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Comment [al]: lfwe have the message and
analyses right we have to cut 1,200 words for EHP.
We may want to go to another journal.
Comment [AB2]: I suggest go to another journal.
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ABSTRA CT

Background: Farming and e£xposure to pesticides haves been linked to non-Hodgkin

lymphoma (NHL) in a number of previous studies. Objective: To evaluate specific pesticides for
associations with NHL and NHL subtypes in a prospective cohort of farmers and commercial
pesticide applicatorsregistered pesticide applicators. Methods: We examined NHL incidence in a
prospective cohort of 57,310 licensed pesticide applicators in Iowa and North Carolina from
1993- 2008. Information on pesticide and other agricultural e£xposure~ iAformatioA lifestyle and
medical historyhealth histories w~ere obtained from a self-administered questionnaires
administered at enrollment (1993-1997) and in a telephone follow-up questionnaire administered
approximately five years later (1998-2004). Poisson regression modeling was used to evaluate
the association between use of specific pesticides and the rate ratios of NHL and NHL subtypes
while adjusting for age and other potential confounding variables. Results: A statistically
significant monotonic increase in the risk of overall NHL with increasing life-time exposuredays for lindane ( organochlorine insecticide) was observed and a significant positive nonmonotonic trend was observed for butylate (thiocarbamate herbicide), among 50 pesticides
evaluated. Significantly increasing risk of specific NHL subtypes with increasing life-time
exposure-days of use were observed for lindane, butylate, dicamba, terbufos, alachlor, EPTC,
imazethapyr and trifluralin. The total number of different pesticides used was not associated with

Comment [AB3]: Need to indicate which
subtypes were associated with which pesticides.

NHL risk overall, but the number of different triazine/triazone herbicides was significantly

Comment [AB4]: Mention the chemical class subtype associations before the specific pesticide
associations. Go from the general to the specific.

associated NHL. Chlorinated and organophosphate insecticide and triazine/triazone herbicides
used, was related to risk in specific NHL subtypes. Conclusions: A wide variety of chemicallydistinct herbicides and insecticides were significantly associated with different NHL subtypes.
Most pesticides are associated with only one NHL subtype.
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Comment [ABS]: I am not sure we want to
deliver this message. As written it says we believe
we found a number of meaningful pesticide subtype links and that the links were specific. This
implies we believe these findings are probably
"real." I think the message should be - this is one of
the few studies (and the only prospective study I
think) that has looked at specific pesticide - subtype
associations. Since different subtypes may have
different etiologies these findings provide leads for
future evaluations.

Keywords: Cohort Study, Farming, Pesticide Exposure, Non-Hodgkin Lymphoma.
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INTRODUCTION

Comment [AB6]: References are numbered in the
reference list, but not in the test.

Non-Hodgkin lymphomas (NHL5) are a heterogeneous group of over ~different Band
T-cell neoplasms affecting the immune system/ lymphatic system arising primarily in the lymph
nodes (Swerlow et al. 2008; Shankland et al., 2012). MNumerous eta-analyses (Blair et al..
1985: Blair et al.. 1993: Beane Freeman. 2009) studies relate lymphohaematopoietic cancers
with farming (Blair A et al., 1993; Blair aAd Beane Freeman, 2009), with exposure to pesticides

Comment [AB7]: Is the Beane Freeman article
cited here Laura's livestock article? It is the only
one in the references.

being a hypothesized etiologic agent. Since the I 980s a number of studies have been conducted
to evaluate possible links between specific pesticides and NHL. A meta-analysis of 13 casecontrol studies published between 1993-2005 observed an overall significant meta-odds ratio
between occupational exposure to pesticides and NHL (OR=l.35; 95% CI: 1.2-1.5). When
observations were limited to those that had more than 10 years of exposure the risk increased
(OR=l .65; 95% CI: 1.08-1.95) (Merhi M, et al., ~OO~L While the meta-analysis_~ports the __
hypothesis that pesticides are associated with NHL, it did notthey lack sufficieAt detail about

Comment [aS]: Moved the Merhi study up to
mention the general association first and later the
pesticide class specific-Done

evaluate exposure to specific pesticide exposure and other information on risk factors for
hematopoietic cancers to identify specific causes (Merhi M, et al., 2007). In individual studies .Qf
NHL have reported links a number of specific pesticides including phenoxy acid herbicides
(Dich et al 1997; Hardell Let al., 1981; Hoar SK et al., 1986; Zahm et al, 1990, ltviiligiLe__t__aL _
2006, itvlcDuffid~t~!, J_QOlEriks~op._M et al., 2008_: Burns _et al.. 201Lfil. am:1---chlorinat~_sl _
pesticides (McDuffie et a], 2001, Colt et al.. 2006: Spinelli JJ et al 2007, Purdue et a I, 2007, _ -- ---<~
Brauner EV, et al., 2012: Quintana et al.. 2004: Coco et al.. 2004), organophosphates (Waddell et

( Comment [a9]: Added reference
-( Comment [a10]: Added reference
Comment [a11]: Added reference
- Comment [a12]: Added Purdue

al.. 200 I: Hohenadel et al.. 2011 )dicamba (McDuffie et al..2001; nitro-derivaties (Miligi et al.,
2003): and triazole fungicides and urea herbicides (Orsi et al., 2009)have beeA suggested as
causes ofl'JHL!.. _,but the evidence has been inconsistent. Little evidence of an association
between phenoxy acid herbicides and NHL was observed in New Zealand (Pearce NE et al
1987), Washington state (USA) (Woods JS, et al 1987), or Minnesota and Iowa (USA) (Cantor
KP et al, 1992) and little evidence for chlorinated pesticides was observed in a European study
that measure pesticide metabolites in plasma samples (Cocco P et al, 2008). A variety of other
pesticides have also been associated with NHL but the evidence available to date does not
conclusively link a specific pesticide to NHL (Alavanja Met al., ~Olli;_ Cocco Pet al., 2013)._ In _ ______,
a study from the six Canadian provinces case-control study, the risk ofNHL increase!c(~it1l._Q!_~
number of different pesticides used (Hohenadel Ket al., 2011).(1 think the flow of this first
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Comment [a13]: Sentence added in reference to
Laura's comment to mention other chemical
associations by way of citing a review article.-Done
We are >8,100 words, EHP limit 7,000
'- Comment [a14]: Cindy suggests cutting down
the introduction. =Done

paragraph can be modified to make it clearer. Start with farming, then list pesticides that have
been linked to NHL in some studies. This should cover the different pesticides that have been
linked to NHL. Then list your review and Cocco (2013) to indicate that the evidence is not
conclusive for any pesticide).
In the Agricultural Health Study (AH S) we had the opportunity to evaluate the risk of
NHL o erall and by cell tvpe b bo'.h the assoeiation of lifetime use of individual pesticides
obtained from enrollment and follow-up questionnaires and the number of different pestieides
used and Nl=IL ineidenee overall and by eel I type in a prospective cohort study oflicensed

pesticide applicators in Iowa and North Carolina.
\Ve evaluated potential eon founders ineluding a previous history of malignant disease
(Wang et al.. 2007), different immunosuppressive states (Simard .IF. et al., 20 I?). and body mass
indeK (BMI) (Patel et al., 2013) and other faetors observed to be assoeiated 1.vith NHL in the
AHS eohort.

MATERIALS & METHODS

Study Population

The AHS is a prospective cohort study of 52,394 licensed private pesticide applicators in Iowa
and North Carolina and 4,916 licensed commercial applicators from Iowa. The cohort has been
described in detail (Alavanja et al., 1996). Briefly, the cohort included individuals seeking
licenses for restricted use pesticides from December 1993 through December 1997 (82% of the
target population enrolled). The protocol was approved by relevant institutional review boards.
We obtained cancer incidence information by regular linkage to cancer registry files in owa and
North Carolina. In addition, we matched cohort members to state residential mortality registries
and the National Death Index to identify vital status, and to address records of the Internal
Revenue Service, motor vehicle registration files, and pesticide license registries of state
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Comment [a15]: Infer about cancer registries
deleted as suggested by Laura.

agricultural departments to determine residence in Iowa or North Carolina. The current analysis
included all incident primary non-Hodgkin lymphomas (n=333) diagnosed from enrollment
(1993-1997) through December 31, 2008. W e censored follow-up at diagnosis of NHL or any
other cancer, date of death, movement out of state, or December 31, 2008, whichever was earlier.
Person-years of follow-up summed to 714,~70L

Tumor (characteristics_

_ __ __ _ __ _

~ ~ ---

_

-

-

\

\ \
Information on tumor characteristics was obtained from state cancer registries. Cases were
classified into 5 groups of cell types according to the Surveillance Epidemiology and END
Result (SEER) coding scheme (http://seer.cancer.gov/lymphomarecode) SEER recodes of cell
type are listed in appendix 1.-_The first group (n=l 17) includes chronic B-cell lympJ:10cytic _
lymphomas (CLL) /small B-cell lympocytic lymphomas (SLL) [n=lOl], and mantle-cell
lymphomas (MCL) (n=16). The second group includes 94 diffuse large B-cell lymphomas; the
third group includes 53 follicular lymphomas. There were 34 'other B-cell lymphomas'
consisting of a diverse set of B-cell lymphomas including precursor acute lymphoblastic
leukemia/lymphoma (n=4), Waldenstrom macro globulinemia (n=2), lymphoplasmacytic
lymphoma (n=2), hairy-cell leukemia (n=6), B-cell non-Hodgkin lymphoma not otherwise
specified(n=6), Burkitt lymphoma/leukemia (n=l), and extra-nodal Marginal Zone Lymphomas
(MZL)/ MALT type/ Nodal MZL(n=13). The fifth grouping included 35 cases consisting ofTcell lymphomas (n=12) and non-Hodgkin lymphoma of unknown lineage (n=23). The fifth
grouping was excluded from cell type-specific analyses because of small numbers of cases with
identified cell types. Although multiple myeloma (MM) (n=77) and plasmacytomas (n=6) are
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Comment [lbf16]: Did you remove prevalent
cancers? Does this mean that you also included
second cancers if they were NHL? Eg. If someone
had an incident prostate cancer and then was
diagnosed with an NHL, do you consider them to be
an NHL case? Or, did you censor them at their
diagnosis of prostate cancer? I would remove all
prevalent cancers (n=l,074) and only include first
primary NHL diagnoses, censoring at diagnosis of
any cancer.
Comment [a17]: Yes, we removed all prevalent
cancers and included only primary NHL cases>
clarification made in sentence.-no other change
necessary.
Comment [a18]: Cindy would like the 5 groups
to be named. They do not have names so it is may be
inappropriate to give them non-standard names. I
gave the SEER recode number in the table as a
means of identification.
Comment [lbf19]: Since you present them in the
appendix, I would suggest taking them out of the text
here--it'shard to read with all these numbers. You
could also add them to the relevant tables under the
specific sub-types.

\ Comment [a20]: SEER recodes deleted as
recommended by Laura.

now classified as a type of non-Hodgkin lymphoma (Morton LM et al., 2007), the pesticide
literature prior to 2008 (including the AHS) examined multiple myeloma (and plasmacytomas)
separately. (AB - I \vonder if the decision not to include myeloma might seem inconsistent with
our decision to go with the ne\ definition of NHL. We say we are changing the cancers we
characterize as NHL to fit the new definition. but then we promptly sav we are not going to
follow the new definition for all of the nev,1 inclusions. i.e .. myeloma will not be included. It is
inconsistent and seems gerrvmandered. The reason given also does not seem adequate (myeloma
has been analyzed separately for pesticides) because there have also been studies that looked a
pesticides and chronic lymphocytic leukemia. vet it is included as NHL here. Not sure \:vhat to
do but the whole thing just seems messy. We need to talk about this on an EC call.) We continue
to examine MM separately to facilitate comparisons to the previous literature. We provide
supplemental table 7 which shows NHL risk (previous definition, ICD-0-3) and lifetime use of
individual pesticides (AB - I think to make clear the possible the impact. or lack of it. of
changing the NHL definition. Table 7 needs to include ORs from both definitions of NHL for
the same length of follow up. This would make it clear that any difference regarding specific
pesticides would be due to differences in disease classification., A comparison of cell types in
the previous (ICD-0-3) and recent Inter Lymph hierarchical classification of NHL is provided in
appendix 2.

Exposure Assessment
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_ .- Comment [a21]: We added the phrase 'prior to
2008" to avoid a large increase in citations which
would contribute an additional 90 words or more
(approximately).
Comment [lbf22]: You will need to cite these
papers in the discussion.

