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D
isclosures

•The opinions expressed here and the 
analyses done to support those opinions are 
m

ine alone.  
•I am

 a consultant for a group of U
S law

 firm
s 

involved in glyphosate litigation. 
•I w

ork part-tim
e as a Senior C

ontributing 
Scientist for the Environm

ental D
efense 

Fund (ED
F) 

–
O

n issues related to air pollution, biom
onitoring, 

clim
ate change and public health

–
N

o w
ork on glyphosate
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C
om

bining hum
an evidence, anim

al evidence, 
and m

echanistic evidence

C
ancer in

hum
ans

�
causal association

�
association (not clearly 
causal)

�
don’t know

C
ancer in

experim
ental anim

als

�
causal association

�
association (not clearly 
causal)

�
don’t know

M
echanistic and

other relevant data

�
strong support

�
som

e support
�

no support

O
verall evaluation

�
C

auses cancer in hum
ans

�
R

easonable to believe it causes cancer in hum
ans

�
D

on’t know
�

U
nlikely to cause cancer in hum

ans

F
o

r
 e

a
c
h

 

m
e

c
h

a
n

is
m
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M
aterials and M

ethods
•

Study Inclusion
–

21 total anim
al carcinogenicity studies

–
13 studies w

ith sufficient detail and quality

•
D

ata Analyzed
–

Individual tum
or counts from

 each study w
ith 3 or m

ore tum
ors added 

across all dose groups, and

–
Individual tum

or counts from
 studies not m

atching 3 tum
or m

inim
um

 but 
w

ith a significant (p<0.05) finding from
 another study using sam

e sex/strain

–
Tissue pathology in all studies of sam

e sex/strain w
ith at least one 

significant tum
or finding

•
Analysis
–

Arm
itage Linear Trend Test in proportions (one-sided p-value)

•
Fisher Exact Test for pairw

ise com
parisons (non-decisional)

–
Pooled analysis using logistic regression w

ith individual backgrounds and 
test for hom

ogeneity of slopes (for each sex/species/strain/tum
or)

–
H

istorical controls analysis using Tarone’s
test (B

iom
etrics, 1982)
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M
alignant Lym

phom
as

M
ale C

D
-1 M

ice, W
ood et al. (2009)

D
ose

Proportion with tumor

0
810

234
71.4

0% 20%10%

Fisher’s Exact Test
p=0.028

C
ochran-Arm

itage
Trend Test
p=0.007

Fisher’s Exact Test
p=0.248

Fisher’s Exact Test
p=0.500

[0/51]
[1/51]

[2/51]
[5/51]
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Long-term
 chronic dietary exposure toxicity and carcinogenicity 

studies of glyphosate analyzed in this evaluation. 
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P-values for the C
ochran-A

rm
itage trend test and pooled logistic regression 

analysis for tum
ors w

ith at least one significant trend test (p≤0.05) or 
Fisher’s exact test (p≤0.05) in m

ale C
D

-1 m
ice 

Tum
or

Individual study p-values for trend
1

C
om

m
on 

Trend
M

ales
A

B
C

D
E

K
idney A

denom
as

0.442
(0.138)

0.938
0.062
(0.009) 4

--- 2
0.019

0.006

K
idney C

arcinom
as

0.063
(<0.001) 4

0.938
--- 2

--- 2
0.250

0.031

K
idney A

denom
as and 

C
arcinom
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(0.008) 4
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--- 2
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<0.001

M
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P-values for the C
ochran-A

rm
itage trend test and pooled logistic regression 

analysis for tum
ors w

ith at least one significant trend test (p≤0.05) or 
Fisher’s exact test (p≤0.05) in m

ale C
D

-1 m
ice 

Tum
or

Individual study p-values for trend
1
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om
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Trend
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itage trend test and pooled logistic regression 

analysis for tum
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ith at least one significant trend test (p≤0.05) or 
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P-values for the C
ochran-A

rm
itage trend test and pooled logistic regression 

analysis for tum
ors w

ith at least one significant trend test (p≤0.05) or Fisher’s 
exact test (p≤0.05) in fem

ale C
D

-1 m
ice

Tum
or

Individual study p-values for trend
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2
0
0
9
)
, S

tu
d
y
 E

 is
 

T
a
k
a
h
a
s
h
i (

1
9
9
9
)
; 2

–
th

r
e
e
 d

a
s
h
e
s
 “

-
-
-
”
 in

d
ic

a
te

s
 a

ll tu
m

o
r
 c

o
u
n
ts

 w
e
r
e
 z

e
r
o
; 3

–
N

D
 in

d
ic

a
te

s
 th

e
r
e
 w

a
s
 n

o
 d

a
ta

 a
v
a
ila

b
le

 fo
r
 th

is
 tu

m
o
r
 in

 th
is

 s
tu

d
y
; 4 

–
s
ta

tis
tic

a
lly

 s
ig

n
ific

a
n
t a

g
a
in

s
t h

is
to

r
ic

a
l c

o
n
tr

o
ls

 u
s
in

g
 T

a
r
o
n
e

T
e
s
t (

T
a
r
o
n
e
, 1

9
8
2
)
; 5

–
S

p
le

e
n
 c

o
m

p
o
s
ite

 ly
m

p
h
o
s
a
r
c
o
m

a
s

(
m

a
lig

n
a
n
t ly

m
p
h
o
m

a
s
)
 

a
r
e
 a

ls
o
 s

ig
n
ific

a
n
tly

 in
c
r
e
a
s
e
d
 in

 fe
m

a
le

 m
ic

e
 in

 th
is

 s
tu

d
y

11



P-values for the C
ochran-A

rm
itage trend test and pooled logistic regression analysis for 

tum
ors w

ith at least one significant trend test or Fisher’s exact test (p≤0.05) in m
ale 

Sprague-D
aw

ley rats

Tum
or

Individual study p-values for trend
1

C
om

m
on 

Trend
M

ales
G

H
I

J
Testicular Interstitial C

ell Tum
ors

0.009
0.296

0.580
0.594

0.461

Pancreas Islet C
ell Adenom

as
0.512

0.147
(0.007) 3

0.974
0.859

0.849

Pancreas Islet C
ell C

arcinom
as

0.251
1.000

---
0.500

0.731
Pancreas Islet C

ell Adenom
as or C

arcinom
as

0.316
0.206

0.974
0.844

0.875
Thyroid C

-cell Adenom
as

0.743
0.089

0.278
0.631

0.210
Thyroid C

-cell C
arcinom

as
0.505

0.442
0.495

0.565
0.322

Thyroid C
-cell Adenom

as and C
arcinom

as
0.748

0.097
0.197

0.642
0.175

Thyroid Follicular-cell Adenom
as

0.122
0.408

0.067
0.966

0.464
Thyroid Follicular-cell C

arcinom
as

--- 2
0.255

0.443
1.000

0.448
Thyroid Follicular-cell Adenom

a and C
arcinom

a
0.122

0.232
0.099

0.986
0.446

H
epatocellular Adenom

as
0.471

0.015
0.325

0.500
0.029

H
epatocellular C

arcinom
as

0.062
0.637

0.760
0.642

0.803
H

epatocellular Adenom
as and C

arcinom
as

0.173
0.050

0.480
0.690

0.144
Kidney Adenom

as
0.938

0.813
1.000

0.004
0.039

Skin Keratoacanthom
as

--- 2
0.042

0.047
0.029

<0.001
Skin Basal C

ell Tum
ors

0.251
0.249

1.000
0.004

<0.001
1

–
S

tu
d
y G

 is L
a
n
ka

s (1
9
8
1
), S

tu
d
y H

 is S
to

u
t a

n
d
 R

u
e
cke

r
(1

9
9
0
), S

tu
d
y I is A

tkin
so

n
 e

t a
l. (1

9
9
3
) a

n
d
 S

tu
d
y J is E

n
e
m

o
to

(1
9
9
7
); 2

–
th

re
e
 

d
a
sh

e
s “---” in

d
ica

te
s a

ll tu
m

o
r co

u
n
ts w

e
re

 ze
ro

; 3
–

sig
n
ifica

n
ce

 a
g
a
in

st h
isto

rica
l co

n
tro

l d
a
ta

 u
sin

g
 T

a
ro

n
e
’s

te
st
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P-values for the C
ochran-A

rm
itage trend test and pooled logistic regression analysis for 

tum
ors w

ith at least one significant trend test or Fisher’s exact test (p≤0.05) in fem
ale 

Sprague-D
aw

ley rats

Tum
or

Individual study p-values for trend
1

C
om

m
on 

Trend
Fem

ales
G

H
I

J
Thyroid C

-cell Adenom
as

0.679
0.049

0.207
0.912

0.287

Thyroid C
-cell C

arcinom
as

0.003
(<0.001) 3

0.500
--- 2

--- 2
0.385

Thyroid C
-cell Adenom

as and C
arcinom

as
0.072
(0.037) 3

0.052
0.207

0.912
0.275

Adrenal C
ortical Adenom

a
0.851

0.603
--- 2

0.626
0.713

Adrenal C
ortical C

arcinom
a

0.386
0.015

0.493
--- 2

0.031
Adrenal C

ortical Adenom
a and C

arcinom
a

0.801
0.090

0.493
0.626

0.195
1

–
S

tu
d
y G

 is L
a
n
ka

s (1
9
8
1
), S

tu
d
y H

 is S
to

u
t a

n
d
 R

u
e
cke

r
(1

9
9
0
), S

tu
d
y I is A

tkin
so

n
 e

t a
l. (1

9
9
3
) a

n
d
 S

tu
d
y J is E

n
e
m

o
to

(1
9
9
7
); 2

–
th

re
e
 

d
a
sh

e
s “---” in

d
ica

te
s a

ll tu
m

o
r co

u
n
ts w

e
re

 ze
ro

; 3
–

sig
n
ifica

n
ce

 a
g
a
in

st h
isto

rica
l co

n
tro

l d
a
ta

 u
sin

g
 T

a
ro

n
e
’s

te
st
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P-values for the C
ochran-A

rm
itage trend test and pooled logistic regression analysis for 

tum
ors w

ith at least one significant trend test or Fisher’s exact test (p≤0.05) in m
ale and 

fem
ale W

istar rats
Tum

or
Individual study p-values for trend

1
C

om
m

on 
Trend

M
ales

K
L

M

H
epatocellular A

denom
as

0.391
0.008

0.418
0.048

H
epatocellular C

arcinom
as

0.418
--- 2

1.000
0.492

H
epatocellular A

denom
as and C

arcinom
as

0.286
0.008

0.610
0.029

Pituitary A
denom

as
0.376

0.277
0.045

0.057

Pituitary C
arcinom

as
0.692

--- 2
1.000

0.771

Pituitary A
denom

as and C
arcinom

as
0.454

0.277
0.059

0.073

Skin K
eratoacanthom

as
--- 2

0.387
0.030

0.032

A
drenal Pheochrom

ocytom
as

0.048
0.721

0.306
0.273

Fem
ales

K
L

M

M
am

m
ary G

land A
denom

as
0.539

0.941
0.062

0.448

M
am

m
ary G

land A
denocarcinom

as
1.000

0.271
0.042

0.071

M
am

m
ary G

land A
denom

as and A
denocarcinom

as
0.729

0.590
0.007

0.113

Pituitary A
denom

as
0.967

0.261
0.014

0.105

Pituitary C
arcinom

as
1.000

---
0.750

0.748

Pituitary A
denom

as and C
arcinom

as
0.976

0.261
0.017

0.129
1–

Study E is Suresh (1996), Study F is Bram
m

er (2001), and Study G
 is W

ood et al. (2009); 2–
three dashes 

“---” indicates all tum
or counts w

ere zero
14



O
bserved (O

bs.) versus expected (Exp.) tum
or sites w

ith significant trends in the 13 
acceptable rodent carcinogenicity studies using glyphosate.

Species
Strain

Sex
Total Sites

1
Exp. p<0.05

O
bs. p<0.05
(prob.) 2

Exp. p<0.01
O

bs. p<0.01

R
at 

(7 studies)
S

prague-
D

aw
ley 

(
4

 s
tu

d
ie

s
)

M
125

6.3
9 (0.17)

1.3
4 (0.04)

F
95

4.8
4 (0.52)

1.0
2 (0.25)

W
istar 

(
3

 s
tu

d
ie

s
)

M
67

3.4
5 (0.24)

0.7
2 (0.15)

F
58

2.9
4 (0.33)

0.6
1 (0.44)

M
ouse 

(6 studies)
C

D
-1 

(
5

 s
tu

d
ie

s
)

M
60

3.0
11 (<0.001)

0.6
8 (<0.001)

F
63

3.2
6 (0.09)

0.6
1 (0.47)

A
lbino 

(
1

 s
tu

d
y
)

M
24

0.7
0 (1)

0.1
0 (1)

F
14

0.7
1 (0.51)

0.1
1 (0.13)

R
ats

(7 studies)
A

ll
(7 studies)

M
192

9.6
14 (0.10)

1.9
6 (0.013)

F
153

7.7
9 (0.36)

1.5
3 (0.20)

B
oth

345
17.3

23 (0.02)
3.5

9 (0.01)

M
ice

(6 studies)
A

ll
(6 studies)

M
74

3.7
11 (0.001)

0.7
8 (<0.001)

F
77

3.9
7 (0.09)

0.8
2 (0.18)

B
oth

151
7.6

18 (0.001)
1.5

10 (<0.001)

A
ll

(13 studies)
A

ll
(13 studies)

M
266

13.3
25 (0.002)

2.7
14 (<0.001)

F
230

11.5
16 (0.12)

2.3
5 (0.08)

B
oth

496
24.8

41 (0.001)
5.0

19 (<0.001)
1 –

num
ber of trend tests actually conducted; 2 –

probability of seeing the num
ber of observed significant findings or m

ore

Probability that all findings are false positives
15



Supporting Evidence
M

alignant Lym
phom

as in M
ice

•
Significant dose-related increases seen in m

ale and fem
ale 

C
D

-1 m
ice 

–
m

arginal increases seen in m
ale and fem

ale Sw
iss albino m

ice

•
Tissue changes
–

Thym
us w

eight ➚

–
Enlarged lym

ph nodes ➚

–
Enlarged spleens ➚

•
Peer-review

ed literature
–

Increase in M
-spike in gene-dependent m

anner hom
ozygous and 

heterozygous m
ale and fem

ale Vk*M
YC

 m
ice but not in null m

ice

–
Activation-induced cytidine deam

inase (AID
) induced in gene-

dependent m
anner in hom

ozygous and heterozygous m
ale and 

fem
ale Vk*M

YC
 m

ice but not in null m
ice

–
N

H
L in epidem

iology studies
16



Sum
m

ary of level of evidence
1for tum

ors observed to have a significant trend 
in 13 rodent carcinogenicity studies in m

ale and fem
ale, m

ice and rats. 2

17

Tum
or

M
ales

Fem
ales

C
D

-1 
M

ouse
S

w
iss 

M
ouse

S
D

 R
at

W
istar R

at
C

D
-1 

M
ouse

S
w

iss 
albino 
m

ouse
S

D
 R

at
W

istar 
R

at

A
drenal cortical 
carcinom

a
C

E
A

drenal 
pheochrom

ocytom
a

EE
A

lviolar-B
ronchiolar 

tum
or

N
E

N
E

H
arderian gland tum

or
N

E
H

em
angiom

a
C

E
C

E
H

em
angiosarcom

as
C

E
K

idney tum
or

C
E

SE
C

E
Liver adenom

a
C

E
C

E
M

am
m

ary tum
or

SE
M

alignant lym
phom

a
C

E
SE

C
E

SE
Pancreas Islet C

ell tum
or

EE
Pituitary adenom

as
SE

SE
Skin basal-cell tum

or
C

E
Skin keratoacanthom

a
C

E
C

E
Thyroid C

-cell tum
or

EE
EE

Thyroid follicular-cell 
tum

or
EE

Testis interstitial-cell 
Tum

or
SE

1 –
C

E=clear evidence; SE=som
e evidence; EE=equivocal evidence; N

E=no evidence:   2 –
a blank space indicates 

there is no positive finding in any study for this tum
or in this sex/species



Evaluation: A
nim

al C
arcinogenicity D

ata

•
M

ultiple Tum
or Types in D

ifferent Studies
–

41 positive (<0.05) trend tests 

•
Sam

e Tum
or in M

ultiple Studies
–

Kidney Tum
ors, Skin Keratoacanthom

a, M
alignant Lym

phom
a, H

em
angiosarcom

a, 
H

epatocellular Adenom
as

•
R

are tum
ors Increased

–
Kidney, H

em
angiosarcom

a (18-m
onth studies), Pacreas

Islet C
ell tum

ors, Thyroid C
-

cell C
arcinom

as confirm
ed w

ith form
al test against historical controls

•
Tum

ors in Tw
o Strains

–
Skin Keratoacanthom

a, H
em

angiosarcom
as

•
Tum

ors in Tw
o Species

–
Kidney Tum

ors

•
Supporting findings in tissue pathology and peer-review

ed literature

•
C

O
N

C
LU

SIO
N

–
G

lyphosate can cause cancer in rodents
18



A
nim

al C
arcinogenicity C

onclusions

EFSA

IAR
C

 W
orking G

roup

19
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R
egulatory A

gency R
easons for Excluding 

all Positive Findings
•

Lack of dose-response (statistical pow
er ➘

)
–

M
onotonic dose-response is generally unlikely

•
Trend test positive but not pairw

ise com
parison (statistical pow

er ➘
)

•
N

o consistency across studies
–

See pooled analysis

•
D

ifferences betw
een sexes

–
N

ot unusual and m
any tim

es for no easily explained reason

•
Lack of pre-neoplastic lesions
–

M
ultiple additional tissue changes

–
M

ultiple peer-review
ed studies supporting findings

•
W

ithin range of historical controls (statistical pow
er ➘

)
–

Inappropriate use of historical controls (know
n since 1982)

•
R

esults due to a single high dose potentially at or above the M
TD

–
O

nly one study had survival problem
s at high dose and it w

as m
arginal

20



n-fold
(response at 
highest dose)

Percentage of Positive Finding 
(p=0.05) in 10,000 sim

ulations
CA Test

Fisher’s Test
0 (4%

)
4.4%

2.2%
1 (8%

)
23%

11%
2 (12%

)
52%

31%
3 (16%

)
75%

56%

False Positive R
ates and Pow

er
Cochran-Arm

itage Linear Trend Test vs Fisher’s Exact Test

False Positive 
R

ate

Statistical 
Pow

er

50 anim
als per 

group

4%

71.4234
810

N
o Effect

Positive Effect
n-fold

D
ose (m

g/kg/day)

Response

21



# Historical 
Control 

Datasets

Pow
er

CA-Test
M

onotonicity
Range of HC

5

52%
24%

49%
10

48%
20

45%
30

42%
50

39%

Pow
er of the C

-A Trend Test
M

onotonic Dose-Response and Range of Historical Controls

12%4%

71.4
810

Positive Effect

234
D

ose

ResponseX
X

X

X

M
onotonic

ResponseX
X

X

X

N
on-m

onotonic

D
ose

22



H
istorical C

ontrols for M
alignant Lym

phom
as

M
ale C

D
-1 M

ice w
ith W

ood et al. (2009)

Control Response 
(0/51)

Tum
or Incidence

Number of Control Groups

High Dose Response
(5/51 –

p<0.05)

W
ood et al., 2009

Tarone
(1982)

H
istorical

C
ontrol

P-value
0.003

H
istorical 

controls 
from

 G
iknis

and C
lifford, 

(2005)

31%

4%

23



Sum
m

ary
•

G
lyphosate causes m

ultiple cancer types to appear in 
m

ultiple studies in experim
ental anim

als
–

This finding is supported by other organ toxicity and peer-review
ed 

literature

•
U

sing a statistical cut-off of p≤0.05 loses inform
ation; better 

to present the actual p-value
•

Trend tests are the appropriate tool for analyzing these data
–

R
equiring other criteria like significant pairw

ise tests or m
onotonicity 

increases the risk of a false negative finding

•
A com

bined analysis is needed to evaluate the overall trend 
w

hen m
ultiple studies use the sam

e sex/species/strain
–

Just noting the num
ber of studies w

ith positive and negative findings 
at a particular targetis an inadequate evaluation of the data 

•
U

se historical controls properly in evaluating anim
al 

carcinogenicity data
24



Thank You!
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