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SUMMARY
Objective: We carried out a systematic review and meta-analysis of epidemiologic studies on the association between
occupational exposure to glyphosate and risk of non-Hodgkin lymphoma (NHL) and multiple myeloma (MM).
Methods: We conducted a systematic search of the literature, and identified 18 relevant publications, from which
we extracted results from seven non-overlapping studies of NHL and three of MIM. We performed random-effects
@ meta-analyses for ever-exposure to glyphosate, dose-response, and risk of specific NHL subtypes. Results: 7he meta- @
relative risk (RR) of NHL was 1.03 (95% confidence interval [CI] 0.86-1.21), that of MM was 1.04 (95% CI
0.67-1.41). The meta-RR of NHL for highest category of exposure was 1.49 (95% CI 0.37-2.61; 3 studies). The
meta-RR for diffuse large B-cell lymphoma (DLBCL) was 1.31 (95% CI 0.93-1.75); that for follicular lymphoma
was 0.82 (95% CI 0.93-1.70), and that for chronic lymphocytic leukemia was 0.85 (95% CI 0.20-1.49). There was
indication of publication bias for studies on NHL. Conclusions: Our meta-analysis provided no overall evidence of
an increased risk for both NHL and MM in subjects occupationally exposed to glyphosate. In secondary analyses we
detected a small increase in risk for the category with highest level of exposure as well as for DLBCL. The evidence of
publication bias suggests caution in the interpretation of the results.

Riassunto

«Esposizione al glifosato e rischio di linfoma non Hodgkin e mieloma multiplo: una meta-analisi aggiornata».
Obiettivo: Sono state condotte una revisione sistematica e una meta-analisi degli studi epidemiologici sull’associa-
zione tra esposizione professionale a glifosato e rischio di linfoma non Hodgkin (NHL) e mieloma multiplo (MM).
Metodi: E stata effettuata una ricerca sistematica della letteratura che ha portato all’identificazione di 18 pub-
blicazioni rilevanti, da cui sono stati estratti i risultati di sette studi indipendenti sul NHL e tre sul MM. E stata
effettuata una meta-analisi con modello ad effetti casuali per esposizione a glifosato, inclusi i risultati su dose-risposta
e su sottotipi specifici di NHL. Risultati: I/ rischio relativo (RR) della meta-analisi per NHL ¢ risultato pari a 1,03
(intervallo di confidenza al 95% [CI] 0,86-1,21), e quello per MM pari a 1,04 (IC al 95% 0,67-1,41). Il RR per
NHL nella pii alta categoria di esposizione ¢ risultato pari a 1,49 (IC 95% 0,37-2,61; 3 studi). 1l RR per linfoma
diffuso a grandi cellule B (DLBCL) ¢ risultato pari a 1,31 (IC 95% 0,93-1,75); quello per il linfoma follicolare pari
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20,82 (1C 95% 0,93-1,70) e quello per la leucemia linfatica cronica pari a 0,85 (1C 95% 0,20-1,49). Si é riscontra-
ta un’indicazione di bias di pubblicazione negli studi su NHL. Conclusioni: I generale, questa meta-analisi non
ha fornito la prova di un aumento del rischio sia per NHL che per MIM in soggetti esposti professionalmente a glifo-
sato. In analisi secondarie ¢ stato evidenziato un leggero aumento del rischio per la categoria con il pii alto livello di
esposizione e per DLBCL. Levidenza di un bias di pubblicazione suggerisce cautela nell'interpretazione dei risultati.

INTRODUCTION

Glyphosate is a non-selective herbicide and crop
desiccant commonly used worldwide by both pro-
fessional applicators and consumers. It is a phos-
phonate agent, and interferes with the synthesis
of aromatic amino acids by inhibiting the plant
enzyme, 5-enolpyruvylshikimate-3-phosphate syn-
thase, which is responsible for biosynthesis of the
aromatic aminoacids phenylalanine, tyrosine, and
tryptophan via the shikimate pathway. This mecha-
nism is specific to plants. Glyphosate was first syn-
thesized in 1950 and was introduced in the market
as herbicide in 1974; it quickly became one of the
most widely used herbicides worldwide; it is used
in agriculture and forestry, for weeds in industrial
areas, as well as on lawns and gardens. The patent
expired in 2000 and the agent is currently produced
and sold by various manufacturers (20, 37).

While glyphosate and formulations have been
approved by regulatory bodies worldwide, concerns
about their effects on humans and the environment
have appeared and have grown as the global usage of
the agent increased (27).

Glyphosate has been the subject of regular as-
sessments by national and international regula-
tory agencies (38, 39), which have established that
glyphosate has a relatively low toxicity in mammals.
In recent years the hypothesis has arisen about the
capacity of glyphosate to cause cancer in humans.
A 2013 review by the German Federal Institute
for Risk Assessment concluded that the available
data were contradictory with regard to associations
between exposure to glyphosate formulations and
risk of various cancers, including non-Hodgkin
lymphoma (NHL) (14). In 2015 the International
Agency for Research on Cancer (IARC) classified
glyphosate as probable human carcinogen (category
2A), based on sufficient evidence for the carcino-
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genicity of glyphosate in experimental animals,
limited evidence of carcinogenicity in humans,
based on NHL results, and evidence that exposure
to glyphosate is genotoxic and can induce oxida-
tive stress in experimental animals and in humans
in vitro (20). The IARC review also noted positive
findings for multiple myeloma (MM) in three stud-
ies. Also in 2015, a review by the European Food
Safety Authority (EFSA) concluded that while car-
cinogenic glyphosate-containing formulations may
exist, studies that look solely at the active substance
glyphosate did not show such effect, and glypho-
sate is unlikely to pose a carcinogenic threat to hu-
mans (13). In 2016 the Joint WHO/FAO Meeting
on Pesticide Residues considered that glyphosate is
not carcinogenic in rats, but the possibility that it is
carcinogenic in mice at very high doses could not
be excluded, concluding that glyphosate is unlikely
to pose a carcinogenic risk to humans from expo-
sure through the diet (41). Moreover, the European
Chemicals Agency (ECHA) did not find evidence
implicating glyphosate as carcinogen, mutagen, or
toxic to the reproductive system (12).

The epidemiology data on the association be-
tween glyphosate and cancer have been reviewed at
different points in time (2, 5, 15, 26, 34). As new re-
sults have become available since these reviews, and
no overall meta-analyses of the primary results of
epidemiologic studies have been conducted in the
last years, we have conducted an updated systematic
review and meta-analysis of cohort and case-control
studies published investigating the association be-
tween occupational exposure to glyphosate and risk

of NHL and MM.
METHODS

This systematic review and meta-analysis were
performed according to the guidelines specified in
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the PRISMA-statement (23). The methods were
specified and documented in a protocol (avail-
able from the authors upon request); the PRISMA
checklist is included in Supplementary table 1.

Literature searches and study selection

We conducted comprehensive literature searches
of PubMed, Scopus and Embase and, up to 15 May
2019; in addition, PubMed “related article” links
and reference lists of key studies and reviews were
used to complement the searches. The search in-
cluded the keywords (“glyphosate” OR “pesticide”)
AND (“cancer” OR “neoplasm” OR “lymphoma”
OR “non-Hodgkin lymphoma” OR “multiple my-
eloma” OR “lymphohematopoietic cancer”).

To be included in the meta-analysis, studies had
to fulfill the following criteria: (i) original reports
of adults occupationally exposed to glyphosate, (ii)
studies in which a measure of association between
glyphosate exposure and risk of cancer, expressed ei-
ther as standardized mortality ratios (SMR), stand-
ardized incidence ratios (SIR), proportionate mor-
tality ratio (PMR), relative risk (RR) or odds ratio
(OR) was either reported or could be derived from
the data reported in the article, (iii) studies written
in English, Spanish, German, French or Italian.

Two authors (FD, PB) independently reviewed
the list of titles and abstracts, to determine which
studies potentially met the inclusion criteria. Dupli-
cates or irrelevant references were eliminated. The
final selection was based on the examination of the
tull text of potentially relevant articles. The search
and selection processes are shown in figure 1.

After reviewing the titles of 1452 articles, we
eliminated 1289 of them which did not appear to be
relevant and reviewed the abstracts of the remaining
163 articles; we further eliminated 110 which did
not meet the inclusion criteria, leaving 53 articles
for detailed review. We identified one additional ar-
ticle from the lists of references. Thirty-six of the
54 articles were excluded either because results for
NHL or MM were not reported, either because they
were not epidemiological studies, or because they
did not consider glyphosate exposure; among the
remaining 18 articles, 13 reported results for NHL
and eight reported results for MM. However, some
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Records excluded based
Articles identified | onthetitle review
through database (N=1289)
searches (N=1452) \.
Records excluded based
l on the abstract review
(N=110)
Full text article review
(N=53) \ No results on NHL or MM
(N=4)
\ Other (reviews, author’s
reply, no glyphosate

Articles included in exposure; N=31)
qualitative synthesis

(N=19; 10 only for NHL; Articles identified from
N=4 for NHL and MM, reviews (N=1)
and N=5 only for MM)

Articles excluded
because of overlap of
study population (N=5
for NHL; N=2 for NHL
meta-analysis (N=5 for and MM, N=4 only for
NHL; N=2 for NHL and MM)

MM; 1 for MM)

Articles included in

Figure 1 - Flow chart of search and selection of studies in-
cluded in the review and meta-analysis

of these articles reported results based on the same
study population; in such cases, we selected for the
meta-analysis the reports with the most complete
and updated information (i.e., longest follow-up).
For this reason, we eliminated six articles for NHL
and two articles for MM, and retained seven articles
of non-overlapping studies for NHL, and three for
MM. In particular, three articles were based on the
Agricultural Health Study (AHS), a large prospec-
tive cohort of licensed pesticide applicators from
Towa and North Carolina, United States (1, 8, 35);
this study was included in a pooled analysis with
two other cohort studies (22), and we excluded the
three earlier reports. However, in the dose-response
meta-analysis, we used the results reported by An-
dreotti et al. (1), because these data were not re-
ported in the pooled analysis by Leon et al. (22).
Similarly, we selected the article by De Roos et al.
(7) which consisted of a pooled analysis of three
case-control studies of NHL (4, 7, 21), the article
by Hardell et al. (17), which included the data from
two Swedish case-control studies of NHL and hairy
cell leukemia (HCL) (16, 17, 28). With respect to
MM studies, we selected the article by Presutti et al.
(33), which combined data from three case-control
studies from the United States and Canada (3, 24,
31). We were not aware of potentially relevant stud-
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ies published in a language other than the five we
selected in our review.

Data extraction and data synthesis

We extracted key characteristics of each of the
studies retained for the two main meta-analysis
(table 1 and 2). We aimed at investigating NHL
(i.e., International Classification of Diseases, ver-
sion 9 (ICD-9 codes 200, 202 and ICD-10 codes
C82, C85) and MM (i.e., International Classifica-
tion of Diseases, version 9 (ICD-9 code 203 and
ICD-10 code C90); however, results from one study
were available only for one of the major subgroups
of NHL category (6) (see table 1 for details).

If available, we abstracted results for different sub-
groups defined according to exposure to glyphosate
or characteristics of the study populations. When
results were reported based on different strategies of
adjustment for potential confounders, we included
the most adjusted risk estimates.

We conducted meta-analyses separately for NHL
and MM, based on random-effects models (9) to
obtain summary RR and its 95% confidence inter-
vals (CIs).

We evaluated heterogeneity using the general
variance-based method and the I? statistics (18). We
conducted sensitivity analyses excluding one study
at a time from the meta-analysis, and a cumula-
tive meta-regression according to the year of pub-
lication of the individual studies. Furthermore, we
conducted meta-analyses according to duration of
glyphosate exposure and for subtypes of NHL. We
assessed the presence of publication bias by review-
ing funnel plots and performing the test proposed
by Egger et al. (10).

We used the Stata v. 14 commands metan (overall,
stratified and cumulative meta-analyses), g/s# (meta-
regression), and metafunnel and metabias (publica-
tion bias) (30, 32, 36).

REsurrs

The meta-analysis for NHL comprised results
reported in seven articles (6, 7, 11, 17, 22, 25, 29)
(figure 2), and resulted in a meta-RR of 1.03 (95%
CI 0.86-1.21; p-value of test for heterogeneity [p-
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het] = 0.7; I* = 0%). The study by Leon et al. (22)
contributed 1131/1271 exposed NHL cases/deaths
(89.0%), and 74.1% of the total weight in the meta-
analysis. The exclusion of this study resulted in a
NHL meta-RR equal to 1.27 (95% CI 0.92-1.61).
The exclusion of each of the other studies at a time
resulted in meta-RR ranging from 1.00 to 1.03.

The cumulative meta-analysis showed that the
meta-RR for NHL ranged between 1992 and 2019
from 0.97 to 1.29 with a decrease in 2018, when the
study by Andreotti et al (1) was published (figure 3).
'The meta-RR never reached the level of statistical
significance.

'The visual assessment of the funnel plot (figure
4), the result of the Egger’s test (p= 0.02) suggested
that publication bias was present in the dataset, with
negative results of small studies being apparently
missing.

Dose-response results were available for three
studies (1, 11,25). McDuffie et al. (25) stratified the
results by number of days of exposure per year: the
unadjusted OR was 2.12 (95% CI 1.2-3.7) for more
than 2 days/year. Eriksson et al. (11) also stratified
the results by number of days of exposure per year;
the adjusted OR for more than 10 days/year was
1.51 (95% CI 0.77-2.94). Andreotti et al. (1) cat-
egorized exposure according to quartiles of lifetime
days of glyphosate use, and no excess of risk was
identified recognized in any category (RR for the
highest quartile, 2108.5 days, 0.78; 95% CI 0.58-
1.05). The meta-analysis of the results for highest
category of exposure in these three studies resulted
in a meta-RR equal to 1.49 (95% CI 0.37-2.61). In
the study by Hohenadel et al. (19), which includes
the population studied by McDuffie et al. (25), an
association was reported for combined exposure to
malathion and glyphosate (OR 2.10; 95% CI 1.31-
3.37) and malathion alone (OR 1.95; 95% CI 1.29-
2.93), but not for exposure to glyphosate alone (OR
0.92; 95% CI 0.54-1.55).

Results for NHL subtypes were reported in three
studies (12, 22, 29). The meta-RR for diffuse large
B-cell lymphoma (DLBCL) was 1.31 (95% CI
0.93-1.7; p-het = 0.85; I?> = 0); that for follicular
lymphoma (FL) was 0.82 (95% CI 0.93-1.70, p-
het = 0.63; I? = 0), and that for chronic lymphocytic
leukemia/small lymphocytic lymphoma (CLL/

13/05/20 14:44 ‘ ‘



67

EXPOSURE TO GLYPHOSATE AND RISK OF NON-HODGKIN LYMPHOMA AND MULTIPLE MYELOMA

BIUIONNOY [[99 AIrey “TO [ ‘paymads jou ‘QN ‘O[qe[reat 10u “yN 91odar-Axoxd

N 230dai-Jpos G ‘Apmis Joryuod-ased paseq-uonendod pue -esrdsoy ‘YD JL] ‘Apnis [onuod-ased paseq-Teardsoy ‘Y[ ‘Apmis Joruod-ased paseq-uonendod ‘O g
‘sopronsad 1o30 Jo Judpuadopur

2yesoydA[3 105 s3ynsax opraoid Jou prp 1013e] 9 3sNEIA] (4T) 'TE 39 [PPLUSYOL] £q JBY) JO PLaIsUT SISAEUL-EIOUW Y} UT PIPN]IUL sem (G7) Te 32 SN ([IIAl A9 Apnis oy, |
ewoydwiA] [[00-¢ pazATeue (9) Te 32 0900y ,

soppnsad
P3399]98 ¥J03SIAT]
‘9138 hxuw ‘SHVY
wovmuﬁmom P3990

9[00389AT] X3S :JTYND

uoneordde asn

(I8) SHY

(1) B3 uEuﬁmum Im sdox @otogwuuﬁum 'SHY AVND ‘NVIOOV
3o91pUy JO Iaquinu ‘snjels 'sa01I3RW 2Insodxa “muopwumamm uEuﬁmom
xwv e JUDWIAITAT Juoumw\é €O-dD] pue -domn AVND JO S3TPN3S 31070 321} VSN ‘Kemio N ANNV
32 500y 2 VN GINVORIOV — I€1T  T00COHM  PU® NVORIOV Jo stsdjeue pajooq ‘PoueL]  “[v3d 0]

Xtryews 21nsodxa
-dom yam ‘s310dx0
£q parenyeas

(Od) s uonednpa sanpowr qof pue S9LIJUNOD «9) “Te
- ‘(OH) 18/88 190 ‘x3s OFYy ¥ T00ZOHM QITEUUONISAN () DDd/H 23uadnnA ueadoiny 9 39 02000
SNJLIS DTWOUOID uonen[ead 31odxo (62)
- 16/ L°S6 0108 ‘19Judd 23y 71 €O-DI  PUE 21rBUUORSan) DDOH Ruer]  “[eIISIO
an e
- 26/ 16 Tepualed Xas 93y 67 T00ZOHM QITBUUONISIN () D04 UopamgG 39 UOSSYLIY]
(12) sarpmys (12) wIseIqaN
Te 32 99 om) ut saprnsad ‘sesuey] (17 ‘)
‘) Te Sy /¥ L€ ¥d soppnsad 1910 JO ISIP[O9YD PUB  BIOSIUUIIAT/EMO] :DDJ ) “1e
19 103UR)) 66 /9°79¥S  Jo asn ‘s Aprys 98y 9¢ SN SITEUUONSINQ)  92IY) JO SISA[eue pajoog VSN 39500y 9(]
oD
R IPPI*H (82) TOH (91) TOH
“(80) e Butpnpxa THN :00d L
WONSPION ¥8/ 16 8 SN SITEUUONSIN)  0M] JO SISA[eue pajoog uspamg 39 [[PpIe
I30Ued JO
K103s1y ATrurey 10351
L61) TR I [ed1pawW ‘Q0UIPISII (1) “1e 30
[PpeUayoO 08¥/1°L9 3o 9ounsoid 98y 1S 601 QITBUUONISIN () 20d BpEUR))  QPYN(IIA
sarpMIs e A
Iay30 yum  (09/8d) 0p 93ex 10] pasodxo UOLIBOYISSE]D JUOUISSISSE
defronQ uonedmonieg paisnipe sajerreao)) N THN amsodxy uonendod Apmg £nunop s1oyIny

"THN JO 3stx pue amsodxa ou—dmcﬂﬁm\ﬁw Jo mﬂwxﬁmﬁwlwuoe 93 Ul papnjout muﬁﬁﬂum - T 91q9e],

13/05/20 14:44

10-donato_8967.indd 67



68 DONATO ET AL

Table 2 - Studies included in the main meta-analysis of glyphosate exposure and risk of MM

Authors  Country Study Exposure MM N Covariates Participation Overlap
population  assessment classification exposed adjusted for  rate % (ca/  with other
cases co) studies
Orsiet France HCC Questionnaire  ICD-03 5 Age, center, 95.7/912 -
al.,, (29) and expert socio-
evaluation economic
status
Presutti  USA Pooled Questionnaire, NS 45 Age, study, Canada 58  Brownet
etal, Canada  analysis of self-reported use of proxy /48 al,, (3);
(33) three PCC:  information. respondent, lowa 84/78 Pawha et
6 Canadian medical Nebraska 88 al., (31);
provinces history /85 Kachuri et
(31, 24); al., (24)
Towa (3);
Nebraska

Leonet France, Pooled AGRICAN
al.,(22) Norway, analysisof  and CNAP: and

USA three cohort  crop-exposure  ICD-O3

studies of matrices. AHS:

pesticide self-reported
applicators:  use
AGRICAN;

CNAP;

AHS (8,1)

WHO2001 240

AGRICAN: NA DeRoos et
Sex, al., (8),
livestock, Andreotti
retirement etal., (1)
status,

number of

crops with

pesticide

application

CNAP: Sex,

livestock,

selected

pesticides

AHS:

Sex, state,

livestock,

selected

pesticides

PCC, population-based case-control study; HCC, hospital-based case-control study; NA, not available; NS, not specified

SLL) was 0.85 (95% CI 0.20-1.49, p-het = 0.17; I?
= 44%). The pooled analysis of three cohort studies
(22) provided a large proportion of the total weight
in these meta-analyses. This latter study reported a
RR 0f 1.36 (95% CI 1.00-1.85) for risk of DLBCL.

The results of the meta-analysis on MM risk,
based on three studies, are reported in Figure 5;
the meta-RR was 1.04 (95% CI 0.67-1.41; p-het =
0.21; 1% = 16%). The study by Orsi et al. (29) contrib-
uted 1.3% of total weight, while the pooled analysis
by Leon et al. (22) contributed 63%. The cumula-
tive MM meta-analysis suggests that the higher
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cumulative RR was never associated to statistical
significance and the cumulative RR of the studies
conducted between 1993 and 2019 ranged from
1.04 to 1.87 without a clearly trend over time in the
summary RR (details not shown).

Results unadjusted for potential confounders
were reported in several studies of NHL (7, 11,
17, 22, 25) and MM (1, 22). The summary RR of
meta-analyses including these results instead of the
corresponding adjusted results were 1.13 (95% CI
0.88-1.37) for NHL and 1.01 (95% CI 0.84-1.19)
for MM.
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Relative %
Reference risk (95% CI) Weight
i

McDuffie et al., 2001 —'EE_ 1.20 (0.83, 1.74) 15.04
Hardell et al., 2002 g ) 1.85 (0.55, 6.20) 0.39
De Roos et al., 2003 - 1.60 (0.90, 2.80) 3.45
Eriksson et al., 2008 - 1.51(0.77,2.949) 2.65
Orsi etal., 2009 1.00 (0.50, 2.20) 431
Cocco etal., 2013 ) 3.10 (0.60, 17.10) 0.05
Leon et al., 2019 0.95(0.77, 1.18) 74.11
Overall (I-squared = 0.0%, p = 0.700) 1.03 (0.86, 1.21) 100.00

| | | | |

S5 1 1.5 2 2:5 3

1.75 =

1.50 -

1.25 )\F

1.00

RR (95% Cl)

0.76

T T T T T T T T T T

0.50 R
o O H P DS > %
\g&\g@ TS S S '196" N q/@"‘ S

Year of publication

Studies included in subsequent meta-analyses:

1992: Cantor et al., 1992

1998: Cantor et al., 1992, Nordstrom M et al., 1998

1999: Cantor et al., 1992, Nordstrom M et al., 1998, Hardell et al., 1999

2001: Cantor et al., 1992, Nordstrom M et al., 1998, Hardell et al., 1999, McDuffie et al., 2001

2002: Cantor et al., 1992, McDufhie et al., 2001, Hardell et al., 2002

2003: McDuffie et al., 2001, Hardell et al., 2002, De Roos et al., 2003

2005: McDuffie et al., 2001, Hardell et al., 2002, De Roos et al., 2003, De Roos et al., 2005

2008: McDuffie et al., 2001, Hardell et al., 2002, De Roos et al., 2003, De Roos et al., 2005, Eriksson et al.,2008

2009: McDuffie et al., 2001, Hardell et al., 2002, De Roos et al., 2003, De Roos et al., 2005, Eriksson et al.,2008, Orsi et al., 2009

2013: McDuffie et al., 2001, Hardell et al., 2002, De Roos et al., 2003, De Roos et al., 2005, Eriksson et al.,2008, Orsi et al., 2009, Cocco et al., 2013
2018: McDuffie et al., 2001, Hardell et al., 2002, De Roos et al., 2003, Eriksson et al.,2008, Orsi et al., 2009, Cocco et al., 2013, Andreotti et al., 2018
2019: McDuffie et al., 2001, Hardell et al., 2002, De Roos et al., 2003, Eriksson et al.,2008, Orsi et al., 2009, Cocco et al., 2013, Leon et al., 2019

Figure 3 - Cumulative meta-analysis of study on exposure to glyphosate and risk of NHL
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Funnel plot with pseudo 95% confidence limits
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@ Figure 4 - Funnel plot of results on exposure to glyphosate and risk of NHL Inrr, logarithm of relative risk; s.e., standard error
Relative %
Reference risk (95% CI) Weight
Orsi ct al., 2009 ) 2.40 (0.80, 7.30) 1.28
Presutti et al., 2016 \ 1.29 (0.90, 1.85) 35.74
Leonetal., 2019 0.87 (0.66, 1.15) 62.99
Overall (I-squared = 36.0%, p = 0.210) > 104 0.67, 1.41) 100.00
|
1.75

Figure 5 - Meta-analysis of studies on glyphosate exposure and risk of MM
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Discussion

We reviewed and summarized all available epi-
demiologic studies on the association between ex-
posure to glyphosate and NHL or MM incidence
in adults; our meta-analysis provided no overall evi-
dence of an increased risk for both NHL and MM
in subjects occupationally exposed to glyphosate.
'The meta-analysis of duration of exposure was based
on only three studies; an increase in risk in the cat-
egory with highest exposure, measured in days/year,
was reported in two small case-control study but not
in a large cohort, resulting in an overall small, non-
significant increase in risk. The secondary analysis
of risk of subtypes of NHL, based on three studies,
showed no increased risk of FLL or CLL/SLL, while
a small, non-significant increase was suggested for
DLBCL. We found evidence of publication bias
tor NHL, resulting from lack of reporting of small,
non-positive studies.

Although our cumulative meta-analysis showed
that at no point in time the results on risk of NHL
showed a statistically significant association with
glyphosate exposure, they were reduced to the null
value since the publication of the results of the Ag-
ricultural Health Study (1) and two other cohort
studies (22). Cohort studies offer a better protection
from selection and information bias compared to
case-control studies, and the AHS included a more
detailed assessment of exposure to individual pesti-
cides than most other studies. These considerations,
and the evidence of publication bias favoring posi-
tive studies, provide evidence that risk of NHL is
not increased in workers exposed to glyphosate.

Our study was based on a larger database com-
pared to previous reviews and meta-analyses: the
studies included in the meta-analysis were based on
a total of 1271 cases or deaths from NHL, compared
to 211 in the review by IARC (20). Similarly, our
meta-analysis of MM included 290 cases or deaths
from the disease, compared to 72 in the IARC (20)
review.

The suggestion of a possible dose-response rela-
tionship is driven by the results of two small case-
control studies and were not confirmed by the largest
cohort study available. The presence of publication
bias in the overall meta-analysis suggest particular
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caution in interpreting results available from a small
subset of studies.

'The results of the analysis of the three main NHL
subtypes does not provide clear evidence of an as-
sociation with any of them, although the associa-
tion with DLBCL detected in the pooled analysis
by Leon et al. (22), although it does not reach the
canonical level of statistical significance when cor-
rection for multiple comparisons is taken into ac-
count, deserves attention.

Limitations of this meta-analysis refer primar-
ily to those of the underlying studies. Most stud-
ies were of case-control design, with potential bias
resulting from lack of comparability of cases and
controls, and retrospective assessment of glypho-
sate exposure. Potential residual confounding might
also operate, resulting in study-specific bias of un-
known direction. The fact that the meta-analysis
for NHL including unadjusted results resulted in
higher summary risk estimates than those includ-
ing adjusted results suggests that confounding is a
potentially important issue in the available studies.
Heterogeneity in exposure assessment among stud-
ies is an additional potential source of bias . Some of
the large studies included in the meta-analysis (e.g.,
Leon et al. (22) and Presutti et al. (33)) consisted of
pooled analyses of multiple studies: including such
pooled analyses instead of the original studies might
have resulted in underestimate of the between-study
variance; however, the between study heterogene-
ity detected in the meta-analyses of both NHL and
MM was low, and it is unlikely to be explained only
by the inclusion of the pooled analyses. The use of
classifications of NHL predating the WHO 2001
classification (40), which established a more valid
approach to classify this group of diseases, is an ad-
ditional limitation of several of the studies included
in the meta-analysis. Strengths of the meta-analysis
include the relatively large number of events, espe-
cially for NHL, the fact that all studies were based
on NHL or MM incidence, and the ability to ex-
plore, to some extent, heterogeneity of results by pe-
riod of publication, intensity of exposure, and NHL
subtype.

In conclusion, we found no consistent indication

of an association between exposure to glyphosate
and risk of NHL or MM, even of the data for the
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latter neoplasm are limited. The suggestion of an as-
sociation between glyphosate exposure and risk of
NHL came from small studies that suffered from
publication and possibly other forms of bias; better-
designed studies that were recently reported did not
confirm the results of the earlier studies. The weak
association with risk of DLBCL reported by Leon
et al. (22) deserves replication.

CONFLICT OF INTEREST

PB acted as consultant for glyphosate producers, on matters
not related to glyphosate. FD, EP and CC have no potential
conflicts to report.

REFERENCES

1. Andreotti G, Koutros S, Hofmann JN, et al: Glyphosate
Use and Cancer Incidence in the Agricultural Health
Study 2018; 110: 509-516

2. Acquavella J, Garabrant D, Marsh G, et al: Glyphosate
epidemiology expert panel review: a weight of evidence
systematic review of the relationship between glypho-
sate exposure and non-Hodgkin’s lymphoma or multiple
myeloma. Crit Rev Toxicol 2016; 46(Suppl 1): S28-543

3. Brown LM, Burmeister LF, Everett GD, Blair A: Pesti-
cide exposures and multiple myeloma in Iowa men. Can-
cer Causes Control 1993; 4: 153-156

4. Cantor KP, Blair A, Everett G, et al: Pesticides and other
agricultural risk factors for non-Hodgkin’s lymphoma
among men in Jowa and Minnesota. Cancer Res 1992;
52:2447-2455

5.Chang ET, Delzell E: Systematic review and meta-
analysis of glyphosate exposure and risk of lymphohe-
matopoietic cancers. ] Environ Sci Health B 2016; 51:
402-434

6. Cocco P, Satta G, Dubois S, et al: Lymphoma risk and
occupational exposure to pesticides: results of the Epi-
lymph study. Occup Environ Med 2013; 70: 91-98

7.De Roos AJ, Zahm SH, Cantor KP, et al: Integrative
assessment of multiple pesticides as risk factors for non-
Hodgkin’s lymphoma among men. Occup Environ Med
2003; 60: E11

8. De Roos AJ, Blair A, Rusiecki JA, et al: Cancer incidence
among glyphosate-exposed pesticide applicators in the
Agricultural Health Study. Environ Health Perspect
2005; 113: 49-54

9. DerSimonian R, Laird N: Meta-analysis in clinical trials.
Control Clin Trials 1986; 7: 177-187

10. Egger M, Davey Smith G, Schneider M, Minder C:
Bias in meta-analysis detected by a simple, graphical test.
BM] 1997; 315: 629-634

‘ ‘ 10-donato_8967.indd 72

11. Eriksson M, Hardell L, Carlberg M, Akerman M: Pes-
ticide exposure as risk factor for non-Hodgkin lympho-
ma including histopathological subgroup analysis. Int J
Cancer 2008; 123: 1657-1663

12. European Chemicals Agency, Committee for Risk As-
sessment. Glyphosate not classified as a carcinogen by
ECHA. Helsinki: ECHA, 15 March 2017

13. European Food Safety Authority. Conclusion on the
peer review of the pesticide risk assessment of the active
substance glyphosate. EFSA Journal 2015; 13: 4302

14. German Institute for Risk Assessment. Renewal As-
sessment Report: Glyphosate. Volume 1. Report and
Proposed Decision. Parma, Italy: European Food Safety
Agency, December 18, 2013, p. 65

15. Gillezeau C, van Gerwen M, Shaffer RM, et al: The evi-
dence of human exposure to glyphosate: a review. Envi-
ron Health 2019; 18: 2

16. Hardell L, Eriksson M.A: case-control study of non-
Hodgkin lymphoma and exposure to pesticides. Cancer
1999; 85: 1353-1360

17. Hardell L, Eriksson M, Nordstrom M. Exposure to pes-
ticides as risk factor for non-Hodgkin’s lymphoma and
hairy cell leukemia: pooled analysis of two Swedish case-
control studies. Leuk Lymphoma 2002; 43: 1043-1049

18. Higgins JP, Thompson SG: Quantifying heterogeneity in
a meta-analysis. Stat Med 2002; 21: 1539-1558

19. Hohenadel K, Harris SA, McLaughlin JR, et al: Ex-
posure to multiple pesticides and risk of non-Hodgkin
lymphoma in men from six Canadian provinces. Int J
Environ Res Public Health 2011; 8: 2320-30

20. International Agency for Research on Cancer. Glypho-
sate. In IARC Monographs on the Evaluation of Carci-
nogenic Risks to Humans, Vol. 112. Some Organophos-
phate Insecticides and Herbicides: Diazinon, Glypho-
sate, Malathion, Parathion, and Tetrachlorvinphos.
Lyon, France: IARC, 2015, p 321-412

21. Lee W], Cantor KP, Berzofsky JA,et al: Non-Hodgkin’s
lymphoma among asthmatics exposed to pesticides. Int J
Cancer 2004; 111: 298-302

22.Leon ME, Schinasi LH, Lebailly P, et al: Pesticide use
and risk of non-Hodgkin lymphoid malignancies in ag-
ricultural cohorts from France, Norway and the USA: a
pooled analysis from the AGRICOH consortium. Int J
Epidemiol 2019; 48: 1519-35.

23. Liberati A, Altman DG, Tetzlaff ], et al: The PRISMA
statement for reporting systematic reviews and meta-
analyses of studies that evaluate health care interven-
tions: explanation and elaboration. J Clin Epidemiol
2009; 62: e1-34

24. Kachuri L, Demers PA, Blair A, et al: Multiple pesticide
exposures and the risk of multiple myeloma in Canadian

men. Int J Cancer 2013; 133: 1846-1858

13/05/20 14:44 ‘ ‘



EXPOSURE TO GLYPHOSATE AND RISK OF NON-HODGKIN LYMPHOMA AND MULTIPLE MYELOMA 73

25.McDufhie HH, Pahwa P, McLaughlin JR, et al: Non-
Hodgkin’s lymphoma and specific pesticide exposures in
men: cross-Canada study of pesticides and health. Can-
cer Epidemiol Biomarkers Prev 2001; 10: 1155-1163

26. Mink PJ, Mandel JS, Sceurman BK, Lundin JI: Epi-
demiologic studies of glyphosate and cancer: a review.
Regul Toxicol Pharmacol 2012; 63: 440-452

27. Myers JP, Antoniou MN, Blumberg B, et al: Concerns
over use of glyphosate-based herbicides and risks asso-
ciated with exposures: a consensus statement. Environ
Health 2016; 15: 19

28. Nordstrom M, Hardell L, Magnuson A, et al: Occupa-
tional exposures, animal exposure and smoking as risk
factors for hairy cell leukaemia evaluated in a case-con-
trol study. Br ] Cancer 1998; 77: 2048-2052

29.Orsi L, Delabre L, Monnereau A, et al: Occupational
exposure to pesticides and lymphoid neoplasms among
men: results of a French case-control study. Occup Envi-
ron Med 2009; 66: 291-298

30. Orsini N, Bellocco R, Greenland S: Generalized least
squares for trend estimation of summarized dose-re-
sponse data, Stata ] 2006; 6: 40-57

31. Pahwa P, Karunanayake CP, Dosman JA, et al: Multiple
myeloma and exposure to pesticides: a Canadian case-
control study. ] Agromed 2012; 17: 40-50

32. Palmer TM, Sterne JAC (Eds.): Meta-Analysis in Stata:
An Updated Collection from the Stata Journal, Second
Edition. College Station, TX: Stata Press, 2016

33. Presutti R, Harris SA, Kachuri L, et al: Pesticide ex-
posures and the risk of multiple myeloma in men: An
analysis of the North American Pooled Project. 2016;
139:1703-1714

34. Schinasi L, Leon ME: Non-Hodgkin lymphoma and
occupational exposure to agricultural pesticide chemical
groups and active ingredients: a systematic review and

‘ ‘ 10-donato_8967.indd 73

meta-analysis. Int ] Environ Res Public Health 2014; 11:
4449-4527

35. Sorahan T: Multiple myeloma and glyphosate use: a re-
analysis of US Agricultural Health Study (AHS) data.
Int J Environ Res Public Health 2015; 12: 1548-1559

36. Stata. Stata/SE 14.0 for Windows, Rev. 07 Oct 2015.
College Station, TX: Stata Corp LP, 2015

37.Szekacs A, Darvas B: Forty years with glyphosate. In:
Hasaneen MN, Ed. Herbicides — properties, synthesis
and control of weeds. London: InTechOpen, 2012, pp.
247-284

38. Williams GM, Kroes R, Munro IC: Safety evaluation
and risk assessment of the herbicide roundup and its ac-
tive ingredient, glyphosate, for humans. Regul Toxicol
Pharmacol 2000; 31: 117-165

39. World Health Organization, Food and Agriculture Or-
ganization of the United Nations. Pesticide Residues
in Food 2004 - Joint FAO/WHO Meeting on Pesti-
cide Residues Report of the Special Session of the Joint
Meeting of the FAO Panel of Experts on Pesticide Resi-
dues in Food and the Environment and the WHO Core
Assessment Group on Pesticide Residues. Rome: FAO/
WHO, 2004

40. World Health Organization. Pathology & Genetics.
Tumours of Haematopoietic and Lymphoid Tissues.
WHO Classification of Tumors, 3* Edition, Volume 3.
Lyon: IARC press, 2001

41. World Health Organization, Food and Agriculture Or-
ganization of the United Nations. Pesticide Residues
in Food 2016 - Joint FAO/WHO Meeting on Pesti-
cide Residues Report of the Special Session of the Joint
Meeting of the FAO Panel of Experts on Pesticide Resi-
dues in Food and the Environment and the WHO Core
Assessment Group on Pesticide Residues. Rome: FAO/
WHO, 2016

13/05/20 14:44 ‘ ‘



Appendix

. . .. Reported
Section/topic # | Checklist item on page #
TITLE
Title 1 | Identify the report as a systematic review, meta-analysis, or both. 1
ABSTRACT
Structured summary 2 | Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility criteria, | 2
participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions and
implications of key findings; systematic review registration number.

INTRODUCTION

Rationale 3 | Describe the rationale for the review in the context of what is already known. 3

Objectives 4 | Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons, | 4
outcomes, and study design (PICOS).

METHODS

Protocol and registration 5 | Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide 5
registration information including registration number.

Eligibility criteria 6 | Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered, 5
language, publication status) used as criteria for eligibility, giving rationale.

Information sources 7 | Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify 5
additional studies) in the search and date last searched.

Search 8 | Present full electronic search strategy for at least one database, including any limits used, such that it could be 5
repeated.

Study selection 9 | State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, 6
included in the meta-analysis).

Data collection process 10 | Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes 5-6
for obtaining and confirming data from investigators.

Data items 11 | List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and 7
simplifications made.

Risk of bias in individual 12 | Describe methods used for assessing risk of bias of individual studies (including specification of whether this was 7

studies done at the study or outcome level), and how this information is to be used in any data synthesis.

Summary measures 13 | State the principal summary measures (e.g., risk ratio, difference in means). 7

Synthesis of results 14 | Describe the methods of handling data and combining results of studies, if done, including measures of consistency 7
(e.g., I2 for each meta-analysis.
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Risk of bias across studies 15 | Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective 8
reporting within studies).
Additional analyses 16 | Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating | 8
which were pre-specified.
RESULTS
Study selection 17 | Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at 9, Fig 1
each stage, ideally with a flow diagram.
Study characteristics 18 | For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and | Tables 1-
provide the citations. 2
Risk of bias within studies 19 | Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12). Tables 1-
2
Results of individual studies 20 | For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each Figures
intervention group (b) effect estimates and confidence intervals, ideally with a forest plot. 25
Synthesis of results 21 | Present results of each meta-analysis done, including confidence intervals and measures of consistency. 9-10, Fig
2,5
Risk of bias across studies 22 | Present results of any assessment of risk of bias across studies (see Item 15). 9, Fig. 4
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DISCUSSION
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identified research, reporting bias).
Conclusions 26 | Provide a general interpretation of the results in the context of other evidence, and implications for future research. 13
FUNDING
Funding 27 | Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the 14

systematic review.






