design

Study Location

Exposure Metric

Adjusted Effec Estimate:
RR or OR (95% CI)?

Covariate Adjustments in Analyses

Orsi et al. (2009)

Case-Control

France

Ever/never

2.4 (0.8-7.3)

Age, centre, and socioeconomic category

Monoclonal Gammopathy of Undetermined Significance (MGUS)

Landgren et al. (2009)

Nested Case-Control

USA: lowa and
North Carolina

Ever/never

0.5 (0.2-1.0)

Age and education

Hodgkin Lymphoma (HL)

Karunanayake et al.

Age group, province of residence, and

Case-Control Canada Ever/never 0.99 (0.62-1.56) statistically significant medical history
(2012) variables
Orsi et al. (2009) Case-Control France Ever/never 1.7 (0.6-5.0) Age, centre, and socioeconomic category
Non-Hodgkin Lymphoma (NHL)
Ever/never 1.1(0.7-19) Age, demographic and !lfestyt!e factors, and
other pesticides
Cumulative Exposure Days
(by temli %t points): 10 Age, demographic and lifestyle factors, and
- ) AN
USA: lowa and 21-56 0.7 (0.4-1.4) other pesticides
De Roos et al. (2005) Prospective Cohort : . 57-2,678 0.9 (0.5-1.6)
North Carolina - - -
Intensity-Weighted Cumulative Exposure
Days
(by tertile cut points): Age, demographic and lifestyle factors, and
0.1-79.5 1.0 other pesticides”
79.6-337.1 0.6 (0.3-1.1)
337.2-18,241 0.8 (0.5-1.4)
USA: lowa,
Nebraska, . .
De Roos et al. (2003) Case-Control . Ever/never 1.6 (0.9-2.8) Age, study site, and use of other pesticides
Minnesota, and
Kansas
Ever/never Multivariate: Age, sex, year of diagnosis or enrollment,
1.51 (0.77-2.94) and exposure to other pesticides
Days gelr g Zi;:f use: 1.69 (0.70-4.07) Age, sex, and year of diagnosis or
Eriksson et al. (2008) Case-Control Sweden >10 days 2.36 (1.04-5.37) enrollment
Years of use:
1-10 years 1.11 (0.24-5.08) Unknown
>10 years 2.26 (1.16-4.40)
) Multivariate: Study, study area, vital status, and exposure
Hardell et al. (2002) Case-Control Sweden Ever/never 1.85 (0.55-6.20) t0 other pesticides
Lmany | A
McDuffie et al. (2001) Case-Control Canada g

Days per year of use:
>0 and < 2 days

1.00 (0.63-1.57)

Age and province of residence
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Table 3.4. Summary of Findings: Non-Solid Tumor Cancer Studies.

. . - Adjusted Effec Estimate: - . .
Study Study Design Study Location Exposure Metric RR or OR (95% CI)® Covariate Adjustments in Analyses
>2 days 2.12(1.20 -3.73)
Orsi et al. (2009) Case-Control France Ever/never 1.0 (0.5-2.2) Age, centre, and socioeconomic category

@ Some studies report multiple quantitative risk measurements. This table reports the most highly adjusted quantitative measurements.
b De Roos et al. (2005) excluded subjects missing covariate data for demographic and lifestyle factors and exposure to other pesticides; therefore, the number of subjects included
in each analysis varies.
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3.6 Discussion

A total of 24 epidemiological studies from the open literature were identified as appropriate for
detailed evaluation. Of these, 23 studies were considered informative with regard to the
carcinogenic potential of glyphosate. There was no evidence of an association between
glyphosate exposure and solid tumors. There was also no evidence of an association between
glyphosate exposure and leukemia, or HL. This conclusion is consistent with those recently
conducted by IARC, EFSA, and JMPR who also concluded there is no evidence of an
association for these tumors at this time. The data should be considered limited though with only
one or two studies available for almost all of the cancer types investigated. Additionally, with
the increased use of glyphosate following the introduction of glyphosate-tolerant crops in 1996,
there is a need for more recent studies since a large number of studies were conducted prior to
1996. As described in Section 1.1, the use pattern changed following the introduction of
transgenic crops, which may impact overall effect estimates. The remainder of this discussion
focuses on multiple myeloma and NHL. Study elements for the available studies and their
potential to impact effect estimates are examined; however, the discussion is applicable in most
cases to all of the epidemiological studies used in this evaluation.

Multiple Myeloma

Five studies were available evaluating the association between glyphosate exposure and risk of
multiple myeloma (Brown et al., 1993; De Roos et al., 2005; Kachuri et al., 2013; Orsi et al.,
2009; Pahwa et al., 2012). The effect estimates for ever/never use ranged from 1.19 to 2.6
although none were found to be statistically significant. Only one study (De Roos et al., 2005)
controlled for co-exposures to other pesticides; therefore, potential confounding was not
addressed in the other studies. There was an indication of a possible exposure-response
relationship; however, this was the only study that evaluated the exposure-response relationship
for multiple myeloma. Furthermore, reanalysis of the full dataset by Sorahan (2015) raised
concerns about whether the restricted dataset used for these analyses was representative of the
whole cohort. There was a single study of MGUS, a precursor to multiple myeloma, which
showed decreased risk with exposure to glyphosate; however, the study did not control for
exposure to other pesticides. Overall, the available epidemiologic evidence for an association
between glyphosate and risk of multiple myeloma is inadequate to assess the carcinogenic
potential at this time due to the potential for confounding in three of the four studies, the limited
observation of a possible exposure-response relationship in a single study, and concerns whether
restricted datasets were representative of the whole cohort.

NHL

Six studies were available evaluating the association between glyphosate exposure and risk of
NHL. Effect estimates for ever/never use ranged from 1.0-1.85 in adjusted analyses with none
reaching statistical significance (Figure 3.2). Two of these studies did not adjust for co-
exposures to other pesticides (McDuffie et al., 2001; Orsi et al., 2009). Many of the evaluated
studies had limited power due to small sample sizes, which resulted in large confidence intervals
and reduced the reliability of the results to demonstrate a true association. Meta-analyses were
performed by IARC (2015) and Chang and Delzell (2016) using these results for the ever/never
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use metric. Both analyses reported similar meta-risk ratios ranging from 1.3-1.5, depending on
the effect estimates