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UNITED STATES DISTRICT COURT

2

NORTHERN DISTRICT OF CALIFORNIA

3
4

IN RE: ROUNDUP PRODUCTS
LIABILITY LITIGATION

MDL No. 2741

5

Case No. 16-md-02741-VC

6

HEARING: January 27, 2017
10:00 a.m.
Courtroom 4, 17th Floor, N.D.Cal.
San Francisco, California

7
8
9
10

This document relates to:
ALL ACTIONS

11
12

PLAINTIFFS’ MOTION TO COMPEL THE DEPOSITION OF JESS ROWLAND

13

COME NOW all Plaintiffs, by the Plaintiffs’ Executive Committee, and move this Court

14

for an Order compelling the deposition of Jess Rowland, former Deputy Division Director,

15

Health Effects Division, Office of Pesticide Programs (OPP), at the Environmental Protection

16

Agency (EPA).

17

committee within EPA which authored and “accidentally” leaked a report in May 2016 holding

18

that there was not enough evidence to conclude glyphosate is carcinogenic.

19
20

He also chaired the Cancer Assessment Review Committee (CARC), a

Plaintiffs have complied with EPA’s Touhy rule for obtaining testimony from a current or
former employee; that request has been denied and is ripe for review.

21

On August 18, 2016, counsel for Plaintiffs contacted EPA and was referred to the Office

22

of General Counsel. Plaintiffs set forth the details of this litigation and the perceived role of Mr.

23

Rowland and the testimony/facts sought in discovery. An EPA attorney, Mark Stilp, responded

24

that “to make a decision and provide a response that properly follows the Agency’s ‘Touhy’

25

regulations,” the EPA required additional information and a “formal written request (OK to send

26

by email).” Plaintiffs responded with a formal written request on October 6, 2016, stating in part

27

that “[t]he subject of the deposition would be the relationship of EPA’s CARC and OPP to

28

Monsanto, and what communications and exchanges occurred in advance of the report on
1
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glyphosate that was accidentally leaked, following which Mr. Rowland left the Agency within

2

days.”

3

Finally, on December 5, 2016, Wendy Blake, Associate General Counsel for EPA, issued

4

a formal letter from EPA denying permission for testimony from Jess Rowland as “not clearly…

5

in the interests of EPA.” Exhibit A. 40 CFR § 2.404 governs requests for testimony from EPA

6

employees and provides that “the General Counsel or his designee… determines whether

7

compliance… would clearly be in the interests of EPA,” -and following a refusal, that employee

8

need not testify. Federal courts have held that the formal issuance of a subpoena is not necessary

9

to make the issue ripe for review following a Touhy refusal. See, e.g., U.S. ex rel. Lewis v.

10

Walker, 2009 WL 2611522 (M.D.Ga. 2009) (rejecting EPA argument that a pending subpoena

11

was necessary for the District Court to compel testimony, where EPA denied a request through

12

General Counsel and Touhy procedures; “the lack of a pending federal subpoena is not fatal to

13

the present motion to compel.”).

14

Coincidentally, one business day before Monsanto first moved this Court for bifurcation,

15

the EPA OPP “leaked” a glyphosate report marked “final” on April 30, 2016, coincidentally on

16

the day that Monsanto first moved this Court for bifurcation (Exhibit B). Also coincidentally,

17

Monsanto’s litigation counsel almost immediately found the leaked report, brought a copy of it

18

to the May 3, 2016 Hardeman Case Management Conference (such conference scheduled mere

19

hours after Monsanto filed its first Motion to Bifurcate in this court while Plaintiff’s counsel was

20

travelling to the courthouse) and utilized it in support of Monsanto’s argument for bifurcation.

21

See Hardeman May 3, 2016 Case Management Conference transcript, pp 20-21. However, within

22

three days, EPA had retracted the report and stated that the report was “preliminary” and “not

23

final” and that it had been “inadvertently” made available (See Exhibit C). Also within days of

24

the leak, Mr. Rowland was placed on administrative leave.

25

This is, essentially, the totality of what is known in the public sphere. Monsanto’s

26

internal documents reveal, however, a concerted effort by Monsanto and the OPP, Jess Rowland,

27

and his CARC committee, to “kill” the glyphosate/lymphoma issue for the company. On April

28

27, 2015, following the IARC pronouncement, Bill Heydens (Group A witness to be deposed on
2
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January 23, 2017) wrote to colleagues to suggest “approaching EPA and…. ask if there is

2

anything that would help them defend the situation?” (Exhibit D, MONGLY00987755-58). Dan

3

Jenkins (Group B custodian and deponent) responded: “I think you and I could get on the phone

4

w Jess Rowland and discuss this pretty openly. He’ll give us straight talk.”1 Id.

5

The following day, Mr. Jenkins spoke to Mr. Rowland by phone and typed up the

6

conversation for colleagues. He reported that, with regard to the CARC investigation, Mr.

7

Rowland stated “We have enough to sustain our conclusions. Don’t need gene tox or epi…..I am

8

the chair of the CARC and my folks are running this process for glyphosate in reg review. I have

9

called a CARC meeting in June.” The CARC review was purportedly meant to evaluate the

10

exhaustive review and report from IARC on glyphosate.

However, the IARC report on

11

glyphosate was not completed until July of 2015; three months after Mr. Rowland had already

12

made his conclusion. Coming to a conclusion before evaluating data, as Mr. Rowland did in this

13

case, is the epitome of “junk” science.

14

In the same email, Jenkins explained that Rowland wanted to help Monsanto stop an

15

investigation concerning the carcinogenicity of glyphosate being conducted by The Agency for

16

Toxic Substances and Disease Registry (ATSDR), a federal public health agency of the U.S.

17

Department of Health and Human Services.2 Since ATSDR is not controlled by the EPA

18

,according to Mr. Jenkins, Rowland bragged: “If I can kill this I should get a medal.” Jenkins

19

cautioned, however, that Monsanto should not “get your hopes up, I doubt EPA and Jess can kill

20

this.” Id.

21

Indeed, Monsanto has been confident all along that EPA would continue to support

22

glyphosate, whatever happened and no matter who held otherwise. In an internal memo on

23

glyphosate, Monsanto executives wrote “We know, but cannot say, that EPA’s Office of

24
25
26

1

Indeed, Mr. Rowland went to the IARC meeting as an observer for the EPA. Internal communications indicate
Monsanto was pleased with Mr. Rowland’s attendance since, “we all know Jess.” (Exhibit G, MONGLY00986901).
2

27

ATSDR serves the public by using the best science, taking responsive public health actions, and providing trusted
health information to prevent harmful exposures and diseases related to toxic substances.

28
3
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Pesticide Program scientists strongly feel that glyphosate does not cause cancer and have

2

defended their written determination internally for months.” (Exhibit E).

3

Dated six months after Rowland’s promise to “kill” the issue, the report states it is “from”

4

Jess Rowland and carries his signature. The report concludes that glyphosate is “not likely to be

5

carcinogenic to humans” but notes that “the epidemiological evidence at this time is inconclusive

6

for a causal or clear relationship between glyphosate and NHL” though it goes on to cite a

7

number of studies finding such an association.

8

Just before the report’s date, Mr. Rowland apparently communicated to Monsanto that he

9

would be retiring within months and Monsanto discussed internally that he “could be useful as

10

we move forward with ongoing glyphosate defense.” Exhibit F. He has indeed since left EPA,

11

departing within weeks of the “leaked” report.

12

Federal courts review an agency’s decision for arbitrariness and caprice. See, e.g. Derby

13

v. Department of Homeland Security, 688 F.Supp.2d 1103 (2009). Unfortunately, the negotiated

14

terms of confidentiality in this action precluded Plaintiffs from providing source documents to

15

the EPA for consideration. In this instance, EPA simply responded that Plaintiffs “failed to

16

explain how and why you believe that granting this voluntary testimony would clearly be in the

17

Agency’s interests,” and added that the EPA was not a party to the litigation and thus lacked an

18

interest in providing information.

19

Monsanto has made it clear throughout this litigation that it intends to rely on EPA’s

20

conclusions in the defense of this case, particularly in this first phase of general causation. Based

21

on these documents alone, it is clear that Monsanto enjoyed considerable influence within the

22

EPA’s OPP, and was close with Mr. Rowland, who promised to try to “kill” the glyphosate issue

23

for them; coincidentally, a report authored chiefly by him was “accidentally leaked” just at the

24

time of his planned retirement. Monsanto’s influence, then, will be crucial to the analysis of the

25

EPA’s findings and conclusions even as the parties litigate this first phase of general causation.

26

Plaintiffs are not proposing a “fishing expedition,” but rather a narrow deposition of a

27

single former EPA employee whose involvement in glyphosate issues was as important as any of

28

Monsanto’s executives, at least in the context of this litigation. The documentary evidence
4
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strongly suggests that Mr. Rowland’s primary goal was to serve the interests of Monsanto; EPA

2

acts only through its employees and Mr. Rowland was the primary author of the OPP report on

3

glyphosate, which Monsanto has made clear will be central to its defense of this case, including

4

in this general causation phase. EPA’s denial of this request arbitrarily stated that it was

5

unconvinced that the deposition would be in EPA’s interests, without providing any reasoning.

6

For Plaintiffs to have to prosecute this case, and counter-defend against this EPA report without

7

being able to discover the presence or extent of Monsanto’s untoward influence over the chief

8

author, would work a substantial prejudice and significantly stack the deck against Plaintiffs.

9

No case is closer to these facts and the analysis required than U.S. ex rel. Lewis v.

10

Walker, supra. In that action, to which the EPA was not a party, the plaintiffs alleged that

11

“several EPA employees made misrepresentations to assist… researchers in obtaining federal

12

monies through a cooperative agreement.” There, as here, the EPA employee was central to

13

discussions with the defendant, the content of which “will shed light on… the deception in which

14

EPA employees engaged to protect [defendant’s interests].” While the aim of the request was

15

certainly not to polish the EPA’s public image, the plaintiff argued that it was nonetheless in

16

EPA’s interest “because it may help the EPA uncover any improper conduct by EPA

17

employees… and prevent future improper conduct.” The court granted the motion to compel and

18

ordered the deposition to take place, based solely on a finding that the witness “likely possesses

19

information that is relevant to [plaintiff’s] claims.”

20

Rowland here is in the EPA’s interest. If, as the documents suggest, Monsanto exerted untoward

21

influence over Mr. Rowland, that is information the EPA needs to know so it can, in the future,

22

ferret out such unseemly relationships between its employees and the very industry its charged to

23

regulate.

24
25

Like Lewis, allowing the deposition of Mr.

In conclusion, this Court should compel the testimony of Mr. Rowland, a former EPA
employee with information crucial to thousands of current and future plaintiffs.

26
27
28
5
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DATED: January 9, 2017

Respectfully submitted,

4
/s Robin Greenwald, Michael Miller and
Aimee Wagstaff
Robin Greenwald
rgreenwald@weitzlux.com
Weitz & Luxenberg
700 Broadway
New York NY 10003
Ph 212-558-5500
F 212-344-5461

5
6
7
8
9
10

Michael Miller
mmiller@millerfirmllc.com
The Miller Firm LLC
108 Railroad Ave
Orange VA 22960
Ph 540 672 4224
F 540 672 3055

11
12
13
14

Aimee Wagstaff
Aimee.wagstaff@andruswagstaff.com
Andrus Wagstaff, P.C.
7171 West Alaska Drive
Lakewood CO 80226
Ph 303-376-6360
F 303-376-6361

15
16
17
18
19
20

CERTIFICATE OF SERVICE

21
22
23
24

I HEREBY CERTIFY that on January 9, 2017 I electronically filed this Motion to
Compel under seal, using the CM/ECF system which will send a notification of such
filing to counsel of record.

25
26

/s/ Michael Miller

27
28
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
WASHINGTON, D.C. 20460

OFFICE OF
GENERAL COUNSEL

December 5, 2016
Timothy Litzenburg
The Miller Firm, LLC
The Sherman Building
108 Railroad Avenue
Orange, VA 22960
Re:

Touhy Request for the Voluntary Testimony of Jess Rowland
regarding
In Re: Roundup Products Liability Litigation, MDL No. 3:16-02741
(N.D. Cal. filed Oct. 4, 2016).

Dear Mr. Litzenburg:
This is a response to your August 10, 2016 request that the U.S.
Environmental Protection Agency (EPA or Agency) agree to the voluntary
testimony of "Mr. [Jess] Rowland, regarding the particulars of his relationship with
Monsanto and his work on [the chemical glyphosate, also known as Roundup]."
You submitted the request on behalf of your clients in the above-referenced
multidistrict litigation. EPA is not a party to this litigation.
Most recently, Mr. Rowland served as the Agency's Deputy Division
Director for the Office of Chemical Safety and Pollution Prevention (OCSPP),
Office of Pesticides Programs (OPP), Health Effects Division. Mr. Rowland also
chaired the Agency's Cancer Assessment Review Committee (CARC).
The Agency evaluates and responds to voluntary requests for testimony in
accordance with its Touhy regulations. 40 C.F .R. Part 3, Subpart C. See United
States ex rel. Touhy v. Ragen, 340 U.S. 462 (1951). These regulations help ensure
that Agency resources are "used only for official purposes, to maintain the
impartiality of EPA among private litigants, to ensure that public funds are not used
for private purposes and to establish procedures for approving testimony ... when
clearly in the interests of EPA." 40 C.F.R. § 2.40l{c).
The Touhy regulations prohibit the Agency from agreeing to provide

~c- - - - -- - -- - - - - --
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testimony "concerning information acquired in the course of performing official
duties or because of the employee's official relationship with EPA," unless, inter
alia, authorized by the General Counsel. 40 C.F .R. § 2.402(b). The Agency grants
requests for voluntary testimony only when the General Counsel, in consultation
with the appropriate Assistant Administrator, determines that "compliance with the
request would clearly be in the interests of EPA." 40 C.F .R. § 2 .403. As the General
Counsel's designee, I am responsible for issuing this determination.
Your original request, sent by email on August 10, 2016, stated:
I represent about a thousand people with non Hodgkin
lymphoma which developed after exposure to
Monsanto's Roundup. You are surely aware of the
'accidental' release of the 'final' report by CARC on
this chemical earlier in the year ... We need to take the
deposition of Mr. Rowland regarding the particulars of
his relationship with Monsanto and his work on this
chemical. Please secure for us the necessary
permissions, so we can do this quietly and at a
convenient time and location; I believe the deposition
will happen regardless, but would prefer we do it by
agreement.
Initially, after receiving your original request, you and my staff spoke
generally about your request and the Agency's Touhy Regulations. 40 C.F.R. Part 3,
Subpart C. Then, my staff consulted Mr. Rowland's former supervisors in the
Agency' s Office of Chemical Safety and Pollution Prevention (OCSPP) to
determine if granting your request would "clearly be in the interests of EPA," as the
Agency's Touhy Regulations require. 40 C.F.R. § 2.403 . While consulting OCSPP
and evaluating your request, my staff determined that it needed additional
information from you. On October 4, 2016, my staff asked you to explain why
agreeing to your testimony request would clearly serve the Agency's interests. You
responded by email on October 6, 2016.
I reviewed your August 10 and October 6, 2016 emails, and the Assistant
Administrator for OCSPP was consulted. I conclude that compliance with your
request would not clearly be in the interests of EPA. First, you failed to explain how
and why you believe that granting this voluntary testimony would clearly be in the
Agency' s interests. Second, your request stems from litigation to which EPA is not
a party and concerns a matter purely among private litigants, the outcome of which
will have no significant effect upon EPA' s programs, functions or responsibilities.
Finally, agreeing to this voluntary testimony would not serve a Federal interest and
could be perceived as a failure by the Agency to maintain impartiality among
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private litigants as required by 40 C.F.R. § 2.401(c).
For the reasons discussed above, the Agency does not agree to your request
for voluntary testimony from Mr. Rowland. Please contact Mark Stilp at 202-5644845 with any questions related to this matter.

Sincerely,

Wendy Blake
Associate General Counsel
General Law Office .

cc:

Jim Jones, Assistant Administrator for the Office of Chemical Safety and
Pollution Prevention;
Jack Housenger, Director, Office of Pesticides Programs, OCSPP;
Dana Vogel, Director, Health Effects Division, OPP, OCSPP.
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UNITED STATES ENVIRONMENT AL PROTECTION AGENCY
WASHINGTON, D.C. 20460
OFFICE OF CHEMICAL SAFETY
AND POLLUTION PREVENTION

MEMORANDUM

DATE:

October 1, 2015

SUBJECT:

GLYPHOSATE: Report of the Cancer Assessment Review Committee

PC Code: 417300
Decision No.: NIA
Petition No.: NIA
Risk Assessment Type: NA
TXR No.: 0057299
MRID No.: NIA
FROM:

TO:

DP Barcode: NIA
Registration No.: NIA
Regulatory Action: NIA
Case No.: NIA
CAS No.: 1071-83-6
40 CFR: NIA

Jess Rowland, ~~ ~ O?o~dnO
Deputy Division Director
Chair, Cancer Assessment Reviewlmmittee
And
JI
Karlyn Middleton, Co-Chair
' r~
Cancer Assessment Review Committee
Health Effects Division (7509P)
Charles Smith, Chief,
Risk Assessment Branch I
Health Effects Division (7509P)
And
KhueNguyen
Chemical Review Manager
Risk Management and Implementation Branch 1
Pesticide Re-evaluation Division

On September 16, 2015, the Cancer Assessment Review Committee (CARC) of the Health
Effects Division, of the Office of Pesticide Programs evaluated the carcinogenic potential of
Glyphosate in accordance with the EPA 's Final Guidelines for Carcinogen Risk Assessment
(March, 2005). Attached please find the final Cancer Assessment Document.
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CANCER ASSESSMENT DOCUMENT

EVALUATION OF THE CARCINOGENIC POTENTIAL OF

Glyphosate

FINAL REPORT
October 1, 2015

CANCER ASSESSMENT REVIEW COMMITTEE
HEALTH EFFECTS DIVISION
OFFICE OF PESTICIDE PROGRAMS
U.S Environmental Protection Agency
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FINAL
EXECUTIVE SUMMARY

Glyphosate is a nonselective herbicide that is currently registered for pre- and post-emergence
application to a variety of fruit, vegetable, and field crops.
In 1985, the agency, in accordance with the Proposed Guidelines for Carcinogen Risk Assessment,
classified glyphosate as a Group C chemical (Possible Human Carcinogen) based on the presence
of kidney tumors in male mice. There was no evidence for carcinogenicity in male or female rats.
Furthermore, there were no mutagenicity concerns (TXR No. 0052067).
In 1986, the agency requested the FIFRA Scientific Advisory Panel (SAP) to evaluate the
carcinogenic potential of glyphosate. On February 24, 1986, the SAP recommended that
glyphosate should be categorized as a Group D chemical: Not Classifiable as to Human
Carcinogenicity. The panel determined that the data on renal tumors in male mice were equivocal:
they were only adenomas, and the increase did not reach statistical significance. The panel also
advised the agency to issue a data call-in notice for further studies in rats and/or mice to clarify
unresolved questions (SAP Report, 02/24/1986). This review is available at
http://www.epa.gov/pesticides/chem_search/cleared_reviews/csr_PC-103601_24-Feb-86_209.pdf
In 1991, the Carcinogenicity Peer Review Committee (CPRC) of the Health Effects Division
(HED), of the Office of Pesticide Programs (OPP), of the U.S. Environmental Protection Agency
(USEPA) evaluated the carcinogenic potential of glyphosate. 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).
Earlier this year (March 2015), the International Agency for Research on Cancer (IARC), Lyon,
France, assessed the carcinogenic potential of glyphosate. The IARC reviewed the available
epidemiological studies and carcinogenicity studies for glyphosate in experimental animals. The
IARC concluded that there is limited evidence in humans for the carcinogenicity of glyphosate
based on a positive association for non-Hodgkin lymphoma (NHL). The IARC also concluded that
there is sufficient evidence in experimental animals based on significant positive trends for kidney
tumors in one study and for hemangiosarcomas in another study in male mice. IARC determined
that there is strong evidence for genotoxicity. Overall, IARC classified glyphosate as “probably
carcinogenic to humans (Group 2A) (IARC, 2015).
IARC’s conclusion was based on epidemiologic studies available in the open literature and
carcinogenicity studies in rats (4 studies) and mice (2 studies) by dietary administration. Of these
six studies reviewed by IARC, two studies in rats and one study in mice were previously not
available to OPP. The conclusion by IARC and the additional studies not available to OPP,
prompted the agency to re-evaluate the carcinogenic potential of glyphosate.
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On September 16, 2015, HED’s Cancer Assessment Review Committee (CARC) evaluated all
available epidemiological studies published in the open literature that examined the association
between glyphosate exposure and one or more cancer outcomes. This included one cohort study,
seven nested case-control studies based on the cohort study population, and 25 case- control
studies. The CARC also evaluated 11 chronic toxicity/carcinogenicity studies in rats (7) and mice
(4) following dietary administration for up to two years. Six of the studies (4 rat and 2 mouse)
were submitted to OPP to support registration/re-registration requirements, including two studies
in rats and one study in mice which were not previously available to OPP (but reviewed by IARC).
Data for review of the other five studies (3 rat and 2 mouse) were obtained from a review article
and its supplement published in the open literature (Greim et al., 2015) that also had not been
previously reviewed by the agency (IARC did not evaluate the five studies cited in the Greim et al.
2015 review article). The CARC also evaluated the mutagenicity/genotoxicity studies submitted to
OPP as well as studies summarized in two review articles (Williams et al., 2000, and Kier and
Kirkland, 2013) published in the open literature.
The CARC concluded that the epidemiological studies in humans showed no association between
glyphosate exposure and cancer of the following: oral cavity, esophagus, stomach, colon, rectum,
colorectum, lung, pancreas, kidney, bladder, prostate, brain (gliomas), soft-tissue sarcoma,
leukemia, or multiple myelomas.
The CARC concluded that there is conflicting evidence for the association between glyphosate
exposure and NHL. No association between glyphosate exposure and NHL was found in
population-based case-control studies in the United States, Canada or France. Additionally, the
large prospective Agricultural Health Study (AHS) with 54,315 licensed pesticide applicators in
Iowa and North Carolina did not show a significantly increased risk of NHL. A population-based
case-control study from Sweden suggested an association between glyphosate exposure and NHL;
however, this finding was based on only 4 glyphosate-exposed cases and 3 controls.
When data from two case-control studies in Sweden (one on NHL and the other on hairy cell
leukemia) were pooled, a univariate analysis showed an increased risk (odds ratio (OR) = 3.04;
95% confidence interval (CI) = 1.08–8.52); however, when study site, vital status, and exposure to
other pesticides were taken into account in a multivariate analysis, the risk was attenuated
(OR=1.85; 95% CI=0.55–6.20). In another case-control study in Sweden, among the 29
glyphosate-exposed cases, a multivariate analysis showed an increased risk for NHL (OR=1.51;
95% CI=0.77–2.94) and B-cell lymphoma (OR=1.87; 95% CI=0.998–3.51). A meta-analysis of the
six separate studies showed an association between glyphosate exposure and NHL with a meta-risk
ratio of 1.5 (95% CI=1.1–2.0) (Schinasi and Leon, 2014). The CARC noted that most of the
studies in the database were underpowered, suffered from small sample size of cancer cases with
glyphosate exposure, and had risk/odds ratios with large confidence intervals. Additionally, some
of the studies had biases associated with recall and missing data.
In an attempt to address the noted power/sample size issues across studies, IARC used adjusted
weighting estimates of the two Swedish studies (Hardell et al. 2002 and Eriksson et al. 2008) and
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reported an lower odds ratio in a second meta-analysis of the same data (OR=1.3;
95% CI=1.03–1.65). Given the limitations of the studies used and uncertainty in the analytical
methods, the CARC concluded that a different weighting scheme could have resulted in a different
meta risk ratio. Thus, while epidemiologic literature to date does not support a direct causal
association, the CARC recommends that the literature should continue to be monitored for studies
related to glyphosate and risk of NHL.
Overall, the CARC concluded that there was no evidence of carcinogenicity in the eleven
carcinogenicity studies conducted in Sprague Dawley or Wistar rats and CD-1 mice. There were
no treatment-related increases in the occurrence of any tumor type in either sex of either species.
By contrast, the IARC concluded that there is sufficient evidence in experimental animals based on
a positive trend in the incidence of a relatively rare tumor type, renal tubular carcinoma and renal
tubule adenoma or carcinoma (combined) in CD-1 males in one feeding study. A second study
reported a positive trend for hemangiosarcomas in male CD-1 mice. The CARC did not consider
these tumors to be treatment-related since the observed tumors did not exhibit a clear doseresponse relationship, were not supported non-neoplastic changes, were not statistically significant
on pairwise analysis with concurrent control groups, and/or were within the range of the historical
control data. If the kidney tumors and the hemangiosarcomas are really treatment-related, it is
unlikely that the same tumors would not have been detected at higher incidences in the studies in
the other studies of CD-1 mice when tested at similar or higher doses (1000–4000 mg/kg/day).
Moreover, in 4 of the 11 studies (3 rat and 1 mouse) evaluated by CARC, there was no biologically
or statistically significant increases in the occurrence of any tumor type in either species. The other
observed differences in incidence did not show a dose response relationship, and were within the
range of the background/historical control range. The four studies which were negative for
carcinogenicity were reported in the review article by Greim et al. (2015) but were not included in
the IARC evaluation. This omission of the negative findings from reliable studies may have had a
significant bearing on the conclusion drawn for evidence of carcinogenicity in animals.
The CARC evaluated a total of 54 mutagenicity/genotoxicity studies which included studies
submitted to the agency, as well as studies reported in the two review articles (Williams et al.,
2000, and Kier and Kirkland, 2013). A number of studies reported in the review article by Kier and
Kirkland (2013) were not considered by IARC. The CARC, based on a weight-of-evidence of the
in vitro and in vivo studies, concluded that there is no concern for genotoxicity or mutagenicity.
Glyphosate was no mutagenic in bacterial reversion (Ames) assays or in vitro mammalian gene
mutation assays. There is no convincing evidence that glyphosate induces micronuclei formation
or chromosomal aberrations in vitro or in vivo.
By contrast, IARC’s conclusion that glyphosate is genotoxic based on positive results that included
studies that tested glyphosate-formulated products as well as studies where the test material was
not well-characterized (i.e., no purity information was provided). The IARC analysis also focused
on DNA damage as an endpoint (e.g., comet assay). DNA damage is often reversible and can
result from events that are secondary to toxicity (cytotoxicity), as opposed to permanent DNA
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changes which are detected in tests for mutations and chromosomal damage (e.g. chromosomal
aberrations or micronuclei induction). The studies that IARC cited as positive findings for
chromosomal damage had deficiencies in the design and/or conduct of the studies confounding the
interpretation of the results. In addition these positive findings were not reproduced in other
guideline or guideline-like studies evaluating the same endpoints. Furthermore, IARC’s evaluation
did not include a number of negative results from studies that were reported in the review article
by Kier and Kirkland (2013). The inclusion of the positive findings from studies with known
limitations, the lack of reproducible positive findings and the omission of the negative findings
from reliable studies may have had a significant bearing on IARC’s conclusion on the genotoxic
potential of glyphosate.
In accordance with the 2005 Guidelines for Carcinogen Risk Assessment, based on the weight-ofevidence, glyphosate is classified as “Not Likely to be Carcinogenic to Humans”. This
classification is based on the following weight-of-evidence considerations:


The epidemiological evidence at this time does not support a causal relationship between
glyphosate exposure and solid tumors. There is also no evidence to support a causal
relationship between glyphosate exposure and the following non-solid tumors: leukemia,
multiple myeloma, or Hodgkin lymphoma. The epidemiological evidence at this time is
inconclusive for a causal or clear associative relationship between glyphosate and NHL.
Multiple case-control studies and one prospective cohort study found no association;
whereas, results from a small number of case-control studies (mostly in Sweden) did
suggest an association. Limitations for most of these studies include small sample size,
limited power, risk/odd ratios with large confidence intervals, and recall bias as well as
missing data. The literature will continue to be monitored for studies related to glyphosate
and risk of NHL.



In experimental animals, there is no evidence for carcinogenicity. Dietary administration of
glyphosate at doses ranging from 3.0 to 1500 mg/kg/day for up to two years produced no
evidence of carcinogenic response to treatment in seven separate studies with male or
female Sprague-Dawley or Wistar rats. Similarly, dietary administration of glyphosate at
doses ranging from 85 to 4945 mg/kg/day for up to two years produced no evidence of
carcinogenic response to treatment in four separate studies with male or female CD-1 mice.
The CARC did not consider any of the observed tumors in 11 carcinogenicity studies in
rats and mice to be treatment-related since the observed tumors did not exhibit a clear doseresponse relationship, were not supported pre-neoplastic changes (e.g., foci, hypertrophy,
and hyperplasia), were not statistically significant on pairwise statistical analysis with
concurrent control groups, and/or were within the range of the historical control data.



Based on a weight of evidence approach from a wide range of assays both in vitro and in
vivo including endpoints for gene mutation, chromosomal damage, DNA damage and
repair, there is no in vivo genotoxic or mutagenic concern for glyphosate.
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INTRODUCTION

On September 16, 2015 the Cancer Assessment Review Committee (CARC) of the Health Effects
Division of the Office of Pesticide Programs met to re-evaluate the carcinogenic potential of
glyphosate.
II.

BACKGROUND INFORMATION

Glyphosate (N-(phosphonomethyl) glycine) is a nonselective herbicide that is currently registered
for pre- and post-emergence application to a variety of fruit, vegetable, and field crops. Tolerances
are currently established for residues of glyphosate in/on various plant commodities at
0.2–400 ppm (40 CFR §180.364 (a)) (1). Registered uses range from tree nuts, citrus, and grapes to
corn, soybeans, cotton, and rice. Glyphosate is also registered for use on transgenic crop varieties
such as canola, corn, cotton, soybeans, sugar beets, and wheat. Aquatic and terrestrial registered
uses of glyphosate include non-selective control of nuisance aquatic weeds, ornamentals,
greenhouses, residential areas, ornamental lawns and turf, fallow land, pastures, and
nonagricultural rights-of-way.
The chemical structure and nomenclature for glyphosate is presented in Table 1.
Table 1. Chemical Nomenclature of Glyphosate
O

O

Compound
Common name
Company experimental name
IUPAC/CAS name
CAS registry number

HO

H
N

P
OH

OH

Glyphosate
DPX-B2856
N-(phosphonomethyl)glycine
1071-83-6

Glyphosate is formulated in liquid and solid forms, and it is applied using ground and aerial
equipment. Application rates of glyphosate to food crops range from <1 pound (lb) of acid
equivalent (ae) per acre (A) for a variety of crops to approximately 15 lb ae/A for spray and spot
treatments of crops including tree nuts, apples, citrus, and peaches. Residential lawn and turf
application rates range from <1 lb ae/A to approximately 10.5 lb ae/A. The application timing of
glyphosate is varied. Glyphosate can be applied early and late in the season, at pre-plant, planting,
pre-emergence, pre-bloom, bud stage, pre-transplant, pre-harvest, post-plant, post-transplant, postbloom, and post-harvest. It can also be applied during dormant stages and to fallow land,
established plantings, stubble, and when needed. In September 1993, the agency issued the
glyphosate Reregistration Eligibility Decision (RED) document (D362745), available from
http://www.epa.gov/pesticides/reregistration/REDs/old_reds/glyphosate.pdf.
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In 1985, the agency, in accordance with the Proposed Guidelines for Carcinogen Risk Assessment,
classified glyphosate as a Group C chemical (Possible Human Carcinogen) based on the presence
of kidney tumors in male mice. There was no evidence for carcinogenicity in male or female rats.
Furthermore, there were no mutagenicity concerns (TXR No. 0052067).
In 1986, the agency requested the FIFRA Scientific Advisory Panel (SAP) to evaluate the
carcinogenic potential of glyphosate. On February 24, 1986, the SAP recommended that
glyphosate should be categorized as a Group D chemical: Not Classifiable as to Human
Carcinogenicity. The panel determined that the data on renal tumors in male mice were equivocal:
they were only adenomas, and the increase did not reach statistical significance. The panel also
advised the agency to issue a data call-in notice for further studies in rats and/or mice to clarify
unresolved questions (SAP Report, 02/24/1986). This review is available at
http://www.epa.gov/pesticides/chem_search/cleared_reviews/csr_PC-103601_24-Feb-86_209.pdf
In 1991, the Carcinogenicity Peer Review Committee (CPRC) of the Health Effects Division,
Office of Pesticide Programs, in accordance with the agency’s 1986 Draft Guidelines for
Carcinogen Risk Assessment, classified glyphosate as a Group E Chemical: Evidence of NonCarcinogenicity for Humans. This classification was based upon lack of evidence for
carcinogenicity in mice and rats and the lack of concern for mutagenicity (TXR No. 0008897).
In 2002, the European Union (EU) concluded that there was no evidence of carcinogenicity for
glyphosate in long-term studies with mice and rats (EU, 2002).
In 2004, the Joint FAO/WHO Meeting on Pesticide Residues (JMPR) concluded that there was no
evidence of carcinogenicity for glyphosate in long term studies in mice and rats and there was no
evidence for genotoxic potential (JMPR, 2004).
In 2015, the International Agency for Research on Cancer (IARC) classified glyphosate as a Group
2A chemical (Probable Human Carcinogen) based on limited evidence of carcinogenicity in
humans and sufficient evidence in experimental animals. The limited evidence in humans was
based on a positive association between non-Hodgkin lymphoma (NHL) and glyphosate exposure
from published epidemiology studies. The sufficient evidence in experimental animals was based
on a positive trend in the incidence of renal tubular carcinoma and renal tubule adenoma/
carcinoma combined in male CD-1 mice in one study and on a positive trend in the incidence of
hemangiosarcomas in male CD-1 mice in another study. There is strong evidence that glyphosate
causes genotoxicity (IARC, 2015).
In 2015, two chronic toxicity/carcinogenicity studies in rats (MRID Nos. 49631701; 4970460) and
one carcinogenicity study in mice (MRID No. 49631702) that were reviewed by IARC, but not
previously available to OPP, were submitted and reviewed. This assessment by the CARC includes
all of the studies (epidemiology and animals) reviewed by IARC as well as a subset of animal
studies reported in a review article by Greim et al. (2015) but not reviewed by IARC.
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EPIDEMIOLOGY

This section includes a review of epidemiologic cohort and case-control studies of glyphosate to
evaluate whether exposure to glyphosate is associated causally with the risk of developing cancer
in humans.
The Agricultural Health Study (AHS) is a large prospective study conducted in Iowa and North
Carolina. Participants (private and commercial applicators) were asked to complete a 21-page
questionnaire that included data on personally mixing and/or applying pesticides (including
glyphosate), and frequency (days of use per year) and duration (years of use) of pesticide use. Data
on the use of personal protective equipment, other farming practices, dietary and lifestyle
information, demographic data, and medical information were also collected via the questionnaire
(Alavanja et al., 1996). The role of pesticide use and lymph hematopoietic cancers, and in
particular NHL, has been studied in several investigations. For most of the cancer endpoints
studied in relation to pesticide use, only one epidemiology study is available (De Roos et al.,
2005); however, for NHL and other non-solid tumors, several investigations are published.
A. Cohort Study
There are multiple published studies which use data from the same cohort, the AHS (Alavanja et
al., 2003; Flower et al., 2004; De Roos et al., 2005; Engel et al., 2005; Lee et al., 2007; Landgren
et al., 2009; Andreotti et al., 2009; and Dennis et al., 2010). It should be noted that there is some
overlap between the cases and person-time reported findings in the AHS.
B. Case-Control Studies
Three case-control studies conducted by the National Cancer Institute in Iowa and Minnesota
during the 1980s were reported by Brown et al. (1990), Cantor et al. (1992) and Brown et al.
(1993).
De Roos et al. (2003) and Lee et al. (2004a) reported the results of case-control studies conducted
in Iowa, Minnesota, Nebraska and/or Kansas in the U.S.A.
The Canadian population based case-control studies were reported by McDuffie et al., 2001;
Hohenadel et al., 2011; Karunanayke et al., 2012; and Kachuri et al., 2013.
Results of the Swedish case-control studies were reported by Nordstrom et al., 1998; Hardell and
Erikson, 1999 and Hardell et al., 2002; and Eriksson et al., 2008.
A single case-control study conducted in France was reported by Orsi et al. (2009).
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Coco et al., (2013) reported the results of a pooled analyses of case-control studies conducted in
six European countries between 1998 and 2004.
Case-control studies on the cancer of the brain (mainly gliomas) were reported by Ruder et al.
2004; Carreon et al., 2005; Lee et al., 2005; and Yiin et al., 2012.
Case-control studies on other cancer sites were reported by Alavanja et al., 2004 (lung); Bank et
al., 2011 and Koutros et al., 2013 (prostate); Pahwa et al., 2012 (soft tissue sarcoma) and Lee et
al., 2004b (stomach and esophagus).
Schinasi and Leon (2014) conducted a meta-analysis of the six studies that evaluated NHL and
glyphosate exposure (McDuffie et al., 2001; Hardell et al., 2002; DeRoos et al., 2003; 2005;
Eriksson et al., 2008; and Orsi et al., 2009). Sorahan (2015) conducted a re-analysis of the multiple
myeloma in the U.S. AHS.
C. Results
A summary of the studies evaluating the association between glyphosate exposure and cancer are
discussed below.
 Results of the studies reporting data on solid tumors (non-lymphohematopoietic) at various
anatomical sites are presented in Table 2.


Results of the studies reporting data on glyphosate exposure and non-solid tumors
(lymphohematopoietic) are presented in Table 3.
1. Solid Tumor Cancer Studies

Within the AHS study cohort, a number of authors evaluated several anatomical cancer sites in
relation to pesticide use. A discussion of studies outside of the AHS cohort that addressed pesticide
use in relation to non-solid tumors including multiple myeloma and NHL is presented below in
Section C.2. (Non-Solid Tumor Sites).
(i)

Cancer at Multiple Sites

De Roos et al., (2005) evaluated associations between glyphosate exposure and cancer incidence in
the AHS cohort study of 57,311 licensed pesticide applicators in Iowa and North Carolina. The
authors used Poisson regression to estimate exposure-response relationships between glyphosate
and incidence of all cancers combined and 12 relatively common cancer subtypes. Exposure to
glyphosate was not associated with all cancers combined [Rate Ratio (RR) =1.0 with
95% Confidence Interval (CI) of 0.90–1.2)] or any cancer at a specific anatomical site.
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Several AHS nested case-control analyses as well as the cohort analysis from De Roos et al., 2005,
also provide information concerning the carcinogenic potential of glyphosate. As presented in
Table 2, there is no statistical evidence of an association with glyphosate presented across these
studies. Specifically, AHS researchers reported no statistical 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 (Alavanja et al., 2003; Koutros et al.,
2013) or melanoma (De Roos et al., 2005; Dennis et al., 2010). The risk ratios (OR) or rate ratios
(RR) and 95% confidence interval (CI) for these studies are provided in Table 2.
In a population-based study (Band et al., 2011) outside of the AHS, Canadian researchers reported
non-significantly elevated odds of prostate cancer in relation to glyphosate use (OR=1.36;
95% CI=0.83–2.25). 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. Additionally, these data are in conflict with the results of Alavanja et al. (2003),
which reflects the PSA-era cases (i.e., cases which are typically identified at an earlier stage in the
progression of the disease). Koutros et al. (2013) did not identify an association with advanced
prostate cancer (OR=0.93; 95% CI=0.73–1.18) in a prostate cancer follow-up study within the
AHS.
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 (OR=0.90; 95% CI= 0.58–1.40).
Flower et al. (2004) 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% CI= 0.32–1.16) or paternal
(prenatal) exposure to glyphosate: (OR=0.84; 95% CI= 0.35– 2.54).
(ii)

Brain (Glioma) Cancer

Lee et al. (2005) investigated the association between brain cancer with farming and agricultural
pesticide use. The authors conducted telephone interviews of men and women diagnosed with
gliomas (n=251) between 1988 and 1993 in Nebraska and in controls (n=498) identified from the
same regions. Matching for age and vital status, study authors reported a non-significant elevated
odds of glioma (OR=1.5; 95% CI=0.7–3.1) in relation to glyphosate use; however, the results were
significantly different between those who self-reported pesticide use (OR=0.4; 95% CI=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 likely a characteristic of this study.
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Three population-based case-control studies evaluated the risk of brain cancer, specifically, glioma
risk, among men and women participating in the Upper Midwest Health Study (Carreon et al.,
2005; Ruder et al., 2004; Yiin et al., 2012). Ruder et al. (2004) reported no association between
brain cancer and glyphosate use, but did not present any specific results (i.e. quantitative data).
Among glioma cases identified 1995–1997 by Carreon et al. (2005), the authors found little
evidence of a role for glyphosate in the etiology of this tumor. Herbicide use, including glyphosate
was not associated with glioma in women by proxy respondents (OR=0.75; 95% CI=0.4–1.3) or
excluding proxy respondents (OR=0.6; 95% CI=0.3–1.2). In the study by Carreon et al. (2005),
there was no difference in risk estimate by vital status (use of self-report or proxy respondent),
suggesting recall bias was more limited in this study in contrast to Lee et al. (2005). Using a
quantitative measure of pesticide exposure (in contrast to an ever-use metric), the authors similarly
observed no statistical evidence of an association with glyphosate; risk estimates were roughly
equal to the null value (home and garden use: OR=0.98; 95% CI=0.67–1.43; non-farm jobs:
OR=0.83; 95% CI=0.39–1.73) (Yiin et al., 2012).
(iii)

Stomach and Esophageal Cancers

In a population-based case control study in eastern Nebraska, Lee et al. (2004) investigated
pesticide use and stomach and esophageal adenocarcinomas. Cancer cases (stomach=170 and
esophagus=137) were identified through the state cancer registry, and confirmed by a pathologist.
The exposure assessment was based on self-reported pesticide use, with follow-up telephone
interview to verify the reported information. There was no association between glyphosate
exposure and either stomach cancer (OR=0.8; 95% CI=0.4–1.5) or esophageal cancer (OR=0.7;
95% CI=0.3–1.4).
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Table 2. Summary of Findings: Solid Tumor Cancer Studies
Study Design

Cancer at Multiple Sites
De Roos et al. (2005)
Cohort
AHS: Iowa and North
Carolina, U.S.A.

1993-2001
54,315 licensed
pesticide applicators

Exposure Assessment
Self-report
questionnaire;
validated, reliability
tested; adjusted for
other pesticides

Risk Estimate: Risk Ratio
(RR) / Odds Ratio (OR)
(95% Confidence Interval CI)
All cancers
RR =1.0 (0.9-1.2)

Conclusions

Potential Confounders
Considered

No association
between glyphosate
exposure and all
cancer including
NHL

Age at enrollment
(continuous), education,
cigarette smoking,
alcohol consumption,
family history of cancer
in first degree relatives,
and state of residence
(dichotomous: Iowa/NC)

No significant
association
between glyphosate
exposure and
cancer of the lung,
oral cavity, colon,
rectum, pancreas,
kidney, bladder,
prostate or
melanomas

Age at enrollment
(continuous), education,
cigarette smoking,
alcohol consumption,
family history of cancer
in first degree relatives,
and state of residence
(dichotomous: Iowa/NC)

Site-Specific Cancers: Lung; Oral cavity; Colon; Rectum; Kidney; Bladder; Prostate and Melanoma
De Roos et al. (2005)

Cohort

AHS: Iowa and North
Carolina, U.S.A.

1993-2001
54,315 licensed
pesticide applicators

Self-report
questionnaire;
validated, reliability
tested; adjusted for
other pesticides

Lung
RR= 0.9 (0.6-1.3)
Oral Cavity
RR=1.0 (0.5-1.8)
Colon
RR=1.4 (0.8-2.2)
Rectum
RR=1.3 (0.7-2.3)
Pancreas
RR=0.7 (0.3-2.0)
Kidney
RR=1.6 (0.7-3.8)
Bladder
RR=1.5 (0.7-3.2)
Prostate
RR=1.1 (0.9-1.3)
Melanoma
RR=1.6 (0.8-3.0)
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Table 2. Summary of Findings: Solid Tumor Cancer Studies
Study Design

Exposure Assessment

Risk Estimate: Risk Ratio
(RR) / Odds Ratio (OR)
(95% Confidence Interval CI)

Conclusions

Potential Confounders
Considered

No association
between glyphosate
exposure and breast
cancer

Age, race and state of
residence (Iowa and
North Carolina). Limited
to licensed applicators.
Potential exposure to
multiple pesticides

No association
between glyphosate
exposure and
pancreatic cancer

Age, smoke, diabetes,
applicator type. Limited
to licensed applicators.
Potential exposure to
multiple pesticides

Site-Specific Cancers: Breast Cancer
Nested Case-Control
Engel et al. (2005)

Self-report
questionnaire

1993-1997
AHS: Iowa and North
Carolina, U.S.A.

30,454 wives of
licensed pesticide
applicators with no
history of breast
cancer at enrollment

Site-Specific Cancers: Pancreatic Cancer
Andreotti et al. (2009) Nested Case-Control
AHS: Iowa and North
Carolina, U.S.A.

1993-1997; followup to 2004

Direct exposure
(wives who applied)
OR=0.9 (0.7-1.1)
(Exposed: 82 cases,
10,016 controls)
Indirect exposure (wives whose
husbands applied)
OR=1.3 (0.8-1.9)
(Exposed: 109 cases,
9,304 controls)

Self-report
questionnaire;
validated, reliability
tested

Ever-use
OR=1.1 (0.6, 1.7)
(Exposed: 55 cases)

93 cases
82,503 controls
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Table 2. Summary of Findings: Solid Tumor Cancer Studies
Study Design

Exposure Assessment

Risk Estimate: Risk Ratio
(RR) / Odds Ratio (OR)
(95% Confidence Interval CI)

Conclusions

Potential Confounders
Considered

Site-Specific Cancers: Prostate Cancer
Alavanja et al. (2003)

Nested Case-Control

AHS: Iowa and North
Carolina, U.S.A.

1993-1997; cancer
thru 1999

Self-report
questionnaire;
validated, reliability
tested

No quantitative risk estimate
reported

No quantitative
estimate due to lack
of significant
exposure-response
association with
prostate cancer.

Age, family history.
Limited to licensed
applicators. Potential
exposure to multiple
pesticides

Job exposure matrix
for agriculture;
detailed occupational
history; exposure
aggregated over all
jobs reported. 60
exposed cases

OR=1.36 (0.83-2.25)
(Exposed: 25 cases
60 controls)

No association
between glyphosate
exposure and
prostate cancer

Alcohol consumption,
cigarette years, education
level, pipe smoking years
and respondent

Self-report
questionnaire,
validated

OR=0.93 (0.73-1.18)

No association
between glyphosate
exposure and
prostate cancer

Age, state, race, family
history of prostate cancer,
smoking, fruit servings,
and leisure-time physical
activity in the winter

55,332 male
applicators
Band et al. (2011)

Case-Control

British Columbia,
Canada

1983- 1990
1,516 prostate
cancer patients
4,994 age-matched
controls

Koutros et al. (2013)

Nested Case-Control

AHS: Iowa and North
Carolina, U.S.A.

1993-2003
1,962 incident cases,
including 919
aggressive prostate
cancers among
54,412 applicators
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Table 2. Summary of Findings: Solid Tumor Cancer Studies
Study Design

Site-Specific Cancers: Colorectal Cancer
Lee et al. (2007)
Nested Case-Control
AHS: Iowa and North
Carolina, U.S.A.

Exposure Assessment
Self-report
questionnaire

1993-97; follow-up
to 2002
56,813 licensed
pesticide applicators

Risk Estimate: Risk Ratio
(RR) / Odds Ratio (OR)
(95% Confidence Interval CI)

Conclusions

Potential Confounders
Considered

No significant
association
between glyphosate
exposure and
colon, rectum or
colorectal cancer

Age, smoking, state, total
days use pesticides.
Limited to licensed
applicators. Potential
exposure to multiple
pesticides

No quantitative risk estimate No
quantitative
reported
estimate due to lack
of an association
with
cutaneous
melanoma

Age, sex, tendency to
burn, red hair, sun
exposure time, BMI at 20
years

Colon
OR=1.0 (0.7-1.5)
(Exposed: 151 cases
49 controls)
Rectum
OR=1.6 (0.9-2.9)
(Exposed: 74 cases
18, controls)
Colorectal
OR=1.2 (0.9-1.6)
(Exposed: 225 cases
67 controls)

Site-Specific Cancers: Cutaneous Melanoma
Dennis et al. (2010)
AHS: Iowa and North
Carolina, U.S.A.

Nested Case-Control
1993-1997
150 cases,

AHS self-report
questionnaire

24,554 non-cases

Page 20 of 87

Case 3:16-md-02741-VC Document 189-2 Filed 03/14/17 Page 21 of 87

GLYPHOSATE

Study

FINAL
Table 2. Summary of Findings: Solid Tumor Cancer Studies
Study Design

Exposure Assessment

Risk Estimate: Risk Ratio
(RR) / Odds Ratio (OR)
(95% Confidence Interval CI)

Conclusions

Potential Confounders
Considered

Self-reported
use, OR=0.90 (0.58-1.40)
structured interview/
questionnaire;
cumulative exposure
(+/-10 days/yr)

No association
between glyphosate
exposure and soft
tissue sarcoma

Significant medical
history variables and with
strata for the variables of
age group and province
of residence

Maternal use
OR=0.61 (0.32-1.16)
32 cases

No association was
detected between
frequency of
parental pesticide
application of
glyphosate and
childhood cancer
risk.

Potential exposure to
other pesticides. Child
age in multiple logistic
[standardized incidence
ratio (SIR)] was
unadjusted

Site-Specific Cancers: Soft Tissue Sarcoma
Pahwa et al. (2011)
Canada

Case-Control
1991-1994
342 cases,
1506 age/resident
matched controls

Total Childhood Cancer
Flower et al. (2004)
AHS: Iowa and North
Carolina, U.S.A.

Nested CaseControl; hybrid
prospective/
retrospective
1993-1998
21, 375 children
of licensed pesticide
applicators

Self-report
questionnaire;
duration and
frequency of pesticide
use; Female Family
questionnaire (child
name)

Paternal use (prenatal)
OR=0.84 (0.35-2.34);

In Iowa (n=17,357)
North Carolina
(n=4018)
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Table 2. Summary of Findings: Solid Tumor Cancer Studies
Study Design

Exposure Assessment

Population based
Case-Control study

Self-reported
questionnaire
information, telephone
follow-up for unclear
responses; men and
women assessed
separately

Risk Estimate: Risk Ratio
(RR) / Odds Ratio (OR)
(95% Confidence Interval CI)

Conclusions

Potential Confounders
Considered

Non-significant
excess risk for the
overall group, but
inconsistent for
self-report and
proxy indicating
recall bias

Age, proxy, respond type

No association with
glyphosate
exposure and brain
cancer

Farm residence, age, use
of other pesticides

Brain Cancer (Glioma)
Lee et al. (2005a)
Nebraska
1988-1993;
251 glioma cases
498 controls

Self-Report
OR=0.4 (0.1- 1.6)
(Exposed: 4 cases
17 controls)
Overall
OR=1.5 (0.7-3.1)
(Exposed: 17 cases
32 controls)
Proxy report
OR=3.1 (1.2- 8.2)
(Exposed:13 cases
15 controls)

Ruder et al. (2004)
Upper Midwest Health
Study (Iowa,
Michigan, Minnesota
and Wisconsin,
U.S.A.)

Population-based
Case-Control
1995-1997

Self-report
questionnaire, with
telephone based
follow-up

No quantitative risk estimate
reported for glyphosate.

457 glioma cases
648 population
controls
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Table 2. Summary of Findings: Solid Tumor Cancer Studies

Study

Study Design

Exposure Assessment

Carreon et al. (2005)

Population-based
Case-Control

Self-report
questionnaire

Upper Midwest Health
Study (Iowa,
Michigan, Minnesota
and Wisconsin)

Yin et al. (2012)
Upper Midwest Health
Study (Iowa,
Michigan, Minnesota
and Wisconsin)

1995-1997
341 glioma cases,
528 controls
Population-based
Case-Control

Risk Estimate: Risk Ratio
(RR) / Odds Ratio (OR)
(95% Confidence Interval CI)
Proxy respondents
OR=0.75 (0.4-1.3)
(Exposed: 18 cases
41 Controls)

No association with
glyphosate
exposure and brain
cancer

Potential Confounders
Considered
Age, education and use of
other pesticide

Excluding proxy
OR=0.6 (0.3-1.2)
(Exposed:10 cases)
Self-report
questionnaire

Home/garden use
OR=0.98; 95% CI=0.67 - 1.43;

1995-1997
798 glioma cases
1,175 controls

Conclusions

Non-farm jobs: OR=0.83; 95%
CI=0.39-1.73)
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Table 2. Summary of Findings: Solid Tumor Cancer Studies
Study Design

Exposure Assessment

Risk Estimate: Risk Ratio
(RR) / Odds Ratio (OR)
(95% Confidence Interval CI)

Conclusions

Potential Confounders
Considered

No association with
glyphosate
exposure and
esophagus or
stomach cancer

Age, sex

Esophagus and Stomach Cancer
Lee et al. (2004b)

Population based
Case-Control

Nebraska, U.S.A.

Self-report pesticide
use, telephone
structured interview

Esophagus
OR=0.7 (0.3-1.4)
(Exposed:12 cases
46 controls)

1988-1993
137 esophageal
cases;

Stomach
OR=0.8 (0.4-1.5)
(Exposed: 12 cases
46 controls)

170 stomach cases;
502 controls
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2. Non-Solid Tumor Cancer Sites
A number of studies evaluating the possible link between pesticide use and lymphohematopoietic
cancers such as leukemia, multiple myeloma and NHL are presented in Table 3.
(i)

Leukemia

In a population-based case-control study in Iowa and Minnesota, Brown et al. (1990) investigated
leukemia risk and pesticide use; authors did not observe an association with the ever-use of
glyphosate in this study (OR=0.9; 95% CI=0.5–1.6). The study population (578 cases; 340 living
and 238 deceased and 1245 controls) was identified from cancers reported to state registry or
authorities in 1981–1984, and the pesticide exposure assessment was performed through in-person
interviews which the authors state likely reduced the exposure misclassification (i.e. incorrect
exposure information). Although the large sample size is a strength of this study, the limitations
include not controlling for exposure to other pesticides, limited power for studying the effects of
glyphosate use, and the potential for recall bias.
In a Swedish population-based case-control study, 121 cases in men and 484 controls matched for
age and sex were identified in 1987–1992 through the Swedish cancer registry. The authors
reported a non-statistically significant elevated risk of hairy cell leukemia in relation to glyphosate
use (OR=3.1; 95% CI=0.8–12.0), controlling for age, sex, and residential location. However,
because these results are based on only 4 glyphosate-exposed cases and 5 exposed controls as
noted by the authors, this risk should be interpreted with caution. Also, there was limited power to
detect an effect and there was no adjustment for other exposures. At this time, there is limited
available literature concerning glyphosate use and leukemia (Nordstrom et al., 1998).
(ii)

Multiple Myeloma

In a follow-up analyses using the same study population from Iowa and Minnesota Brown et al.
(1993) investigated whether pesticide use is also related to multiple myeloma. Among men in Iowa
(173 cases, 605 controls), the authors observed a statistically non-significant elevated association
with glyphosate use (OR=1.7; 95% CI=0.8–3.6). However, the authors caution 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 a small number (32) of cases. For applicators
with the full data set (54,315) and without adjustment for other variables the OR was 1.1;
95% CI=0.5–2.4. In the fully adjusted model, there was a non-statistically significantly elevated
risk (OR=2.6; 95% CI=0.7–9.4), however, the number of participants included in this analysis was
lower (n=40,716) due to missing data for the covariates. The authors 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.
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Sorahan (2015), using Poisson regression, 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. Risk ratios were calculated for exposed and non-exposed subjects.
When adjusted for age and sex, the OR was 1.12 with the 95% CI of 0.5–2.49 for ever-use of
glyphosate. Additional adjustment for lifestyle factors and use of other pesticides did not have any
effect (OR=1.24; 95% CI=0.52–2.94).
In a population-based case-control study among men in six Canadian provinces between 1991 and
1994, researchers reported non-statistically significantly elevated odds of multiple myeloma in
relation to glyphosate use (OR=1.22; 95% CI=0.77–1.93), based upon 32 glyphosate exposed
multiple myeloma case and 133 controls (Pahwa et al., 2012).
Kachuri et al. (2013), using the same Canadian study population as above, further explored
multiple myeloma in relation to days per year glyphosate used in 342 cases of multiple myeloma
and 1357 controls. For ever use, the OR=1.19 and 95% CI=0.76–1.87. For light users
(≤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-significant increased odds ratio
(OR=2.04; 95% CI=0.98–4.23; 12 exposed cases). The limitation in this study was the same as the
previous study (i.e., the number of cases and controls exposed to glyphosate were very low).
Landgren et al. (2009), within the AHS study population, investigated the association between
pesticide use and prevalence of monoclonal gammopathy of undetermined significance (or
MGUS). The MGUS is considered a pre-clinical marker of multiple myeloma progression.
The authors did not observe a link with glyphosate use in the AHS cohort (OR=0.50;
95% CI=0.20–1.0).
(iii)

Lymphoma

The National Cancer Institute (NCI) performed a series of population-based case-control studies in
the Midwestern U.S. in the early to mid-1980s. These studies include several hundred nonHodgkin lymphoma (NHL) cases and controls, the identified cases were through disease registries
which in many cases, were histopathologically confirmed. The investigators ascertained pesticide
exposure through use of a structured interview with follow-up concerning pesticide use over time.
Cantor et al. (1992), in a case-control study of NHL interviewed a total of 622 white men and 1245
population based-controls in Iowa and Minnesota. Only 26 cases and 49 controls ever handled
glyphosate yielding an OR of 1.1 with the 95% CI of 0.7–1.9. The study, however, did not adjust
for exposure to other pesticides.
De Roos et al. (2003) used pooled analysis (n=3,417) of three case-control studies of NHL
conducted in white men in Nebraska, Kansas and in Iowa and Minnesota. Based on 36 exposed
cases and 61 exposed controls, the risk estimates for the association between glyphosate exposure
and NHL was significant (OR=2.1; 95% CI=1.1–4.0) in the logistic regression analyses. However,
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utilizing hierarchical regression techniques to adjust for exposure to other pesticide exposures,
there was an increase risk, but the increase was not statistically significant (OR=1.6;
95% CI=0.90–2.8). Overall, the data showed a suggestive association.
Based on the above findings, Lee et al., (2004) examined the relationship between asthma and
pesticide exposure, and NHL. Pooling data from several midwestern states (IA, MN, and NE)
increased the study sample size, and additional pesticide use information was incorporated to
adjust the risk estimate (duration and frequency of use, telephone follow-up interview). The study
included 872 men with NHL and 2381 frequency-matched controls. The authors reported that the
OR associated with glyphosate was not statistically significantly different among those with
asthma (OR=1.2; 95% CI=0.4–3.3; 6 exposed cases) and among those without asthma (OR=1.4;
95% CI=0.98–2.1; 53 exposed cases), adjusting for age, state and vital status.
The three studies discussed above (Cantor et al., 1992; De Roos et al., 2003 and Lee et al., 2004)
reflect the same population in the AHS and used different levels of information (duration and
frequency of exposure) and different analytic techniques [hierarchical regression and stratified
analysis (by atopy)]. While studies with increasing levels of refinement to methodology report a
stronger risk estimates in relation to glyphosate, additional studies are needed to exclude the role
of chance and other limitations that may explain positive (non-statistically significant)
associations.
A population-based case–control study (Hardell and Erickson, 1999) investigated the exposure to
pesticides as a risk factor for NHL in Sweden during 1987–1990. Exposure data were ascertained
by comprehensive questionnaires and supplemented by telephone interviews. Of the 404 cases and
741 controls, only 4 glyphosate-exposed cases and 3 controls were included in the study. In a
univariate analysis, the risk estimate was elevated, but precision was low (OR=2.3;
95% CI=0.40–13.0).
Hardell et al. (2002) analyzed pooled data from two case-control studies from Sweden that
examined NHL (Hardell and Erickson, 1999) and another on hairy cell leukemia, a subtype of
NHL (Nordstrom et al., 1998). In the univariate analysis glyphosate exposure was found to be
significantly increased (OR=3.04; 95% CI=1.08–8.52) but, when study site, and vital status were
considered in a multivariate analyses, there was a non-statistically elevated risk among glyphosate
users (OR=1.85; 95% CI=0.55–6.20). However, the wide range of the CI suggest that the study is
under powered and, therefore the findings do not allow definitive conclusion on the association of
NHL and glyphosate exposure.
In another case-control study in Sweden (1999–2003), Eriksson et al. (2008) examined the effects
of exposure to different agents and NHL among 910 NHL cases and 1016 non-NHL controls.
Glyphosate exposure which was reported in 29 cases and 18 controls produced an OR of 2.02
(95% CI=1.10–3.71) in a univariate analysis and an OR of 1.51 (95% CI=0.77–2.94) in a
multivariate analysis conducted to clarify the relative importance of exposure to different
pesticides. When exposure was for more than 10 days/year, the OR was 2.36 (95% CI=1.16–4.40)
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and for exposure less than 10 days/year, the OR was 1.69 (95% CI=0.7–4.07). The risk estimate
was elevated also for B-cell lymphoma and glyphosate exposure (OR=1.87; 95% CI=0.998–3.51).
McDuffie et al. (2001) in a multicenter-population based study among men of six Canadian
provinces estimated the association between glyphosate and NHL. The study included 517 cases
and 1506 controls identified betwen1991and 1994 through provincial cancer registries. In this
study, authors histopathologically confirmed 84% of cases, implemented a two-tiered exposure
questionnaire; and assessed the validity of the questionnaire through quality control studies both of
which increased the accuracy of the test results. There was a non-statistically significant increased
risk of NHL from glyphosate exposure. The OR was 1.26 and the 95% CI was 0.87–1.80 for 51
exposed cases, adjusted for age and province and the OR was 1.20 with a 95% CI of 0.83–1.74
when adjusted for age, province and high-risk exposure (adjusted for statistically significant
medical variables such as history of measles, mumps, cancer, allergy desensitization shots, and a
positive family history of cancer in a first-degree relative).
In a follow-up study which controlled for exposure to other pesticides, the risk to NHL from
glyphosate exposure was attenuated. Glyphosate exposure which was reported in 19 cases and 78
controls produced an OR of 0.92 with 95% CI of 0.54–1.55 (Hohenadel et al., 2011). Within this
series of studies, the authors also evaluated Hodgkin lymphoma (HL), and observed little statistical
evidence of an association, using similar study design and methods. Among the 38 cases exposed
to glyphosate the OR was 0.99 with a 95% CI of 0.62–1.56 (Karunanayake et al., 2012).
In a hospital-based case control study conducted between 2000 and 2004 in France, authors
identified 491 NHL cases and 456 age-and sex-matched controls, and performed telephone-based
questionnaire to assess pesticide and other confounding variables. There was no association
between NHL and glyphosate use; for the 12 exposed cases, the OR was 1.0 and the 95% CI was
0.5–2.2). For Hodgkin lymphoma, for the 6 exposed cases, the OR was 1.7 and the 95% CI was
0.6–5.0 (Orsi et al., 2009).
The EPILYMPH case-control study was conducted across six countries in Europe (Czech
Republic, France, Germany, Ireland, Italy, and Spain) to explore the role of occupational exposure
to specific chemicals and risk of lymphoma overall, B-cell lymphoma and other subtypes.
Although the study recruited 2348 cases and 2462 controls, only a very small number of cases
were exposed to glyphosate (n=4) and controls (n=2). A non-significant increase in OR was
observed for B-cell lymphoma (OR=3.1; 95% CI=0.6–17.1), but the estimate is unstable due to the
small number of exposed cases and controls (Cocco et al., 2013)
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; DeRoos et al., 2003 and 2005; Eriksson et al., 2008; and Orsi et al., 2009). Since the authors
identified a variety of sources of heterogeneity between publications, they calculated meta-risk
ratio (RR) estimates and 95% CIs using random effect models, allowing between study
heterogeneity to contribute to the variance. They reported I2 values, which represented the
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percentage of the total variance explained by study heterogeneity and measure inconsistency in
results. Larger I2 values indicate greater inconsistency. For glyphosate, the meta-risk ratio was 1.5
with a 95% CI of 1.0–2.0 and the I2 value was 32.7% indicating greater inconsistency in these data
sets. This study combined multiple smaller studies that on their own were very limited in statistical
power to detect differences.
The 2015 IARC evaluation noted that fully adjusted risk 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, IARC conducted a reexamination of the results of these studies.
For an association between glyphosate exposure and NHL, the IARC estimated a meta-risk ratio of
1.3 (95% CI=1.03–1.65), I2 =0%; p=0.589 for heterogeneity) (IARC 2015).
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Table 3. Summary of Findings: Non Solid Tumor Cancer Studies

Study
Leukemia
Brown et al. (1990 )
Iowa and Minnesota,
U.S.A.

Risk Estimate: Risk Ratio
(RR/ Odds Ratio (OR)
Conclusions
(95% CI)

Study Design

Exposure Assessment

Population-based
Case-Control

In person interview;
surrogates used.

OR=0.9 (0.5-1.6)
(Exposed:15 cases
49 controls)

No association
between
glyphosate
exposure and
leukemia

Self-reported pesticide
questionnaire and
follow-up telephone
interview

OR=3.1 (0.8-12)
(Exposed: 4 cases
5 controls)

A non-statistically
significant
elevated risk of
hairy cell
leukemia

Interview based
questionnaire with
follow-up

OR=1.7 (0.8-3.6)
(Exposed: 11 cases
40 controls)

Limited power to
assess association
of glyphosate
exposure and
multiple myeloma

1981-1984
578 cases
1245 controls

Nordstrom et al.
(1998)

Population-based
Case-Control

Sweden

1987-1992

Potential Confounders
Considered
Vital status (alive, dead),
residency (IA or MN),
tobacco use, parent, sibling, or
child with a lymphopoietic
cancer, high risk occupation
and exposure to substances
(benzene, hair dyes etc) related
to risk of leukemia
Age, sex, country of residence
(selected using matching,
dissolved matching analyses)
No adjustment for exposure
from other pesticides

121 cases
484 controls
Multiple Myeloma
Brown et al. (1993 )

Population based
Case-Control

Iowa, U.S.A.
1981-1984
173cases
650 controls
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Table 3. Summary of Findings: Non Solid Tumor Cancer Studies

Study

Study Design

Exposure Assessment

De Roos et al. (2005)

Prospective
Cohort

Self-administered
questionnaire

Iowa and North
Carolina, U.S.A.

1993-2001
Adjusted for age etc
RR=2.6 (0.7-9.4)

54,315 licensed
pesticide applicators
Orsi et al. (2009)
France

Pahwa et al. (2012)

Risk Estimate: Risk Ratio
(RR/ Odds Ratio (OR)
(95% CI)
Full data set
RR =1.1 (0.5-2.4)
(Exposed: 32 cases)

Hospital based Case- Self-report
questionnaire, with
Control
follow-up telephone
based questionnaire,
2000-2004
expert review; two
stage exposure
491 cases
collection process
456 controls
Population based
Case-Control

Canada
1991-1994
342 cases
1506 controls

Self-reported pesticide
use, structured
interview with
questionnaire;
cumulative exposure
(+/-10 days/yr)

Conclusions
No risk for full
data set. Excess
risk only with no
missing
information of 22
cases in the
restricted data set
(Sorahan, 2015)

Potential Confounders
Considered
Missing data on covariates
when multiple adjustments
were made, limiting
interpretation

OR=2.4 (0.8-7.3)
(Exposed: 5 cases
18 controls)

No significant
association with
glyphosate
exposure and
multiple myeloma

Age, center, socioeconomic
category

OR=1.22 (0.77-1.93)
(Exposed: 32 cases
133 controls)

No significant
association with
glyphosate
exposure and
multiple myeloma

Significant medical history
variables (history of measles,
history of mumps, history of
allergies, history of arthritis,
history of shingles, and a
positive family history of
cancer in a first-degree
relative), and with strata for
the variables of age group and
province of residence

Page 31 of 87

Case 3:16-md-02741-VC Document 189-2 Filed 03/14/17 Page 32 of 87

GLYPHOSATE

FINAL
Table 3. Summary of Findings: Non Solid Tumor Cancer Studies

Study

Study Design

Exposure Assessment

Kachuri et al. (2013)

Population based
Case-Control

Self-administered
questionnaire

Canadian Provinces
1991-1994
342 cases
1357 controls

Risk Estimate: Risk Ratio
(RR/ Odds Ratio (OR)
(95% CI)
For ever use
OR=1.19 (0.76-1.87)
Exposed: 32 cases
121controls
Light (<2 d/yr) use
OR=0.72 ( 0.39 -1.32)
Exposed: 15 cases
88 controls

Conclusions
No association
with glyphosate
exposure and
multiple myeloma
for ever or light
users
Increase for heavy
users is nonsignificant

Potential Confounders
Considered
Relatively low response rate

Heavy (>2 d/yr) use
OR=2.04 (0.98-4.23)
Exposed: 12 cases
29 controls
Monoclonal Gammopathy of Undetermined Significance (MGUS)
Landgren et al. (2009)

Nested Case-Control

AHS: Iowa and North
Carolina, U.S.A.

1993-1997

Self-administered
questionnaire

OR=0.5 (0.2-1.0)

678 participants
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Table 3. Summary of Findings: Non Solid Tumor Cancer Studies

Study

Study Design

Non-Hodgkin Lymphoma (NHL)
Population based
Cantor et al. (1992)
Case-Control
Iowa and Minnesota,
1980-1983
U.S.A.

De Roos et al. (2003)
Iowa, Nebraska,
Minnesota, Kansas,
U.S.A.

Lee et al. (2004a)
Iowa, Nebraska,
Minnesota, U.S.A

622 cases
1245 controls
Case-Control
1983-1986\Nebraska

Exposure Assessment

1980-1986
872 white male
cases

Potential Confounders
Considered

Structured interview,
questionnaire
response; farm
activities and specific
pesticide use

OR=1.1 (0.7-1.9)
Exposed: 26 cases
49 controls

No association
Vital status, age, state,
with glyphosate
smoking, family history, high
exposure and NHL risk occupation, high risk
exposure. Not controlled for
exposure to other pesticides.

Interview-based
questionnaire,
demographic

Logistic regression
OR=2.1 (1.1-4.0)
Exposed: 36 cases
61 controls

Significant
increased OR in
logistic model but
in the hierarchical
model, the OR
attenuated and no
significant
association with
glyphosate
exposure and NHL

1979-1981\Kansas
1979-1986
870 white male
cases
2569 white male
controls
Population based
Case-Control

Risk Estimate: Risk Ratio
(RR/ Odds Ratio (OR)
Conclusions
(95% CI)

Hierarchical regression
OR=1.6; (0.9-2.8)

In person, structured
interview (pesticide
use, duration,
frequency, first and
last year used); 5-yr
follow-up interview,
10-min telephone on
pesticide use

Non-asthmatic
OR=1.4 (0.98-2.1)
(Exposed: 53 cases
91 controls)
Asthmatic
OR=1.2 (0.4-3.3)
(Exposed: 6 cases
12 controls)
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Age, study site, use of all other
pesticides (group); hierarchal
regression informed priors
based on chemical-specific
information

Adjusted for age, vital status,
No significant
state
association with
glyphosate
exposure and NHL
either for
asthmatics or nonasthmatics
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Study

Study Design

Exposure Assessment

De Roos et al. (2005)

Nested Case-Control

Self-administered
questionnaire

AHS: Iowa and North
Carolina, U.S.A.

1993-2001

Risk Estimate: Risk Ratio
(RR/ Odds Ratio (OR)
Conclusions
(95% CI)
OR=1.1 (0.7-1.9
No significant
(Exposed: 92 cases)
association with
glyphosate
exposure and NHL

Hardell and Erickson
(1999)

54,315 licensed
pesticide applicators
Population based
Case-Control

Sweden

1987-1990

Univariate
OR=2.3 (0.4-13.0)
(Exposed: 4 cases
3 controls)

404 male cases
741 male controls

Multivariate
OR=5.8 (0.6-54)

Hardell et al. (2002)

Population based
Case-Control

Sweden
Combined Hardell
1999 with another
case-control study
examining hairy cell
leukemia (one of 61
types of NHL)

Questionnaire and
follow-up interview

Questionnaire and
follow-up interview

Univariate
OR=3.04 (1.08-8.52)
(Exposed: 8 cases
8 controls)
Multivariate
OR=1.85 (0.55-6.20)

1987-1990
515 cases
1141 controls
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Some evidence of
a link with
glyphosate,
matching
variables; cannot
conclude
regarding causal
role for any
specific pesticide
Risk attenuates
when adjusted for
other variables in
the multivariate
analysis

Potential Confounders
Considered
Age, smoking, other
pesticides, alcohol
consumption, family history of
cancer, education

Age, region, vital status
(matching). Few subjects
exposed. Variables used in
multivariate were no specified.
Study has limited power to
detect an effect

Age, country, study site, vital
status, other pesticide exposure
in the multivariate analysis
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1999-2002

Risk Estimate: Risk Ratio
(RR/ Odds Ratio (OR)
(95% CI)
Univariate
OR=2.02 (1.10-3.71)
(Exposed: 29 cases
18 controls)

910 cases
1016 controls

Multivariate
OR=1.55 (0.77-2.94)

Study

Study Design

Exposure Assessment

Eriksson et al. (2008)

Population based
Case-Control

Questionnaire and
follow-up interview

Sweden

Conclusions
Suggestive
association for
NHL with
glyphosate
exposure

Potential Confounders
Considered
Age, sex, year of diagnosis.
Multivariate analysis adjusted
for exposure to other
pesticides

With <10 days/ year
OR=1.69 (0.7-4.07)
(Exposed: 12 cases
9 controls)
With > 10 days/year
OR=2.36 (1.04-5.37)
(Exposed: 17 cases
9 controls)

McDuffie et al. (2001)

Population based
Case-Control

Canada
1991-1994
517 cases
1506 controls

Two-tiered self-report
questionnaire;
cumulative exposure
(> 10 days/yr)

B-cell lymphoma
OR=1.87 (0.998-3.51)
Univariate
OR=1.26 (0.87-1.8)
(Exposed: 51 cases
133 controls)
Multivariate
OR=1.20 (0.83-1.74)
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No significant
association with
glyphosate
exposure and NHL

Adjusted for statistically
significantly medical variables
(history of measles, mumps,
cancer, allergy shots, and a
positive family history of
cancer) males only
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Study

Study Design

Exposure Assessment

Hohenadel et al.
(2011)

Case-Control

Two-tiered self-report
questionnaire;
cumulative exposure
(> 10 days/yr)

Canada
Orsi et al. (2009)

1991-1994
513 cases
1506 controls
Hospital based
Case-Control

France
2000-2004

Cocco et al. (2013)
Czech Republic,
France, Germany,
Italy, Ireland and
Spain

491 cases
456 controls
EPICLYMPH
Case-Control
1998–2003
2348 cases
2462 controls

Risk Estimate: Risk Ratio
(RR/ Odds Ratio (OR)
(95% CI)
OR=0.92 (0.54-1.55)
(Exposed: 19 cases
78 controls)

Conclusions
No significant
association with
glyphosate
exposure and NHL

Potential Confounders
Considered
Age, province and proxy
respondent, males only

Self-report
questionnaire, with
follow-up telephone
based questionnaire,
expert review; two
stage exposure
collection process
Occupational
exposure; trained
interviewers
conducted in person
interviews with
cases and controls

OR=1.0 (0.5-2.2)
(Exposed: 12 cases
24 controls)

No association
Age, center, socioeconomic
with glyphosate
category
exposure and NHL

OR=3.1 (0.6-17.1)
(Exposed: 4 cases
2 controls)

No significant
association with
glyphosate
exposure and Bcell

Age, center, socioeconomic
category

Self-report
questionnaire, with
follow-up telephone
based questionnaire,
expert review; two
stage exposure
collection process

OR=1.7 (0.6-5.0)
(Exposed: 6 cases
15 controls)

No significant
association with
glyphosate
exposure and HL

Age, center, socioeconomic
category

Hodgkin Lymphoma
Orsi et al. (2009)

Hospital based
Case-Control

France
2000-2004
491 cases
456 controls
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Study

Study Design

Exposure Assessment

Karunanayake et al.,
(2012).

Case-Control

Questionnaire and
follow-up interview

1991-1994
Canada
361 cases
1,506 controls

Risk Estimate: Risk Ratio
(RR/ Odds Ratio (OR)
(95% CI)
Univariate
OR=1.14(0.74-1.76)
(Exposed :38
133 controls)
Multivariate
OR=0.99 (0.62-1.56)
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Conclusions
No association
with glyphosate
exposure and HL

Potential Confounders
Considered
History of measles, acne, hay
fever, shingles and positive
family history of cancer in a
first-degree relative
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In epidemiologic studies, the quality of the exposure assessment is a major concern since the
validity of the evaluations depends in large part on the ability to correctly quantify and classify an
individual’s exposure. During their life-time, farmers are typically exposed to multiple pesticides
and several of them are used together posing a challenge for identifying specific risk factors.
Moreover, there is no direct information on pesticide exposure or absorbed dose because analyses
are based on self-reported pesticide use. The studies included in this epidemiology assessment
relied primarily on questionnaires and interviews to describe participants’ past and/or current
exposure to glyphosate. Since the questionnaires are commonly used to account for exposure and
capture self-reporting, it can be subject to misclassification and recall bias. For example, casecontrol studies are at risk of recall bias in the reporting of pesticide use in the past because cases
may have spent more time thinking about past exposures than controls. This could lead to
differential misclassification and bias relative risk from null. The possible effect of confounding
factors, which are related to both the exposure of interest and the risk of disease, may make it
difficult to interpret the results. Therefore, the ability of epidemiologic studies to provide
convincing evidence of causation under such circumstances may be limited. Causation is suspected
if several studies are consistent in their findings and; if the association between the agent and the
risk of disease is strong (i.e., high risk ratio). Support from animal data will help to make the case
for causation, particularly by establishing biological plausibility and the existence of a potential
mechanism. Another important consideration in assessing epidemiologic studies is that
commercially formulated products (not the active ingredient) are used by farmers. For example,
glyphosate is sold as Roundup®, which is a combination of the active ingredient and other
chemicals that often include a surfactant (polyethyleneamine) used to enhance the spreading of
spray droplets when they contact the foliage. Thus, it is possible that different glyphosatecontaining formulations were used across the different studies.
Most of the studies discussed here were hypothesis-generating in nature, consisted of small sample
sizes with limited power to detect associations and evaluated use of glyphosate in addition to
several other pesticides and often evaluated risk of multiple different types of cancer. Therefore,
the role of chance given the many different statistical tests performed and the lack of a prespecified hypothesis, limit epidemiologic inference. This hypothesis-generating evidence observed
in the studies requires further prospective follow-up studies to determine whether a true association
with glyphosate is indeed null. The case-control studies are retrospective studies and are
susceptible to recall bias for exposure reporting which could account for discrepancies in the study
findings. Variation in the quality of exposure assessment, study design and methods, as well as
available information concerning potential confounding variables could also explain these
inconsistencies in the data. In contrast, a prospective cohort study evaluates a number of diseases
simultaneously and facilitates performance of periodic assessments of agricultural and other
exposures. Periodic assessment of recent exposures enhances recall and reduces non-differential
misclassification. The ability to determine exposure prior to the onset of a disease eliminates the
case-recall bias, which was an issue identified as a weakness in case-control studies.
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EVALUATION OF CARCINOGENICITY IN ANIMALS

A total of 11 chronic toxicity/carcinogenicity studies (7 rat and 4 mouse) were included in this
weight of evidence review. Of these, six studies were submitted for review to EPA under the
registration/reregistration programs including two studies in rats (MRID No. 496311701 and
49704601) and one in mouse (MRID No. 49631702) not previously reviewed. Data for review of
the other five studies were obtained from a published review article by Greim et al., 2015 and were
available online at http://informahealthcare.com/doi/abs/10.3109/10408444.2014.1003423. The
IARC acknowledged the Greim et al., (2015) review article, but did not evaluate the studies cited
in the review because the information provided in the review and its supplement was insufficient.
For this assessment, each study reported in the Greim et al., (2015) review article was evaluated in
accordance with the agency’s 2012 Guidance for Considering and Using Open Literature Toxicity
Studies to Support Human Health Risk Assessment (http://www.epa.gov/pesticides/science/litstudies.pdf). In accordance with this guidance, the following four studies were not included in this
weight of evidence assessment since there is low confidence were determined to be unreliable for
carcinogenicity evaluation.


A two year feeding study in Sprague-Dawley rats (Excel, 1997) was not included due to the
lack of test article characterization (no purity of test material).



The two-year drinking water study in Wistar rats reported by Chruscielska et al., (2000)
was not included since the tested material was a formulated product (13.6% ammonium
salt) and there were a number of deficiencies (lack of purity, water consumption and body
weight data) in the conduct and reporting of the study.



An initiation-promotion study (George et al., 2010) in male Swiss mice that tested a
commercial formulation of glyphosate (41%) with study deficiencies (e.g. small number
(20) of animals, tested only males, and lack of histopathological examination).



A carcinogenicity study in Swiss mice (Feinchemie Schwebda, 2001) was not included due
to the presence of viral infection within the colony, which confounded the interpretation of
the study findings. Malignant lymphomas were reported in this study in all groups.
However, lymphomas are one of the most common types of spontaneous neoplastic lesions
in aging mice (Brayton et al., 2012). Murine leukemia viruses (MuLVs) are a common
cause of lymphoma in many different strains of mice (Ward 2006). Tadesse-Heath et al.
(2000) reported 50% lymphoma (mostly B-cell origin) incidence in a colony of Swiss mice.
Although the incidences in this study were within or near the normal variation of
background occurrence, it is not clear whether or not the viral component may have
contributed to incidence value reported or the lower survival seen at the high dose in the
study. Raw data are not available to perform appropriate statistical analyses of the
lymphomas correcting for the intercurrent mortality.
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A. Carcinogenicity Studies in Rats
1. Lankas, G, P. A Lifetime Study of Glyphosate in Rats. December 23, 1981.
Unpublished report No. 77-2062 prepared by Bio Dynamics, Inc. EPA Accession. No.
247617 – 247621. MRID No. 00093879.
a.

Experimental Design

Groups of Sprague-Dawley rats (50/sex/dose) were fed diets containing glyphosate (98.7%,
pure) at concentrations of 0, 30, 100 or 300 ppm for 26 months. These concentrations were
adjusted during the course of the study so that actual doses of 0, 3, 10, and 31 mg/kg/day in
males and 0, 3, 11, and 34 mg/kg/day in females were maintained.
b.

Survival Analysis

There were no treatment-related effects on survival at any dose level.
c.

Discussion of Tumor Data

There was an increase in the incidences of interstitial cell tumors in the testes of male rats
at the low (3/5; 6%), mid (1/50; 2%) and the high dose (6/50; 12%; P=0.013 pairwise
comparison) when compared to controls (0/50; 0%). In 1991, HED’s Cancer Peer Review
Committee (CPRC) did not consider the increases to be treatment-related based on the
following weight of evidence considerations: 1) lack of dose-response; 2) absence of preneoplastic lesions (i.e., interstitial cell hyperplasia); 3) the incidences were within the
normal biological variation seen for this tumor type in this strain of rats; 4) the incidences
in the concurrent controls (0%) was not representative of the normal background
incidences noted in the historical control animals (mean, 4.5%; range, 3.4% to 6.7%) and
5) no interstitial cell tumors were seen when tested at much higher doses in the same strain
of rats in an another study (discussed below). The CARC agreed with the CPRC conclusion
and rationale and noted additional rat studies which also showed no effect on interstitial
cell tumors.
Although there was no evidence of a treatment-related increase in the incidences of
pancreatic islet cell tumors in male rats, the data are presented in Table 4 since this tumor
also seen in the second study discussed below.
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Table 4. Pancreatic Islet Cell Tumors in Male Sprague-Dawley Rats (MRID 00093879)

Tumor Type

0 ppm

30 ppm

100 ppm

300 ppm

Adenomas (%)

0/50 (0)

5/49 (10)

2/50 (4)

2/50 (4)

Carcinomas (%)

0/50 (0)

0/49 (0)

0/50 (0)

1/50 (2)

Combined (%)

0/50 (0)

5/49 (10)

2/50 (4)

3/50 (6)

d.
Non-Neoplastic Lesions
No treatment-related non-neoplastic lesions were seen.
e.
Adequacy of the Dosing for Assessment of Carcinogenicity
The CPRC concluded that the highest dose tested was not adequate to assess the
carcinogenic potential of glyphosate. Consequently, a second study was conducted
(discussed below).

2. Stout, L. D. and Rueckerf, P.A. (1990). Chronic Study of Glyphosate Administered in
Feed to Albino Rats. Laboratory Project No. MSL-10495; September, 26, 1990, MRID
No. 41643801; Historical Controls; MRID No. 41728701.
a. Experimental Design
Groups of Sprague-Dawley rats (60/sex/dose) were fed diets containing glyphosate (96.5%,
pure) at dietary concentrations of 0, 2000, 8000 or 20,000 ppm 24 months. These levels
were equivalent to 0, 89, 362 or 940 mg/kg/day, respectively, for the males and 0, 113, 457
or 1183 mg/kg/day, respectively, for the females. An interim sacrifice was conducted on 10
rats/sex/dose at 12 months.
b. Discussion of Tumor Data
The most frequently seen tumors were pancreatic cell adenomas, hepatocellular adenomas
and thyroid C-cell adenomas in males. Data for these tumors and the respective historical
control data are presented in Tables 5 thru 11.
Pancreatic cell adenomas are presented in Table 5 and the historical control data are
presented in Table 6. Hepatocellular adenomas seen in males are presented in Table 7 and
the historical control data are presented in Table 8. The thyroid C-cell adenomas and/or
carcinomas observed in males and females are presented in Tables 9 and 10, respectively,
and the historical control data are presented in Table 11.
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(i)

Pancreas

There was no statistically significant trend test by dose for pancreatic islet cell tumors.
Increased incidences of adenomas only were observed at the low- and high-dose groups but
not at the mid-dose group.
Table 5. Pancreatic Islet Cell Tumors in Male Sprague-Dawley Rats
Cochran-Armitage Trend & Fisher’s Exact Test (MRID No. 41643801)

Tumor Type

0 ppm
a

2000 ppm

8000 ppm

20000 ppm

Adenomas
(%)
P=

1/43
(2)
0.170

8/45
(18)
0.018*

5/49
(10)
0.135

7/48b
(15)
0.042*

Carcinomas
(%)
P=
Combined
(%)
P=

1/43c
(2)
0.159
2/43
(2)
0.241

0/45
(0)
0.409
8/45
(18)
0.052

0/49
(0)
0.467
5/49
(10)
0.275

0/48
(0)
0.472
7/48
(15)
0.108

a. Number of tumor-bearing animals/Number of animals examined, excluding those that died or were sacrificed
prior to study week 55.
b. First adenoma observed at week 81 in the 20,000 ppm group
c. First carcinoma observed at week 105 in the controls (0 ppm)
* Significant in a pair-wise comparison (P<0.05)

Historical control data on the incidence of pancreatic islet cell adenomas in male Sprague-Dawley
rats in 2-year studies (1983–1989) conducted at the testing facility (Monsanto Environmental
Health Laboratory; MRID No. 41728701) are presented in Table 6.
Table 6. Historical Control Data — Pancreatic Islet Cell Adenomas in Male SpragueDawley Rats (MRID No. 41728701)
Study No.
1
2
3
4
5
6
7
Study Year
07/83 02/85
10/85
6/85
9/88
1/89
3/89
Tumor Incidence
2/68 5/59
4/69
1/57
5/60
3/60
3/59
%
2.9% 8.5%
5.8%
1.8%
8.3%
5.0%
5.1%
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The CPRC concluded that the pancreatic islet cell adenomas are not treatment-related based on the
following weight of evidence considerations: 1) although the incidences at the low (18%) and high
(15%) dose groups exceeded the historical control range (1.8–8.5%), there was lack of statistical
significance in Cochran-Armitage trend test; 2) the tumor incidence in the concurrent control was
at the low end of the historical control range; 3) considerable inter-group variability in the numbers
of males with tumors (i.e., no dose-response); 4) there were no preneoplastic changes; 5) there was
no progression from adenomas to carcinomas; and 6) the apparent statistical significance of the
pairwise comparisons of the treated groups with the concurrent control may be due to the low
incidences in the controls and not to an actual carcinogenic response. Furthermore, the incidences
of pancreatic cell tumors for the two studies did not show dose-response and the incidences were
within the historical control range (0 to 17%) reported in the open literature (Arnold et al., 1985;
Borelli et al., 1990; Borzelleca et al., 1986, 1989, 1990; Burnett et al., 1988; Trochimowicz et al.,
1988). The CARC agreed with the CPRC conclusion and rationale and noted subsequent rat
studies which also showed no effect on islet cell tumors.
(ii)

Liver

There was a dose trend for adenomas only. There were no statistically significant increases in the
occurrence of benign or malignant hepatocellular tumor types (Table 7). The observed variations
in incidence were within the range of the historical control data.
Table 7. Glyphosate: Hepatocellular Tumors in Male Sprague-Dawley Rats CochranArmitage Trend & Fisher’s Exact Test (MRID No. 41643801)

Tumor Type

0 ppm
a

2000 ppm

8000 ppm

20000 ppm

2/45
(4)
0.683

3/49
(6)
0.551

7/48b
(15)
0.101

Carcinomas
(%)
P=

2/44
(5)
0.016*
3/44
(7)
0.324

2/45
(4)
0.489

1/49
(2)
0.269

2/48c
(4)
0.458

Adenoma/Carcinoma
(%)
P=

5/44
(11)
0.073

4/45
(9)
0.486

4/49
(8)
0.431

9/48
(19)
0.245

Adenomas
(%)
P=

a. Number of tumor-bearing animals/Number of animals examined, excluding those that died or were sacrificed
prior to study week 55.
b. First adenoma observed at week 88 in the 20000 ppm group
c. First carcinoma observed at week 85 in the 20000 ppm group

Historical control data on the incidence of hepatocellular adenomas and carcinomas in male
Sprague-Dawley rats in 2-year studies (1983–1989) conducted at the testing facility (Monsanto
Environmental Health Laboratory; MRID No. 41728701) are presented in Table 8.
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Table 8. Historical Control Data : Hepatocellular Adenomas in
Male Sprague-Dawley Rats (MRID No. 41728701)
1
2
3
4
5
6
07/83
02/85
10/85
6/85
9/88
1/89
5/60
11/68
1/70
3/59
11/60
5/60
(8.3%) 16.2%)
(1.4%)
(5.1%)
(18.3%)
8.3%)
4/60
0/68
1/70
2/59
3/60
1/60
(6.7%)
(0%)
(1.4%)
(3.4%)
(5%)
(1.7%)

7
3/89
4/60
(6.7%)
0/60
(0%)

The CPRC concluded that the slightly increased incidence of adenomas in male rats are not
treatment-related since: 1) the increase was not statistically significant in pairwise comparison with
the controls; 2) the incidences were within the historical control range; 3) except for a single
animal at the mid-dose late in the study (89 weeks), no hyperplasia, preneoplastic foci or other
non-neoplastic lesions were seen; and 4) there was no evidence of progression from adenomas to
carcinomas. The CARC agreed with the CPRC conclusion and rationale.
(iii)

Thyroid

The increased incidences in C-cell adenomas observed at the mid and high-dose groups of rats of
both sexes did not show a statistically significant difference in pairwise comparisons with the
controls (Table 9 and 10, respectively). There was a dose trend observed for adenomas and
adenomas/carcinomas in females (P=0.03). Historical control data are presented in Table 11.
Table 9. Glyphosate: Thyroid C-Cell Tumors in Male Sprague-Dawley Rats
Cochran-Armitage Trend & Fisher’s Exact Test
(MRID No. 41643801)
Tumor Type
0 ppm
2000 ppm
8000 ppm
20000 ppm
4/55
(7)
0.348
2/55c
(4)
0.252

8/58
(14)
0.060

7/58
(12)
0.099

Carcinomas
(%)
p=

2/54a, b
(4)
0.069
0/54
(0)
0.452

0/58
(0)
1.000

1/58
(4)
0.518

Adenoma/Carcinoma
(%)
p=

2/54
(11)
0.077

6/55
(11)
0.141

8/58
(14)
0.060

8/58
(14)
0.060

Adenomas
(%)
P=

a. Number of tumor-bearing animals/Number of animals examined, excluding those that died or were sacrificed
prior to study week 55.
b. First adenoma observed at week 54 in the controls
c. First carcinoma observed at week 93 in the 20,000 ppm
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Table 10. Glyphosate: Thyroid C-Cell Tumors in Female Sprague Dawley Rats
Cochran-Armitage Trend & Fisher’s Exact Test
(MRID No. 41643801)
Tumor Type
0 ppm
2000 ppm
8000 ppm
20000 ppm
2/60
(7)
0.671
0/60
(0)
1.000

6/59b
(10)
0.147

6/55
(11)
0.124

Carcinomas
(%)
P=

2/57a
(4)
0.031*
0/57
(0)
0.445

1/59c
(2)
0.509

0/55
(0)
1.000

Adenoma/Carcinoma
(%)
p=

2/57
(4)
0.033*

2/60
(3)
0.671

7/59
(12)
0.090

6/55
(11)
0.124

Adenomas
(%)
P=

a. Number of tumor-bearing animals/Number of animals examined, excluding those that died or were sacrificed
prior to study week 55.
b. First adenoma observed at week 72 in the controls
c. First carcinoma observed at week 93 in the 8000 ppm group.

Table 11. Historical Control Data – Thyroid C-cell Tumors in Sprague-Dawley
Rats (MRID No. 41728701)
Tumor Type
Males
Females
Adenomas
1.8 – 10.6%
3.3 – 10.0%
Carcinomas
0.0 – 5.2%
0.0 – 2.9%
The CPRC concluded that the thyroid tumors in either sex are not treatment-related since:
1) the increased incidences exhibited no statistically significant trend or pairwise
comparisons with the controls in males; 2) in females, there was a trend but no pairwise
significance; 3) there was no progression from adenomas to carcinomas; and 4) there was no
dose-related increase in severity of grade or incidence of hyperplasia in males or females.
The CARC agreed with the CPRC conclusion and rationale and noted other rat studies which
showed no effect on thyroid C-cell tumors.
c. Non-Neoplastic Lesions
There were no treatment-related precursor lesions at any dose level.
d. Adequacy of the Dosing for Assessment of Carcinogenicity
Dosing was considered to be adequate to assess carcinogenicity since the highest dose
tested was near or beyond the limit dose (1000 mg/kg/day).
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3. Atkinson, C., Strutt, A., Henderson, W., et al. (1993). 104-Week chronic feeding/
oncogenicity study in rats with 52-week interim kill. Inveresk Research International
(IRI), Tranent, Scotland. Study No. 438623; IRI Report No. 7867. April 7, 1993.
MRID No. 49631701. Unpublished.
a.

Experimental Design

In a combined chronic toxicity/carcinogenicity study, glyphosate (98.9% pure) was
administered to 50 male and female Sprague-Dawley rats/sex/dose in the diet at 0, 10, 100,
300, and 1000 mg/kg/day for 104 weeks. An interim sacrifice was conducted on 15
rats/sex/dose after 52 weeks of treatment.
b.

Survival Analysis

No adverse effects on survival were seen in either sex across the doses tested
c.

Discussion of Tumor Data

There were no treatment-related increases in the occurrence of any tumor type in this study.
d.

Non-Neoplastic Lesions

There were no treatment-related non-neoplastic lesions in this study.
e.

Adequacy of the Dosing for Assessment of Carcinogenicity

Dosing was considered to be adequate to assess carcinogenicity since the highest dose
tested was the limit dose (1000 mg/kg/day) and at this dose increased salivary gland weight
accompanied by cellular alterations in the mandibular and/or parotid glands occurred in
both males and females.

4. Brammer. (2001). Glyphosate Acid: Two Year Dietary Toxicity and Oncogenicity
Study in Rats. Central Toxicology Laboratory, Alderley Park Macclesfield, Cheshire,
UK: Syngenta. (MRID No. 49704601).
a.

Experimental Design

In a combined chronic toxicity study, glyphosate acid (97.6% pure) was administered to
groups of Wistar rats in the diet. Groups of 52 male and 52 female rats received diets
containing 0, 2,000, 6,000, and 20,000 ppm glyphosate for 24 months. The achieved doses
were 0, 121, 361 or 1214 mg/kg/day in males and 0, 145, 437 or 1498 mg/kg/day in
females, respectively. Three satellite groups of 12 rats/sex/group were also included for
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interim sacrifice at 12 months of treatment. Parameters evaluated included clinical signs,
body weight, food consumption, hematology, clinical chemistry, and urinalysis, as well as
organ weights, necropsy and histopathological examination.
b.

Survival Analysis

No adverse effects on survival were seen in either sex across the doses tested
c.

Discussion of Tumor Data

As shown in Table 12, there was an increase in the incidence of hepatocellular adenomas in
male rats at the high dose when compared to controls. This increase was not considered to
be treatment-related due to 1) absence of dose-response relationship; 2) lack of progression
to malignancy; 3) no evidence of pre-neoplastic lesions; 4) the incidences were within the
range (0–11.5%) of historical controls for this strain (Wistar) of rats in 26 studies
conducted during the relevant time period (1984–2003) at the testing laboratory; and 5) the
0% incidence in concurrent controls is lower than the average background incidence for
liver adenomas in male Wistar rats.

Adenomas
(%)
P=

Table 12. Liver Adenomas in Male Wistar Rats
Fisher’s Exact Test and Exact Trend Test Results
0
2000
6000
a
2/52
0/52
0/52
(4)
(0)
(0)
0.24757
1.00000
0.00804**

20000
5/52
(10)
0.02826*

a =Number of tumor-bearing animals/Number of animals examined.

In addition, statistically higher survival (P=0.02) was observed in males at 20,000 ppm at
the end of 104 weeks relative to controls, and an overall trend for improved survival was
observed in treated males (P=0.03). The inter-current (early) deaths were 37/52, 36/52,
35/52, and 26/52 for the control, low, mid and high dose groups, respectively. The terminal
deaths were 16/52, 17/52, 18/52, and 26/52 for the control, low, mid and high dose groups,
respectively. This survival bias in the high dose group could easily explain a modestly
higher incidence of an age-related background tumor like liver adenoma (and fits with lack
of associated lesions). In the 1990 study in Sprague-Dawley rats (MRID No. 41643801)
there was also a weak but significant trend test for liver adenomas in males (P=0.02, no
pairwise); however, in that study adenomas in all treatment groups were still within the
historical control and the CPRC concluded that this effect was not treatment-related, as
discussed above. The lack of increased liver tumor incidence in the other rat studies
provide additional evidence for lack of an actual carcinogenic response in the liver.
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Non-Neoplastic Lesions

There were no treatment-related non-neoplastic lesions in any organs of either sex at any
dose level tested.
e.

Adequacy of Dosing for Assessment of Carcinogenicity

The highest dose tested in both sexes (1214 mg/kg/day in males and 1498 mg/kg/day in
females) exceeded the limit dose (1000 mg/kg/day). Treatment-related findings at these
doses were observed in the liver and kidney, notably renal papillary necrosis, prostatitis,
periodontal inflammation, urinary acidosis, hematuria and slight increases in the incidence
of proliferative cholangitis and hepatitis.

5. Feinchemie Schwebda. (1996). Combined Chronic Toxicity and Carcinogenicity Study
with Glyphosate Technical in Wistar Rats. Bangalore, India: Rallis India, Ltd. (Cited
in Greim et al., 2015).
a.

Experimental Design

In a combined chronic/carcinogenicity study, glyphosate (96.0-96.8% pure) was
administered to groups of Wistar rats in the diet. Groups of 50 rats/sex/group received diets
containing 0, 100, 1000, and 10000 ppm glyphosate for 24 months. The average achieved
doses were 0, 7.4, 73.9, and 740.6 mg/kg/day. Parameters evaluated included clinical signs,
body weights, food consumption, hematology, clinical chemistry, and urinalysis, organ
weights, gross necropsy, and histopathological examination.
b.

Survival Analysis

No adverse effects on survival were observed in either sex across the doses tested.
c.

Discussion of Tumor Data

There were no statistically significant increases in any tumor type in this study. Details are
provide by Greim et al., 2015 can be found online at
http://informahealthcare.com/doi/abs/10.3109/10408444.2014.1003423
d.

Non-Neoplastic Lesions

There were no non-neoplastic lesions at any dose level in either sex.
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Adequacy of Dosing for Assessment of Carcinogenicity

The doses tested were determined to be adequate in both sexes since the highest dose tested
(741 mg/kg/day) approached the limit dose (1000 mg/kg/day).

6. Arysta Life Sciences. (1997a). HR-001: 24-Month Oral Chronic Toxicity and
Oncogenicity Study in Rats. Kodaira-shi, Tokyo, Japan: The Institute of
Environmental Toxicology (Cited in Greim et al., 2015).
a.

Experimental Design

In a combined chronic/carcinogenicity study, glyphosate (94.6–97.6% pure) was
administered to groups of Sprague-Dawley rats in the diet. Groups of 50 rats/sex/group
received diets containing 0, 3000, 10000, or 30000 ppm glyphosate for 24 months. The
achieved doses were 0, 104, 354 or 1127 mg/kg/day in males and 0, 115, 393, or 1247
mg/kg/day in females, respectively. Parameters evaluated included clinical signs, body
weight, food consumption, hematology, clinical chemistry, and urinalysis, organ weights,
gross necropsy and histopathological examination.
b.

Survival Analysis

No adverse effects on survival were observed in either sex across the doses tested.
c.
Discussion of Tumor Data
There were no statistically significant increases in any tumor type in this study. Details are
provide by Greim et al., 2015 can be found online at
http://informahealthcare.com/doi/abs/10.3109/10408444.2014.1003423
d.

Non-Neoplastic Lesions

There were no treatment-related non-neoplastic lesions in this study.
e.

Adequacy of Dosing for Assessment of Carcinogenicity

The highest dose 10,000 ppm (1127 mg/kg/day in males and 1247 mg/kg/day in females)
exceed the limit dose (1000 mg/kg/day) and there were increased cecum weights,
distension of the cecum, loose stool, follicular hyperkeratosis and/or folliculitis/follicular
abscess of the skin, and decreased body weights.
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7. Nufarm. (2009a). Glyphosate Technical: Dietary Combined Chronic Toxicity/
Carcinogenicity in the Rat. Shardlow, Derbyshire, UK: Harlan Laboratories Ltd.
(Cited in Greim et al., 2015).
a.

Experimental Design

In a combined chronic toxicity study, glyphosate (95.7% pure) was administered to groups
of Wistar rats in the diet. Groups of 51 rats/sex/group received diets containing 0, 1500,
5000, and 15,000 ppm glyphosate for 24 months. To ensure that a received limit dose of
1000 mg/kg/day was achieved, the highest dose level was progressively increased to 24000
ppm. The achieved doses were 0, 86, 285 or 1077 mg/kg/day in males and 0, 105, 349 or
1382 mg/kg/day, in females. Parameters evaluated included clinical signs, body weight,
food consumption, hematology, clinical chemistry, and urinalysis, as well as organ weights,
necropsy and histopathological examination.
b.

Survival Analysis

No adverse effects on survival were seen in either sex across the doses tested.
c.

Discussion of Tumor Data

There were no statistically significant increases in any tumor type in this study. Details are
provide by Greim et al., 2015 can be found online at
http://informahealthcare.com/doi/abs/10.3109/10408444.2014.1003423
d.

Non-Neoplastic Lesions

There were no treatment-related non-neoplastic lesions in either sex at any dose level.
e.

Adequacy of Dosing for Assessment of Carcinogenicity

The highest doses 1077 mg/kg/day in males and 1382 mg/kg/day in females exceed the
limit dose (1000 mg/kg/day).
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1. Knezevich, A.L and Hogan, G. K. (1983). A chronic feeding study of glyphosate in
mice. Unpublished report prepared by Bio/Dynamic Inc., dated July 21, 1983. Report
No. 77-2011. EPA Accession No. 251007 – 251009, and 251014.
a.

Experimental Design

In a carcinogenicity study, groups of 50 male and female CD-1 mice received glyphosate
(99.78%, pure) at dietary levels of 0, 1000, 5000, or 30,000 ppm for two years. These doses
were equivalent to 0, 161, 835, 4945 mg/kg bw/day for males and 0, 195, 968, and 6069
mg/kg bw/day for females) for 24 months. Parameters evaluated included clinical signs,
body weight, food consumption, organ weights, and histopathological examination.
b.

Discussion of Tumor Data

The incidences of renal tubule adenomas were as follows: 0/49 in the controls; 0/49 at the
low-dose; 1/50 at the mid-dose; and 3/50 at the high dose (TXR No. 0004370).
In 1985, the Registrant directed a re-evaluation of the original renal section by a consulting
pathologist (Dr. Marvin Kuschner). This evaluation identified a small renal tubule adenoma
in one control male mouse (animal number 1028) which was not diagnosed as such in the
original pathology report (TXR No. 0004855).
In 1986, at the request of the agency, additional renal sections (3 sections/kidney/mouse
spaced at 150 micron intervals) were evaluated in all control and all glyphosate-treated
male mice in order to determine if additional tumors were present. The additional
pathological and statistical evaluations concluded that the renal tumors in male mice were
not compound-related (TXR No. 0005590).
At the request of the agency, the Pathology Work Group (PWG) examined all sections of
the kidneys including the additional renal sections. The renal tubular-cell lesions diagnosed
by the PWG are presented below in Table 13. The PWG noted that because differentiation
between tubular-cell adenoma and tubular-cell carcinoma is not always clearly apparent
and because both lesions are derived from the same cell type, it appropriate to combine the
incidences for purposes of evaluation of statistical analysis. Statistical analyses are
presented in Table 14. The PWG unanimously concluded that these lesions are not
compound-related based on the following considerations: 1) renal tubular cell tumors are
spontaneous lesions for which there is a paucity of historical control data for this mouse
stock; 2) there was no statistical significance in a pairwise comparison of treated groups
with the controls and there was no evidence of a significant linear trend; 3) multiple renal
tumors were not found in any animal; and 4) compound-related nephrotoxic lesions,
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including pre-neoplastic changes, were not present in male mice in this study (TXR No.
0005590).
Table 13. Glyphosate: Kidney Tumor in Male CD-1 Mice — PWG
Dose/Tumor Type
Control
1000 ppm
5000 ppm
30,000 ppm
Tubular-cell adenoma
Tubular-cell carcinoma
Combined incidence

0 mg/kg/day

161 mg/kg/day

835 mg/kg/day

4945 mg/kg/day

1/49
0
1/49 (2%)

0/50
0/50
0/50 (0%)

0/50
1/50
1/50 (2%)

1/50
2/50
3/50 (6%)

Statistical analysis of the male mouse renal tumors diagnosed by the PWG are presented below
in Table 14.
Table 14. Kidney Tumors in Male CD-1 Mice — PWG
Cochran-Armitage Trend & Fisher’s Exact Test (MRID 00130406)
Tumor Type
0 mg/kg/day 161 mg/kg/day 835 mg/kg/day
4945 mg/kg/day
Adenomas
1/49
0/50
1/45
0/49
(%)
(2)
(0)
(0)
(2)
1.0000
P=
0.4422
1.00000
0.7576
0/49
Carcinomas
0/49
1/50
2/50
(0)
(%)
(0)
(2)
(4)
1.0000
0.5051
0.2525
P=
0.0635
Combined
1/49
0/49
1/50
3/50
(%)
(2)
(0)
(2)
(6)
P=
0.0648
1.0000
0.7576
0.3163
Historical control data from the testing laboratory (Bio-dynamics) during the glyphosatestudy period (1976-1982) are presented in Table 15.
Table 15. Historical Control Data- Kidney tumors in CD-1 Mice — Bi/dynamics Inc.
Study I.D
Study Period
No. Examined
Tubular Adenoma

A

B

C

D

E

F

G

6/78 7/80

12/774/80

12/773/80

10/784/81

11/784/81

11/774/80

10/77-4/80

57

54
1

61
0

51
0

53
0

59
0

60
0

60
0

60
0

60
2

60
0

60
0

60
0

60
0

Historical control data from 14 studies conducted between 1977 and 1981 at the testing
laboratory indicated that the mouse renal tumors ranged from 0 to 3.3% and the incidence
in the current study (3/50; 6%) exceeded the upper limit of the historical control range
(TXR No. 0007252).
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The CPRC determined that glyphosate produced an equivocal carcinogenic response in
male mice characterized by an increased incidence of renal tubular neoplasms. The
biological significance of the findings was questionable because of: a) lack of significance
in pairwise comparison with concurrent controls for adenomas, carcinomas and the
combined tumors; b) there was no concurrent increase in non-neoplastic renal tubular
lesions in male mice (e.g. tubular necrosis/regeneration, hyperplasia, hypertrophy, etc.),
c) the examination of multiple sections of kidneys from all groups resulted in no additional
neoplasms; this fact is particularly important since not only were the original sections
closely scrutinized by more than one pathologist, but additional sections as well,
d) increased incidence in high dose group was very small compared to control considering
the very high concentration which produced highly significant reduction in body weight
gain in males; e) although the incidences exceeded the historical control, this finding did
not override the lack of statistical significance of comparison to the concurrent controls.
Furthermore, the increased incidence of chronic interstitial nephritis in males is not relevant
to the tubular neoplasms. There was actually a decrease in renal tubular epithelial changes
(basophilia and hyperplasia) in males, and although there was a dose-related increase in
these changes in female mice, no tubular neoplasms were observed in females. Overall, the
Peer Review Committee did not consider the renal tumors to be treatment-related. The
CARC reaffirmed the CPRC conclusion and rationale. Also, the lack of increased renal
tumors in the other mouse studies in the same strain provides additional evidence for lack
of an actual carcinogenic response in the kidneys.
c.

Non-Neoplastic Lesions

The incidence of centrilobular hepatocyte hypertrophy was slightly but not significantly
increased in high-dose male mice at terminal sacrifice if all mice were included in the
analyses. Centrilobular hepatocyte necrosis was significantly (P≤0.01) increased in highdose male mice (10/50; 20%) compared to controls (2/49; 4%). No significant increases in
centrilobular hepatocyte hypertrophy or necrosis were observed in treated female mice.
There was a dose-dependent increase in the proximal tubular epithelial basophilia in female
mice; the incidences were: 0/50 (0%) in the controls, 2/50 (4%) at the low dose, 4/50 (8%)
at the mid dose, and 9/50 (18%) at the high dose (P≤ 0.01). All other tissue alterations
occurred sporadically and were found with approximately equal frequency and severity in
contro1 and treated animals. These were considered unrelated to glyphosate treatment.
d.

Adequacy of the Dosing for Assessment of Carcinogenicity

The high dose tested in males (4945 mg/kg/day) and females (6069 mg/kg/day) was
approximately 4 to 6-fold higher than the limit dose (1000 mg/kg/day), which produced
highly significant reduction in body weights in both sexes. Therefore, the doses tested were
determined to be adequate to assess the carcinogenic potential of glyphosate in this study.
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2. Atkinson, C., Martin, T., Hudson, P., and Robb, D. (1993). Glyphosate: 104 week
dietary carcinogenicity study in mice. Inveresk Research International, Tranent,
EH33 2NE, Scotland. IRI Project No. 438618. April 7, 1993. MRID 49631702.
a.

Experimental Design

In a carcinogenicity study, glyphosate (97.5 – 100.2% pure) was administered to groups of
50 CD-1 mice/sex/dose in the diet at doses of 0, 100, 300, or 1000 mg/kg/day for 104
weeks. No interim sacrifices were performed. Parameters evaluated included clinical signs,
body weight, food consumption, organ weights, necropsy and histopathological
examination.
b.

Discussion of Tumor Data

As shown in Table 16, hemangiosarcomas were found in 4/45 (9%) high-dose male mice
compared to none in the controls. In the treated mice at the high dose, one had the tumors
present in the liver and spleen, one had the tumor present in the liver only, one had the
tumors present in the liver, spleen, and prostate, and one had the tumor present in the
spleen only. No hemangiosarcomas were found in the control or low- and mid-dose mice.
Table 16. Hemangiosarcomas in Male CD-1 Mice
Fisher’s Exact Test and Exact Trend Test Results
Dose (mg/kg/day)
0
100
300
a
Hemangiosarcomas
0/46
0/50
0/47
(%)
(0)
(0)
(0)
P=
1.00000
1.00000
0.00296**

1000
4/45
(9)
0.05332

a= Number of tumor bearing animals/Number of animals examined, excluding those that died before week 52.
Note: ** Significance of trend (P<0.01) denoted at control.

The increase in hemangiosarcomas in male mice was not considered to be treatment-related
due to 1) tumors seen only at the limit dose; 2) absence of statistical significance in the
pairwise analysis; 3) the incidences was near or the same as the upper limit (0–8%) for the
performing laboratory; 4) hemangiosarcomas were not seen in male mice in the other three
studies when tested at comparable doses (946–1467 mg/kg/day) or at considerably higher
doses (4348–5874 mg/kg/day) in this strain of mouse; 6) the considerable inter-group
variability in the number of female mice with this tumor (0, 2 , 0 and 1 in the control, low-,
mid- and high-dose groups, respectively); 7) Hemangiosarcomas are commonly observed
in mice as both spontaneous and treatment-related tumors arising from endothelial cells;
8) hemangiosarcomas appear in both sexes but are generally more common in males
(CD-1); 9) As vascular tumors, they can occur at different sites but liver and spleen tend to
be the most common sites in male mice.
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Non-Neoplastic Lesions

No treatment-related non-neoplastic lesions were seen.
d.

Adequacy of the Dosing for Assessment of Carcinogenicity

The highest dose tested was the limit dose (1000 mg/kg/day).
3. Arysta Life Sciences. (1997b). HR-001: 18-Month Oncogenicity Study in Mice.
Kodaira-shi, Tokyo, Japan: The Institute of Environmental Toxicology (Cited in
Greim et al., 2015).
a.

Experimental Design

In a carcinogenicity study, groups of ICR-CD-1 mice (50/sex/group received diets
containing glyphosate (94.6–97.6% pure) at 0, 1600, 8000 or 40,000 ppm for 18 months.
The achieved doses were 0, 165, 838 or 4348 mg/kg/day in males and 0, 153, 787 or 4116
mg/kg/day in females, respectively. Parameters evaluated included clinical signs, body
weight, food consumption, hematology, clinical chemistry, and urinalysis, organ weights,
gross necropsy and histopathological examination.
b.

Survival Analysis

No adverse effects on survival were observed in either sex across the doses tested.
c.

Discussion of Tumor Data

There were no statistically significant increases in any tumor type in this study. Details
provided by Greim et al. (2015) can be found online at
http://informahealthcare.com/doi/abs/10.3109/10408444.2014.1003423
d.

Non-Neoplastic Lesions

There were no treatment-related non-neoplastic lesions in this study.
e.

Adequacy of Dosing for Assessment of Carcinogenicity

The highest dose tested in both sexes exceeded (4-fold) the limit dose (1000 mg/kg/day).
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4. Nufarm. (2009b). Glyphosate Technical: Dietary Carcinogenicity Study in the Mouse.
Derbyshire, UK: Harlan Laboratories Ltd. (Cited in Greim et al., 2015).
a.

Experimental Design

In another feeding study, CD-1 mice (50/sex/dose) received glyphosate (94.6–97.6%, pure)
at 0, 500, 1500, or 5000 ppm for 18 months. The calculated test substance intake was 0, 85,
267 or 946 mg/kg/day. Parameters evaluated included clinical signs, body weight, food
consumption, organ weights, gross necropsy and histopathological examination.
b.

Discussion of Tumor Data

In male mice at the high dose (5000 ppm) there were increases in the incidences of
adenocarcinomas of the lung and malignant lymphomas as shown in Tables 17. For the
lung adenocarcinomas, the increases did not reach statistically significant pairwise
differences, although the trend was significant. For the malignant lymphomas there was a
trend and pairwise significance. Details provided by Greim et al. (2015) can be found
online at http://informahealthcare.com/doi/abs/10.3109/10408444.2014.1003423
Table 17. Lung Adenocarcinomas and Malignant Lymphomas in Male CD-1
Mice (Greim et al., 2015)
Fisher’s Exact Test and Exact Trend Test Results
Dose (ppm)
0
500
1500
5000
Lung Adenocarcinoma
5/51
7/51
11/51
5/51a
(%)
(10)
(14)
(22)
(10)
P=
0.62953
0.37996
0.08609
0.02906**
Malignant Lymphoma
(%)
P=

0/51
(0)
0.006633**

1/51
(2)
0.50000

2/51
(4)
0.24752

5/51
(10)
0.02820*

a= Number of tumor bearing animals/Number of animals examined.
Note: ** Significance of trend (P<0.01) denoted at control.

The increase in lung adenocarcinomas was not considered to be treatment-related due to:
1) absence of statistical significance in the pairwise analysis; 2) the incidences in all
treatment groups including the controls were within the historical control range (1.43–26%)
for the performing laboratory; and 3) lung tumors were not seen in the other three studies
when tested at doses ranging from 814 to 4945 mg/kg/day for up to two years.
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Historical control data and results from the 5 studies can be used to put this finding into
perspective. The malignant lymphomas were not considered to be treatment-related since
the 0% incidence of this lesion in the concurrent control for male mice was lower than the
historical control mean (4.5%) and range (1.5–21.7%) in this strain and age of mice (Gikins
and Clifford, 2005; Son and Gopinath, 2004). Therefore, the apparent statistical
significance of the pairwise comparisons of the high dose male groups with the concurrent
control might have been attributable to this factor and not to actual carcinogenic response.
In addition, malignant lymphomas were not seen in the other three studies in this strain of
mice when tested at doses ranging from 814 to 4945 mg/kg/day for up to two years.
c.

Non-Neoplastic Lesions

There were no treatment-related non-neoplastic lesions in this study.
d.

Adequacy of the Dosing for Assessment of Carcinogenicity

The highest dose (947 mg/kg/day) tested approached the limit dose (1000 mg/kg/day).
IV.

TOXICOLOGY
A. Metabolism

Single or repeated doses of radiolabeled 14C-glyphosate were administered orally to male and
female Sprague-Dawley rats. Following a single oral dose of, 14C-glyphosate, 30 to 36% of the
dose was absorbed and less than 0.27% of the dose was eliminated as CO2. 97.5% of the
administered dose was excreted in the urine and feces as the parent compound, glyphosate. Amino
methyl phosphonic acid (AMPA) was the only metabolite found in urine (0.2–0.3% of the
administered dose) and feces (0.2–0.4% of the administered dose). Less than 1.0% of the absorbed
dose remained in tissues and organs, primarily in bone tissue. Repeated dosing at 10 mg/kg did not
significantly change the metabolism, distribution or excretion of glyphosate.
In a second study, male and female Sprague-Dawley rats received single intraperitoneal injections
of radiolabeled 14C-glyphosate at 1150 mg/kg. Blood samples were collected 0.25, 0.50, 1, 2, 4, 6
and 10 hours after injection. Femoral bone marrow samples were collected from one third of the
male and female rats sacrificed at 0.5, 4, or 10 hours after injection. Thirty minutes after injection
of glyphosate, the concentration of radioactivity in the bone marrow of male and female rats was
equivalent to 0.0044% and 0.0072%, respectively, of the administered dose. Assuming first order
kinetics, the decrease in radioactivity in bone marrow occurred with a half-life of 7.6 and 4.2 hours
for males and females, respectively. Similarly, the half-lives of the radioactivity in plasma were
approximately 1 hour for both sexes. These findings indicate that very little glyphosate reaches
bone marrow, that it is rapidly eliminated from bone marrow, and that it is even more rapidly
eliminated from plasma.
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B. Mutagenicity
In 1991, the Carcinogenicity Peer Review Committee concluded that there was no evidence of
genotoxicity for glyphosate based on negative findings in submitted guideline studies for the
bacterial reverse mutation test (MRID 00078620), in vitro mammalian cell gene mutation test in
CHO cells (MRID 00132681), in vivo mammalian bone marrow chromosomal aberration test
(MRID 00132683) and a “rec assay” used to detect DNA-damaging agents in Bacillus subtilis
(MRID 00078619) (TXR 0008898).
Glyphosate has also been evaluated for its genotoxic potential in other regulatory and published
literature studies. Extensive reviews of the available genotoxicity studies for glyphosate and
glyphosate products were conducted by Williams et al. (2000) and by Kier and Kirkland (2013).
IARC also conducted a review of the publically available genetic toxicity data for glyphosate and
glyphosate-based formulations (IARC, 2015).
Williams et al., (2000) concluded that “glyphosate is neither mutagenic nor clastogenic.”
Similarly, Kier and Kirkland (2013) concluded a “lack of genotoxic potential for both glyphosate
and glyphosate based formulations (GBFs) in core gene mutation and chromosomal effect
endpoints.” Kier and Kirkland (2013) also stated that “the observations of DNA-damage effects
seems likely to be secondary to cytotoxic effects.” However, IARC (2015) concluded that “there
is strong evidence that glyphosate causes genotoxicity.” It should be noted that the IARC’s
conclusion was based not only on studies conducted with the active ingredient but also on studies
conducted with the formulation products such as Roundup. Roundup is a combination of the
active ingredient and other chemicals, including a surfactant (polyoxyethyleneamine) which
enhances the spreading of spray droplets when contact foliage. Of note, the review article by Kier
and Kirkland (2013) and supplemental information provided on the publisher’s website were not
considered in the IARC evaluation.
In this assessment, the CARC considered a total of 54 studies including those submitted to the
agency under 40 CFR Part 158 as well as the studies presented in the review articles by Williams
et al. (2000), Kier and Kirkland (2013), and the IARC monograph (2015). Consistent with OPP’s
Guidance for Considering and Using Open Literature Toxicity Studies to Support Human Health
Risk Assessment (http://www.epa.gov/pesticides/science/lit-studies.pdf), literature studies
discussed in the reviews such as IARC that did not meet the Klimisch criteria for reliability (e.g.
lack of adequate glyphosate purity information for the test material) were not considered by the
CARC. The CARC determined the mutagenic potential of glyphosate in humans by conducting a
weight-of-evidence evaluation of the results from the cited bacterial reversion (Ames) assays, in
vitro mammalian gene mutation assays, in vitro and in vivo chromosomal aberration and
micronucleus assays as well as other relevant assays evaluating DNA damage.
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As shown in Table 18, glyphosate was not mutagenic in any of the in vitro bacterial mutation
assays using S. typhimurium or E. coli tester strains with or without microsomal S9 metabolic
activation. These results are consistent with the negative findings in the previously reviewed EPA
guideline (870.5100) bacterial reverse gene mutation study (MRID 00078620).
Table 18. Results from Bacterial Reverse Gene Mutation Assays1
Author

Cell/Strain2

Akanuma,M.
(1995)

Flügge, C.
(2010)

TA98, TA100, TA1535,
TA1537; WP2uvrA
TA98, TA100, TA1535,
TA1537; WP2P and
WP2uvrA
TA98, TA100, TA102,
TA1535, TA1537

Flügge, C.
(2010)

TA98, TA100, TA102,
TA1535, TA1537

Flügge, C.
(2009)
Jensen, J.C.
(1991)
Li and Long
(1988)
NTP
(1992)
Schreib, G.
(2010)

TA98, TA100, TA102,
TA1535, TA1537
TA98, TA100, TA1535,
TA1537
TA98, TA100, TA1535,
TA1537, TA1538;

Callander, R.D.
(1996)

Shirasu et al.
(1978)
Sokolowski, A.
(2007c)
Sokolowski, A.
(2007a)
Sokolowski, A.
(2009b)
Sokolowski, A.
(2009a)
Sokolowski, A.
(2007b)
Suresh, T.P.
(1993)
Thompson,
P.W.
(1996)

TA97, TA100, TA1535
TA98, TA100, TA1535,
TA1537; WP2uvrA
TA98, TA100, TA1535,
TA1537, TA1538 and
WP2uvrA
TA98, TA100, TA1535,
TA1537; WP2uvrA
TA98, TA100, TA1535,
TA1537; WP2uvrA
TA98, TA100, TA1535,
TA1537;WP2P and
WP2uvrA
TA98, TA100, TA1535,
TA1537; WP2uvrA
TA98, TA100, TA1535,
TA1537; WP2uvrA
TA98, TA100, TA1535,
TA1537, TA1538
TA98, TA100, TA1535,
TA1537; WP2uvrA

Purity

Highest test
concentration

Results
–S9

Results
+S9

95.7%3

5000 µg/plate

Negative

Negative

95.6%3

5000 µg/plate

Negative

Negative

76.1%4

100 µg/plate

Negative

Negative

96.4%

3160 µg/plate

Negative

Negative

98.8%

3160 µg/plate

Negative

Negative

98.6%

2500 µg /plate w/o S9;
5000 µg /plate w/ S9

Negative

Negative

98%

5000 µg/plate

Negative

Negative

98%

10,000 µg /plate

Negative

Negative

96%

5000 µg/plate

Negative

Negative

98.4%

5000 µg/plate

Negative

Negative

95.0%

5000 µg/plate

Negative

Negative

95.1%

5000 µg/plate

Negative

Negative

96.3%

5000 µg/plate

Negative

Negative

96.66%

5000 µg/plate

Negative

Negative

97.7%

5000 µg/plate

Negative

Negative

96.0%

1000 µg/plate

Negative

Negative

95.3%

5000 µg/plate

Negative

Negative

1. Studies cited in Williams et al. (2000), Kier and Kirkland (2013), or IARC monograph.
2. S. typhimurium strains (TA97, TA98, TA100, TA102, TA1535, TA1537, and/or TA1538) or E. coli strains (WP2P and WP2uvrA)
3. Glyphosate acid
4. Monoammonium glyphosate salt
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Glyphosate did not induce forward mutations in mouse lymphomas cells or Chinese hamster ovary
(CHO) cells in the presence or absence of metabolic (S9) activation (Table 19).
Table 19. Results from mammalian gene mutation assays1.
Author

Assay Type

Clay
(1996)

In vitro mammalian
gene mutation

Jensen, J.C.
(1991)

In vitro mammalian
gene mutation

Li and Long
(1988)

In vitro mammalian
gene mutation

Cell type
L5178Y mouse
lymphoma cells/
tk locus
L5178Y mouse
lymphoma cells/
tk locus
CHO cells/
HGPRT locus

Purity

Highest conc.

Result
-S9

Result
+S9

95.6%

1.0 mg/mL

Negative

Negative

98.6%

5.0 mg/mL

Negative

Negative

98%

22.5 mg/mL

Negative

Negative

1. Studies cited in Williams’s et al. (2000), Kier and Kirkland (2013), or IARC monograph.

3. In vitro chromosomal aberration assays
Lioi et al. (1998a, 1998b) reported positive findings for chromosomal aberrations in human and
bovine lymphocytes treated with glyphosate in vitro in the absence of S9 activity. As discussed in
the Williams review, there is less confidence in the Lioi et al. results based on the use of an
unusual 72-hour treatment protocol and the observation of reduced cell growth in glyphosateexposed cells (an indication of a toxic effect) which can affect the evaluation of the study. Lioi et
al. also reported chromosomal damage in lymphocytes treated with other known non-genotoxic
pesticides in this study at concentration ranges similar to where they reported effects for
glyphosate. By contrast, when the tests were performed according to the OECD guideline, Van de
Waart (1995) reported no significant increase in chromosomal aberrations in human lymphocytes
treated with up to 0.56 mg/mL (-S9) and 0.33 mg/mL (+S9) glyphosate, which are concentrations
3 orders of magnitude higher than those at which Lioi et al. reported aberrations. Glyphosate was
negative in two other in vitro chromosomal aberrations studies using human lymphocytes (Fox,
1998; Manas et al. 2009) and did not induce chromosomal aberrations in Chinese hamster lung
cells (Matsumoto, 1995; Wright, 1996). A summary of the findings is presented in Table 20.
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Table 20. Results from in vitro chromosomal aberration assays1.
Authors

Assay

Cell type

Purity

Van de Waart
(1995)

Chromosomal
Aberration

Human peripheral
lymphocytes

>98%

Fox, V.
(1998)

Chromosome
Aberration

Human peripheral
lymphocytes

Lioi et al.
(1998a)

Chromosomal
Aberration

Manas et al.
(2009)

FINAL

Highest test
concentration
0.56 mg/mL
with S9; 0.33
mg/mL w/o S9

Result
-S9

Result
+S9

Negative

Negative

95.6%2

1250 ug/mL

Negative

Negative

Human peripheral
lymphocytes

>98%

1.4 mg/L

Positive

Not
Tested

Chromosomal
Aberration

Human peripheral
lymphocytes

96%

6 mM

Negative

Not
Tested

Lioi et al.
(1998b)

Chromosomal
Aberration

Bovine peripheral
lymphocytes

>98%

2.9 mg/L

Positive

Not
Tested

Matsumoto, K.
(1995)

Chromosomal
Aberration

Chinese Hamster
Lung (CHL) cells

95.68%2

1000 ug/mL

Negative

Negative

Wright, N.P.
(1996)

Chromosomal
Aberration

Chinese Hamster
Lung (CHL) cells

95.3%

1250 ug/mL

Negative

Negative

1.
2.

Studies cited in Williams et al., (2000), Kier and Kirkland (2013), or IARC monograph.
Glyphosate acid

4. In vivo micronucleus and chromosomal aberration assays
Numerous studies were evaluated to determine the potential for glyphosate to induce micronuclei
in rodent bone marrow cells. Studies included both intraperitoneal (IP) and oral routes of
glyphosate administration. In a literature study by Bolognesi et al. (1997), the authors reported an
induction of micronuclei in male mice treated with up to 300 mg/kg (injected as two ½ doses). It is
noted that this study included only 3 animals/dose, rather than the 5 animals/dose recommended in
the agency’s test guideline (870.5395). In another literature study, Manas et al. (2009) reported an
induction of micronuclei in BALB/C mice when tested up to 200 mg/kg glyphosate. However,
there is some concern regarding how the micronuclei were scored in this study. As stated in the
Kier and Kirkland review, Manas et al. (2009) reported their findings as an increase in
micronucleated erythrocytes rather than polychromatic erythrocytes. Scoring all erythrocytes
rather than immature polychromatic erythrocytes can impact the interpretation of the study as the
effects cannot be solely attributed to treatment by the test article. Suresh et al. (1993) reported an
increase in micronuclei in females only in Swiss albino mice treated with 5 mg/kg glyphosate;
however, this occurred at a dose that is more than twice the limit dose for the agency’s guideline
study. Although the above authors reported positive findings, a vast majority of the in vivo
genotoxicity studies (including the previously reviewed guideline mammalian bone marrow
chromosomal aberration test) were negative at doses similar to or higher than the studies discussed
above, regardless of the dosing regimen or route of administration. Furthermore, glyphosate was
also negative in two rodent dominant lethal tests. A summary of the findings are reported in
Table 21.
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Table 21. Results from in vivo genotoxicity assays1.
Author

Assay Type

Species/strain

Purity

Bolognesi et
al.
(1997)
Durward, R.
(2006)

Micronucleus
test

Male mice (strain
not provided)

Micronucleus
test

Flügge, C.
(2009)
Fox and
Mackay
(1996)
Honavar, N.
(2005)
Honavar, N.
(2008)
Jensen, J.C.
(1991)
Manas et al.
(2009)
NTP
(1992)
Suresh, T.P.
(1993)

Micronucleus

Suresh, T.P.
(1994)
Suresh, T.P.
(1992)
Wrenn
(1980)
1.
2.
3.

FINAL
Results

Comments

99.9%

Highest
conc.
300 mg/kg

Positive

Two IP injections of
½ dose; 3 mice/dose

Young adult male
and female albino
Crl:CD‐
1TM(ICR)BR mice

95.7%

600 mg/kg

Negative

Micronucleus
test
Micronucleus
test

Male and female CD
rats
Male and female
CD-1 BR mice

98.8%

2000 mg/kg

Negative

95.6%2

5000 mg/kg

Negative

Single IP injection;
Significant increase
in % PCEs per 1000
erythrocytes was
observed in the 24hour; however not
48‐hour at 600 mg/kg
Single dose; oral
gavage
Single dose; oral
gavage

Micronucleus
test
Micronucleus
test
Micronucleus
test

Male and female
NMRI mice
NMRI male mice

97.73%

2000 mg/kg

Negative

99.1%

2000 mg/kg

Negative

Young adult male
and female NMRI
SPF mice
BALB/C mice

98.6%

5000 mg/kg

Negative

96%

200 mg/kg

Positive

Male and female
B6C3F1 mice

99%

Negative

Young Swiss albino
male and female
mice

98.6%

11,379
mg/kg/day
5000 mg/kg

Mouse Bone
Marrow
Chromosome
Aberration
Rodent
dominant
lethal test

Male and female
Swiss albino mice

96.8%

5000 mg/kg

Male and female
Wistar rats

96.8%

Rodent
dominant
lethal test

Mouse; gavage

98.7%

500 mg/kg
(single dose);
100 mg/kg (5
daily doses)
2000 mg/kg

Micronucleus
test
Micronucleus
test

Studies cited in Williams et al., (2000), Kier and Kirkland (2013), or IARC monograph.
Glyphosate acid
IP= intraperitoneal injection
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Males:
Negative
Females:
Positive
Negative

Negative

Negative

Single dose; oral
gavage
Single dose; oral
gavage
Single dose; oral
gavage
Two IP doses, 1 day
apart
Dietary admin., 13
weeks
Two doses 1 day
apart; oral gavage
Two doses, 24 hours
apart; oral gavage
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5. Other genotoxicity assays
Inconsistent responses were reported in a number of assays designed to detect DNA damage,
including sister chromatid exchange (SCE) assay, unscheduled DNA synthesis assay, and the
comet assay (also known as the single cell electrophoresis assay). Positive responses in these
assays do not necessarily indicate a chemical is DNA-reactive (i.e. mutagenic), but rather that
DNA damage occurred under conditions of the assay. Glyphosate was also negative in two RecDNA repair tests in B. subtilis. The results of these genotoxicity studies are presented in Table 22.
Table 22. Additional genotoxicity assays of glyphosate
Authors

Assay Type

Cell Type

Purity

Bolognesi et al.
(1997)
Lioi et al.
(1998a)

Sister chromatid
exchange (SCE)
SCE

Human peripheral blood
(in vitro)
Human peripheral blood
(in vitro)

Lioi et al.
(1998b)
Li and Long
(1988)

SCE

Rossberger,(1994)
Bolognesi et al.
(1997)
Bolognesi et al.
(1997)
Alvarez-Moya et al.
(2014)
Lueken et al.
(2004)
Manas et al.(2009)
Mladinic et al.
(2009)
Rossberger, S.
(1994)
Akanuma, M.
(1995)
Li and Long
(1988)

99.9%

Highest test
conc.
1000 ug/mL

Positive

>98%

1.4 mg/L

Equivocal

Bovine peripheral blood
(in vitro)
Rat hepatocytes (in vitro
exposure)

>98%

2.9 mg/L

Equivocal

98%

0.125 mg/mL

Negative

Primary rat hepatocytes

98%

111.69 mM

Negative

DNA Damage
/reactivity/UDS
DNA
Damage/reactivit
y/UDS
Comet assay

Mouse; IP administration

99.9%

300 mg/kg

Equivocal

Mouse; IP; alkaline
solution of extracted
DNA
Human lymphocytes

99.9%

300 mg/kg

Positive

96%2

700 µM

Positive

Comet assay

Human fibroblasts GM
5757
Liver Hep-2 cells
Human lymphocytes

98.4%

75 mM

Negative

96%
98%

Positive
Positive

>98%

7.5 mM
580 ug/mL
(toxic);
approximatel
y 3.43 mM
111.69 mM

95.68%2

240 ug/disk

Negative

98%

2 mg/disk

Negative

Unscheduled
DNA synthesis
(UDS)
UDS

Comet assay
Comet assay

DNA repair test
DNA repair test
(Rec- assay)
DNA repair test
(Rec assay)

Male SD rat primary
hepatocytes
Bacillus subtilis M45
rec-/ H17 rec+
B. subtilis H17, rec+;
M45, rec-

1.

Studies cited in Williams et al., (2000), Kier and Kirkland (2013), or IARC monograph.

2.

Glyphosate acid
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In summary, glyphosate was not mutagenic in bacteria or mammalian cells in vitro. Additionally,
glyphosate did not induce chromosomal aberrations in vitro. Although some studies in the open
literature reported positive findings for micronuclei induction in rodents, these findings were not
replicated in the majority of the rodent micronuclei or chromosomal aberration studies considered
in this assessment by the CARC. Some positive results were reported in SCE and comet assays in
the open literature; however, there is no convincing evidence that the DNA damage is a direct
effect of glyphosate exposure, but rather may be secondary to cytotoxicity or oxidative damage.
C. Structure-Activity Relationship
At present there are no structurally related pesticides registered by the agency which resemble
glyphosate. Sulfosate, the trimethylsulfonium salt of glyphosate (also known as glyphosatetrimesium) is a 1:1 molar salt of N-(phosphonomethyl) glycine anion (PMG) and the
trimethylsulfonium cation (TMS). Sulfosate was evaluated for its carcinogenic potential following
dietary administration to male and female mice at 0, 10, 1000 or 8000 ppm (equivalent to 0, 16,
159 or 1341 mg/kg/day, respectively) for 18 months, and in male and female Sprague-Dawley rats
at 0, 100, 500, or 1000 ppm (equivalent to 0, 5.4, 27 or 557 mg/kg/day, respectively) for two years.
There was no evidence of carcinogenicity in either species. Sulfosate is classified as a Group E
Chemical: “Not Likely to be Carcinogenic to Humans” based on the absence of carcinogenicity in
mice and rats in two acceptable studies. Based on the available mutagenicity studies, there is no
concern for mutagenicity (TXR Nos. 0006452 and 0011156).
D. Subchronic and Chronic Toxicity Studies
1. Subchronic Toxicity
In a 90-day feeding study (MRID No. 00036803) CD-1 mice were fed diets containing 0, 250, 500
or 2500 mg/kg/day of glyphosate for three months. Body weight gains of the high-dose males and
females were about 24% and 18% lower, respectively, than those of the controls. Body weight
gains of the low-dose and mid-dose groups were comparable to those of the controls. For systemic
toxicity, the NOAEL is 500 mg/kg/day and the LOAEL is 2500 mg/kg/day, based on decreased
body weight gain in both sexes.
In a 90-day feeding study (MRID No. 40559401), Sprague-Dawley rats were fed diets containing
0, 63, 317, and 1267 mg/kg/day of glyphosate, respectively in males and 0, 84, 404 and 1623
mg/kg/day of glyphosate, respectively, in females. Treatment-related findings were: (1) increased
serum phosphorus and potassium in all treated groups, males and females; (2) increased serum
glucose in the mid-dose and high-dose males; (3) increased blood urea nitrogen (BUN) and serum
alkaline phosphatase in the high-dose males; and (4) occurrence of pancreatic lesions in the highdose males (pancreas was not examined at the low-dose and mid-dose groups). Based on these
findings, the systemic NOAEL is <1000 ppm (not determined definitively) for both sexes.
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2. Chronic Toxicity
(i)

Rats

A chronic feeding/carcinogenicity study (MRID No. 00093879) was conducted using male and
female Sprague-Dawley rats which were fed diets containing 0, 30, 100, or 300 ppm of glyphosate
for 26 months. These levels were equivalent to 0, 3, 10, and 34 mg of glyphosate/kg/day,
respectively. There were no effects based on any of the parameters examined (toxic signs,
mortality, body weights, food consumption, hematology, clinical chemistry, urinalysis, organ
weights and organ/tissue pathology). Therefore, the NOAEL for systemic toxicity is 300 ppm
(males: 31 mg/kg/day and females: 34 mg/kg/day).
A second chronic feeding/carcinogenicity study (MRID No. 41643801) was conducted using male
and female Sprague-Dawley rats which were fed diets containing 0, 2000, 8000, or 20,000 ppm of
glyphosate for two years. These levels were equivalent to 0, 89, 362, or 940 mg/kg/day,
respectively, for the males and 0, 113, 457, or 1183 mg/kg/day, respectively, for the females.
Treatment-related effects observed only in the high-dose group included: (1) decreased body
weight gain in females; and (2) increased incidence of cataracts and lens abnormalities, decreased
urinary pH, increased absolute liver weight, and increased liver weight/brain weight ratio (relative
liver weight) in males. No significant systemic effects were observed in the low-dose and mid-dose
male and female groups. Therefore, the NOAEL for systemic toxicity is 8000 ppm
(males: 362 mg/kg/day and females: 457 mg/kg/day) and the LOAEL is 20,000.
In a combined chronic toxicity/carcinogenicity study (MRID No. 49631701), glyphosate
(98.9% a.i.) was administered to 85 Sprague-Dawley rats/sex/dose in the diet for 104 weeks ater
0, 10, 100, 300, and 1000 mg/kg/day to both sexes over the course on the study. Designated for the
toxicity portion of the study were 35 rats/sex/dose with the remainder designated for the
oncogenicity portion of the study. There were no statistical differences between treated and control
groups in survival rates. Pale feces were observed during weeks 16–104 in both sexes at the high
dose and in females from the low-mid and high-mid dose levels. No treatment-related effect was
observed in food consumption, hematology, ophthalmology, and gross pathology data. Males from
the high-dose group had statistically lower mean body weight (P≤0.01) by 5% to 11% beginning
Week 2 of the study until Week 104, and at termination was 10% lower (-14% weight gain).
Females at the high dose had statistically lower body weight (P≤0.05) by 5% to 12% beginning
Week 20 through Week 80 (with several exceptions), and at termination was 8% lower (-11%
weight gain). Statistically increased ALP activities (+46% to +72%) were observed in males at the
high dose throughout the study except for the 51 week interval when the mean value was 31%
higher than control. Elevated ALP activities were observed in females at the high dose (+34% to
+53%) throughout the study, and through most of the study at the high-mid dose by +20% to
+67%, though not always statistically significant. Urinalysis data showed reduced pH (5.5–6) in
males at the high dose throughout the study.
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The absolute liver weight was decreased significantly in females at the high dose after 52 weeks,
but after correcting for final body weight the difference was statistically significant at the three
highest doses. The parotid salivary gland weight was increased significantly in males at the three
highest doses (56–111%) after 52 weeks, but not after 104 weeks. The combined weight of the
sublingual and submaxillary salivary glands was significantly increased by 13% (22% after
correcting for body weight) at the high dose after 52 weeks. In females, the parotid gland was not
affected but the sublingual and submaxillary combined weight was significantly higher by about
15%. The changes in salivary gland weights were accompanied by increased incidence of mild to
severe parotid salivary gland cell alterations and slight to moderate mandibular salivary gland cell
alterations were observed in both sexes at the 52-week and 104-week intervals. The lesions were
described as cells and/or acini that appeared larger and stained in a weakly basophilic manner
without showing a tendency toward proliferative or degenerative changes over time. In males, the
increased incidence and severity of lesions in the parotid gland were significant (P≤0.01) at 100,
300, and 1000 mg/kg bw/day at 52 weeks, and significant at 300 and 1000 mg/kg bw/day at 104
weeks. The increased incidence of lesions in the mandibular gland were significant at 300 and
1000 mg/kg bw/day at 52 weeks and significant (P≤0.001) at 100, 300, and 1000 mg/kg bw/day at
104 weeks. In females, the increased incidence of parotid lesions was significant at 300 and 1000
mg/kg bw/day at 52 weeks, and significant at 100, 300, and 1000 mg/kg bw/day at 104 weeks. The
increased incidence in the mandibular gland lesions was significant at the high dose at both 52 and
104 weeks. The incidence and/or severity of kidney nephropathy decreased in males at 100, 300,
and 1000 mg/kg bw/day at 52 weeks and at the high dose at 104 weeks. Urothelial hyperplasia
significantly decreased in females from the high dose group at both the 52-week and 104-week
intervals. The LOAEL in male and female Sprague-Dawley rats administered glyphosate for 104
weeks in the diet was 100 mg/kg bw/day based on microscopic lesions in the parotid and
mandibular salivary glands. The NOAEL was 10 mg/kg bw/day (MRID No. 49631701).
In another chronic toxicity/carcinogenicity study (MRID No. 49704601), groups of 52 male and 52
female Alpk:APSD (Wistar-derived) rats were fed diets containing glyphosate at 0, 2000, 6000, or
20,000 ppm for two years. These doses were equivalent to 0, 121, 361 or 1214 mg/kg/day in males
and 0, 145, 437, or 1498 mg/kg/day in females, respectively. Treatment-related findings were
confined to the liver and kidneys at the highest dose (20,000 ppm). In both sexes, treatment-related
changes manifested as papillary necrosis, prostatitis, periodontal inflammation, urinary acidosis,
and hematuria. The LOAEL was 20,000 ppm (1214 mg/kg/day in males and 1498 mg/kg/day in
females) and the NOAEL was 6000 ppm (361 mg/kg/day in males and 437 mg/kg/day in females)
(ii)

Mice

In a carcinogenicity study (MRID No. 00251007), glyphosate (Technical, 99.7% a.i.) was
administered to groups of 50 male and 50 female CD-1 mice/sex/dose in the diet at dose levels of
0, 1000, 5000, or 30,000 ppm (approximately equivalent to 0, 161, 835, 4945 mg/kg bw/day for
males and 0, 195, 968, and 6069 mg/kg bw/day for females) for 24 months. Cage-side and detailed
clinical observations were done. Body weight and food intake were monitored throughout the
study. Water consumption was measured during months 12 and 24. Erythrocyte, as well as total
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white cell counts and differentials, were done at months 12, 18, and 24. Tissues and organs were
collected from all mice whether dying during the study or at terminal sacrifice. Microscopic
analyses were done on all collected tissues.
No treatment-related effects were found on survival, body weight, food or water consumption, or
hematology parameters of treated male or female mice. The terminal body weight of high-dose
males was significantly decreased 9% while the absolute liver weight of high-dose males was
significantly decreased 16%; however, no significant treatment-related effects were found on the
liver-to-body-weight ratio. The absolute testes weight of high-dose male mice was increased 7%,
while the relative to body testes weight was increased 17. Neither were statistically significant, and
no microscopic histological correlates were found. The incidences of centrilobular hepatocyte
hypertrophy were slightly, but not significantly increased in high-dose male mice. Centrilobular
hepatocyte necrosis was significantly higher in high-dose males (10/50** (20%) vs. control 2/49
(4%), P≤0.01). No significant increases in centrilobular hepatocyte hypertrophy or necrosis were
observed in treated female mice; however, proximal tubular epithelial basophilia was significantly
increased in high-dose females (9/50 (18%) vs control 0/50 (0%), P≤0.01). No other microscopic
treatment-related effects were found. Based on increased centrilobular hepatocellular necrosis in
high-dose males and proximal tubular epithelial basophilia in high-dose females, the systemic
LOAEL for male and female CD-1 mice was 30,000 ppm (approximately 4945 mg/kg bw/day for
males and 6069 mg/kg bw/day for females). The NOAEL for the study was 835 mg/kg bw/day for
males and 968 mg/kg bw/day for females) (MRID No. 00251007).
In another carcinogenicity study (MRID No. 49631702), glyphosate (97.5–100.2% a.i.) was
administered to groups of 50 CD-1 mice/sex/dose in the diet at doses of 0, 100, 300, or 1000
mg/kg/day for 104 weeks. Mortality, body weight, body weight gain, and food consumption were
monitored throughout the study. WBC differential counts were done during Weeks 52, 77, and 102
of the study. Organ weights were measured and tissues collected for microscopic analyses.
Treatment of male and female mice for 104 weeks did not increase mortality and did not decrease
body weight, body weight gain or food consumption. No treatment-related clinical signs of toxicity
were observed and no effects were found on WBC differential counts. Treatment did increase the
absolute and relative thymus weights of male and female mice treated with 300 or 1000 mg/kg
bw/day approximately 2–3-fold, but only the results of male mice were statistically increased.
However, no treatment-related effects were found microscopically. At necropsy, the incidence of
lung masses was slightly increased in high-dose male mice, but were considered coincidental.
Microscopically, there was a slight, but statistically significant increase in mineral deposition in
the brains of mid- and high-dose male mice. A non-significant increase was observed in female
mice. Kidney cysts were also slightly but statistically increased in low- and mid-dose males, but no
increase of cortical tubular eosinophilic droplets was found in female mice. The significance of
these findings is questionable since they did not follow a dose-response. The systemic NOAEL for
glyphosate in male and female CD-1 mice treated up to 104 weeks was 1000 mg/kg bw/day. A
LOAEL was not identified (MRID No. 49631702).
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A. Evidence for Carcinogenicity in Humans
The CARC evaluated one cohort study and seven nested case-control studies based on the cohort
study population and twenty-five case-control studies that examined the association between
glyphosate exposure and one or more cancer outcomes.
1. Cancer at Multiple Sites
Several case-control studies reported no association for cancer of the oral cavity, colon, rectum,
colorectum, lung, pancreas, kidney, bladder, prostate, breast or melanoma from exposure to
glyphosate (De Roos et al., 2005; Engle et al., 2005; Lee et al., 2007; Andreotti et al., 2009; and
Dennis et al., 2010).
In single case-control studies, no associations were found for cancers of the esophagus, stomach,
prostate or soft-tissue sarcoma from exposure to glyphosate (Alavanja et al., 2003; Lee et al.,
2004; Band et al., 2011; Pahwa, et al., 2011; Koutros et al., 2013). No association for childhood
cancer was found from maternal or paternal exposure to glyphosate (Flower et al., 2004).
2. Brain Cancer
A case-control study in Nebraska and the Upper Midwest Health case-control study in Iowa,
Michigan, Minnesota and Wisconsin did not find any no association of glyphosate with adult brain
cancer, specifically for gliomas (Ruder et al., 2004; Carreon et al., 2005; and Lee et al., 2005).
3. Leukemia
No significant association with leukemia was reported in a case-control study in Iowa and
Minnesota (Brown et al., 1990) or in the AHS cohort (De Roos et al., 2005). A Swedish casecontrol study reported a non-statistically significant elevated risk for hairy cell leukemia. However,
the authors stipulated that this risk should be interpreted with caution since it was based on only 4
glyphosate-exposed cases (Nordstrom et al., 1998).
4. Multiple Myeloma
No significant association for multiple myeloma from exposure to glyphosate was found in three
separate population-based case-control studies: one in Iowa and Minnesota (Brown et al., 1993)
and the other in Iowa and North Carolina, USA (De Roos et al., 2005; Sorhan 2015); and the third
study in Canada (Pahwa et al., 2012; Kachuri et al., 2013), and in a hospital-based case-control
study in France (Orsi et al., 2009). A cohort study found no association with glyphosate exposure
and monoclonal gammopathy of undetermined significance, a pre-clinical marker of multiple
myeloma progression (Landgren et al., 2009).
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5. Non-Hodgkin Lymphoma
There is conflicting evidence for an association between glyphosate exposure and NHL; seven
case-control studies reported no association in the U.S, Canada, and France, while two case-control
studies from Sweden reported positive association.
No association between glyphosate exposure and NHL was found in four population-based casecontrol studies in the United States: in Iowa and Minnesota (Cantor et al., 1992); in Iowa,
Nebraska and Minnesota (Lee et al., 2004a); in Iowa, Nebraska, Minnesota and Kansas (De Roos
et al., 2003) and in the AHS cohort with 57,311 licensed pesticide applicators in Iowa and North
Carolina (De Roos et al., 2005).
Similarly, no association between glyphosate exposure and NHL was seen in two population-based
case-control studies conducted in various Canadian provinces (McDuffie et al., 2001; Hohenadel
et al., 2011).
A hospital based case-control study from France did not find an association between glyphosate
exposure and NHL (Orsi et al., 2009).
The first report of an association between glyphosate exposure and NHL was in a population-based
case-control study from Sweden (OR=23.3; 95% CI=0.40–13.0); however, this finding was based
on only 4 glyphosate-exposed cases and 3 controls (Hardell and Erickson, 1999).
In a 2002 follow-up study, data from two case-control studies in Sweden, one on NHL and the
other on hairy cell leukemia, were pooled and analyzed. A univariate analysis showed an increased
risk (OR=3.04; 1.08–8.52); however, when study site, vital status, and exposure to other pesticides
were taken into account in a multivariate analysis, risk declined (OR=1.85; 95% CI=0.55–6.20)
(Hardell et al., 2002).
In another case-control study in Sweden, among the 29 glyphosate-exposed cases, a multivariate
analyses showed a statistically significantly increased risk for NHL (OR=1.51; 95% CI=0.77–2.94)
and B-cell lymphoma (OR=1.87; 95% CI=0.998–3.51) (Erickson et al., 2008).
A meta-analysis of the six studies (De Roos et al., 2003; 2005; McDuffie et al., 2001; Hardell et
al., 2002; Erickson et al., 2008; and Orsi et al., 2009) that showed an association between
glyphosate exposure and NHL, resulted in a meta-risk ratio of 1.5 (95% CI=1.1–2.0) (Schinasi and
Leon, 2014).
In an attempt to address the noted power/sample size issues and after considering the adjusted
estimates of the two Swedish studies, IARC performed a meta-analysis of the data and estimated a
meta-risk ratio of 1.3 (95% CI=1.03–1.65) (IARC, 2015).
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In summary, the epidemiological evidence at this time does not support a causal relationship
between glyphosate exposure and solid tumors. There is also no evidence to support a causal
relationship between glyphosate exposure and non-solid tumors: leukemia, multiple myeloma or
Hodgkin lymphoma. The epidemiological evidence at this time is inconclusive for a causal or clear
associative relationship between glyphosate exposure and NHL. Multiple case-control studies and
one prospective cohort study found no association with NHL; whereas, results from a small
number of case-control studies (mostly in Sweden) did suggest an association. Most of the studies
in the database were underpowered, suffered from small sample size of cancer cases with
glyphosate exposure, and risk/odds ratios with large confidence intervals. Additionally, some of
the studies had biases associated with recall and missing data. The CARC recognizes the metaanalysis conducted by IARC to try to address the power/sample size issues. However, given the
limitations of the studies used, a different weighting scheme could easily change the meta-risk
ratio. Thus, while the epidemiologic literature to date does not support causal association, the
CARC recommends that the literature continue to be monitored for studies related to glyphosate
and risk of NHL.

B. Evidence for Carcinogenicity in Experimental Animals
1. Evidence for Carcinogenicity in Rats
A total of seven chronic toxicity/carcinogenicity studies in Wistar or Sprague-Dawley strain rats
were available for review. In these studies, glyphosate was administered in the diet to both sexes at
doses ranging from 3.0 mg/kg/day to 1500 mg/kg/day for 2-years.
(i)

Testes

In Sprague-Dawley rats (MRID No. 00093879), there was a non-dose-related increase in the
incidences of interstitial cell tumors in the testes of males at 3 mg/kg/day (6%), 10 mg/kg/day (2%)
and 30 mg/kg/day (12%; P=0.013) when compared to controls (0%). The CARC reaffirmed the
previous conclusion that these tumors are not treatment related based on the following
considerations: 1) lack of dose-response; 2) absence of pre-neoplastic lesions (i.e., interstitial cell
hyperplasia); 3) the incidences were within the normal biological variation seen for this tumor type
in this strain of rats; 4) the incidences in the concurrent controls (0%) was not representative of the
normal background incidences noted in the historical control animals (mean, 4.5; range, 3.4% to
6.7%;) and 5) this finding is not replicated in the other studies in the same strain of rats (i.e., no
interstitial cell tumors were seen when tested up to 1100 mg/kg/day). The CARC concluded that
the interstitial cell tumors are not treatment-related.
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Pancreas

Benign pancreatic islet cell tumors were seen in male Sprague-Dawley rats in two studies. In the
first study (MRID No. 00093879), there was no dose response or statistical significance; the
incidences for adenomas were: 0%, 10%, 4% and 4% at the control, low, mid, and high dose
groups. Carcinomas were seen in one rat at the high dose. In the second study (MRID No.
41643801), there was a statistically significant increase in adenomas at the lowest (100 mg/kg/day)
and the highest (1000 mg/kg/day) doses compared to controls: lowest dose, 8/45 (18%; P=0.018);
intermediate dose, 5/49 (10%); and highest dose, 7/48 (15%; P=0.042) versus controls, 1/43 (2%).
The CARC reaffirmed the previous conclusion that the benign pancreatic islet cell tumors are not
treatment-related due to lack of dose-response, absence of pre-neoplastic lesions, lack of
progression to malignancy, and incidences within the historical control range (0–17%) reported for
this tumor in this strain of rats. This neoplasm was not seen in the other five studies. The CARC
concluded that the pancreatic islet tumors are not treatment-related.
(iii)

Liver

In male Sprague-Dawley rats (MRID No. 41643801), there was a statistically significant positive
trend in the incidence of hepatocellular adenomas (P=0.016). The CARC concluded that the
minimal increase in adenomas is not treatment-related due lack of statistical significance in
pairwise comparison, absence of pre-neoplastic lesions, no progression to malignancy, and the
incidences were within the historical control range (1.4–18.3%) of the testing laboratory.
In male Wistar rats (MRID No. 49704601), there was a statistically significant trend (P=0.00804)
and pairwise significance for the increase in hepatocellular adenomas at the highest (1214
mg/kg/day) dose compared to controls: lowest dose, 2/52 (4%); intermediate dose, 0/52 (0%); and
highest dose, 5/52 (10%; P=0.02826) versus controls, 0/52 (0%). The CARC concluded that this
increase is not attributable to treatment based on the following considerations: 1) absence of doseresponse relationship; 2) lack of progression to malignancy; 3) no evidence of pre-neoplastic
lesions; 4) the incidences were within the historical control range (0–11.5%).
The CARC noted that survival was better at the high dose (25/52; 13%) compared to the controls
(16/52; 8.3%) which could be reason for the slightly higher incidence (5/52) of age-related
background tumors like liver adenomas in the absence of any associated lesions. Furthermore, with
a weak genotoxic effect one would expect to see an effect on carcinomas (or at least adenomas/
carcinomas, combined) and shorter latency period, which were not observed in this study. With a
weak cytotoxic or mitogenic effect one would expect to see an increase in foci and other nonneoplastic lesions. In addition, as discussed above, only a linear trend (no pairwise) was seen for
this tumor type in another strain (Sprague-Dawley) for rats where the incidences were still within
the historical control range. Also, liver tumors were not seen in the other four studies. This
provides additional evidence for lack of an actual carcinogenic response in the liver. The CARC
concluded that the liver tumors are not treatment-related.
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Thyroid

In Sprague-Dawley rats (MRID No. 41643801), there was a statistically significant positive trend
in the incidence of thyroid C-cell tumors in females (P=0.031). The CARC concluded that the
minimal increase is not treatment-related due to lack of statistical significance in pairwise
comparison, no progression to carcinomas, no increase in severity of grade or incidence of
hyperplasia, and the incidences were within the historical control range (3.3–10%). The CARC
concluded that the thyroid tumors in female rats are not treatment-related.
In summary, dietary administration of glyphosate at doses ranging from 3.0 to 1500
mg/kg/day for up to two years produced no evidence of carcinogenic response to treatment in
male or female Sprague-Dawley or Wistar rats.

2. Evidence for Carcinogenicity in Mice
Four carcinogenicity studies in CD-1 mice were available for review. In these studies, glyphosate
was administered in the diet to both sexes at doses ranging from 85 mg/kg/day to 4800 mg/kg/day
for 18–24 months. In one study there were no statistically significant or otherwise notable
increases in the occurrence of any tumor types. Tumors observed in the other three studies are
discussed below.
(i)

Kidney

Kidney (renal tubular) tumors were seen in male CD-1 mice in one study (MRID No. 00251007).
The incidences of adenomas was 1/49 (2%), 0/49 (0%), 0/50 (0%), and 1/50 (2%) in the control (0
mg/k/day), low- (157 mg/kg/day), mid- (814 mg/kg/day) and high-dose (4945 mg/kg/day) groups,
respectively. The incidence of carcinomas was 0/49 (0%), 0/49 (0%), 1/50 (2%) and 2/50 (4%) in
the control, low-, mid- and high-dose groups, respectively. The incidence of adenomas or
carcinoma (combined) was 1/49 (2%), 0/50 (0%), 1/50 (2%), and 3/50 (6%) in the control, low-,
mid-, and high-dose groups, respectively. None of these differences showed statistical significance.
The CARC reaffirmed the previous conclusion that the kidney tumors are not treatment-related
based on the following weight-of-evidence considerations: a) lack of dose-related trend or
statistical significance in pairwise comparisons; b) lack of non-neoplastic renal tubular lesions (e.g.
tubular necrosis/regeneration, hyperplasia, or basophilia); c) the examination of multiple sections
of kidneys from all groups resulted in no additional neoplasms; this fact is particularly important
since not only were the original sections closely scrutinized by more than one pathologist, but
additional sections as well; and d) the difference in incidence between high-dose group (3/50) and
the control group (1/49) was minimal, especially considering the very high concentration given
(4 x time the limit dose).
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Furthermore, the Pathology Work Group concluded that the renal tumors were not treatmentrelated since none of the treatment groups differed from the controls for a linear trend or pairwise
statistical significance, there was no treatment-related nephrotoxic lesions including pre-neoplastic
changes, and multiple renal tumors were not seen in any animal.
In addition, the CARC noted that renal tumors were not observed when tested at a similar dose
(4348 mg/kg/day) in this strain of mice in another study(Arysta, 1997b) or in two other studies at
the limit dose (MRID No. 49631702, Nufarm, 2009b). If really treatment-related, it is unlikely that
the same tumor would not have been detected at higher incidences in CD-1 mice with top doses
>1000 – 4000 mg/kg/day.
(ii)

Lung adenocarcinoma

There was a dose-dependent increase in the incidence of bronchiolar-alveolar adenocarcinoma of
the lung in male CD-1 mice (Nufarm, 2009b). There was a positive trend (P=0.02906) in the
incidence of lung adenocarcinomas: 5/51 (10%), 5/51 (10%), 7/51 (14%) and 11/51 (22%) at the 0,
85, 267 or 946 mg/kg/day groups, respectively. The CARC determined that this increase is not
treatment-related due to lack of statistical significance in pairwise comparison, absence of preneoplastic lesions in the lung (e.g., bronchiolar-alveolar hyperplasia), and incidences in all treated
groups within the background range (1.42–26%) for this tumor in this strain and age of mice. Also,
lung tumors were not seen when tested at a comparable dose (1000 mg/kg/day) or at considerably
higher doses (4116–4945 mg/kg/day) in this strain of mice in the other three studies (MRID Nos.
00251007; 49631702; Arysta, 1997b).
(iii)

Lymphoma/Lymphosarcomas

There was a dose-dependent and statistically significant increase in the incidence of malignant
lymphomas in male mice (Nufarm, 2009b). The incidence was: 0/51 (0%; trend P=0.006633), 1/51
(2%), 2/51 (4%) and 5/51 (10%; P=0.02820) at the 0, 85, 267 or 946 mg/kg/day groups,
respectively. The CARC determined that this increase is not treatment-related since the incidences
in the concurrent controls (0%) were not representative of the normal background incidences noted
in the historical controls (mean, 4.5%; range, 1.5% to 21.7%), and the apparent statistical
significance of the pairwise comparison of the high dose group with the concurrent control might
have been attributable to this factor rather than an actual carcinogenic response. Also, this
neoplasm was not seen in other studies in this strain of mice. For example, in the study by
Knezevich and Hogan 1983 (MRID No. 00251007), there was no significant difference in the
incidence of lymphomas between control and high-dose groups (P=1.00 for males, P=0.12 for
females). In the study by Atkinson et al. (1993) (MRID No. 496317), the incidence values in
“lymphoreticular/ hematopoietic tissue” were not significantly different between control and highdose groups (males: 4 in controls, 6 in high-dose group; females: 14 in controls, 13 in high-dose
group). In the Arysta 1997 study (Greim et al., 2015), the incidence of lymphoma in males was
2/50, 2/50, 0/51, 6/50 in the control, low, mid and high dose groups, respectively. There were no
statistically significant pairwise differences observed in any of these studies.
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Hemangioscarcomas

Hemangiosarcomas were seen in multiple organs including, liver, spleen, and prostate in males and
liver and uterus in female CD-1 mice (MRID No. 49631702). There was a positive trend
(P=0.00296) in the incidence of hemangiosarcomas in male mice: 0/47 (0%), 0/46 (0%), 0/50 (0%)
and 4/45 (9%) at the 0, 100, 300 and 1000 mg/kg/day groups, respectively. The hemangiosarcomas
were present in the liver, spleen or prostate in the high dose males. In females, this neoplasm was
seen in one female at the low dose (uterus) and in one high dose (spleen). The CARC did not
consider the hemangiosarcomas in males to be treatment-related based on the following
considerations: 1) there was no pairwise significance; 2) lack of dose-response; 3) the incidence
was near the upper limit (0–8%) of the background rate at the performing laboratory;
4) hemangiosarcomas are commonly observed in mice as spontaneous tumors and are generally
more common in males in CD-1 strain mice; 5) there was not a significant increase in
hemangiosarcomas seen in the other three mouse studies; and 6) if really treatment-related, it is
unlikely that the same tumor would not have been detected at higher incidences in CD-1 mice with
top doses >1000-4000 mg/kg/day.
In summary, dietary administration of glyphosate at doses ranging from 85 to 4945
mg/kg/day for up to two years produced no evidence of carcinogenic response to treatment in
male or female CD-1 mice.
C. Discussion
When determining the carcinogenic potential of chemicals, the IARC identifies a cancer “hazard”
if an agent (e.g., chemical) is capable of causing cancer under some circumstance and the agent is
termed “carcinogenic” if it is capable of increasing the incidence of malignant neoplasms, reducing
their latency, or increasing their severity or multiplicity. The IARC also considers that there is
“sufficient evidence of carcinogenicity” based on the occurrence of increased tumors (benign,
malignant, or combination) in: 1) two or more species of animals; 2) two or more independent
studies in one species; and/or 3) an increased incidence of tumors in both sexes of a single species.
Furthermore, a single study in one species and sex might be considered to provide sufficient
evidence of carcinogenicity when malignant neoplasms occur to an unusual degree with regard to
incidence, site, type of tumor or age at onset, or when there are strong findings of tumors at
multiple sites (IARC Preamble, 2006).
In March 2015, the IARC evaluated the carcinogenic potential of glyphosate. The IARC
determined that there was a positive trend in the incidence of a rare tumor type, renal tubular
carcinoma and renal tubule adenoma or carcinoma (combined) in males in one feeding study in
CD-1 mice. A second study reported a positive trend for hemangiosarcomas in male CD-1 mice.
Thus, in accordance with one of the preamble criteria, “the occurrence of tumors in two studies in
one species,” IARC determined that there is “sufficient evidence” in experimental animals for the
carcinogenicity of glyphosate (IARC, 2015).
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In contrast, the USEPA’s carcinogenicity classification is based on weight-of-evidence
considerations in accordance with the agency’s 2005 Guidelines for Carcinogen Risk Assessment.
The cancer guideline emphasizes the importance of weighing all of the evidence in reaching
conclusions about the human carcinogenic potential of agents. This evaluation is accomplished in a
single integrative step after assessing all of the individual lines of evidence. Evidence considered
includes tumor findings, or lack thereof, in humans and laboratory animals; an agent’s chemical
and physical properties; its structure-activity relationships (SARs) as compared with other
carcinogenic agents; and studies addressing potential carcinogenic processes and mode(s) of
action, either in vivo or in vitro. Data from epidemiological studies are generally preferred for
characterizing human cancer hazard and risk. However, all of the information discussed above
could provide valuable insight into the possible mode(s) of action and likelihood of human cancer
hazard and risk (USEPA, 2005).
Conclusions for evidence of carcinogenicity are based on the combined strength and coherence of
inferences appropriately drawn from all of the available information. The following observations
add significance to the tumor findings: tumors in multiple species, strains, or both sexes; doserelated increases; progression of lesions from pre-neoplastic to benign to malignant; proportion of
malignant tumors; reduced latency of neoplastic lesions; and both biological and statistical
significance of the findings (USEPA, 2005).
The IARC attributed the kidney tumors observed in male CD-1 mice at the high dose in the
feeding study (MRID No. 00251007) to treatment since they are rare and there was borderline
significance in trend test (P=0.034 for carcinoma and P=0.037 for combined adenoma or
carcinoma) in a Cochran-Armitage trend test. However, as shown in Table 14, the agency’s
statistical analyses did not show a significant trend for either carcinoma (P=0.06345) or the
combined adenoma or carcinoma (P=0.06483). In a Fisher’s exact test, when compared to the
concurrent control, there was no pairwise significance for any tumor type (adenoma, carcinoma, or
combined). There were no pre-neoplastic renal tubular lesions such as tubular necrosis/
regeneration, hyperplasia or hypertrophy, despite a high dose level (4945 mg/kg/day) that was
approximately 5-fold higher than the limit dose (1000 mg/kg/day) recommended by the agency’s
guidelines. Examination of multiple sections of kidneys from all animals by more than one
pathologist did not result in any additional neoplasms. Although the highest dose tested (4945
mg/kg/day) was approximately 5-fold higher than the limit dose (1000 mg/kg/day) recommended
by the agency’s guideline, the incidence of the kidney tumors was minimal (1/50 adenomas and
2/50 carcinomas) compared to controls (1/49 adenomas). An evaluation by the PWG concluded
that the renal tumors are not treatment-related since there were no compound related nephrotoxic
lesions, including pre-neoplastic changes, multiple tumors were not found in any animals, and
there was no evidence of a significant linear trend at the 0.5 level in a one-tailed CochranArmitage test or pairwise significance in a Fisher’s exact test. Furthermore, kidney tumors were
not seen when tested at lower (85 to 1000 mg/kg/day) doses or at a comparable (4116 mg/kg/day)
dose in this strain of mice in the other three studies. Thus, the totality of data available from 4
carcinogenicity studies provides a strong support for the conclusion that the kidney tumors seen in
one study is not the result of a carcinogenic response to glyphosate.
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The IARC attributed the hemangiosarcomas observed in male CD-1 mice at the high dose in
separate feeding study (MRID No. 49631702) to treatment due to the positive trend (P<0.001) in a
Cochran-Armitage trend test. As shown in Table 16, the agency’s statistical analyses also showed
a positive trend (P=0.00296) in the trend test. In the Fisher’s exact test, there was no pairwise
significance when compared to controls. In contrast with the IARC, the CARC did not consider the
hemangiosarcomas to be treatment-related based on the following weight-of-evidence
considerations: 1) there was no pairwise significance; 2) lack of dose-response; 3) the incidence
was near the upper limit (0–8%) of the background rate at the performing laboratory;
4) hemangiosarcomas are commonly observed as spontaneous tumors in male CD-1 strain mice;
and 5) hemangiosarcomas were not seen when tested at comparable doses (946–1467 mg/kg/day)
or at considerably higher doses (4116–4945 mg/kg/day) in this strain of mice in the other studies
(MRID No.00251007, Arysta, 1997b, Nufarm, 2009b). It is noted that JMPR in their evaluation
also concluded that the hemangiosarcomas are not treatment-related owing to lack of doseresponse relationship, lack of statistical significance and incidences within the historical control
range (JMPR, 2004).
Hemangiosarcomas have similar histopathological features in rodents and humans but differ in
both incidence and tissue site. In human populations, hemangiosarcomas have an incidence rate of
approximately 0.2 new cases/100,000 people (0.0002%) (1996–2000, US National Cancer
Institute–SEER Database) and account for <1% of all human sarcomas. The historical background
incidence of hemangiosarcomas in B6C3F1 and CD-1 mice relative to the incidence rate in
humans has thus been estimated to be approximately 10,000-fold higher than in people (Pegg et
al., 2012). The most common sites for spontaneous hemangiosarcomas in rodents are liver, spleen,
bone marrow, and to a lesser extent in lymph nodes and skin (see references in Pegg et al. (2012).
In male mice, liver and spleen tend to be the most common sites. Human hemangiosarcoma is
most commonly reported in skin (Weiss et al., 2001). Primary liver hemangiosarcoma in humans
has been linked to chemical exposure, notably thorotrast and vinyl chloride, which are both
considered genotoxic carcinogens. There are several examples of induction of hemangiosarcomas
by non-genotoxic agents in mice, but no clear examples of hemangiosarcoma induction by nongenotoxic agents in human populations (Cohen et al., 2009). Several studies have looked at
potential mode of action (MOA) for these tumors in mice in response to various drugs or
chemicals. These MOAs generally relate to hypoxia or vascular toxicity as early key events.
1. Mutagenicity
Glyphosate was not mutagenic in bacteria or mammalian cells in vitro. Additionally, glyphosate
did not induce chromosomal aberrations in vitro. Although some studies in the open literature
reported positive findings for micronuclei induction in rodents, these findings were not replicated
in the majority of the rodent micronucleus assay studies. There is no convincing evidence that the
DNA damage is a direct effect of glyphosate, but under some conditions may be secondary to
cytotoxicity or oxidative damage. Furthermore, the chemical structure of glyphosate, with its
absence of alkyl groups also provides SAR support for the lack of mutagenic/genotoxic potential.
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IARC concluded that “there is strong evidence that exposure to glyphosate or glyphosate-based
formulations is genotoxic”; however, the IARC analysis included studies that tested glyphosateformulated products as well as studies where the test material was not well-characterized (i.e., no
purity information was provided). The CARC did not include such studies in their evaluation.
The IARC analysis also focused on DNA damage as an endpoint (e.g., comet assay); however,
DNA damage is often reversible and can result from events that are secondary to toxicity
(cytotoxicity), as opposed to permanent DNA changes which are detected in tests for mutations
and chromosomal damage (e.g. chromosomal aberrations or micronuclei induction). The studies
that IARC cited, where positive findings were reported for chromosomal damage, had study
limitations confounding the interpretation of the results. In addition, these positive findings were
not reproduced in other guideline or guideline-like studies evaluating the same endpoints. This
includes many negative studies cited by Kier and Kirkland (2013) that were considered by CARC,
but were not included in the IARC decision.
2. Structure Activity Relationship
Sulfosate (the trimethylsulfonium salt of glyphosate) is classified as a Group E Chemical: “Not Likely
to be Carcinogenic to Humans,” based on the lack of evidence of carcinogenicity in mice and rats in
two acceptable studies, and absence of mutagenicity concern.

VI.

CLASSIFICATION OF CARCINOGENIC POTENTIAL

In accordance with the 2005 Guidelines for Carcinogen Risk Assessment, glyphosate is classified
as “Not Likely to be Carcinogenic to Humans.” This classification is based on the following
weight-of-evidence considerations:


The epidemiological evidence at this time does not support a causal relationship between
glyphosate exposure and solid tumors. There is also no evidence to support a causal
relationship between glyphosate exposure and the following non-solid tumors: leukemia,
multiple myeloma, or Hodgkin lymphoma. The epidemiological evidence at this time is
inconclusive for a causal or clear associative relationship between glyphosate and NHL.
Multiple case-control studies and one prospective cohort study found no association;
whereas, results from a small number of case-control studies (mostly in Sweden) did
suggest an association. Limitations for most of these studies include small sample size,
limited power, risk ratios with large confidence intervals, and recall bias as well as missing
data. The literature will continue to be monitored for studies related to glyphosate and risk
of NHL.



In experimental animals, there is no evidence for carcinogenicity. Dietary administration of
glyphosate at doses ranging from 3.0 to 1500 mg/kg/day for up to two years produced no
evidence of carcinogenic response to treatment in seven separate studies with male or
female Sprague-Dawley or Wistar rats. Similarly, dietary administration of glyphosate at
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doses ranging from 85 to 4945 mg/kg/day for up to two years produced no evidence of
carcinogenic response to treatment in four separate studies with male or female CD-1 mice.
The CARC did not consider any of the observed tumors in 11 carcinogenicity studies in
rats and mice to be treatment-related since the observed tumors did not exhibit a clear doseresponse relationship, were not supported pre-neoplastic changes (e.g., foci, hypertrophy,
and hyperplasia), were not statistically significant on pairwise statistical analysis, and/or
were within the range of the historical control data.


VII.

Based on a weight of evidence approach from a wide range of assays both in vitro and in
vivo including endpoints for gene mutation, chromosomal damage, DNA damage and
repair, there is no in vivo genotoxic or mutagenic concern for glyphosate.
QUANTIFICATION OF CARCINOGENIC POTENTIAL
Not required.
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EPA takes ofﬂine report that says
glyphosate not likely carcinogenic

TRENDING STORIES

Monsanto's Roundup weedkiller atomizers are displayed for sale at a garden shop at Bonneuil-Sur-Marne near
Paris, France, June 16, 2015. REUTERS/Charles Platiau

1

Dismal holiday sales at Macy's, Kohl's
spell gloom for sector

2

Norway PM says UK lacks negotiating
experience, fears 'very hard Brexit'

3

Congress begins Russia hacking
probe, Trump defends comments on
U.S. intelligence

4

Thursday Morning Brieﬁng: U.S.
spooks say they have the goods on
Russian hacking

5

Jobless claims fall to near 43-year low

By P.J. Huffstutter | CHICAGO

The U.S. Environmental Protection Agency on Monday pulled a report ofﬂine that
concluded glyphosate is not likely to be carcinogenic to humans, saying the document
was inadvertently published and the agency had not ﬁnished its review of the chemical,
which is the key ingredient in Monsanto's herbicides.
The 86-page report, seen by Reuters and published on Friday on the regulations.gov
website that the EPA manages, was from the EPA's cancer assessment review
committee (CARC). It found that glyphosate, the active ingredient in the world's mostly
widely used weedkiller, was "not likely to be carcinogenic to humans."
The EPA took down the report and other documents on Monday afternoon, saying it did
so "because our assessment is not ﬁnal," in an emailed statement to Reuters. The
agency said the documents were "preliminary" and that they were published
"inadvertently."
But a covering memo that was part of the documents seen by Reuters described the
report as the committee's "ﬁnal Cancer Assessment Document." "FINAL" was printed
on each page of the report, which was dated Oct. 1, 2015.
The EPA declined to comment on whether the report, or the 13 other documents that
were also published and subsequently taken down on Monday, indicate whether the
agency ultimately will conclude that glyphosate is not carcinogenic.
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Last
year, the World Health Organization's cancer arm, the International Agency for
Research on Cancer, classiﬁed glyphosate as "probably carcinogenic to humans."

VIEW MORE

Other government authorities have issued a variety of opinions on glyphosate. The
European Food Safety Authority last November said glyphosate was "unlikely to pose a
carcinogenic hazard to humans."
MONSANTO: REPORT "CLEARLY LABELED"
Monsanto Co, whose Roundup herbicide line uses glyphosate as a key active ingredient,
responded to the EPA's document, saying in a statement on Monday that the agency
had issued an "ofﬁcial classiﬁcation" that glyphosate was not likely to be carcinogenic.
Monsanto said the document was "clearly labeled and signed as the ﬁnal report of
EPA's Cancer Assessment Review Committee," in an email to Reuters on Monday after
the documents had been removed.
The EPA said its documents are part of its broader registration review, which began in
2009, of glyphosate and its potential human health and environmental risks.
"EPA has not completed our cancer review," the EPA told Reuters in a statement. "We
will look at the work of other governments as well as work by (the U.S. Department of
Health and Human Services') Agricultural Health Study as we move to make a decision
on glyphosate."
ALSO IN HEALTH NEWS

The EPA said its assessment will be peer reviewed and
completed by the end of 2016.

Scientists link higher dementia
risk to living near heavy trafﬁc

A reporter with Bloomberg BNA, a subsidiary of
Bloomberg, had posted a link to the documents on
Twitter on Monday morning. The EPA documents,
Trump presses Democrats on
while available, sparked strong reactions from critics
Obamacare, urges bipartisan ﬁx
of the world's most widely used weed killer.
"All they're doing is reviewing studies that are funded
by the industry," said Jennifer Sass, a senior scientist at Natural Resources Defense
Council, an environmental and public health advocacy group.
In addition to the cancer assessment report, the documents that the EPA removed
included summaries of three 2015 meetings between EPA ofﬁcials and Monsanto;
preliminary ecological risk assessments of glyphosate on milkweed, which is key to the
health of monarch butterﬂies; a report discussing possible label amendments to two of
Monsanto's Roundup products when used on oilseeds, fruit and other crops; and a sixslide Monsanto presentation to the EPA ofﬁcials.
(Reporting by P.J. Huffstutter; Editing by Jo Winterbottom and Leslie Adler)
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China conﬁrms latest
human death from
H7N9 bird ﬂu

Austrian farms told to
keep poultry indoors to
combat bird ﬂu

BEIJING A man in China's eastern province of
Shandong has become at least the fourth person
to die this winter from H7N9 bird ﬂu, state media
said on Thursday, while ofﬁcials in southern
Guangdong conﬁrmed 14 cases of the virus in
December.

VIENNA Austria has ordered its farmers to keep
all poultry indoors from next week, extending
measures to ﬁght bird ﬂu as the contagious virus
spreads in neighboring European countries.
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Message
From :

HEYDENS, WILLIAM F [AG/1000] [/o=Monsanto/ou=NA-1000-01/cn=Recipients/cn=230737]

on behalf of

HEYDENS, WILLIAM F [AG/1000]

Sent :

4/28/2015 2:52:30 PM

To:

JENKINS, DANIEL) [AG/1920] [/o=Monsanto/ou=NA-1000-01/cn=Recipients/cn=813004]

CC:

LISTELLO, JENNIFER J [AG/1000] [/o=Monsanto/ou=NA-1000-01/cn=Recipients/cn=533682]

Subject :

RE: Glyphosate IARC Question

Dan,

Wow! - that's very encouraging. Thanks for the news update.

Regarding the sarcomas Jess mentions in Cheminova's mouse study, I'm assuming he is talking about: the
Haemangiosarcomas in high dose rnales (1000 mg/kg/day, the limit dose) and low numbers (1.3) of histiocytic sarcomas
`spattered' across all dose groups. These were discussed in the 2004 W HC/FAO JM PR documents which states: "Owing
to the lack of a dose-response relationship, the lack of statistical significance and the fact that the incidences recorded in
this study fell within the historical ranges for control, these changes are not considered to be caused by administration
of glyphosate."'

From : JENKINS, DANIEL J [AG/1920]
Sent : Tuesday, April 28, 2015 9:33 AM
To: HEYDENS, WILLIAM F [AG/1000]
Cc: LISTELLO, JENNIFER J [AG/1000]
Subject : RE: Glyphosate IARC Question

Hey cc`ing Jen

So...Jess called me out of the blue this morning:
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"We have enough to sustain our conclusions. Don't need gene toy: or epi. The only thing is the cherninova
study with the sarcoma in mice-- we have that study now and its conclusions are irrelevant (bc at limit
dose...?). I am the chair of the C:ARC: and my folks are running this process for glyphosate in reg review. I have
called a CARC meeting in June..."

Also, Jess called to ask for a contact name at ATSDR. I passed on Jesslyn's email. He told me no coordination
is going on and he wanted to establish some saying "If I can kill this I should get a r pedal". However, don't get
your hopes up, I doubt EPA and Jess can kill this; but its good to know they are going to actually make the
effort now to coordinate due to our pressing and their shared concern that ATSDR is consistent in its
conclusions w EPA.

Dan Jenkins
U.S. Agency Lead
Regulatory Affairs
Monsanto Company
1300 1 St., NW
Suite 450 East
Washington, DC 20005
Office: 202-303-2051
Cell: 571--732--6575

From : HEYDENS, WILLIAM F [AG/1000]
Sent : Monday, April 27, 2015 1:20 PM
To: JENKINS, DANIEL J [AG/1920]
Subject : RE: Glyphosate IARC Question

That would be great, Dan.
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From : JENKINS, DANIEL 3 [AG/1920]
Sent : Monday, April 27, 2015 11:51 AM
To: HEYDENS, WILLIAM F [AG/1000]
Subject : Re: Glyphosate IARC Question

I think you and I could get on the phone w Jess Rowland and discuss this pretty openly. He'll give us straight talk.

Dan Jenkins
US Agency Lead
Monsanto Company
202.383.2851 office
571.732.6575 cell

On Apr 27, 2015, at 8:02 AM, HEYDENS, WILLIAM F [AG/1000] < william.f.heydens@monsanto.com > wrote:
Dan,

As you know, we are considering the value/advisability of doing more work to help us deal with the IARC fallout (see
attached), and we are trying to get feedback from various stakeholders to help us decide on pulling any triggers.

The first two suggestions (New Meta-analysis & AHS Collaboration) would involve beefing-up the Epidemiology area
with two new/updated analyses culminating in 2 new publications.

The

3d

possible endeavor would be an expert panel meeting and subsequent publication. This would be very expensive

to do well with sufficient big names. An alternative approach would be one or two smaller expert panels two address
one or two areas of most need/value (Epidemiology, Animal Bioassay data, and/or genetox/MOA).

Finally, we are considering doing some additional experiment to directly address all the positive in vitro formulation
genetox studies out there - we have had only a very early/superficial talk with Gary Williams so there are no details yet.

Confidential - Produced Subject to Protective Order

MONGLY00987757

Case 3:16-md-02741-VC Document 189-4 Filed 03/14/17 Page 4 of 4
NOW THE QUESTION - What are your thoughts on approaching EPA and having a conversation, probably a generic one,
about what area they see as most problematic (e.g., human epidemiology vs. animal bioassays vs. genetox) or just ask if
there is anything that would help them defend the situation?

<Post-IARC Meeting Science Proposals.pptx>
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Glyphosate
Goal: Persuade EPA to follow Europe and Canada in defending the science behind a determination
that glyphosate is not carcinogenic and initiate the glyphosate preliminary risk assessment public
comment without an SAP . At a minimum , persuade EPA not to announce or otherwise make final
decisions regarding an SAP until after JMPR in May 2016.
Positive
1. We know, but cannot say, that EPA's Office of Pesticide Program scientists strongly feel that

glyphosate does not cause cancer and have defended their written determination internally for
months.
2.

3.
4.

5.

6.

In November 2015, the European Food Safety Authority (EFSA) concluded that "glyphosate is
unlikely to pose a carcinogenic hazard to humans and the evidence does not support classification
with regard to its carcinogenic potential...."
In April, 2015, the Canadian Pest Management Regulatory Authority (PMRA) stated, "[T]he overall
weight of evidence indicates that glyphosate is unlikely to pose a human cancer risk."
In a March 23, 2015 response to the IARC classification, the Germany Federal Institute for Risk
Assessment (BfR) stated, "As the 'Rapporteur Member State' for the active substance glyphosate
within the framework of EU re-evaluation, the Federal Institute for Risk Assessment (BfR) was
responsible for the human health risk assessment and has assessed glyphosate as non-carcinogenic.
This was supported by competent national, European and other international institutions for health
assessment including the WHO/FAO Joint Meeting on Pesticide Residues (JMPR)."

In 2014, EPA reviewed more than 55 epidemiological studies conducted on the possible cancer and
non-cancer effects of glyphosate and concluded: "this body of research does not provide evidence
to show that glyphosate causes cancer, and it does not warrant any change in EPA's cancer
classification for glyphosate. This is the same conclusion reached in 2004 by the United Nations'
Food and Agriculture Organization and affirmed this year by Germany's pesticide regulatory
officials."
Glyphosate is of critical importance to Ag productivity in the US and sound science and unequivocal
leadership with regards to that science, is essential to one of our country's most important export
sectors. USDA can likely be aligned on these talking points.

Negative
1. There is enormous NGO pressure for the USG, particularly EPA, to question and outright restrict

2.
3.

4.

glyphosate's use based on concerns such as IARC, Monarchs, alleged breast milk contamination and
weed resistance, etc.
EPA political leadership is sensitive to NGO concerns, particularly since they have relationships with
them and they represent this administration's political base.
EPA has stated that its current plan is to conduct an SAP, likely by the end of the CY. The scope is
more likely than not to be more comprehensive than just IARC (e.g. could be about a broad range of
public concerns. SAPs add significant delay, create legal vulnerabilities and are a flawed process that
is probable to result in a panel and determinations that are scientifically questionable and will only
result in greater uncertainty. Under this plan, EPA will not release the PRA until after this SAP
process is over (-6-12 mos after the date of the panel discussion).
EPA's Office of Research and Development scientists believe that IARC's trend analysis triggers EPA
guidance that calls for a change in their carcinogenic classification of the compound, which currently
resides at a category of least concern

MONSANTO COMPANY CONFIDENTIAL
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5.

CDC's Agency for Toxic Substances and Disease Registry announced one year ago that it would also
assess glyphosate's toxicity and cancer potential in parallel to EPA. They have agreed, for now, to
take direction from EPA.

6.

FDA has announced it will now engage in glyphosate residue monitoring. EPA is likely to want to
wait for these results to come in before moving forward

Additional Background
• We have reliable intel that the Japanese regulators will be making their public determination that
glyphosate is not a carcinogen next month (note that this cannot be specifically shared with EPA)
•

WHO is upset with IARC and has convened an extraordinary meeting of their authoritative scientific
body (JMPR) to review IARC results in May 2016.

•

This is the first public comment period and will be a minimum of 60 days. It will contemplate all
uses of the molecule and potential issues therein. It will be followed some months later by a final 60
day public comment period which will then potentially lead to label changes.

•

EPA is under a recent court ordered obligation to do an endangered species analysis for glyphosate
by 2022

MONSANTO COMPANY CONFIDENTIAL
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Message
From :

JENKINS, DANIEL J [AG/1920] [/O=MONSANTO/OU=NA-1000-01/CN=RECIPIENTS/CN=813004]

Sent :

9/3/2015 1:23:14 PM

To:

REYNOLDS, TRACEY L [AG/1000] [/O=MONSANTO/OU=Na-1000-01/cn=recipients/cn=133378]; HEERING, DAVID C
[AG/1000] [/O=MONSANTO/OU=NA-1000-01/cn=RECIPIENTS/cn=68681]; VAUGHN, TY T [AG/1000]
[/O=MONSANTO/OU=NA-1000-01/cn=Recipients/cn=555738]; MCKAY, TRACY R [AG/1000]
[/O=MONSANTO/OU=NA-1000-01/cn=Recipients/cn=TRMCKA]; MARTINO-GATT, SUSAN J [AG/1000]
[/O=MONSANTO/OU=NA-1000-01/cn=Recipients/cn=655584]; DYKES, MICHAEL D [AG/1920]
[/O=MONSANTO/OU=NA-1000-01/cn=Recipients/cn=MDDYKE]; AGUSTIN, MELISSA [AG/1000]
[/O=MONSANTO/OU=EXCHANGE ADMINISTRATIVE GROUP (FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=MRAGUS];
MILLER, PHILIP W [AG/1000] [/O=MONSANTO/OU=NA-1000-01/cn=Recipients/cn=212392]; HEGGER, DANIEL
[AG/1000] [/O=MONSANTO/OU=EXCHANGE ADMINISTRATIVE GROUP
(FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=DHEGGa6f]; STATER, STACEY L [AG/1000] [/O=MONSANTO/OU=NA-100001/cn=Recipients/cn=604991]

Subject :

RE: High Level Summary of 2 recent Mesnage studies (also low dose response as FYI)

No questions but Dr Jess Rowland at EPA is quite proud of their recent endocrine conclusions and is also on
point regarding their IARC response. Jess will be retiring from EPA in .w5--6 ros and could be useful as we
move forward with ongoing glyphosate defense.

Dan Jenkins
U.S. Agency Lead
Regulatory Affairs
Monsanto Company
13001 St., NW
Suite 450 East
Washingt o n, DC 20005
Office : 202-383-2851
Cell: 571--732--6575

From : REYNOLDS, TRACEY L [AG/1000]
Sent : Thursday, September 03, 2015 6:22 AM
To: HEERING, DAVID C [AG/1000]; VAUGHN, TY T [AG/1000]; MCKAY, TRACY R [AG/1000]; MARTINO-CATT, SUSAN J
[AG/1000]; DYKES, MICHAEL D [AG/1920]; AGUSTIN, MELISSA [AG/1000]; MILLER, PHILIP W [AG/1000]; HEGGER,
DANIEL [AG/1000]; STATER, STACEY L [AG/1000]; JENKINS, DANIEL J [AG/1920]
Subject : Re: High Level Summary of 2 recent Mesnage studies (also low dose response as FYI)

Please let John know if you have any questions.
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Sent from my iphone

On Sep 2, 2015 , at 11:11 AM , SWARTHOUT , JOHN T [AG / 1000] <iohn.t . swarthout @ monsanto . com > wrote:

Tracey, high is the high level summary

Mesna g e et al, 2015 , Potential toxic effects of g l yp hosate and its commercial formulations below reg ulatory limits
1.

Claims that glyphosate -based herbicides cause teratogenic (birth defects), tumorigenic and
hepatorenal effects

2.

Effects mediated by endocrine disruption and oxidative stress
a. *This is all based on the in vitro studies with formulated product*
Some effects were observed within or below the recommended acceptable daily intake
a. *This is the low dose claim*

3.

Mesnage et al., 2015 , Transcriptome profile analysis reflects rat liver and kidney damage following chronic ultra-low
dose Roundu p ex p osure

1.
2.

Claims low dose and endocrine disruptor effects mediate liver and kidney pathology
Represents an attempt to address one shortcoming of the Seralini et al., 2012 study being the
complete lack of data regarding purported liver or kidney histopathology
3. While technically a new study in reality it represents a continuation of the Seralini et al., 2012 rat
study
1. *Mesnage uses RNA from the same samples so all previous issues with the study from 2012
still apply*

Also, a couple of notes for you:

Mesnage ( say it like message but with an n - like messnage)

As we discussed yesterday regarding Mesnage - He appears to no longer be affiliated with Seralini and University of
Caen. It is unclear whether or not there remains an affiliation with Seralini's science advisory group CRIIGEN as it is not
listed in this most recent publication . Robin Mesnage is now a Research Associate at the King ' s College of London under
the direction of Michael Antoniou . Michael Antoniou has direct ties to Earth Open Source and John Fagan ( Maharishi
and Genetic ID).
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Here is my current summary of the low dose tactic:

Low

Doses

•

While the authors argue for some type of low-dose phenomenon or maximal response phenomenon in which
maximal response is reached at the lower dose levels, it should be noted that a) the phenomenon of low dose
response is highly contentious in the scientific community and that b) when accepted, is usually argued for
endocrine effects . General systemic effects like mortality , as well as the occurrence of tumors (especially
nonendocrine tumors) are expected to follow a dose-response pattern . This response may not be simple, but
higher dose should reliably produce greater response . The Vandenberg et al., 2012 paper cited by Mesnage et al.
and others in support of low- dose response effects is entirely about endocrine effects and the existence of this
phenomenon has been questioned.

•

While glyphosate is not an endocrine disrupter (see next bullet), the study by Vandenberg is perhaps a reason
why the researchers like Mesnage and others have tried so hard to show that glyphosate does have endocrine
disrupter effects . Establishing that glyphosate is an endocrine disruptor would enable the hypothesis that
glyphosate can cause harm at low doses. Importantly, a review of Vandenberg et al. by Rhomberg and
Goodman, 2012 soundly refutes the low dose claim put for the by Vandenberg.

•

Regulatory agencies around the world have thoroughly studied glyphosate and concluded that it is not an
endocrine disruptor. This was most recently confirmed by the U.S. EPA's multi-year Endocrine Disruptor
Screening Program, which looked at 11 different validated assays assessing the potential for effects of
glyphosate on endocrine pathways in humans and wildlife. Based on its review of the data, EPA concluded
` there was no convincing evidence of potential interaction with the estrogen, androgen or thyroid pathways.

•

Regulatory agencies around the world have overwhelmingly concluded that all labeled uses of glyphosate are
safe for human health and the environment . More information about EPA ' s Endocrine Disruptor Screening
Program review of glyphosate is available here . General safety information about glyphosate is available here ."
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Message
From :

HEYDENS, WILLIAM F [AG/1000] [/o=Monsanto/ou=NA-1000-01/cn=Recipients/cn=230737]

on behalf of

HEYDENS, WILLIAM F [AG/1000]

Sent :

2/20/2015 12:43:14 PM

To:

JENKINS, DANIEL J [AG/1920] [daniel.j.jenkins@monsanto.com]

Subject :

EPA Folks going to IARC

Dan,

I know that Tracey Reynolds has talked to you about this matter, but I wanted to give you a little more context.

The 2 EPA folks who will actually participate in the meeting are Peter P. Egeghy & Matthew T. Martin. Peter is an
`Exposure' scientist and Matthew in Computational Tox in ORD in North Carolina. I strongly suspect that neither of them
know anything about glyphosate.

The 2 EPPA folks going as observers are Catherine Eiden & Jess Rowland. Catherine is a Special Assistant in the Pesticide
Re-evaluation Division, and we all know Jess. They obviously know what the Agency has concluded about

glyphosate. But these two folks are observers and thus can only listen to what is said and speak if asked a question. It
would seem appropriate from the Agency's standpoint that all the EPA individuals sent to the meeting knew of the
Agencies scientific/regulatory conclusions.
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