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Charge 

Expert Report 
Christopher J. Portier, Ph.D. 

Glyphosate acid is a colorless, odorless, crystalline solid, Glyphosate is the term used to 
describe the salt that is formulated by combining the deprotonated glyphosate acid and 
a cation (isopropylamine, ammonium, or sodium). This expert report is intended to 
review the available scientific evidence relating to the potential of glyphosate and 
glyphosate-based formulations (GBFsL including Roundup®, to cause Non-Hodgkin's 
Lymphoma (NHL) in humans. 

Qualifications 

I received an undergraduate degree in mathematics in 1977 from Nicholls State 
University and a Master's degree and Ph.D. in biostatistics from the University of North 
Carolina School of Public Health in 1979 and 1981 respectively. My Ph.D. thesis 
addressed the optimal way to design a two-year rodent carcinogenicity study to assess 
the ability of a chemical to cause cancerri, 21; the optimal dosing pattern from my thesis 
is still used by most researchers. My first employment following my doctoral degree 
was a joint appointment at the National Institute of Environmental Health Sciences 
(NIEHS) and the National Toxicology Program (NTP) to conduct research on the design 
and analysis of experiments generally employed in toxicology. After 5 years with 
NIEHS/NTP, I developed my own research group which eventually became the 
Laboratory of Quantitative and Computational Biology and then the Laboratory of 
Computational Biology and Risk Assessment (LCBRA). One highlight during this period 
was the development of the Poly-3 Test for survival adjustment of data from two-year 
carcinogenicity studies in rodents13

• 
41

; this test is used as the main method of analysis of 
these studies by the NTP and many others. We also did a complete analysis of the 
historical controls animals from the NTP studies15• 61 • The LCBRA focused on the 
application of computational tools to identify chemicals that are toxic to humans, to 
develop tools for understanding the mechanisms underlying those toxicities and to 
quantify the risks to humans associated with these toxicities. The main toxicological 
focus of the LCBRA was cancer and my laboratory developed many methods for applying 
multistage models to animal cancer data and implemented the use of these models in 
several experimental settings17

-
191

. In my last few years at the NIEHS/NTP, my research 
focus expanded to the development of tools for evaluating the response of complex 
experimental and human systems to chemicalsr20

·
241 and the name of the laboratory 

shifted to Environmental Systems Biology. 

Over my 32 years with the NIEHS/NTP, I was involved in numerous national priority 
issues that went beyond my individual research activities. After Congress asked NIEHS 
to work with the Vietnamese government to address the hazards associated with Agent 
Orange use during the Vietnamese War, I was given the responsibility of working with 
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my counterparts in Vietnam to build a research program in this area1251• Congress also 
tasked NIEHS with developing a research program (EMF-RAPID) to address concerns 

about the risks to humans from exposure to power lines and to report back to Congress 
on what we found. I was in charge of evaluating all research developed under this 
program and was responsible for the final recommendations to Congress on this issuel26

• 

281 

While at the NIEHS/NTP, I also had administrative positions that relate to my 
qualifications. From 2000 to 2006 I was the Director of the Environmental Toxicology 
Program (ETP) at NIEHS. The ETP included all of the toxicology research laboratories 
within the NIEHS Intramural Research Program . It was my responsibility to ensure the 
research being done was pertinent to the mission of the NIEHS, addressing high priority 

concerns about toxic substances and human health and that the NIEHS had adequate 
resources to complete this research. 

During this time I was also Associate Director of the NTP, a position in which I was the 
scientific and administrative director of the NTP (The Director of the NTP was also the 
NIEHS Director and gave me complete autonomy in the management and science of the 
NTP). These two positions were historically always combined at the NIEHS and the NTP 
so that one person was in charge of all toxicological research at the NIEHS/NTP. The 
NTP is the world' s largest toxicology program, routinely having 15 to 25 active two-year 
carcinogenicity studies, numerous genetic toxicology studies and many other 
toxicological studies being conducted at any given time. The NTP two-year 
carcinogenicity studies and their technical reports are also considered the "gold 
standard" of cancer studies due to their extreme high quality, their tremendous utility in 
evaluating human health hazards and the rigor and transparency they bring to the 
evaluation of the data. All data from NTP two-year cancer studies are publicly available 
including data on individual animals and images from the pathology review of each 

animal. The NTP is also home to the Report on Carcinogens, the US Department of 
Health and Human Services official list of what is known or reasonably anticipated to be 
carcinogenic to humans. It was my responsibility to decide what items eventually went 
onto this list whi le I was Associate Director of the NTP. In 2006, I became an Associate 
Director of the NIEHS, a senior advisor to the director and the director of the Office of 
Risk Assessment Research (ORAR). ORAR focused on stimulating new research areas on 
the evaluation of health risks from the environment and addressed major risk 
assessment issues on behalf ofthe NIEHS/NTP. For example, in this capacity, I lead a 
multiagency effort to understand the health risks to humans from climate change and to 
develop a research program in this area(29l. 

I left the NIEHS/NTP in 2010 to become the Director of the National Center for 
Environmental Health {NCEH) at the Centers for Disease Control and Prevention and 
simultaneously Director of the Agency for Toxic Substances and Disease Registry 
(ATSDR). NCEH does research and supports activities aimed at reducing the impact of 
environmental hazards on public health. One well-respected research effort of the 
NCEH is the National Biomonitoring Program. This program tests for the presence of 
hundreds of chemicals in human blood and urine in a national sample of people in the 

2 
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United States. ATSDR advices the Environmental Protection Agency (EPA) and 
communities on the potential health impacts from toxic waste dump sites (superfund 
sites). ATSDR is required by law to produce ToxProfiles. These are comprehensive 
reviews of the scientific literature for specific chemicals generally found at superfund 
sites. They also provide an assessment of the safety of these chemicals. As part of my 
activities at ATSDR1 I began a modernization of the ToxProfiles to use systematic review 
methods in their assessments; this effort was linked to a similar effort that I had helped 
to implement at the NIEHS/NTP. 

Aside from my official duties in my various federal jobs, I also served on numerous 
national and international science advisory panels. Most notable, for my qualifications 
for this statement, are my serving as Chair from 2005 to 2010 of the Subcommittee on 
Toxics and Risk of the President's National Science and Technology Council, member and 
chair of EPA'S Science Advisory Panel from 1998 to 2003 (focused specifically on 
advising their pesticides program) and chair of the International Agency for Research on 
Cancer {IARC) advisory group that updated and improved its rules for reviewing 
scientific data to ensure that conclusions on the carcinogenicity of human exposures are 
the best possible (Preamble) l301

. As part of my work on science advisory panels, I have 
served on EPA's Science Advisory Board, as an advisor to the Australian Health Council 
on risk assessment methods, as an advisor to the Korean Food and Drug Administration 
on toxicological methods, and served on several World Health Organization (WHO) 
International Program on Chemical Safety scientific panels dealing with risk assessment. 
Besides the guidelines for evaluating cancer hazards used by the IARC, I have either 
chaire(:f or served as a member of scientific panels developing guidance documents for 
other organizations including the EPA. 

I have received numerous awards, most notably the Outstanding Practitioner Award 
from the International Society for Risk Analysis and the Paper of the Year Award (twice) 
from the Society of Toxicology Risk Assessment Specialty Section. I am a fellow of the 
American Statistical Association, the International Statistical Institute, the World 
Innovation Foundation and the Ramazinni Institute. I have published over 250 peer­
reviewed scientific papers, book chapters and technica l documents on topics in 
toxicology and risk assessment. 

Finally, I have served on numerous national and international committees tasked with 
evaluating the risk and/or hazard of specific environmental chemicals, including 
glyphosate. For example, I have contributed to risk assessments for EPA, the Food and 
Drug Administration, the Centers for Disease Control and Prevention, the National 
Institutes of Health, the WHO and IARC. 

Reliance Ust 

During the course of my preparation for this report, I have reviewed the following 
materials: 

a. All epidemiological data relating to the ability of glyphosate formulations 
to cause NHL in humans. 
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b. Scientific papers on the cellular origins of NHL 
c. Peer-reviewed scientific data relating to the carcinogenicity, genotoxicity 

and oxidative stress caused by glyphosate 
d. Technical reports relating to the carcinogenicity of glyphosate provided by 

the defendant to the lawyers for the plaintiff 
e. The USEPA, the European Food Safety Authority (EFSA), the German 

Federal Institute for Risk Assessment, the European Chemical Agency, the 
IARC and the WHO/Food and Agriculture Organization Joint Meeting on 
Pesticide Residues reviews of the scientific literature relating to the 
potential for glyphosate to cause cancer. 

f. Technical documents available from EFSA regarding animal carcinogenicity 
data on glyphosate prepared by organizations other than the defendant 

g. Various other documents produced in the litigation 

A complete list of my reliance materials is at the end of this report. 

Methodology for Causality Evaluation 

The evaluation of whether glyphosate and/or GBFs can cause NHL in humans requires 
the review and synthesis of scientific evidence from studies of human populations 
(epidemiology), animal cancer studies, and studies investigating the mechanisms 
through which chemica ls cause cancer. Many different approachesl311321 are used to 
synthesize these three areas of science to answer the question "Does this chemical 
cause cancer in humans?" In any of these three science areas, the quality of the 
individual studies has to be assessed and summarized to make certain the studies 
included in the overall assessment are done appropriately. Once the quality of the 
individual studies has been assessed, a judgment needs to be made concerning the 
degree to which the studies support a finding of cancer in humans. To do this, the EPA, 
IARC, the European Chemical Agency (EChA), the US Report on Carcinogens, and many 
others use guidelines130

• 
33

·
35! that rely upon aspects of the criteria for causality 

developed by Hill (196S)l351. 

Hill listed nine (9) aspects of epidemiological studies and the related science that one 
should consider in assessing causality. The presence or absence of any of these aspects 
is neither sufficient nor necessary for drawing inferences of causality. Instead, the nine 
aspects serve as means to answer the question of whether other explanations are more 
credible than a causal inference. As noted by Hill : 

"None of my nine viewpoints can bring indisputable evidence for or 
against the cause-and-effect hypothesis and none can be required as a 

sine qua non. What they con do, with greater or less strength, is to 
help us to make up our minds on the fundamental question - is there 

any other way of explaining the set of facts before us, is there any 
other answer equally~ or more, likely than cause and effect?'' 

The nine aspects cited by Hill include consistency of the observed association, strength 
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of the observed association, biological plausibility, biological gradient, temporal 
relationship of the observed association, specificity of the observed association, 
coherence, evidence from human experimentation and analogy. These are briefly 
described below. 

An inference of causality is strengthened when several of the studies show a consistent 

positive association between cancer and the exposure. This addresses the key issue of 
replication of studies which is critical in most scientific debates. If studies are 
discordant, differences in study quality, potential confounding, potential bias and 
statistical power are considered to better understand that discordance. 

An inference of causality is strengthened when the strength of the observed association 

in several studies are large and precise. These large, precise associations lessen the 
possibility that the observed associations are due to chance or bias. A small increase in 
risk of getting cancer does not preclude a causal inference since issues such as potency 
and .exposure level may reduce the ability of a study to identify larger risks. Meta­
analyses provide an objective evaluation of the strength of the observed association 
across several studies with modest risks to help clarify strength of the observed 
associations. 

An inference of causality is strengthened when there is data supporting biological 

plausibility demonstrated through experimental evidence. Animal carcinogenicity 
studies, in which tumor incidence is evaluated in experimental animals exposed to pure 
glyphosate, play a major role in establishing biological plausibility. There are numerous 
types of mechanisms that can lead to cancerr3 71

, most of which can be demonstrated 
through experimental studies in animals, human cells, animal cells, and/or other 
experimental systems. Occasionally, occupational, accidental or unintended exposures 
to humans allow researchers to evaluate mechanisms using direct human evidence. 

An inference of causality is strengthened when there is a biological gradient showing a 
reasonable pattern of changing risk with changes in exposure (e.g. risk increases with 
increasing exposure or with longer exposure). In many epidemiological studies, this 
aspect cannot be examined due to limitations in the study design or due to a lack of 
clarity in the presentation of the results. When a study does address an exposure­
response relationship, failure to find a relationship can be due to a small range of 
exposures, insufficient sample size or a changing exposure magnitude over time that has 
not been accounted for. 

An inference of causality is strengthened when there is a temporal relationship in which 
the exposure comes before the cancer. This aspect is necessary to show causa lity; if it is 
not present, a causal inference is not plausible. Because the latency period for cancers 
can be long (years), evaluation of studies should consider whether the exposure 
occurred sufficiently long ago to be associated with cancer development. 

An inference of causality is strengthened when the exposure is specific for a given 
cancer. This would mean that the disease endpoint being studied is only due to the 
cause being assessed. This issue is seldom applicable and, since NHL has other causes, 
specificity is not applicable to the determination of causality for glyphosate. 
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An inference of causality is strengthened when other lines of experimental evidence are 
coherent with a causal interpretation of the association seen in the epidemiological 

evidence. To evaluate coherence, information from animal carcinogenicity studies, 
mechanistic investigations and information on the metabolism of the chemical being 

studied would be considered. 

An inference of causality is strengthened when there is experimental evidence in 
humans supporting a causal interpretation. Seldom is this type of information available 

when addressing the toxicity of chemicals. However, experiments in which an individual 
reduces or limits exposures and the risk of cancer is reduced would carry considerable 

weight in the evaluation (e.g. studies evaluating the cancer risks of people who stop 
cigarette smoking compared with continuing smoking have demonstrated reduced lung 

cancer risks) . No such data are available for glyphosate. 

Finally, an inference of causa lity is strengthened when there are other chemical agi~nts 
with analogous structures showing similar effects in humans and/or animals and/or 

showing similar biological impacts in mechanistic studies. No such data are available for 
glyphosate. 

The most logical approach to developing an inference of causality is to step through 

each of the aspects of causality developed by Hill (196S)l361 and apply them to the 

available data for glyphosate and for glyphosate formulations. This is done in the 

sections that follow. 

Consistency of the Associations seen in Human Epidemiological 

Studies 

Relevant Epidemiology Studies 

In their meta-analysis, Chang and Delzell (2016)1381 performed a systematic literature 

search of all scientific literature up to June, 2015, to identify all epidemiological studies 

that were pertinent to evaluating an association between glyphosate and NHL. ThE~Y 
identified 12 relevant epidemiology studies139

•
501

. Their search agrees with all current 
reviews of glyphosate and I will use their findings from the literature up until 2015. To 

cover from June 2015 to the present (April 1, 2017), I used their searching algorithm and 
identified 117 additional published studies, none of which were new epidemiology 

studies. These same 12 studies will be considered for use in this evaluation. Other 
experts will be discussing the studies as well as their strengths and their weaknesse?s; I 
will focus on using the results of these studies in evaluating causality so I will only btriefly 
describe each study. 

Cantor et al. (1992)(391 did an in-person interview study comparing 622 white men, 

newly diagnosed with NHL, to 1245 population-based controls in Iowa and Minnesota. 
They originally identified 780 cases, of which 694 (89%) were interviewed. After 
pathology review, only 622 were found to have NHL, the remaining cases having 

leukemia or other diseases. Three different sources of controls were used, random digit 

dialing (76.7% response rate), Health Care Financing Administration rolls (79% response 

6 

Case 3:16-md-02741-VC   Document 546-19   Filed 10/06/17   Page 10 of 250



rate) and deceased controls with eligible proxies (77% response rate) . Both cases and 
controls were questioned regarding their use of agricultural products including 
Roundup~ and any other glyphosate-based formu lations. For deceased or incompetent 
controls (184) and cases (numbE!r not given), proxy interviews were done with a close 
relative. When cases in farmers were compared to cases in non-farmer controls, 26 
cases (out of 266) and 49 contrails (out of 547) had handled herbicides containing 
glyphosate yielding an odds ratio1 (OR) of 1.1 (95% confidence interval 0.7-1.9). This 
analysis controlled for vital status, age, state, cigarette smoking status, family history of 
lymphopoietic cancer, high-risk 'occupations and high-risk exposures in a logistic 
analysis. The authors noted there was ''minimal evidence for confounding of results for 
any single pesticide by exposure1 to pesticides belonging to other chemical families.'' 
Because the exposure is determined based on interviews in cases and controls, this 
study has the potential for recall bias2

. However, the authors note that the bias could 
both increase or decrease the OR because of non-differential exposure misclassification3 

because of difficulties in accurate recall of past pesticide exposures for both controls 
and treated individuals. This study will not be included separately into the evaluation 
since it overlaps with De Roos e·t al. (2003)C43

l 

Two additional studies conducte!d by Zahm et al. (1990)1511 in Nebraska and Hoar et al. 
(1986)[521 in Kansas collected information on pesticide and herbicide use, but did not 
report specifically on the effects. of glyphosate, De Roos et al. (2003)143! pooled the data 
from these two studies with the data from Cantor et al. {1992)r39

l to examine pesticide 
exposure to glyphosate in farml1ng as risk factors for NHL. The three case-control 
studies139

• 
51

' 
521 had slightly diffe1rent designs. The design for the Minnesota study1391 is 

1 The odds ratio (OR) is calculated as the proportion of exposed cases with disease to 
exposed controls divided by the proportion of non-exposed cases to non-exposed 
controls. For rare diseases, this value approximates the population risk ratio (PRR} 
which is the probability of having the disease in exposed individuals divided by the 
probaoility of having the disease in non-exposed individuals. If the PRR is 1, then there is 
no difference in the probability iof having the disease regardless of your exposure. 
Values. of PRR greater than 1 im1PIY the risk is higher in the exposed population. Because 
the OR is an estimate of the PRR: for rare diseases, it is usually accompanied by a 95% 
confidence interval that describ1es the probable range of the estimate. If the OR is 
greater than 1, then the exposu1re is associated with the disease. If the lower 95% 
confidence bound for the OR is greater than 1, this is typically used to say the 
association is statistically significant. 
2 Recall bias occurs when cases are more likely to say they are exposed to glyphosate 
than controls or when controls are more likely to say they are exposed to glyphosate 
than cases. The recall must be different for the cases than the controls for this to cause 
a bias; errors in recalling past ex.posures that happen for both cases and controls would 
not be recall bias. 
3 Non-differential exposure misclassification occurs when the probability of an error in 
determining whether an individiual is exposed or not is the same for both cases and 
controls. 
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provided directly above. In Nebraska1511, the cases were identified through the Nebraska 
Lymphoma Study Group and area hospitals for 66 counties and included all white men 
and women diagnosed with NHL between July 1, 1983 and June 30, 1986. Controls were 
obtained by random-digit dialing, Medicare records or state mortality files depending 
upon age and vita l status. All study participants were over age 21 and even though this 
study included a few women, they were excluded from the De Roos et al. {2003) 

analysis. The response rates for cases and controls were 91% and 87% respectively. In 
l<ansas1521, cases were randomly sampled from a registry at the University of Kansas of 
white men, over age 21, diagnosed between 1979 and 1981. The response rates for 
cases and contro ls were 96% and 94% respectively. Controls were population-based 
matched on age and vital status. As for the Nebraska study, controls for live cases were 
obtained from Medicare records for cases 65+ and by random-digit dialing for cases <65 
years; controls for deceased patients came from state mortality records. The resu lting 
pooled case-control study had 870 cases and 2569 controls (for analyzing the 
relationship between glyphosate and NHL, there were only 650 cases and 1933 controls 
following exclusion of subjects with missing data). For any glyphosate exposure, there 
were 36 exposed cases and 61 exposed controls with an OR (95% confidence interval) of 
2.1 (1.1-4.0) in a logistic regression analysis controlling for all other pesticides reported, 
age and study site. The authors also analyzed the data using a Bayesian hierarchical 
regression analysis yielding an OR (95% confidence interval) of 1.6 (0.9-2.8) controlling 
for the same parameters as the logistic regression. They also conducted an analysis of 
"potentially carcinogenic1

' pesticides which included glyphosate. When just one of these 
pesticides was used by subjects, the logistic regression OR was 1.6 (0.8-3.1), two to four 

pesticides yielded an OR of 2. 7 (0. 7 to 10.8} and when more than five were used, the OR 
was 25.9 (1.5-450.2) in the logistic regression analysis and 1.1(0.8-1.7),1.3 (0.7-2.3) and 
2.0 (0.8-5.2) respectively for the Bayesian analysis. Removing glyphosate from the list of 
"potentially carcinogenic" pesticides yielded equivalent ORs of 1.2 for one pesticide, 1.2 
for two to four pesticides and 1.1 for five or more pesticides. The authors note that the 
positive results seen in their study are not likely due to recall bias since there were few 
associations seen over the 47 pesticides they studied. Also, although some of the 
positive results could be due to chance, the use of the hierarchical regression analysis 
theoretically decreases the chance of fa lse positive findings. In the Kansas study1521, 

suppliers for 110 subjects with farming experience were identified and provided 
information on the subjects' crops and pesticide purchases. In general, the suppliers 
reported less pesticide use than the subjects of the study with no consistent differences 
in agreement rates between cases and controls. The agreement between suppliers and 
subjects improved when pesticide use during the last 10 years was considered. This 
supports a reduced role of recall bias in these studies and a possible role of non­
differential exposure misclassification. The reduced ORs when using the Bayesian 
analysis as compared to the logistic regression is not surprising because the authors 
used a non-informative prior rather than a less conservative prior. In addition, 
adjustment for 47 pesticides is also likely to reduce the significance of the observed ORs 
for pesticides that are associated with NHL as demonstrated by the analysis of 
"potentially carcinogenic1

' pesticides (this model is possibly over-parameterized since it 
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includes over 47 dependent variables for only 36 exposed cases; this can significantly 

reduce the ORs and increase the confidence bounds). This pooled case-control study is 
the strongest study with sufficient power (3.8% of subjects exposed) and will be 

included in the evaluation of causation. 

lee et at. (2004)1441 pooled data from Zahm et al. (1990)1511 and Cantor et al. (1992)1391 
(previously described) to evaluate whether asthma acts as an effect modifier of the 
association between glyphosate exposure and NHL. Women were included in this 

analysis whereas De Roos et al. {2003)1431 excluded women. The final study published by 
Lee included 872 cases and 2336 controls of which 45 cases and 132 controls had been 
told by their doctors they had asthma. The OR of association between glyphosate and 
NHL in non-asthmatics was 1.4 (0.98-2.1) and 1.2 (0.4-3.3) in asthmatics when 

controlling for age, vital status and state (geographical location). This study completely 

overlaps with the study by De Roos et al. {2003)1431 w ith the exception of the inclusion of 
the few women in the study by Zahm et at. {1990)1511

• Since this st udy only looks at 
effect modification due to asthma, it does not contribute to the overall evaluation of 
causality and it will be excluded from further evaluations. 

Nordstrom et al. (1998)1401 conducted a population-based case-control study of hairy 
cell leukemia (HCL); a subtype of B-cell NHL} in Sweden that included an evaluation of 
exposures to glyphosate. The study included 111 men with NHL reported t o the 
Swedish Cancer Registry between 1987 and 1992 (with one patient from 1993 
accidentally included). Controls (400 in total) were drawn from t he National Population 

Registry matched for age and county with the cases. The response rates were 91% for 
cases (10 refused to participate out of the original 121) and 83% (84 controls refused to 
participate out of 484 selected). Almost all questionnaires were answered by the 

subject of the study (4 cases and 5 controls were answered by proxies) . The study 
reported an OR for glyphosate exposure and HCL of 3.1 (0.8-12) controlling only for age. 
This study had very limited power for detecting an association because there were only 

four cases and five controls with glyphosate exposure (1.8% of the total study 
population). In addition, because they failed to adjust for other exposures, the potential 
for confounding in this study is greater than those presented previously. The authors 
noted that they attempted to minimize recall bias by only using living cases in the 

analysis. Also, even though matching was performed to identify the controls, this 
matching was not used in the final analysis. This study was later used in a pooled 

analysis of HCL and NHL1421 and will not be considered independently in the evaluation 
for causation but will be used in the context of the pooled analysis. 

Hardell and Eriksson (1999)1411 conducted a population-based case-control study of all 
male patients older than 25 years diagnosed with NHL between 1987 and 1990 in the 
four most northern counties of Sweden. After excluding misdiagnosed cases, they 

included 442 cases of which 404 answered thei r questionnaire (most by proxy) for a 
response rate of 91%; 192 of these cases were deceased. For each living case, two male 

matched controls were chosen from the National Population Registry and matched on 
age and county. For each deceased case, two male controls were chosen from the 

National Registry for Causes of Death, matched for age and year of death. The response 
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rate for the controls was 84% (741 out of 884 identified). Study subjects were sent a 
detailed questionnaire and, in most cases, this was supplemented with a phone 
interview. A complete working history was obtained with questions regarding exposure 
to numerous chemicals to avoid a focus on pesticides and organic solvents, the focus of 
the study. Exposure was defined as at least one full day of exposure more than one year 
before diagnosis. For glyphosate exposure, the authors identified four cases and three. 
controls with exposures and a univariate OR of 2.3 (0.4-13). A multivariate analysis of 
both glyphosate and phenoxy herbicides produced an OR of 5.8 (0.6-54). The study has 
limited power for detecting an effect because the exposure frequency is very low (0.6% 
exposed). This study was later used in a pooled analysis of HCL and NHL1421 and wi ll not 
be considered independently in the evaluation for causation but will be used in the 
context of the pooled analysis. 

Hardell et al. (2002)1421 conducted a pooled analysis of NHL and HCL by combining the 
studies of Nordstrom et al. (1998)1401 and Hardell and Eriksson (1999)1411• This study fully 
overlaps with the previous two studies. The analysis controlling for age, study, county 
and vital status yielded an OR of 3.04 (1.08-8.52) based on eight exposed cases and 
eight e)(posed controls. A more extensive analysis additionally controlled for other 
pesticides and yielded a smaller OR of 1.85 (0.55-6.20). As for the study by De Roos et 
al. (2003), the analysis may be over-parameterized (more than eight dependent 
variables with only eight exposed cases) which could lead to a reduction in the ORs and 
larger confidence bounds. Even with the pooled data, Hardell et al . (2002) had limited 
power to detect an effect because the exposure frequency for cases and controls was 
very low (1% exposed). This study is a valid case-control study and will be used in the 
evaluation of causality. 

In a later study, Eriksson et al. (2008)[461 conducted a population-based case-control 
study where cases were identified as NHL patients aged 18-74 years diagnosed in four 
major hospitals in Sweden from December 1, 1999 until April 30, 2002. In total, 995 
cases were identified as matching the study parameters with 910 (91%) answering the 
questionnaire shortly after diagnosis. All cases were classified into subgroups with 810 
B-cell, 53 T-cell, and 38 unspecified lymphomas. Controls (1,108) were randomly 
selected from the population registry and matched on health service, region, sex and 
age and interviewed in several periods during the conduct of the study; 1,016 controls 
responded to the questionnaire (92% response rate). Study subjects were sent a 
detailed questionnaire and, in many cases, a phone interview followed. Exposure was 
defined as at least one full day of exposure more than one year before diagnosis. The 
univariate analysis, adjusting for age, sex and year of diagnosis (cases) or enrollment 
(control) yielded an OR of 2.02 (1.10-3.71) based on 29 exposed cases and 18 exposed 
controls. When cases and controls were divided into those with ~10 days per year 
exposure and those with >10 days per year exposure, the ORs were 1.69 (0.70-4.07) and 
2.36 (1.04-5.37) respectively. When diagnoses were grouped into various subtypes of 
NHL, the results did not change dramatically except for small lymphocytic lymphoma 
and chronic lymphocytic lymphoma which showed an increased OR of 3.35 (1.42-7.89). 
A multivariate analysis of glyphosate controll ing for other agents with statistically 
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increased odds ratios and/or odds ratios greater than 1.5 yielded an OR of 1.51 (0.77-
2.94). Jn a similar analysis to the multivariate analysis, latency periods of one to ten 
years showed an OR of 1.11 (0.24-5.08) and >10 years had an OR of 2.26 (1.16-4.40). 
This study was much larger than the previous Swedish studies (2.3% exposed) and, 
although there may have been confounding from other pesticides, this was addressed in 
the multivariate analysis and the latency analysis. This study is a valid case-control study 
and w ill be used in the evaluation of causality . 

McDuffie et al. {2001)1501 recruited incidence cases of NHL in men 19 years or older from 
six Canadian provinces with a first diagnosis between September 1, 1991 and December 
31, 1994. Each provincial Cancer Registry or, in the case of Quebec, hospital, had a 
target number of cases and ended recruitment when the case number was reached. 
Controls were men 19 years or older selected at random from provincial health 
insurance records, computerized telephone listings or voter registration lists, depending 
upon the province. Cases and controls were sent questionnaires with surrogates 
ineligible to answer the questionnaires for deceased cases or controls. Each subject who 
reported 10 hours per year or more of pesticide exposure and a random sample of 15% 
who reported less exposure were interviewed by telephone to obtain details on 
pesticide use. A pilot study was conducted to obtain an improved version of the 
telephone interview questionnaire used by Hoar et al. (1986)1521 and Zahm et al. 
(1990)[511 that would provide accurate pesticide exposure assessment in the form of a 
screening questionnaire and a telephone interview questionnaire. This was followed by 
a validation study (27 farmers) where the final questionnaires used to screen and 
include potential cases and controls were administered and the answers regarding 
pesticide usage showed excellent concordance with purchases through their local 
agrochemical supplier. The screening questionnaire was returned by 517 cases of NHL 
{67.1% response rate) and 1506 controls (48% response rate) . Following analysis of the 
screening questionnaire, the telephone interview was administered to 179 cases and 
456 controls to obtain more detailed exposure information. The OR for glyphosate 
exposure and NHL was 1.26 (0.87-1.80) stratified by age group and province of 
residence and the OR was 1.20 (0.83-1.74) when the analysis also controlled for 
significant medical variables (51 exposed cases and 133 exposed controls) . An 
exposure-response evaluation was performed where the OR for exposure between zero 
to two days per year was 1.0 (0.63-1.57) and for greater than two days per year was 
2.12 (1.20-3.73} with the latter group having 23 exposed cases and 36 exposed controls. 
This study had excellent sample size and power (8.1% of subjects exposed), but a low 
response rate to the screening questionnaire. Also, by adjusting for significant medical 
variables, this study ruled out many confounders but did not adjust for other pesticide 
exposures. The effort to validate the recall of pesticide usage for farmers supports a 
lack of recall bias in the study. This study is a valid case-control study and will be used in 
the evaluation of causality. 

Hohenadel et al. (2011)1481 re-analyzed the data of McDuffie et al. (2001)1501 to 
specifically investigate the impact of exposure to multiple pesticides on NHL. Four cases 
of NHL were excluded from this evaluation following a pathology review. They reported 

associations with the use of glyphosate with and without malathion but not with 
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glyphosate overall. The OR for glyphosate (ever used) without malathion (ever used) 
was 0.92 (0.54-1.55) and the OR for glyphosate (ever used) with malathion (ever used) 
was 2.1 {1.31-3.37). Chang and Delzell (2016)[381 combined the ORs from the glyphosate 
only analysis with the glyphosate and malathion analyses using random-effects meta­
analysis to get a combined OR for glyphosate of 1.4 (0.62-3.15). This study was 
specifically targeted to interactions of various pesticides and does not substantively 
contribute to an evaluation of glyphosate. Since it is a refined analysis of McDuffie et al. 
(2001)1501, it will be included in the evaluation of causation only in the context of the 
combined analysis provided by Chang and Delzell (2016). 

Orsi et al. (2009)f47J conducted a hospital-based case-control study of men and women 
diagnosed with lymphoid neoplasms in five hospitals in France between 2000 and 2004 
who were aged 20-75 years {the abstract gives the age range as 18-75 years). All 
diagnoses were cytologically or histologically confirmed. The evaluation only included 
men and questionnaires/interviews were completed by 491 cases (95.7% response rate) 
which included 244 cases with NHL. Controls were patients in the same hospital (mostly 
orthopedic or rheumatological patients) with no prior history of lymphoid neoplasms 
and excluding patients admitted to the hospital for cancer or a disease directly related 
to occupation, smoking or alcohol abuse. The controls were matched to cases by 
hospital and age. Of the 501 candidate controls, 456 participated {91% response). 
Exposure was evaluated differently for subjects who had non-occupational exposures 
from those who had occupational exposures. For both, the subjects had to fill out a 
questionnaire/interview on occupations and home gardening pesticide exposures. For 
those who had worked professionally as farmers or gardeners for at least 6 months, a 
specific agricultural occupational questionnaire/interview was administered and 
exposure was determined on the basis of this extra data. The OR for occupational use of 
glyphosate and NHL was 1.0 (0.5-2.2) with 12 exposed cases and 24 exposed controls 
stratified by age and center category. A further analysis was done by individual 
subtypes of NHL with an OR of 1.0 (0.3-2.7) for diffuse large cell lymphoma, 1.4 (0.4-5.2) 
for follicular lymphoma, 0.4 {0.1-1.8) for chronic lymphocytic leukemia (CLL) and 1.8 
{0.3-9.3) for HCL. No separate analysis of non-occupational use of glyphosate was 
provided, nor does it seem specific data on glyphosate usage was ascertained for 
subjects who were not professional farmers or gardeners. This could lead to non­
differential misclassification of exposure which could reduce the ORs of the study. 
Barring this, the sample size was sufficient to detect an effect (5.3% with occupational 
exposu,re) and this study wi ll be included in the evaluation of causality. 

Cocco et al. (2013)1491 evaluated data from a multi-center case-control study of lymphoid 
neoplasms in six European countries from 1998 to 2004. Cases included only adult 
patients diagnosed with lymphoma during the study period drawn from participating 
centers. Controls were either selected by sampling from the general population on sex, 
age group, and residence area (Germany, Italy), or from hospital controls matched to 
the patient excluding patients with cancer, infectious diseases, and immunodeficiency 
diseases {Czech Republic, France, Ireland, Spain). The study included 2348 lymphoma 
cases (88% participation) and 2462 controls (81% response rate in hospital-based 
controls and 52% In population-based controls). Exposures were derived using an 
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occupational exposure matrix developed by industrial hygienists and occupational 
experts from the research centers. Only 35 individuals (cases and controls not broken 
out) in the study were exposed to carbamates (glyphosate was grouped with the 
carbamates) . No results were provided for NHL and the only OR provided for 
glyphosate was for B-cell lymphoma where the OR was 3.1 (0.6-17.1) based on four 
exposed cases and two exposed controls. No information was provided on the total 
number of cases for each type of lymphoma evaluated. This study has very limited 
power to evaluate an association between NHL and glyphosate and provides only 
information on B-cell lymphomas with very few exposed cases and controls. As has 
been done by most researchers evaluating these data, this study will receive very little 
weight in the evaluation of causality. 

De Roos et al. (2005)1451 reported results on the association of glyphosate and cancer 
incidence from the Agricultural Health Study (AHS), a prospective cohort study in Iowa 
and North Carolina, which included 57,311 private and commercial applicators who 
were licensed to apply restricted-use pesticides at the time of enrollment. Recruitment 
occurred between 1993 and 1997 and cohort members were matched to cancer registry 
files to identify cases and the National Death Index (1999} to ascertain vital status. 
Incident cancers were identified from the date on enrollment until 31 December, 2001, 
with the average follow-up time being 6.7 years. Comprehensive use data was obtained 
by self-administered questionnaire for 22 pesticides, ever/never use for 28 additional 
pesticides, and general information on work practices. Applicators were given a second 
self-administered questionnaire on occupational exposures and lifestyle factors. They 
used three exposure metrics in their analyses: a) ever personally mixed or applied 
pesticides containing glyphosate; b) cumulative exposure days of use of glyphosate 
(years of use times days per year); and c) intensity weighted cumulative exposure days 
(years of use times days per year times intensity of use). Persons whose first primary 
tumor occurred before the time of enrollment (1074) were excluded from the analysis 
as were those who were lost to follow-up (298), did not provide age information (7) or 
information on glyphosate use (1678) leaving 54,315 subjects for inclusion. There were 
92 cohort members with a diagnosis of NHL during the study period of which 77.2% had 
ever used glyphosate resulting in a rate ratio4 (RR) of 1.2 (0.7- 1.9) when controlling for 
age and an RR of 1.1 (0.7-1.9) when contro lling for age, lifestyle factors, demographics 
and five other pesticides for which cumulative-exposure-day variables were most highly 
associated with glyphosate cumulative-exposure-days (2,4-D, alachlor, atrazine, 
metalochlor, and trifluralin) or, for chemicals with only ever/never exposure information 
that were most highly associated with glyphosate ever/never use (benomyl, maneb, 
paraquat, carbaryl and diazinon). When cumulative exposure days in exposed 
individuals are divided into tertiles and RRs examined using the lowest exposed tertile as 

4 The rate ratio (RR) is estimated as the incidence in the exposed population divided by 
the incidence in the unexposed population. Incidence is calculated as the number of 
events in a fixed period of time divided by the person years at risk. Unlike the OR, the 
RR does not require the assumption of a rare disease to serve as a good estimate of the 
population risk ratio (PRR). 
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the reference group, the RRs drop with values of 0.7 (0.4-1.4) and 0.9 (0.5-1.6) for 
tertiles 2 and 3 respectively controlling for demographic and lifestyle factors and other 
pesticides (30,699 subjects). When intensity-weighted exposure days are examined 
again using exposed tertile 1 as the reference group, the RRs drop with values of 0.6 
(0.3-1.1) and 0.8 (0.5-1.4) for tertiles 2 and 3 intensity-weighted exposure days 
respectively controlling for demographic and lifestyle factors and other pesticides 
(30,699 subjects). Analyses are not shown for the evaluation of the exposed tertiles 
against never exposed because the authors felt that never exposed and exposed 
subjects differed in terms of socio-economic factors and other exposures like 
smoking1451. 

This is a typical cohort study, but has some limitations in terms of its interpretation. The 
majority (75.5%) of subjects in the cohort reported having ever personally mixed or 
applied products containing glyphosate and was composed primarily of male, middle­
aged, private applicators. For glyphosate, reliability of the answers by subjects on the 
use of glyphosate between the first and second questionnaire were evaluated in the 
AHSr531

: 82% agreement for whether they had ever mixed or applied glyphosate, 53% 
agreement on years mixed or applied, and 62% agreement on days per year mixed or 
applied and 62% agreement on decade first appl ied. They saw no differences in over 
versus under reporting between the two questionnaires suggesting this could lead to 
non-differential exposure bias and reduce the RRs in this study. Another weakness, 
noted by the authors, is that the small number of incident cases during follow-up period 
hindered precise effect estimates. Also, the high frequency of exposure to many 
pesticides (e.g. 73.8% were exposed to 2,4-D) means subjects unexposed to glyphosate 
were likely to be exposed to other agents that may also induce NHL, reducing the RRs. 
Also, as noted by the EPA's FIFRA Science Advisory Panel (SAP)1541 in their review of the 
EPA's issue paper on the carcinogenicity of glyphosate and as noted in a critique1551 of 
the European Food Safety Agency's risk assessment for glyphosate, the follow-up time in 
this cohort study may not be long enough to produce a sufficient sample size for 
evaluation of the association between NHL and glyphosate. Like other studies, this 
study has few exposed cases and controls, but the authors adjust their analysis for many 
other pesticides which could reduce ORs and increase confidence bounds limiting the 
ability of the study to show positive results. This study could also suffer from a survival 
bias because pesticide applicators were recruited as case participants after their 
exposure had begun and those with a cancer prior to enrollment were excluded. 

This study will be included in the evaluation of causality. 

Consistency of Associations 

Hill (1965)1361 defines consistency as the answer "yes" to the question " Has it repeatedly 
been observed by different persons, in different places, circumstances and times?" For 
these studies, the answer is indeed yes. 

If the population relative risk (PRR} for an association of glyphosate with NHL were 
equal to 1 (no effect), then one would expect very few statistically significant results in 
multiple studies and that about half of the studies would have ORs or RRs below one 
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and half above one. As noted by both the IARC Monograph 112 (2015)1561 and by Chang 
and Delzell (2016)1381, when comparing studies, the most reasonable comparison is to 
use the most-fully-adjusted risk estimates. I will mostly limit my comments to these 
most-fully-adjusted risk estimates. 

Consistency of the associations across several epidemiology studies is not simply a 
matter of seeing how many were statistically significant and how many were not but 
must also address the consistency of the direction of the responses. Figure 1 shows a 
forest plot of all ORs and RRs from the epidemiology studies discussed previously. Each 
horizontal line in the forest plot shows the mean estimate of the OR/RR as a black 
square and the 95% confidence interval around this estimate as whiskers extending left 
and right from the black square. 

The fi rst obvious conclusion to be drawn from Figure 1 is that all of the mean OR/RR 
estimates (black squares) are consistently ~l. This implies that all of the studies are 
pointing in the same direction toward a positive effect. In their meta-analyses, Schinasi 
and Leon (2014)1571, IARC (2015)1561 and Chang and Delzell (2016)1381 all identified 6 
papers (highlighted in red in Figure 1) as being the most reliable for evaluation of the 
ability for glyphosate to induce NHL in people: McDuffie et al. (2001){501, Hardell et al. 
(2002)1421, De Roos et al. (2003)1431 and (2005)1451, Eriksson et al. (2008)1461 and Orsi et al. 
(2009)1471 . I will refer to these papers as the six core epidemiology studies. As noted 
above, if the true underlying risk ratio was 1 (no effect), you would expect about half of 
the findings to be below 1 and half to be equal to 1 or greater. Using only the results 
from the 6 core studies, you can see that all are ~1; the probability of this happening is 
(0.5)6 or 0.016, strongly suggesting the studies do not agree with an underlying PRR=l 
and that they consistently support a positive effect. 

A second way in which consistency can be evaluated is to combine the individual studies 
using meta-analysis to obtain a combined analysis using both the ORs and the RR (CRR) 
and test for heterogeneity in the studies. The meta-analysis done by Chang and Delzell 
(2016) includes the same analysis as that done by the IARC (2015) and is an 
improvement over Schinasi and Leon (2014), so I will focus my comments on using the 
Chang and Delzell (2016) meta-analysis. Chang and Delzell (2016) did four separate 
meta-analyses on the glyphosate epidemiology studies using two different methods 
(random-effects and fixed-effects models). In their fi rst analysis (model 1)5

, they 
combined the most-fully-adjusted risk estimates from the six core studies to yield a CRR 
of 1.27 (1.01-1.59) for both random-effects and fixed-effects models supporting an 
association between NHL and glyphosate exposure in these studies. In a second analysis 
(model 2), they replace the results of the Bayesian analysis in De Roos et al. (2003) with 
the results of the logistic regression analysis and get the same CRR of 1.30 (1.03-1.64) 
for both random-effects and fixed -effects models. In a third analysis (model 3), they 
replace from model 1 the McDuffie et al. (2001) results in with a combined meta-

5 Chang and Delzell (2016) provided only one significant digit to the right of the decimal 
point in their confidence bounds; the EPA SAP (2017) re-calcu lated models 1-4 of Chang 
and Delzell (2016) to provide two significant digits - these are presented here. 
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analytic result they derived from analyses by Hohenadel et al. (2011) (th is study 
reanalyzed the same data as McDuffie et al. (2001), splitting results between asthmatics 
and non-asthmatics) resulting in a CRR of 1.32 (1.00-1.73) for both random-effects and 
fixed-effects models. Finally, in a fourth analysis (model 4), they use model 3 but 
replaced the Bayesian analysis in De Roos et al. (2003) with the logistic regression 
analysis yielding a CRR of 1.37 (1.04-1.82) for both random-effects and fixed-effects 
models. In essence, none of the different meta-analyses rejected the notion of a 
combined, statistically significant positive effect. 

Figure 1: Odds Ratios and Rate Ratios from the most-fully-adjusted risk estimates from 
selected epidemiology studies and from the meta-analyses of Chang and Delzell 
(2016)r381

. "RR" refers to the OR or RR from the study, "Lower" refe rs to the 95% lower 
bound, "Upper" to the 95% upper bound and "Weight" refers to the weight applied to 
that specific study in Model 1 of the meta-analysis (Table 3 in Chang and Delzell) . For De 
Roos et al. (2003), the first row is for the Bayesian model analysis and the second row, 
labelled " logistic regression" is from the logistic model analysis. 
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As stated above, another way to evaluate consistency in the epidemiological data would 
be to evaluate the heterogeneity in the studies. Heterogeneity may be due to 
differences in participants, outcomes, exposure metrics, methods for questioning study 
subjects, sex of the subjects, etc. Chang and Delzell (2016} formally tested for 
heterogeneity of the responses from the six core studies using Cochran's Q statistic and 
the 12 statistic[ssJ. For models 1 to 4, the p-values from Cochran' s Q test are 0.84, 0.59, 
0.85, and 0.63 respectively (typically you reject the concept of homogenous studies in 
favor of heterogeneous studies if p<0.10). The 12 statistic for all four models are 0.0% 
(values for 12 can range from 0-100% with concern for heterogeneity above 50%). The 
fact that the fixed-effects models and random-effects models gave the same results also 
supports a lack of heterogeneity in the data. There is no indicat ion of heterogeneity in 
these six core studies. Lack of heterogeneity supports the interpretation of the meta­
analyses as showing a positive association and strong consistency of the findings across 
the six core studies. 
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Chang and Delzell {2016) also evaluated the association between subtypes of NHL and 
glyphosate exposure where possible. For B-cell lymphomas, they combined the results 
of Eriksson et al. {2008)[461with those of Cocco et al. (2013)r49I and saw a CRR (random­
effects and fixed-effects) of 2.0 (1.1-3.6) with an 12 of 0 and a Cochran's Q test p-value of 
0.58. For diffuse large B-cell lymphomas, t hey combined the results of Eriksson et al. 
(2008)1461 with those of Orsi et al . (2009)1471 and saw a CRR (random-effects and fixed­
effects) of 1.1 (0.5-2.3) with an 12 ofO and a Cochran's Qtest p-value of 0.79. For 
combined chronic lymphocytic leukemia and small lymphocytic lymphoma, they 
combined the results of Eriksson et al . (2008)1461 with those of Orsi et al. (2009)1471 and 
saw a CRR using the random-effects model of 1.3 (0.2-10) and for the fixed effects 
model 1.9 (0.9-4.0) with an 12 of 83.7% and a Cochran's Q test p-value of 0.01. For 
follicular lymphomas, they combined the results of Eriksson et al. (2008}l461with those of 
Orsi et al . (2009)1471 and saw a CRR (random-effects and fixed-effects) of 1.7 (O. 7-3.9) 
with an 12 of 0 and a Cochran's Q test p-value of 0.73. And finally, for HCL, they 
combined the results of Nordstrom et al . (1998)r401 with those of Orsi et al. (2009)r47l 
and saw a CRR (random-effects and fixed-effects) of 2.5 (0.9-7.3) with an 12 of 0 and a 
Cochran's Q test p-value of 0.63. These subtype analyses are based upon small numbers 
of cases and only two studies making them unreliable, when considered individually, to 
address the question of consistency in the data. However, when they are combined 
w ith the results for the meta-analyses of the core studies of NHL, these studies add 
support to the condusion that these data are consistent. 

Chang and Delzell (2016) also performed a sensitivity analysis by only doing meta­
analyses on studies with similar characteristics. Using only the five case-control studies, 
the CRR was 1.3 {1.0-1.7). Breaking them into the type of control used, there were four 
studies using population controls with a CRR of 1.4 (1.0-1.8). There were four studies 
with males only with a CRR of 1.3 (l.0-1.7) and two studies with males and females with 
a CRR of 1.2 (0.8-1.8). Three studies were done in North America with a CRR of 1.2 (1 .0-
1.6), three in Europe with a CRR of 1.3 (0.8-2.1); two of the three studies were in 
Sweden with a CRR of 1.6 (0.9-2.8). All of the resu lting meta CRRs were the same for the 
fixed-effects model and the random-effects model. This sensitivity analysis shows that 
the results do not differ significantly from the main CRR for the six core studies 
combined adding support to the findings being consistent across the different studies. 

In case-control studies, selection bias arises when the reasons cases and controls choose 
to participate in the study could lead to systematic biases that might result in a positive 
or negative finding independent of the exposure being studied. For example, if cases 
with exposure are more likely to participate than controls with exposure, the result 
would be higher OR values; however, this difference has to be differe.ntial and not 
simply a difference in participation rates. It is possible that in a few of these studies, the 
method by which controls were selected could contribute to select ion bias that might 
lead to increased ORs. However, given the diverse types of cases and controls used in 
the five core case-control studies, this is unlikely to explain the consistent findings seen 
from these studies. It is also possible that the lack of complete data on cases versus 
controls could result in selection bias if the reasons for not completing the 
questionnaire/interview are different between cases and controls and relates to 
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