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ABSTRACT ARTICLE HISTORY
Glyphosate has been rigorously and extensively tested for carcinogenicity by administration to mice Received 8 April 2016
(five studies) and to rats (nine studies). Most authorities have concluded that the evidence does not Revised 7 June 2016
indicate a cancer risk to humans. The International Agency for Research on Cancer (IARC), however, Accepted 15 July 2016

evaluated some of the available data and concluded that glyphosate probably is carcinogenic to
humans. The expert panel convened by Intertek assessed the findings used by IARC, as well as the full al -

: . : : yphosate; aminomethyl-
body of evidence and found the following: (1) the renal neoplastic effects in males of one mouse study lossheriesci Rukndup;
are not associated with glyphosate exposure, because they lack statistical significance, strength, consist- herbicide; cancer:
ency, specificity, lack a dose-response pattern, plausibility, and coherence; (2) the strength of association genotoxicity
of liver hemangiosarcomas in a different mouse study is absent, lacking consistency, and a dose-
response effect and having in high dose males only a significant incidence increase which is within the
historical control range; (3) pancreatic islet-cell adenomas (non-significant incidence increase), in two
studies of male SD rats did not progress to carcinomas and lacked a dose-response pattern (the highest
incidence is in the low dose followed by the high dose); (4) in one of two studies, a non-significant
positive trend in the incidence of hepatocellular adenomas in male rats did not lead to progression to
carcinomas; (5) in one of two studies, the non-significant positive trend in the incidence of thyroid C-
cell adenomas in female rats was not present and there was no progression of adenomas to carcinomas
at the end of the study. Application of criteria for causality considerations to the above mentioned
tumor types and given the overall weight-of-evidence (WoE), the expert panel concluded that glypho-
sate is not a carcinogen in laboratory animals.
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Abbreviations: APVMA: Australian Pesticides and Veterinary Medicines Authority; EC: European
Commission; EFSA: European Food Safety Authority; FAO: Food and Agriculture Organization; IARC:
International Agency for Research on Cancer; ICH: International Conference on Harmonization; IPCS:
International Program on Chemical Safety; JMPR: Joint FAO/WHO Meeting on Pesticide Residues; OECD:
Organization for Economic Co-operation and Development; US EPA: United States Environmental
Protection Agency; US FDA: United States Food and Drug Administration; WHO: World Health
Organization
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development of IARC Monograph 112 (Health and Welfare
Canada 1991; US EPA 1993a, 2013; WHO 1994; Williams et al.
2000; European Commission 2002; Kier & Kirkland 2013). The
consensus among these reviews was that glyphosate was not
considered to be an animal or human carcinogen and that
the use of glyphosate and GBFs does not pose a genotoxic
or carcinogenic hazard or risk. As a result, glyphosate-based
herbicides have been approved for use in over 160 countries.

Background to the IARC evaluation

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

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

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

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

Rodent carcinogenicity studies
Background

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

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

Methods for evaluating the results of an extensive data-
base of toxicology and carcinogenicity bioassays, as exist for
glyphosate, have evolved from the application of WoE
approaches (US EPA, 2005; Suter and Cormier, 2011) to
approaches built on the systematic and rigorous methods of
systematic evidence-based reviews (James et al. 2015). These
approaches recommend that all reliable information be eval-
uated. Transparent descriptions of studies to be included and
excluded are a key component of this approach. For example,
if certain studies are determined to be invalid and thus not
included, the reasons for these exclusions should be
provided.

The majority of carcinogenicity studies are carried out in
rodent species, most commonly with dosing via the oral
route. In regulatory toxicology, the Organization for Economic
Co-operation and Development (OECD) guidelines are com-
monly followed and these have been reviewed over a num-
ber of years, most recently in 2008 (OECD 2009). It therefore
follows that in reviewing data on compounds that have been
tested over many years, a careful examination of the precise
nature of the studies reviewed must be made lest they fail to
satisfy current standards of reliability. In any review, if any
studies are to be ignored, the reasons for this should be
provided.

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

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

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

Defendant's Exhibit 3109_0003


https://www.baumhedlundlaw.com/toxic-tort-law/monsanto-roundup-lawsuit/

46 G. M. WILLIAMS ET AL.

"paniodal jou/punoy jou 4N

'3sop Aep/mq 6y/6w 1961e) aas1yde 0] ApjPam palsnipe suoliesjusaduod Aeiaidhblh
"BWIOU3pE Je[ndijjojeled se paplodaytt

'S1eJ [M:HD UBH JBISIM (WIeinN) 8 ApniStt

'sdnoub sdyudes wuslul buipnpul ‘sies Jeisip asidydly (eluabuis) £ Apnis,.
'sdnoib aduLdes wualul bulpnpul ‘sies gs @D (saduapds o eisAly) 9 Apnis#
‘uolienjeas A1p1usbouldied 1oy d|gelaun palel ‘sjel gs (j95x3) § Apnis|

's1el JeISIp (BPgamyds dlwiaydulad) ¢ Apniss

sjes (S (eroutwayd) € Apnish

'sdnoib ad11oes wsul buipnpul ‘sies gs (@) (owuesuopy) z Apnist

‘uoljenieas Ajpiuaboupied Joy djqelpiun pajel ‘sies gs (D) (oluesuoly) | Apnist.
'GL0C '|e 19 WISID Wolf usse],

"Apnis [enpialpul Jad sasop ajdiynw Y3 Wolj }Nsal sasop Gz Yl

iN €9/1 8L/t 16/9 4N 65/S 4N 4N 09/% 79/l 08/0 4N 16/0 4N (unys) ewoyjuedeolessy ublusg
Ly/0 iN 84/1 1S/0 0s/0 09/¢ 6%/0 0S/¥¢ 09/1 iN 08/¢ 0s/0 16/0 6%/ ewoupJed Jejnjjxojeday
iN ¥9/S 84/1 L6/1 0s/¢ 09/8 iN 0s/1¢ 09/€ ¥9/0 08/¢ 0s/¢ 16/0 iN ewouspe Jejnjjz30jeday
iN ¥9/0++ 84/9 LG/e4 6¥/8 09/4 4N 0s/1 86/8 €9/1+ 6L/S Le/z  1S/0%+ iN BWOUSPE [[3 D PIoIAY]
Ly/0 ¥9/C 8L4/¢C L6/1 0s/¢ 09/¢ 1714 0s/€ 09/€ £9/C 08/0 12/0 L6/1 6v/L  (BIpAs7) |92 [ennsIaul 919
iN iN iN iN 0s/0 iN iN iN 4N 4N iN LZ/L iN iN ewoupie Aleyniyg
iN £9/61 8L/CY 16/0C 0s/L1 65/CE 4N 6Y/S 85/7€ ¥9/8l  08/¢€€ Lg/L 15/01 AN ewouspe Alejniig
iN ¥9/1 84/1 L6/1 6v/1 65/. 4N 6v/1 09/§ ¥9/0 08/1 Le/e (874 AN BLIOUIPE 3D 3]s sealdueq
(00052) (00002) (0000€) (000S 1) (isnfpe) (00007)  (000SL) (o0001) (0008) (0009) (00001) bbOsnlpe)  (0005)
loszL w7 LCL #4211 L2201 boool 10v6 losz §9°07L 179¢ «x 19€ #75€ booe  1458¢ (000¢€) losL wse|doau 133[a5
(101p wdd) Aep/mq 63/6w asop Aq paulwexa S[ewIUe JO Jaquinu/aduappul Jown]
(upss)
¥9/0 SL/E iN 09/¢ 16/ iN iN iN iN iN iN [s-2l 0st/8 ewoyjuedeojesdy ubjuag
iN SL/L 6%/l 09/¢ 16/0 8v/81 0s/¢ 0s/1 0s/1 05/8¢ 05/0 [ev—0l ¥8€/TC ewouIed Jejnjxojeday
¥9/C SL/0 6v/1 09/¢ 1§/ 87/01 iN 0s/1 4N 0s/¢¢ 4N [8¥-0] LS€/0€ ewouspe Jejn||z0jeday
€9/14# ¥L/0L LL/1 86/ L6/ L# 6¢/1 6%/¢C Lz/1 6%/0 9¢/0 6v/1 [81-¥] L6€E/SE BWOUSPE (|3 D ploIAY]
(BipfaT)
£9/¢ SL/C 61/0 09/0 L6/€ (45} 4 05/9 S¢/L 0s/1 LE/O 0s/€ [8-0] Lv¥/¥L 1193 [eniIsIalul S91S9 |
iN iN 61/0 iN 4N iN Ly/l v/l 8¥/€ 4N 6¥/¢C [9-2l 86/v ewoupie Alejniyg
€9/L1 SL/Ly 61/8 86/CE L1§/LL L€/ Ly/81 ve/clL 8%/0¢C 0E/y  6b/6l [£5-9] 86€/€51 ewouape Alejniig
¥9/C vL/L L1/ L5/8 L§/1 ce/0 0s/¢ v/l 0s/¢ 0€/0 6v/S [¥1-0] L6€/0C BLIOUIPE |32 13]s! sealdueq
(0007) ««1TL (000€) #¥0L bbOsnlpe) booL (0007) +68 (00SL) +L98 (0001) §6'€L (00€) £1€ bbOsnipe) boL (00L) LOL (00L) §¥°Z (0€) 4€ [9% wi sbuel] g — sjonuo) wse|doau 123[a5

(121p wdd) Aep/mq Byj/bw ul asop Aq paulwexa s|ewiue o Jagunu/adusppul Jown]

"«Puaba| ay1 ul palsl| (81 SaIpn1s) s1es djew ul swsejdoau 133)9s Jo Alewwng °| djqe]

810 Arenuef ¢0 9¢:L0 8 [84T'ST'LLT'ST1] £Aq papeojumo(]

Defendant's Exhibit 3109_0004



Downloaded by [128.177.15.248] at 07:36 03 January 2018

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

Neoplasm data can be analyzed using a survival-adjusted
trend test that discriminates among fatal, incidental, and
palpable neoplasms (Peto et al., 1980). If one or more tumor
types in a valid bioassay show a significant positive trend in
incidence rates, the significance level (p value) for rare (< 1%
background incidence) neoplasms would be 0.025 and for
common neoplasms 0.005 (US FDA 2001; Williams et al.
2014). For pairwise comparisons (control vs high dose), the
significance of rare neoplasms would be 0.05 and of common
0.01 (US FDA 2001; Williams et al. 2014).

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

Evaluation of IARC’s conclusions

IARC concluded that glyphosate induced:

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

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

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

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

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

The expert panel evaluated each of these conclusions
further below.

Kidney tubular-cell neoplasia in mice

The expert panel noted that the conclusions of the IARC
monograph 112 (IARC 2015) with respect to kidney
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neoplasms in male CD-1 mice were based on only one of
two oral mouse two-year carcinogenicity studies (Monsanto
1983; Cheminova 1993a) excluding two additional 18-month
oral studies in CD-1 mice (Arysta Life Sciences 1997; Nufarm
2009), and one 18-month oral study in Swiss Albino mice
(Feinchemie Schwebda 2001). All of the mouse studies were
considered by expert groups to meet the guidelines for car-
cinogenicity bioassay in mice (US EPA 1990; ICH 1997). The
two mouse studies evaluated by IARC, which were the first
two studies reported, were also reviewed by Williams et al.
(2000).

This section examines the renal neoplasms that occurred
in the first two-year, oral chronic toxicity, and carcinogenicity
study in CD-1 mice (Monsanto 1983), which was subsequently
reevaluated by a pathology working group (PWG) (Dr. R M
Sauer, Dr. MR Anver, Dr. JD Strandberg, Dr. JM Ward, and Dr.
DG Goodman) and peer review experts including Dr. Marvin
Kuschner M.D., Dean, School of Medicine, State University of
New York at Stony Brook; Dr. Robert A. Squire, Robert A.
Squire Associates Inc., Ruxton Maryland; Klaus L. Stemmer
M.D., Kettering Laboratory, University of Cincinnati Medical
Center, and; Robert E. Olson, M.D., Ph.D., Professor of
Medicine and Pharmacological Sciences, State University of
New York at Stony Brook (Sauer 1985; US EPA 1985a, 1985b,
1986, 1991a; McConnell 1986) and compares these findings
to the other four chronic toxicity and carcinogenicity mouse
studies with oral glyphosate (GLY) administration. These latter
four studies did not produce renal neoplasms {Cheminova
1993a; Arysta Life Sciences 1997; Feinchemie Schwebda 2001;
Nufarm 2009).

In the first two-year bioassay reported by Monsanto in
1983, male and female CD-1 mice were dosed with GLY at
0 (MO/FO, control group), 1000 [157/190, low-dose {(LD)
group], 5000 [814/955, mid-dose (MD) group] or 30,000
[4841/5874 mg/kg/d, high-dose (HD) group] ppm in the diet.
In this and all the other carcinogenicity studies, HD animal
survival was high. Some of the pertinent, but not significant,
GLY-related effects were observed only in the high-dose
group in males. They included: decrease in body weight
gain, a centrilobular hepatocellular hypertrophy, and a urin-
ary bladder hyperplasia. In addition, initially, neoplastic
(benign) renal tubule adenomas were found microscopically
in male mice only (0/49, 0/49, 1/50 (2%), 3/50 (6%) at the
terminal necropsy. The initial diagnosis in one MD mouse
(mouse #3023), and three HD mice (mouse #'s 4029, 4032,
4041) was that of renal cell adenoma (Monsanto 1983). This
rare neoplasm is designated as renal cell adenoma or tubu-
lar cell adenoma (Greaves 2012). Macroscopically, the loca-
tion and dimensions of these adenomas were as follows: In
#3023, a mass was found on the right kidney (2.4 x 1.8cm),
in #4029, a very small area was suspected (no location and
dimensions were given), in #4032, a suspicious area was
found on the left kidney (0.5 x 0.4cm), in #4041, a suspi-
cious area was found on the left kidney (0.6cm in diam-
eter). Subsequently, reevaluation was made by a PWG that
resulted in a report by Sauer (1985) and McConnel (1986).
This was also reflected in four US EPA submissions {US EPA
1985a, 1985b, 1986, 1991a). The final evaluation of the
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Table 2. Final evaluation of pertinent renal histopathology findings from
Monsanto Study (1983).

Mouse and group

Diagnosis identification Group incidence
Tubular-cell adenoma 1028 Control 1/49
Tubular-cell carcinoma 3023*, Mid dose 1/50
4029, 4032, 4041 High dose 3/50
Tubular-cell hyperplasia 1018, Control 1/49
3031, 3039, Mid dose 2/50
4008, 4049 High dose 2/50
Intercurrentt papillary 1008, 1041, Control 2/49
hyperplasia 3008, 3050 Mid dose 2/50

Bold numbers indicate the original histopathological diagnosis of tubular-cell
adenoma in four male mice; TCA/TCC, this combination was utilized in the
IARC 2015 evaluation, only the trend analysis was p=.034, a value level,
which is not significant for rare tumors (US FDA 2001); *, this neoplasm was
the largest of all neoplasms; *, intercurrent occurring indicates while another
process/renal toxic change was in progress.

kidney pathology produced the following incidences of per-
tinent renal findings detailed in Table 2.

The overall final incidence of renal neoplasms in male
mice was as follows: 1/49, 0/49, 1/50, and 3/50, with the larg-
est neoplasm being in the MD (#3023) group. The important
non-neoplastic renal findings of hyperplasia were as follows:
3/49, 0/49, 4/50, and 2/50, indicating absence of a dose-
response, with the highest incidence in the MD group,
followed by the control group, and the HD group. The LD
group had no renal findings.

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

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

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

Three additional oral carcinogenicity studies were con-
ducted in CD-1 mice and one in Swiss Albino mice
(Cheminova 1993a; Arysta Life Sciences 1997; Feinchemie
Schwebda 2001; Nufarm 2009).

The Cheminova (1993a) report, was a two-year mouse
study. In this study, no renal neoplasms were evident up to
1000 mg/kg/d (HD) of GLY in CD-1 mice of both sexes.

In an 18-month diet study in CD-1 mice, histopathological
evaluations of groups dosed up to 4200 mg/kg/d of GLY (HD),
did not show any evidence of renal neoplasms in male or
female mice (Arysta Life Sciences 1997).

In an 18-month diet study in Swiss Albino mice, up to
1460 mg/kg/d (HD) of GLY produced no statistically significant
neoplastic lesions (Feinchemie Schwebda 2001) and finally, in
a 18-month diet study in CD-1 mice at dosages up to
946 mg/kg/d (HD) of GLY was shown not to be carcinogenic
to the kidney (Nufarm 2009).

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

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

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

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

Furthermore, the Panel applied to the kidney neoplasms
noted within the Monsanto (1983) study a set of logical con-
siderations for causation similar to those proposed for evalu-
ation of epidemiologic data (Hill, 1965; Woodside & Davis,
2013) to assess whether an association between exposure
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and effect (two variables) might be deemed strong, consist-
ent, specific, temporal, plausible, coherent, and to demon-
strate a dose-response pattern. Several conclusions following
this evaluation were made:

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

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

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

4. The time required between exposure and effect, i.e. a
reduced latency time was not present; all tumors were
observed only at termination. Also, no mouse with neo-
plasia had also hyperplasia, and the largest tubular-cell
carcinoma {(#3023) was in the MD group.

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

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

7. Coherence of the association was also absent, female
mice and male and female rats did not display kidney
effects. Also, in the other four mouse carcinogenicity
studies the mice did not develop similar neoplastic renal
lesions.

8. The association does not demonstrate a dose-response
pattern (see #5, 6), since the “in-study” females had nei-
ther neoplasms nor any of the other renal lesions,
although they were exposed to higher levels of GLY.

Hemangiosarcomas in mice

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

The IARC conclusion was that “there was a significant
(p < .001) positive trend in the incidence of hemangiosarcoma
in high dose male CD-1 mice” {(Control 0%, 0%, 0%, 8%)
based on their interpretation of the Joint Meeting of the FAO
panel of experts on Pesticide Residues in Food and the
Environment (JMPR) 2006 study. Yet in females, the highest
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incidence (4%) was in the low-dose group followed by the
high dose (2%) (Table 3).

In the CD-1 mouse study reported by Cheminova (1993a),
the animals were fed diets providing intakes of glyphosate at
dose levels of 100, 300, or 1000 mg/kg bw/d for 104 weeks.
There were no treatment related effects on survival or body
weight, nor were there any notable intergroup differences in
the incidences of externally palpable masses. There were no
statistically significant increases in the incidence of any
tumors when compared with the control groups and no dose
response was evident.

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

IARC did not comment on the absence of hemangiosarco-
mas in Nufarm (2009), an 18-month diet study in CD-1 mice
providing intakes up to 946mg/kg bw/d of glyphosate
similar to the previous study high dose. IARC also failed to
note the historical control data, which have a range of 2-12%
for both sexes (Charles River Labs 2000). Therefore, the statis-
tically significant tumors were within the control data range
(Table 3).

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

Pancreatic tumors in rats

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

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

Table 3. Incidences of hemangiosarcoma in CD-1 mouse study (Cheminova 1993b).

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

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

*Taken from Greim et al. (2015) supplemental data, doses were administered in the diet, with dietary concentrations adjusted regularly to

achieve target mg/kg bw/day dose.
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Table 4. Liver tumor incidences/number of Sprague-Dawley rats/group (Stout and Ruecker 1990).

Males Females
mg/kg bw/d (ppm) 0(0) 89 (2000) 362 (8000) 940 (20,000) 0 (0) 113 (2000) 457 (8000) 1183 (20,000)
Interim sacrifice {12th month)
Hepatocellular adenoma 0/10 0/10 0/10 0/10 0/10 0/10 1/10 0/10
Hepatocellular carcinoma 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10
Unscheduled deaths
Hepatocellular adenoma 2/36 1/31 0/33 4/33 0/28 1/28 2/33 1/32
Hepatocellular carcinoma 2/36 1/31 1/33 2/33 0/28 0/28 0/33 1/32
Scheduled sacrifices
Hepatocellular adenoma 114 1/19 317 417 6/22 1/22 317 0/18
Hepatocellular carcinoma 1/14 1/19 017 017 1/22 0/22 1/17 1/18
All deaths
Hepatocellular adenoma 3/60 2/60 3/60 8/60 6/60 2/60 6/60 1/60
Hepatocellular carcinoma 3/60 2/60 1/60 2/60 1/60 0/60 1/60 2/60

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

In the second study, male and female Sprague-Dawley
(SD) rats were fed 0, 2000 (89/113), 8000 (362/457), or 20,000
(940/1183 mg/kg bw/d) ppm glyphosate (96.5% pure) ad libi-
tum in diet for 24 months. The following islet cell tumor inci-
dences were observed in males: adenomas - 1/58 (2%), 8/57
(14%), 5/60 (8%), 7/59 (12%); carcinomas — 1/58 (25%), 0/57,
0/60, 0/59. In females, the corresponding incidences were:
adenomas - 5/60 (8%), 1/60 (2%), 4/60 (7%), 0/59; carcino-
mas - 0/60, 0/60, 0/60, 0/59. The historical control rates for
pancreatic islet cell tumors at the testing laboratory were in
the range 1.8-8.5%. The panel disagrees with the conclusion
of IARC that there is a significant positive trend (p <.05) in
the incidence of pancreatic adenomas in males, since the
level of significance for trend should be p <.005 (US FDA
2001; Williams et al. 2014). Moreover, there was no progres-
sion of adenomas to carcinomas.

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

Liver tumors in rats

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

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

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

The Stout and Ruecker (1990) study has been reviewed
twice by the US EPA (1991b, 1991c¢). The US EPA memoranda
indicate that the incidences of hepatocellular adenomas in
males were within the range (1.4-18.3%) of historical controls
from the Monsanto Environmental Health Laboratory (EHL),
where the study was conducted. Additional statistical analy-
ses developed by US EPA on liver tumor rates of male rats
surviving after the 55th week indicated that the incidence of
adenomas in the HTD males did not differ significantly
from the control by the Fisher's Exact Test pair-wise compari-
son, but detected a significant trend (p=.016) by the
Cochran-Armitage trend test (see also above) (Table 5). Since
liver adenoma is a common tumor type, the significance level
for trend should be 0.005 (US FDA 2001; Williams et al. 2014).
It should be noted that the incidences of hepatocellular
adenomas in animals exposed to the two intermediate doses
were of the same magnitude as the controls, i.e. there was
no linear ascending trend of incidence across doses, but a
“hockey-stick"-type slope. The biological importance of the
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Table 5. Sprague-Dawley male rats: hepatocellular tumor ratest and
Cochran—Armitage trend and Fisher's exact tests results (p values).
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Table 6. Tumor Incidence/number of animals examined (mg/kg bw/d) (Stout
and Ruecker 1990 all deaths reported).

Dose mg/kg bw/d (ppm)

Males Females

0 89 362 940 0 113 457 1183

Tumors 0 89 (2000) 362 (8000) 940 (20,000)
Carcinomas 3/34 2/45 1/49 2/48%
(%) @ 4 @ 4
p 324 489 269 458
Adenomas 2/44 2/45 3/49 7/489
(%) 5) 4 (6) (15)
p 016* 683 551 101
Adenoma + Carcinoma 5/44 4/45 4/49 9/48
(%) (amn 9 8 (19)
p 073 486 431 245
Hyperplasia only 0/44 0/45 1/498 0/48
(%) © (V) @ ©
p 462 1.000 537 1.000

Adapted from Table 3 (US EPA 1991a) or Table 7 (US EPA 1991b).

*(p < .05) Significance of trend indicated at control (0ppm). Significance of
pair-wise comparison with control denoted at dose level, if occurred.

tNumber of tumor-bearing animals/number of animals examined, excluding
those that died or were sacrificed before week 55.

FFirst carcinoma observed at week 85 at 20,000 ppm;

qFirst adenoma observed at week 88 at 20,000 ppm;

§First hyperplasia observed at week 89 at 8000 ppm.

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

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

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

It is clear that there was a non-significant numerically
greater incidence of liver adenomas in a long-term bioassay
with male rats exposed to glyphosate, at a dose that was
close to the limit dose. There was no progression to

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

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

In the last 30 years, the systemic carcinogenic potential of
glyphosate has been assessed in at least eight studies in
Sprague-Dawley or Wistar rats (Greim et al. 2015); a ninth
could not be evaluated because of a high mortality and the
low doses used (Chruscielska et al. 2000). Considered jointly,
these animals were exposed through the diet to 24 different
doses distributed across a wide range of 3.0-1290.0 mg/kg
bw/d. In exposed males, the incidences of hepatocellular
adenomas across the doses showed no dose-response rela-
tionship and varied within the same range as the controls.
Similar rates were also seen for hepatocellular carcinomas.
These observations confirm the absence of carcinogenic
potential of glyphosate on the rat liver.

Thyroid tumors in rats

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

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

In the Stout and Ruecker (1990) study, no statistically sig-
nificant difference was reported in the incidence of thyroid C-
cell neoplasms, as shown in Table 6. Additionally, the US EPA
(1991a) concluded that “the C-cell adenomas in males and
females are not considered compound-related.” Although the
C-cell adenomas were slightly numerically greater in male
and female mid- and high-dose groups, there was no dose
related progression to carcinoma and no significant dose-
related increase in severity of grade or incidence of hyperpla-
sia in either sex. However, IARC concluded that “there was
also a statistically significant positive trend in the incidence
of thyroid C-cell adenoma in females (p =.031).” But, because
this is a common tumor type, the trend significance value
should be p <.005 (US FDA 2001; Williams et al. 2014). Thus,
the incidence of this tumor is not statistically significant.

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

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

Evaluations by regulatory agencies, scientific bodies and
third party experts

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

Regulatory agencies

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

e APVMA (2013) - “The weight and strength of evidence
shows that glyphosate is not genotoxic, carcinogenic, or
neurotoxic.”

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

e US EPA (2012) - “No evidence of carcinogenicity was
found in mice or rats.”

e European Commission
carcinogenicity.”

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

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

(2002) - “No evidence of

Scientific bodies

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

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

¢ WHO (1994) - “The available studies do not indicate that
technical glyphosate is mutagenic, carcinogenic or
teratogenic.”

e JMPR (1987) — “The chronic toxicity of glyphosate is low ...
There is no evidence of carcinogenicity.”

Independent experts

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

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

Conclusions

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

i. The rare renal tubule tumors in one male {CD-1) mouse
study were not associated with glyphosate exposure,
because they lacked statistical significance, strength,
consistency, specificity, dose-response patterns, plausibil-
ity, and coherence.

ii. In a different mouse (CD-1) study, there was a lack of
association of exposure to glyphosate and a statistically
significant positive trend for the incidence of liver
hemangiosarcoma (a common tumor) because the find-
ings were inconsistent, there was no dose-response
effect, and the incidences were within the historical con-
trol range.

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

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

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

Application of criteria for causality considerations to the
above mentioned tumor types and given the overall WoE,
the expert panel concluded that glyphosate is not a carcino-
gen in laboratory animals.
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