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AboUt:-NiHL and Glyphosate 

NHL is ... 

• A cancer that starts in the lymphocytes 

• Heterogeneous, according to type of cell 
affected 

Glyphosate is ... 

• A broad-spectrum herbicide 

ex, 

PESTICIDE 
APpllCATION 
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• Commonly known as "Roundup" · (_ ~~~-- 

• The most frequently used herbicide in the world 

'bwards a canw,.fnle WOlkplace 



stimated A1gricultur,al 1u1se for Glypho,sat,e, 2.012 
EPest-Low 

!Estimated use on 
agricur1tu ral II and, in 
pounds 1pe r square mite 
CJl<4.52 
---- 4. 52 - :211 "1.2 
.. I 21.13-,88.06, 
111111 > 88 .. 06 
D No estimated use 

Source: U.S. Geological Survey. 2012 Pesticide Use Maps. 
https://water.usgs.gov /nawqa/pnsp/usage/maps/show _ma p.php ?year=2012&map=GL YPHOSATE&hilo=L 
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• Limited evidence of NHL in humans and sufficient 
evidence of cancer in animals 

• Mechanistic evidence of genotoxicity and oxidative 
stress 

• Classified as Group 2A (probably carcinogenic) 

Carcinogenicity oftetrachlorvinphos, parathion, malathion, 
diazinon, and glyphosate 
In March, 2015, 17 experts from 
11 countries met at the International 
Agency for Research on Cancer (!ARC; 
Lyon, France) to assess the carcino 
genicity of the organophosphate 
pesticides tetrachlorvinphos, parathion, 
malathion, diazinon, and glyphosate 
(table). These assessments will be 
published as volume 112 of the !ARC 
Monographs.' 
The insecticides tetrachlorvinphos 

to the bioactive metabolite, paraoxon, 
is similar across species. Although 
bacterial mutagenesis tests were 
negative, parathion induced DNA and 
chromosomal damage in human cells 
in vitro. Parathion markedly increased 
rat mammary gland terminal end 
bud density.' Parathion use has been 
severely restricted since the issos. 
The insecticides malathion and 

diazinon were classified as "probably 

aggressive cancers after adjustment for 
other pesticides.' In mice, malathion 
increased hepatocellular adenoma 
or carcinoma (combined).'° In rats, 
it increased thyroid carcinoma in 
males, hepatocellular adenoma or 
carcinoma (combined} in females, 
and mamma,y gland adenocarcinoma 
after subcutaneous injection in LancttOnco/2015 

females.' Malathion is rapidly absorbed Publishedonlin, 

and distributed. Metabolism to the March 20. 2015 

-~ 

tt((fH.~~ i--~_~·--~7~ ~~~,f:,rJl 
~ ..... ~ 

httn,1/rlY rln.in,n/1n1n,,-;.1 
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Design-of Case-Control Studies oci 

INCIDENT CASES 

1 
POPULATION-BASED CONTROLS 

1 
CANCER REGISTRIES, HOSPITALS TELEPHONE LISTS, VOTERS' LISTS, 

HEALTH INSURANCE RECORDS, 
MORTALITY RECORDS 

~ INITIAL QUESTIONNAIRE / 
(IN PERSON, PHONE, MAIL) 

/ ~ 

EXPOSED CASES AND CONTROLS 
~ CUTOFF 

~ 

EXPOSED CASES AND CONTROLS 
< CUTOFF 

/ 
SUPPLEMENTAL PESTICIDE 

QUESTIONNAIRE 
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Gl'yp'fi.os-ate Use Information ()(~ 

Study EVER/NEVER DURATION FREQUENCY LIFETIME 
# Years # Days/Year DAYS 

# Years x 
# Days/Year 

Iowa/Minnesota ./ ./ X X 

Kansas ./ X X X 

Nebraska ./ ./ ./ ./ 

Canada ./ ./ ./ ./ 
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Concer:-Jlt4.al Framework for Analysis ocx 

Glyphosate Use NHL Risk 

Ever/Never 
Duration 

Frequency 
Lifetime days 

Overall 
FL 

DLBCL 
SLL 

Other 

Age, sex, state/province, 
lymphatic/hematopoietic cancer in a first 
degree relative, use of proxy respondent, 

use of any PPE, use of 2,4-D, use of 
dicamba, use of malathion 

Covariates Tawanb a cane.er-free worlcpl-.e 



Respondent Analysis ocx 

Glyphosate Use NHL Risk 

Ever/Never 
Duration 

Frequency 
Lifetime days 

Proxy and self-respondents 
Self-riwondents only 

Overall 
FL 

DLBCL 
SLL 

Other 

Age, sex, state/province, 
lymphatic/hematopoietic cancer in a first 
degree relative, use of any PPE, use of 
2,4-0, use of dicamba, use of malathion 

Covariates 1awarcls a r.an~fnle workplace 



Seleefed-Characterlstlcs of NHL Cases ocx 

Variable Cases (N} Controls (N} OR (95% Cl} 
N 1690 5131 
Histological sub-type 

Follicular (FL) 468 ' ' 
l !,:! ! !- .! ! 

Diffuse (DLBCL) 647 
Small lymphocytic (SLL) 171 
Other 400 

Location ... : , ;·· :! , !··-:. : ::: : .. J ::! :4 :· ::: r! .!.:·:T'! ::~- ; 
It-··~· ! l"' !' i 1-1 :· I:·!.' '• •: ! •!·;I •IL: 

; 11 I I, ; ! ; : I I ; j ! ; • I I I I,; i •: 1·1 l 

U.S. 1177 3625 
Canada 513 1506 

, r ! I I!. 
1 I f 'i I r 1 : ! ~ I.~ : I 1 I I l I J : 

I '! • 1 : • ~ I ' ·9- ' • : '" ' ' ' o 
! !I'' /•••• ' • i! t •··• 

Respondent type 
Proxy 533 1692 1'1.QS :(~J.~2/1.19) 1

: 

Self 1140 3372 1 
Unknown/missing 17 67 
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Se'leCted-Characteristics of NHL Cases oqc 
and fontrols (Continued) 
Variable Cases (N) Controls (N) OR (95% Cl) 
Lymphatic or hematopoietic cancer in a first-degree relative 

Yes 139 202 2.10 (1.67, 2.63) 
No · : · ··: ·, : ·· .: . ·. 1493 4790 1 
Unknown/missing 58 139 

Ever lived or worked on a farm or ranch 
Yes 1102 3276 1.07 (0.94, 1.20) 
No 577 1840 ,. r L·, ,=1 
Unknown/missing 11 15 

1owarcls a c.anc.er-frea workplace 



osate Use and NHL Risks ooc 

(NHL sub-type 
(Number of cases who) 

@R* (95% cij) i reportedly ever used 
glvphosate. 

Overall 113 1.22 (0.91, 1.63) 

FL 28 0. 74 (0.44, 1.23) 

DLBCL 45 1.32 (0.87, 2.02) 

SLL 15 1.87 (0.91, 3.85) 

Other 25 1.75 (1.01, 3.03) 
*ORs adjusted for age, sex, state/province, lymphatic or hematopoietic cancer in a first-degree 
relative, use of a proxy respondent, use of any personal protective equipment, use of 2,4-0, use of 
dicamba, use of malathion 

Towards a canmp.frea wortcpl ar.e 



Dura)i.Q~#Vears) of Glyphosate Use 
ar:ld ~HL Risks 

oc~ 

# years OR* {95% Cl) 

·Overall FL DLBCL SLL Other 
i • 

0 1 1 1 1 1 

>0 and ~3.5 1.40 0.72 1.77 1.53 2.23 
(0.97, 2.04) (0.37, 1.41) (1.06, 2.96) (0.59, 3.98) (1.15, 4.32) 

>3.5 1.02 0.66 1.03 2.01 1.31 
(0.67, 1.54) (0.32, 1.35) (0.55, 1.93) (0.82, 4.95) (0.59, 2.90) 

P-trend 0.19 0.40 0.09 0.28 .· . 0.06 

*ORs adjusted for age, sex, state/province, lymphatic or hematopoietic cancer in a first-degree 
relative, use of a proxy respondent, use of any personal protective equipment, use of 2,4-D, use of 
dicamba, use of malathion 
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Fren,ue~n-Gy (#Days/Vear) of }- ~ -1 '-=t 
G1l\!pfl1osate Handling and NHL Risks 

ocx 

# days/year OR* (95% Cl) 
handled 

Overall FL DLBCL SLL Other 

0 1 1 1 1 1 
./C 

0.83 0.53 0.77 1.40 I 1.38 >0 and :::;2 
(0.51, 1.34) (0.22, 1.29) (0.37, 1.58) (0.41, 4.74) (0.58, 3.30) 

>2 1.98 1.52 2.49 2.48 2.21 
(1.16, 3.40) (0.63, 3.67) (1.23, 5.04) (0.66, 9.37) (O. 78, 6.22) 

P-trend · · 0.02 0.18 , :'. 0.02 .. 0.40 0.29 

*ORs adjusted for age, sex, state/province, lymphatic or hematopoietic cancer in a first-degree 
relative, use of a proxy respondent, use of any personal protective equipment, use of 2,4-D, use of 
dicamba, use of malathion 
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l.:i~etl~ays (#Years x #Days!Year) 
of,Gliphosate Use and NHL Risks 

ocx 

Lifetime days OR* (95% Cl) 
. -· .. •.· 

· Overall ·FL DLBCL SLL ' . Other . ; !' 

' 

0 1 1 1 1 1 

>0 and <.5:7 
1.00 0.73 0.92 1.17 1.85 

(0.59, 1.68) (0.29, 1.86} {0.42, 2.01} (0.25, 5.52) (0. 75, 4.60) 

>7 1.19 0.81 1.25 2.31 1.56 
(0. 72, 1.97) (0.34, 1.95) (0.62, 2.52) (0.74, 7.26) (0.59, 4.18) 

•. j,, , .. 
P-trend ... ·. 'tl°79 0.76 0.79 0.35 }..i;; '.'" 0.33 i----t "'"' • • • - 

*ORs adjusted for age, sex, state/province, lymphatic or hematopoietic cancer in a first-degree 
relative, use of a proxy respondent, use of any personal protective equipment, use of 2,4-D, use of 
dicamba, use of malathion 
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Ptox'Nl_s} Self Respondents oc~ 
OR (95% Cl) for NHL Overall 

Proxy a d s lf1:1 T · , - ""····· ;,.,. , n e ~ . ,,,,, .. ,: ,~]-': . 
(. '.:.:;:r \: (Resp~nd~nt~aJ: '. '.;~( j (/~: Self Respondents o.~ lyb 

..... ~:;'" :: 

Never used 1 

1.22 (0.91, 1.63) 

Duration (# years) 

>0 and ~3.5 

>3.5 1.02 (0.67, 1.54) 

:r~t~~:g~!~H~~](#i:Mi~~~i~~~n) !Fi 
1

11!Ji11:1:t::iil!>!Ldii1 lll![l:!:ll /:!; : : :i: 
>0 and ~2 0.83 (0.51, 1.34) 

.

-r·_' 1·~_r.;:._.·11 ·_. 11 · 1~-1 ! . , . ,-11 ·, _ 11, i 1. 1_1 , '·! I-! 11·1 ll_::~_._I -1 i "I . . ' ' ' . 'J I I ' ' ' I! . J 1·1. 
·t'• 

1 
'] 9 . (1· 10•' 3 ~o~ I ['' 

1 
j j' •f j. ,., I . j : I I ' I 'i ' ·,hf 

1•111.. 'I . I ' • I, : ). . ' 'I J 'I l ·1·! I 11 li · \: ''!I ! I, -ll1 :.: I! i ! • l , I! l . l 

Lifetime days (# years x # days/year) 

>2 

0 and ~7 

>7 

1.00 (0.59, 1.68) 

1.19 (0.72, 1.97) 

.1.04 (0.75, 1.45) 

1.32 (0.88, 1.97) 

0.85 (0.53, 1.35) 

:l:i: l[:!Ff ,/!lt!JI: IF1 !1: 
0. 76 {0.45, 1.31) 

2.05 (1.13, 3.70) 

i I fl I I 'l fi l 1 : I ' 11 I! 'I 
ilJJ !_110.S8 (0,~5_,1

1
U..]_14)·1' IL I ' !; ' . i ! I I I·' 

1.17 (0.68, 2.02) 
a. ORs adjusted for age, sex, state/province, lymphatic or hematopoietic cancer in a first-degree relative, use of a proxy 
respondent, use of any PPE, use of 2,4-0, use of dicamba, use of malathion. b. ORs adjusted for age, sex, state/province, 
lymphatic or hematopoietic cancer in a first-degree relative, use of any PPE, use of 2,4-D, use of dicamba, use of malathion 
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• Slight variations in study designs 
• Missing information about intensity, duration, and 
frequency of glyphosate use 

• Measurement error 
• Small numbers for certain stratified analyses 

Towanb a c.anoa,.fnle workplace 



oc~ 

• Slight variations in study designs 

• Missing information about intensity, duration, and 
frequency of glyphosate use 

• Measurement error 

• Small numbers for certain stratified analyses 

Larger sample size= more statistical power 

Towards a canmr-frea workplace 



ex, 
• Glyphosate use may be associated with 1' NHL risk 
• Some differences in risk by sub-type, but not 

consistent across different glyphosate use metrics 
• Large sample size yielded more precise results than 

possible in previous smaller studies 

Tawarcls a canOll'-fNa war1cp1 .,. 



Future~Research Priorities ocx 

• Evaluation of other 
agricultural exposures, 
confounding, and 
interactions 

• Non-occupational 
exposure 

• Factors that modify 
. exposure, e.g. immune 

conditions 

Tawarcb a cance,.free workplace 
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Towards a cancer free workplace 

www.occupationalcancer.ca 
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