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Multiple myeloma (MM) has been linked to certain agricultural exposures, including pesticides. This analysis aimed to
investigate the association between lifetime use of multiple pesticides and MM risk using two exposure metrics: number of
pesticides used and days per year of pesticide use. A frequency-matched, population-based case-control study was conducted
among men in six Canadian provinces between 1991 and 1994. Data from 342 MM cases and 1,357 controls were analyzed
using logistic regression to calculate odds ratios (OR) and 95% confidence intervals. Pesticides were grouped by type,
chemical class and carcinogenic potential, using a composite carcinogenic probability score. Selected individual pesticides
were also examined. Regression models were adjusted for age, province of residence, use of proxy respondents, smoking and
selected medical history variables. The overall pattern of results was complex. Positive trends in risk were observed for
fungicides (pyena=0.04) and pesticides classified as probably carcinogenic or higher (pyeng=0.03). Excess risks of MM were
observed among men who reported using at least one carbamate pesticide (OR=1.94, 1.16-3.25), one phenoxy herbicide
(OR=1.56, 1.09-2.25) and >3 organochlorines (OR=2.21, 1.05-4.66). Significantly higher odds of MM were seen for
exposure to carbaryl (OR=2.71, 1.47-5.00) and captan (OR=2.96, 1.40-6.24). Use of mecoprop for >2 days per year was
also significantly associated with MM (OR=2.15, 1.03-4.48). Focusing on multiple pesticide exposures is important because
this more accurately reflects how exposures occur in occupational settings. Significant associations observed for certain
chemical classes and individual pesticides suggest that these may be MM risk factors.
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Introduction

Multiple myeloma (MM) is a malignant plasma cell disorder
that accounts for ~10% of all blood malignancies."” Most
patients with MM evolve from an asymptomatic premalig-
nant condition termed monoclonal gammopathy of undeter-
mined significance (MGUS).>* The median age at MM

diagnosis is about 62 years, with only 2% of patients younger
than 40 years.* Established risk factors for this disease
include the male gender, African American ethnicity,
advanced age and antigenic stimulation.* Familial clustering
of MM and MGUS has also been reported,” which implicates
genetic susceptibility factors in MM etiology, although,
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What’s new?
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This study is the first to investigate the risk of multiple myeloma from exposure to multiple pesticides using two distinct met-
rics: number of pesticides and days per year of pesticide use. Focusing on multiple pesticide exposures is important because
it more accurately reflects how exposures occur in agricultural settings. Although the overall pattern was complex, increased
risks observed for certain pesticide groups and individual compounds suggest that these may be risk factors for multiple

myeloma.

shared environmental influences or a combination of the two
cannot be discounted. In addition to these established risk
factors, many epidemiological studies have focused on occu-
pational or environmental exposures that might be linked to
the development of MM.

Numerous studies have observed elevated risks of MM
among individuals employed in agriculture, which has
brought attention to pesticides as potentially relevant expo-
sures. "' Positive associations with MM have been observed
71012 a5 well as organochlorine and car-
bamate insecticides.*'""'> A recent analysis of the Cross-
Canada Study of Pesticides and Health (CCSPH) showed that
men who reported use of the insecticide carbaryl and the
fungicide captan had significantly elevated risks of MM.'?
Most studies have focused on risks for individual pesticides,
but farmers are typically exposed to a number of different
pesticides over their lifetime. Multiple pesticides could be
used simultaneously or during the same growing season, but
not necessarily during the same application. For this reason,
it is important to distinguish individual from combined
effects. Studies have examined the effect of exposure to multi-
ple pesticides on the risk of non-Hodgkin lymphoma
(NHL),">'* but this approach has not yet been extended to
MM.

The focus of this report is the association between lifetime
pesticide exposure and risk of MM. We investigated exposure
to multiple pesticides grouped by pesticide type, chemical
class and carcinogenic potential. We also examined exposure
to selected individual pesticides within each group.

for certain herbicides

Material and Methods

Study population and recruitment

The data used in these analyses were previously collected for
the CCSPH and details of the design and methodology have
been published.'” Briefly, the CCSPH was a population-based,
case-control study of men residing in six Canadian provinces
(British Columbia, Alberta, Saskatchewan, Manitoba, Ontario
and Québec) that was conducted to explore associations
between pesticide exposure and four different types of cancer:
MM, Hodgkin lymphoma (HL), NHL and soft tissue sarcoma
(STS).

Incident MM cases (International Classification of Dis-
eases [ICD]-9 203) among men aged 19 years or older who
were diagnosed between September 1, 1991 and December
31, 1994, were eligible and were ascertained from provincial
cancer registries except in Quebec, where cases were
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ascertained from hospitals."” A reference pathologist reviewed
pathology and tumor tissue slides for 125 out of 342
(36.55%) MM cases. Because of a mid-study change in some
hospitals’ policies regarding supplying pathological material
without charge, samples could not be obtained for all cases
due to limited funding. Potential controls were men aged 19
years or older who were selected randomly using provincial
health insurance records, random digit dialing, or voters’
lists."”” These sampling frames were used because their effi-
ciency and high coverage produced a sample that was suffi-
ciently representative and minimally biased for the purposes
of the study.'® Control subjects were frequency-matched to
cases by age (*2 years) and province of residence. Deceased
subjects were ineligible as either cases or controls and proxy
respondents for deceased participants were also ineligible.

Information on pesticides used, demographic characteris-
tics, medical and occupational history, exposure to selected
chemical substances and other variables was obtained from
all participants using the postal questionnaire. A subsequent
telephone interview was used to gather detailed information
about individual pesticide use for subjects who reported >10
hr/year of pesticide use in the postal questionnaire and a
15% random sample of the remainder. These participants
were mailed a list of pesticides (both chemical and trade
names) and an information letter a week before the telephone
interview. This analysis used merged data from the postal
and the telephone questionnaires.

Pesticides were selected for inclusion if: (1) the compound
was ever registered for use in Canada and reviewed by the
International Agency for Research on Cancer (IARC); (2)
the pesticide was recently banned or restricted in Canada by
the federal licensing agency; or, (3) the pesticide was com-
monly used in Canada for specific purposes (see Appendix A
for a list of all pesticides evaluated).'”

Exposure to multiple pesticides

Use of multiple pesticides, as a proxy for exposure, was clas-
sified in two different ways: total number of pesticides used
and the self-reported days per year (days/year) of pesticide
use. Basic descriptive calculations, such as frequencies and
ranges, were used to determine the most appropriate expo-
sure categories.

The first set of analyses focused on the total number of
pesticides used. Exposure categories were created for the use
of 1, 2-4 and >5 pesticides. A binary variable (ever/never
pesticide use) was used to derive each exposure category.
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Similar exposure variables were constructed for herbicides
and insecticides. Fewer participants reported using multiple
fungicides, so self-reported use was categorized as exposure
to 1 and >2 fungicides. For these analyses the unexposed cat-
egory was specific to the pesticide type or class.

We also examined the effects of exposure to multiple pes-
ticides with different levels of known carcinogenicity. A com-
posite carcinogenicity score was created using assessments
from the JARC Monographs, U.S. Environmental Protection
Agency (EPA) Integrated Risk Information System
(IRIS) and the U.S. EPA Office of Pesticides Program (OPP):
1.0 = classified as a human carcinogen in any assessment;
0.9 = probable human carcinogen in all assessments; 0.8 =
probable human carcinogen in one assessment and possible
human carcinogen in another assessment; 0.6 = probable
human carcinogen in one assessment and unclassifiable (or
not assessed) in the others; 0.5 = possible human carcinogen
in all assessments, or possible human carcinogen in one
assessment and unclassifiable (or not assessed) by the others.
Using this composite score we created two exposure groups:
one for pesticides rated as possibly carcinogenic or higher
(score of >0.5), and another for pesticides rated as probably
carcinogenic or higher (score of >0.6). For pesticides classi-
fied as possibly carcinogenic or higher (score of >0.5), expo-
sure was categorized as use of 1, 2-4 and >5 pesticides. For
pesticides rated as probably carcinogenic or higher (score of
>0.6), exposure was grouped as use of 1, 2 and >3
pesticides.

Last, we examined exposure to multiple pesticides classi-
fied by major chemical class. We created categorical variables
for the use of 1, 2 and >3 phenoxy herbicides and the use of
1, 2 and >3 organochlorines. Within the organophosphate
class, exposure was categorized as the use of 1 and >2 or-
ganophosphate pesticides. For carbamates, exposure was cate-
gorized as the use of >1 carbamate pesticides.

The second set of analyses used days/year of pesticide use
as the exposure metric. In the telephone questionnaire, par-
ticipants were asked to indicate how many days each year
they personally mixed or applied specific herbicides, insecti-
cides, or fungicides. For pesticides rated as possibly carcino-
genic or higher (score of >0.5), exposure groups were
created for >0 and <2 days/year, >2 and <5 days/year, >5
and <15 days/year and >15 days/year of pesticide use. For
pesticides rated as probably carcinogenic or higher (score of
>0.6), phenoxy herbicides, organochlorines and organophos-
phates, exposure was categorized as >0 and <2 days/year,
>2 and <5 days/year and >5 days/year of pesticide use. For
carbamate pesticides, two exposure groups were created: >0
and <2 days/year and >2 days/year of pesticide use.

Individual pesticides

The third set of analyses focused on the most frequently used
individual herbicides, insecticides and fungicides. Similar to
the other analyses, two exposure metrics were used: a binary

Multiple pesticide exposures and multiple myeloma risk

variable (ever/never exposed) and days/year of individual pes-
ticide use.

Statistical analyses

QOdds ratios (OR) and 95% confidence intervals (CI) were cal-
culated for categorical pesticide exposure variables using
unconditional logistic regression since cases and controls
were not individually matched on age and province of resi-
dence."” Descriptive analyses were conducted and potentially
confounding variables suggested by the literature and by pre-
vious analyses of CCSPH data were investigated. We calcu-
lated odds ratios adjusted for age and province of residence,
use of a proxy respondent, personal and family medical his-
tory and smoking history. Variables that were significantly
(p<0.05) associated with MM in these bivariate analyses
were retained in the multivariate models estimating the
effects of exposure to multiple pesticides and selected individ-
ual pesticides.

Trends were examined using multiple logistic regression.
Categorical variables indicating the number of pesticides that
participants used or the number of days/year of pesticide use
were treated as continuous in the regression model to obtain
the slope estimate and associated p-value for trend (pirend)-

All analyses were conducted using SAS version 9.3 (Cary,
N.C)).

The University of Toronto Health Sciences Research
Ethics Board reviewed and approved the protocol for these
analyses.

Results

A total of 342 MM cases (58% of those contacted) and 1506
frequency age-matched controls (48% of those contacted)
participated in the CCSPH. A summary of relevant demo-
graphic characteristics, including personal and family medical
history and cigarette smoking history, is presented in Table 1.
The control group was matched to the overall age distribu-
tion for all cancer cases in the CCSPH (HL, NHL, STS and
MM), but because MM typically occurs at a more advanced
age, MM cases were significantly older than controls. In
order to account for this, 52 controls aged younger than 25
years and 97 controls aged 25 to 29 years with no matching
MM cases were excluded. Hence, this analysis used data from
342 MM cases and 1,357 controls.

Proxy respondents were used for 14.89% of controls and
30.12% of cases, and this was significantly associated with
MM (OR: 2.09, 95% CI: 1.57-2.89). All regression models
were adjusted for the use of proxy respondents. In addition,
sensitivity analyses were conducted excluding information
that was not directly reported by the participant, in order to
fully evaluate the effect of potential misclassification arising
from the use of proxy respondents.

Participants who reported that they never smoked or
smoked less than 400 cigarettes in their lifetime were classi-
fied as non-smokers. Compared to non-smokers, both cur-
rent smokers (OR: 1.29, 0.88-1.90) and former smokers (OR:
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Table 1. Characteristics of multiple myeloma cases and controls in the Cross-Canada Study of Pesticides and Health (CCSPH)

Cases (N=342) Controls (N =1357)

Mean SD Mean SD OR* (95% Cl)
Age (years)2 64.70 11.08 57.17 14.14

N % N %
30-39 9 2.63 207 15.25
40-49 30 8.77 255 18.79
50-59 62 18.13 238 17.54
60-69 118 34.50 370 27.27
70-79 101 29.53 252 18.57
80 and older 22 6.43 35 2.58
Province’
Alberta 58 16.96 177 13.04
Saskatchewan 28 8.19 84 6.19
Manitoba 25 7.31 100 7.37
Ontario 103 30.12 522 38.47
Quebec 37 10.82 256 18.87
British Columbia 91 26.61 218 16.06
Respondent type
Subject (self) 239 69.88 1155 85.11 1.00
Other 103 30.12 202 14.89 2.09 (1.57, 2.78)
Smoking status”
Never smoked cigarettes 92 26.90 473 34.86 1.00
Former smoker 197 57.60 627 46.20 1.36 (1.02, 1.80)
Current smoker 53 15.50 257 18.94 1.29 (0.88, 1.90)
Ever diagnosed with the following conditions®
Allergies (yes) 60 17.54 337 24.83 0.67 (0.49, 0.91)
Measles (yes) 166 48.54 831 61.24 0.57 (0.44, 0.73)
Rheumatoid arthritis (yes) 16 4.68 85 6.26 0.54 (0.31, 0.94)
Shingles (yes) 49 14.33 83 6.12 2.08 (1.41, 3.08)
Cancer (yes) 61 17.84 86 6.34 2.39 (1.65, 3.45)
Cancer in first-degree relatives
Any cancer (yes) 164 47.95 480 35.37 1.42 (1.10, 1.81)
Hematologic cancer® (yes) 28 8.19 67 4.94 1.40 (0.87, 2.25)
Multiple myeloma (yes) 9 2.63 5 0.37 9.15 (2.90, 28.80)
Ever lived or worked on a farm
No 166 48.54 725 53.43 1.00
Yes 176 51.46 632 45.57 1.00 (0.77, 1.29)
Longest-held job as a farmer
No 256 74.85 1134 83.57 1.00
Yes 86 25.15 223 16.43 1.25 (0.92, 1.72)

*Adjusted for matching variables: age and province of residence

’t=-10.59, p < 0.0001

X2 =36.81, p < 0.0001

“Individuals who smoked 400 cigarettes or less during their lifetime were considered non-smokers

>Also tested and found not to be associated: acne, asthma, mumps, celiac disease, chickenpox, diabetes, hay fever, mononucleosis, rheumatic
fever, ringworm, syphilis, urinary tract infections, whooping cough, treatment for overactive thyroid, drug treatment for lice or scabies, medical
implants, drug treatment for epilepsy, tonsillectomy

SCancer other than non-Hodgkin lymphoma, Hodgkin lymphoma, multiple myeloma or soft-tissue sarcoma

’This includes non-Hodgkin lymphoma, Hodgkin lymphoma, all types of leukemia and multiple myeloma

Int. ). Cancer: 133, 1846-1858 (2013) © 2013 UICC
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1.36, 1.02-2.78) were more likely to be diagnosed with MM.
A comparison of the participants’ personal medical history
revealed that certain immune and inflammatory conditions
and infectious diseases were significantly associated with MM
(Table 1). Compared with controls, cases with a history of
allergies (OR: 0.67, 0.49-0.91), measles (OR: 0.57, 0.44-73)
and rheumatoid arthritis (OR: 0.54, 0.31-0.94) had signifi-
cantly lower odds of MM. On the other hand, a previous di-
agnosis of shingles (OR: 2.08, 1.41-3.08) or personal history
of cancer (OR: 2.39, 1.65-3.45) was associated with higher
likelihood of MM.

A significantly higher proportion of cases than controls
reported a positive family history of cancer. Family history of
cancer can be an indicator of inherited genetic susceptibility
to cancer and was included as a covariate in logistic regression
models. Cancer of any type in a first-degree relative was asso-
ciated with a significantly higher risk of MM (OR: 1.42, 1.10-
1.81). The odds of MM observed for diagnosis of any hemato-
logic cancer in a first-degree relative was similar (OR: 1.40,
0.87-2.25), but when the type of cancer was restricted to MM,
much higher odds were observed (OR: 9.15, 2.90-28.80).

Approximately half of cases (51.46%) and controls
(45.57%) had ever lived or worked on a farm, but this was
not significantly related to MM. Compared with controls,
cases were more likely to report farming as their longest-held
occupation and this was associated with higher odds of MM
(OR: 1.25, 0.92-1.72).

Exposure to multiple pesticides

The risk of MM tended to be higher with an increasing num-
ber of pesticides used, but the trend did not increase monot-
onically in most analyses (Table 2). Overall, the use of an
increasing number of any pesticide was associated with a
non-significant positive trend in risk (pyena =0.11). When
pesticides were grouped by type, a positive trend in risk was
observed for the use of multiple insecticides (pienqa = 0.10).
This association became stronger after the exclusion of infor-
mation provided by proxy respondents, whereby the use of
>5 insecticides was significantly associated with MM (OR:
2.17, 1.02-4.63; (Pirena = 0.07). The use of multiple fungicides
appeared to be less common, and despite a positive trend in
risk (Pirena = 0.04), the likelihood of MM was significantly
higher only among men who reported use of 1 fungicide (OR:
1.73, 1.00-3.00).

When trends in risk were examined for pesticides grouped
according to their carcinogenic potential (Table 2), this
revealed differences in the pattern of risk between pesticides
rated as possibly carcinogenic or higher compared to those
classified as probably carcinogenic or higher. Although a pos-
itive association was observed for pesticides with a composite
carcinogenicity score of >0.5 (Pyreng=0.11), limiting the anal-
ysis to pesticides with carcinogenicity scores of >0.6 revealed
a stronger trend in risk with increasing numbers of pesticides
used (Piena = 0.04). Restricting the analysis to information
reported directly by the participants yielded slightly higher

Multiple pesticide exposures and multiple myeloma risk

estimates (OR for >3 pesticides: 2.24, 0.94-5.34; pyend =
0.03).

Some significant associations were also observed when
pesticides were examined by major chemical class, but no
clear exposure-response patterns were identified (Table 3). A
significantly increased MM risk was observed for exposure to
>3 organochlorine pesticides (OR: 2.21, 1.05-4.66), but the
trend was not significant (pyeng = 0.13). The use of >1 carba-
mate pesticides appeared to significantly increase the likeli-
hood of MM (OR: 1.94, 1.16-3.25). An excess of MM also
occurred from the use of any single phenoxy herbicide (OR:
1.56, 1.09-2.25), but not for use of more than one phenoxy
herbicides. Similarly to the analyses of pesticides grouped by
type (Table 2), the observed associations were strengthened
with the exclusion of information provided by proxy
respondents.

The next set of analyses examined MM risk in association
with the number of days/year mixing or applying pesticides,
grouped by carcinogenic potential and major chemical class
(Table 4). After excluding information reported by proxy
respondents, a significant positive trend in risk (pyena=0.03)
was observed for pesticides classified as probably carcinogenic
or higher (score of >0.6), but not for pesticides classified as
possibly carcinogenic or higher (score of >0.5) (Pirena=0.15).
Although the overall trend in risk was significant for carba-
mates (Pyena=0.02), men who directly reported using these
pesticides for <2 days/year (OR: 2.17, 0.98-4.81) had a
higher likelihood of MM than those who self-reported >2
days/year of use (OR: 2.02, 0.89-4.60). After excluding proxy
responses, a borderline significant association was observed
for men who reported mixing or applying organophosphate
pesticides for >5 days/year (OR: 1.87, 0.99-3.50; pirend =
0.17).

Individual pesticides

The ORs for some of the most frequently used herbicides,
insecticides and fungicides are presented in Table 5. Meco-
prop was the only herbicide significantly associated with MM
(OR: 1.94, 1.19-3.19). 2,4-D was the most commonly used
herbicide, but the observed excess risk of MM was not statis-
tically significant (OR: 1.30, 0.95-1.78). Among insecticides,
the most notable associations were observed for carbaryl
(OR: 2.71, 1.47-5.00) and lindane (OR: 2.37, 1.08-5.16). A
non-significant, increased risk was also observed for DDT
(OR: 1.64, 0.97-2.79). For fungicides, only exposure to captan
was associated with a significantly higher likelihood of MM
(OR: 2.96, 1.40-6.24). Excluding proxy responses revealed
stronger positive associations for mercury dust, mecoprop,
DDT and captan.

Several positive associations were observed when these
individual pesticides were assessed by days/year of pesticide
use (Table 6). Men who directly self-reported using meco-
prop for >2 days/year had significantly higher odds of MM
(OR: 2.56, 1.17-5.64), and this effect was larger than what
was observed for <2 days/year of mecoprop use (OR: 1.82,

Int. J. Cancer: 133, 1846-1858 (2013) © 2013 UICC
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Table 2. Adjusted odds ratios for multiple myeloma in relation to the number of pesticides used grouped by pesticide type and carcinogenic
potential, defined using a composite carcinogenic probability score®

Proxy responses excluded
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Number of pesticides used Cases Controls OR? (95% CI) Cases Controls OR? (95% Cl)

All pesticides

0 240 976 1.00 162 821 1.00

1 6 55 0.52 (0.21, 1.28) 5 49 0.64 (0.24, 1.71)

2-4 47 157 1.40 (0.95, 2.06) 32 137 1.28 (0.82, 2.01)

>5 49 169 1.26 (0.85, 1.86) 50 148 1.43 (0.92, 2.21)
Puend” = 0.11 Prrend” = 0.09

Herbicides

0 248 1023 1.00 168 862 1.00

1 43 138 1.41 (0.95, 2.11) 32 121 1.39 (0.88, 2.18)

2-4 34 136 1.07 (0.69, 1.66) 26 121 1.09 (0.67, 1.79)

>5 17 60 1.47 (0.79, 2.72) 13 51 1.68 (0.84, 3.39)
Pirend” = 0.18 Ptrend” = 0.16

Insecticides

0 248 1027 1.00 168 867 1.00

1 38 113 1.52 (0.99, 2.34) 24 95 1.45 (0.87, 2.42)

2-4 43 182 1.09 (0.73, 1.61) 35 163 1.16 (0.75, 1.79)

>5 13 35 1.91 (0.95, 3.85) 12 30 2.17 (1.02, 4.63)
Ptrend” = 0.10 Ptrend” = 0.07

Fungicides

0 295 1217 1.00 202 1034 1.00

1 25 85 1.27 (0.77, 2.11) 21 69 1.73 (1.00, 3.00)

>2 22 55 1.70 (0.96, 3.00) 16 52 1.59 (0.83, 3.03)
Purena” = 0.05 Prrend” = 0.04

Pesticides rated as possibly carcinogenic or higher (score of >0.5)

0 248 1035 1.00 167 874 1.00

1 29 99 1.43 (0.89, 2.29) 22 84 1.54 (0.91, 2.63)

2-4 46 157 1.26 (0.85, 1.87) 35 137 1.33 (0.85, 2.08)

>5 19 66 1.34 (0.75, 2.39) 15 60 1.37 (0.72, 2.61)
Ptrend” = 0.11 Prend® = 0.11

Pesticides rated as probably carcinogenic or higher (score of >0.6)

0 279 1177 1.00 190 995 1.00

1 37 104 1.66 (1.08, 2.56) 27 95 1.57 (0.96, 2.56)

2 16 53 1.04 (0.55, 1.95) 13 43 1.26 (0.63, 2.56)

>3 10 23 2.18 (0.97, 4.93) 9 22 2.24 (0.94, 5.34)

ptrend2 =0.04

ptrend3 =0.03

1Carcinogenic probability values created by integrating IARC, US EPA IRIS, US EPA OPP assessments: 1.0 = classified as a human carcinogen in ei-
ther assessment; 0.9 = probable human carcinogen in all assessments; 0.8 = probable human carcinogen in one assessment and possible human
carcinogen in another assessment; 0.6 = probable human carcinogen in one assessment and unclassifiable (or not assessed) in the others; 0.5 =
possible human carcinogen in all assessments, or possible human carcinogen in one assessment and unclassifiable (or not assessed) by the
others; 0.3 = not assessed, or deemed unclassifiable in one or all three assessments; 0.1= evidence for non-carcinogenicity in any assessment
2Adjusted for age, province of residence, use of a proxy respondent, smoking status, selected medical conditions (rheumatoid arthritis, allergies,
measles, shingles, cancer) and family history of cancer.
3Adjusted for age, province of residence, smoking status, selected medical conditions (rheumatoid arthritis, allergies, measles, shingles, cancer)

and family history of cancer.

Int. ). Cancer: 133, 1846-1858 (2013) © 2013 UICC
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Table 3. Adjusted odds ratios for multiple myeloma in relation to the number of pesticides used, grouped by major chemical class

Proxy responses excluded
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Number of pesticides used Cases Controls OR! (95% CI) Cases Controls OR? (95% CI)

Phenoxy herbicides

0 255 1058 1.00 173 893 1.00

1 56 170 1.56 (1.09, 2.25) 40 148 1.54 (1.01, 2.34)

2 16 80 0.90 (0.50, 1.64) 13 70 1.03 (0.54, 1.99)

>3 15 49 1.50 (0.78, 2.87) 13 44 1.72 (0.85, 3.49)
Ptrend” =0.16 Ptrend” =0.09

Organochlorines

0 274 1098 1.00 184 926 1.00

1 41 158 1.17 (0.79, 1.74) 33 137 1.25 (0.81, 1.94)

2 15 74 0.96 (0.52, 1.78) 11 68 0.90 (0.45, 1.82)

>3 12 27 2.21 (1.05, 4.66) 11 24 2.46 (1.10, 5.48)
Ptrend” =0.13 Prrend” =0.11

Organophosphates

0 287 1139 1.00 196 963 1.00

1 31 120 1.16 (0.75, 1.81) 23 105 1.10 (0.66, 1.83)

>2 24 98 1.07 (0.64, 1.77) 20 87 1.13 (0.64, 1.98)
Ptrend’ = 0.63 Ptrend” = 0.61

Carbamates

0 315 1298 1.00 217 1104 1.00

>1 27 59 1.94 (1.16, 3.25) 22 51 2.09 (1.19, 3.70)

*Adjusted for age, province of residence, use of a proxy respondent, smoking status, selected medical conditions (rheumatoid arthritis, allergies,

measles, shingles, cancer) and family history of cancer

2Adjusted for age, province of residence, smoking status, selected medical conditions (rheumatoid arthritis, allergies, measles, shingles, cancer)

and family history of cancer

0.89-3.70). Although the herbicide glyphosate did not appear
to be significantly associated with MM in the previous analy-
sis using binary exposure variables (Table 5), a nearly signifi-
cant association was observed for >2 days/year of glyphosate
use (OR: 2.11, 0.95-4.70). Self-reported use of DDT for <2
days/year was significantly related to MM (OR: 3.09, 1.15-
8.31), but the magnitude of risk was lower for >2 days/year
of exposure (OR: 1.40, 0.62-3.18). Likewise, the risk of MM
was significantly elevated among men who self-reported using
of captan for <2 days/year (OR: 6.84, 1.95-23.96) but not for
>2 days/year (OR: 1.95, 0.51-7.45).

On the other hand, participants who directly reported
using mecoprop for >2 days/year had significantly higher
odds of MM (OR: 2.56, 1.17-5.64) and this effect was larger
than what was observed for <2 days/year of mecoprop use
(OR: 1.82, 0.89-3.70). For carbaryl higher odds of MM were
also observed for >2 days/year (OR: 3.33, 1.24-8.97) than
shorter duration of exposure (OR for <2 days/year: 2.47,
0.99-6.15). A similar pattern of increasing risk with progres-
sively more days/year of pesticide use was also observed for
mercury dust (OR for >2 days/year: 2.35, 0.98-5.64), as well
as formaldehyde (OR for >2 days/year: 3.41, 0.84-13.77), but
only after the exclusion of proxy responses.

Discussion

The hypothesis that farming and other agricultural activities
are associated with MM has been raised previously,'®'® but
only a few studies of farmers have focused specifically on
pesticides.” ' *° Analyses of multiple pesticide exposures in
the CCSPH found that the risk of NHL also increased with
greater numbers of pesticides used and even more strikingly
with pesticides that were suspected carcinogens.'* In the
present analysis, there was a significant trend in risk for self-
reported use of increasing numbers of pesticides classified as
probably carcinogenic or higher (score of >0.6). A signifi-
cantly higher risk of MM was also observed for exposure to
>3 organochlorines, although the trend was not statistically
significant. In addition, use of carbamate pesticides was sig-
nificantly associated with an excess risk of MM. Investigating
MM risk from exposure to multiple pesticides using days/
year as the exposure metric also revealed a significant trend
in risk for pesticides classified as probable carcinogens or
higher (Puena=0.03) and for carbamates (peng = 0.02). We
also observed an increased likelihood of MM among men
who directly reported mixing or applying organophosphate
pesticides for >5 days/year. This is in contrast to the results
obtained using the total number of organophosphates as the
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Table 4. Adjusted odds ratios for multiple myeloma in relation to the days/year of mixing or applying pesticides, grouped by chemical class
and carcinogenic potential, defined using a composite carcinogenic probability score®

Proxy responses excluded

Days/year Cases Controls OR? (95% Cl) Cases Controls OR? (95% Cl)
Pesticides rated as possibly carcinogenic or higher (score of >0.5)
Unexposed 250 1039 1.00 168 877 1.00
>0 and <2 24 72 1.56 (0.92, 2.64) 17 60 1.65 (0.89, 3.05)
>2 and <5 22 66 1.47 (0.85, 2.53) 14 56 1.30 (0.67, 2.50)
>5 and <15 22 96 1.18 (0.70, 1.99) 20 86 1.44 (0.83, 2.51)
15> 24 84 1.14 (0.68, 1.92) 20 76 1.25 (0.71, 2.19)
Ptrend2 =0.26 Ptrend3 =0.15
Pesticides rated as probably carcinogenic or higher (score of >0.6)
Unexposed 283 1189 1.00 191 1006 1.00
>0 and <2 25 62 1.89 (1.12, 3.21) 19 57 1.75 (0.96, 3.17)
>2 and <5 13 47 1.52 (0.78, 2.96) 10 40 1.76 (0.83, 3.74)
>5 21 59 1.26 (0.71, 2.22) 19 52 1.58 (0.87, 2.85)
ptrend2 =0.10 Ptrend3 =0.03
Phenoxy herbicides
Unexposed 258 1064 1.00 175 898 1.00
>0 and <2 35 111 1.47 (0.95, 2.28) 23 95 1.42 (0.84, 2.39)
>2 and <5 23 86 1.33 (0.80, 2.23) 19 73 1.48 (0.84, 2.61)
>5 26 96 1.23 (0.75, 2.02) 22 89 1.34 (0.78, 2.29)
Puend” =0.16 Puena” =0.11
Organochlorines
Unexposed 281 1120 1.00 188 945 1.00
>0 and <2 20 77 1.19 (0.69, 2.05) 14 71 1.07 (0.57, 2.01)
>2 and <5 17 61 1.55 (0.85, 2.81) 14 54 1.64 (0.85, 3.19)
>5 24 99 1.11 (0.67, 1.85) 23 85 1.37 (0.81, 2.31)
Ptrend2 =0.30 Ptrend3 =0.11
Organophosphates
Unexposed 291 1148 1.00 197 972 1.00 a
>0 and <2 21 100 0.90 (0.53, 1.51) 16 86 0.92 (0.51, 1.67) 2
>2 and <5 11 56 0.87 (0.43, 1.76) 9 51 0.90 (0.42, 1.94) E
>5 19 53 1.67 (0.93, 2.98) 17 46 1.87 (0.99, 3.50) ,.g
Puend’ = 0.27 Puend’® = 0.17 &
Carbamates
Unexposed 317 1302 1.00 218 1106 1.00
>0 and <2 14 26 2.26 (1.10, 4.67) 11 24 2.17 (0.98, 4.81)
>2 11 29 1.74 (0.81, 3.73) 10 25 2.02 (0.89, 4.60)
Ptrend” = 0.03 Ptrend” = 0.02

1Carcinogenic probability values created by integrating IARC, US EPA IRIS, US EPA OPP assessments: 1.0 = classified as a human carcinogen in ei-
ther assessment; 0.9 = probable human carcinogen in all assessments; 0.8 = probable human carcinogen in one assessment and possible human
carcinogen in another assessment; 0.6 = probable human carcinogen in one assessment and unclassifiable (or not assessed) in the others; 0.5 =
possible human carcinogen in all assessments, or possible human carcinogen in one assessment and unclassifiable (or not assessed) by the
others; 0.3 = not assessed, or deemed unclassifiable in one or all three assessments; 0.1= evidence for non-carcinogenicity in any assessment
2Adjusted for age, province of residence, use of a proxy respondent, smoking status, selected medical conditions (theumatoid arthritis, allergies,
measles, shingles, cancer) and family history of cancer

Adjusted for age, province of residence, smoking status, selected medical conditions (rheumatoid arthritis, allergies, measles, shingles, cancer)
and family history of cancer.
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Table 5. Adjusted odds ratios for multiple myeloma in relation to exposure to selected herbicides, insecticides and fungicides

Individual Pesticides Number Exposed

Proxy responses excluded

Number Exposed

(Carcinogenic Probability Score?) Cases Controls OR? (95% Cl) Cases Controls OR? (95% CI)
Herbicides

2,4-D (0.5) 80 278 1.30 (0.95, 1.78) 61 244 1.36 (0.95, 1.95)
Glyphosate (0.3) 32 121 1.19 (0.76, 1.87) 23 108 1.11 (0.66, 1.86)
Mecoprop (0.5) 27 74 1.94 (1.19, 3.19) 23 68 1.97 (1.16, 3.37)
Insecticides

Methoxychlor (0.3) 43 187 1.17 (0.80, 1.72) 35 157 1.18 (0.77, 1.80)
Malathion (0.3) 32 124 1.12 (0.71, 1.74) 29 110 1.28 (0.79, 2.07)
Chlordane (0.8) 25 100 1.18 (0.72, 1.93) 22 89 1.27 (0.75, 2.17)
DDT (0.8) 25 57 1.64 (0.97, 2.79) 21 51 1.68 (0.94, 3.01)
Carbaryl (0.6) 21 33 2.71 (1.47, 5.00) 17 30 2.69 (1.37, 5.28)
Lindane (0.5) 12 23 2.37 (1.08, 5.16) 8 21 2.35 (0.96, 5.73)
Fungicides

Mercury dust (0.3) 17 39 1.57 (0.82, 2.99) 15 35 1.91 (0.95, 3.83)
Captan (0.3) 14 24 2.96 (1.40, 6.24) 10 19 3.03 (1.27, 7.22)
Formaldehyde (1.0) 12 25 1.24 (0.56, 2.74) 8 20 1.52 (0.59, 3.87)

1Carcinogenic probability values created by integrating IARC, US EPA IRIS, US EPA OPP assessments: 1.0 = classified as a human carcinogen in ei-
ther assessment; 0.9 = probable human carcinogen in all assessments; 0.8 = probable human carcinogen in one assessment and possible human
carcinogen in another assessment; 0.6 = probable human carcinogen in one assessment and unclassifiable (or not assessed) in the others; 0.5 =
possible human carcinogen in all assessments, or possible human carcinogen in one assessment and unclassifiable (or not assessed) by the
others; 0.3 = not assessed, or deemed unclassifiable in one or all three assessments; 0.1= evidence for non-carcinogenicity in any assessment
2Adjusted for age, province of residence, use of a proxy respondent, smoking status, selected medical conditions (theumatoid arthritis, allergies,

measles, shingles, cancer) and family history of cancer

3Adjusted for age, province of residence, smoking status, selected medical conditions (rheumatoid arthritis, allergies, measles, shingles, cancer)

and family history of cancer

exposure metric, where no notable excesses in risk were
observed.

Despite several statistically significant trends, the overall
pattern of MM risk was complex. There are a number of
explanations for the lack of clear exposure-response patterns.
It is possible that the observed associations were due to
chance. The numbers, although adequate, were not large and
a number of comparisons were made. Exposure measurement
error may have also influenced results. Non-differential expo-
sure misclassification can obscure even moderate excesses in
risk. In addition, combining different individual pesticides
into a single category was challenging because the chemicals
have different structures, modes of action in target species
and may have different mechanisms of suspected carcino-
genic action. Pesticides are a heterogeneous group of chemi-
cals with diverse functions and formulations. Little is known
about the mechanisms by which several pesticides could
influence cancer risk, and even less is known about the possi-
ble interactions involving adjuvant ingredients typically con-
tained in commercial formulations. Any increase in MM risk
associated with the use of broad types of pesticides or chemi-
cal classes could likely be attributed to the action of only a
few compounds with non-carcinogens tending to attenuate
associations.

Examination of individual pesticides provided some
insight as to what specific compounds might be driving the
increased risks observed in the analyses of multiple pesticide
use. Risk of MM in relation to self-reported use of individual
pesticides has also been reported by Pahwa et al.'?
ous analysis of CCSPH data. Our findings extend these analy-

in a previ-

ses, while also examining the impact of excluding
information provided by proxy respondents on effect esti-
mates. The significant trend in risk observed for fungicides
may reflect the three-fold risk of MM observed for exposure
to captan, a broad-spectrum fungicide used on a variety of
crops, ornamental plants, seeds and post-harvest fruit for cos-
metic purposes. The carcinogenic potential of captan remains
controversial. It has been shown to disrupt the inactivation
of caspases, a group of intracellular cysteine enzymes that
lead to apoptosis when activated.”’ The increased apoptosis
of human erythrocytes stimulates the production of replace-
ment cells within the bone marrow and this increased cell di-
vision may increase the potential for genetic error in
replication, leading to neoplastic transformation. However,
results of mutagenicity studies have been contradictory, with
only in-vitro but not in-vivo studies showing positive
results.”> The U.S. EPA has recently downgraded its classifi-

cation of captan to not likely to be carcinogenic to humans,
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Table 6. Adjusted odds ratios for multiple myeloma in relation to days per year of mixing or applying selected herbicides, insecticides and
fungicides

Proxy responses excluded

Individual Pesticides

(Carcinogenic Probability Score) Number Exposed Number Exposed

Days/year Cases Controls OR? (95% CI) Cases Controls OR? (95% CI)

Herbicides

2,4-D (0.5)

>0 and <2 35 144 1.13 (0.74, 1.74) 25 123 1.19 (0.72, 1.94)

>2 and <5 23 77 1.36 (0.80, 2.31) 19 70 1.41 (0.79, 2.51)

>5 17 49 1.46 (0.79, 2.70) 14 44 1.59 (0.82, 3.09)

Glyphosate (0.3)

>0 and <2 15 88 0.72 (0.39, 1.32) 11 78 0.70 (0.35, 1.40)

>2 12 29 2.04 (0.98, 4.23) 10 26 2.11 (0.95, 4.70)

Mecoprop (0.5)

>0 and <2 14 40 1.87 (0.96, 3.61) 12 37 1.82 (0.89, 3.70)

>2 12 31 2.15 (1.03, 4.48) 11 28 2.56 (1.17, 5.64)

Insecticides

Methoxychlor (0.3)

>0 and <2 14 67 0.96 (0.51, 1.81) 11 63 0.90 (0.45, 1.82)

>2 and <5 11 39 1.85 (0.88, 3.88) 8 36 1.53 (0.65, 3.59)

>5 12 57 1.16 (0.60, 2.27) 12 48 1.37 (0.68, 2.74)

Malathion (0.3)

>0 and <2 17 74 1.04 (0.58, 1.88) 16 67 1.21 (0.65, 2.26)

>2 12 38 1.37 (0.68, 2.77) 11 32 1.59 (0.75, 3.39)

Chlordane (0.8)

>0 and <2 11 52 1.07 (0.53, 2.16) 10 48 1.10 (0.52, 2.34)

>2 10 42 1.09 (0.51, 2.34) 9 37 1.24 (0.55, 2.76)

DDT (0.8)

>0 and <2 9 17 2.53 (1.05, 6.06) 7 14 3.09 (1.15, 8.31)

>2 10 27 1.16 (0.52, 2.59) 10 24 1.40 (0.62, 3.18)

Carbaryl (0.6)

>0 and <2 11 18 2.61 (1.13, 6.01) 9 17 2.47 (0.99, 6.15)

>2 9 14 2.74 (1.10, 6.83) 8 12 3.33 (1.24, 8.97) a
Lindane (0.5) —g
>0 and <2 7 12 2.37 (0.85, 6.61) 4 11 2.05 (0.59, 7.17) é
>2 3 11 1.27 (0.30, 5.30) 3 10 1.96 (0.50, 7.76) -8
Fungicides 5“
Mercury dust (0.3)

>0 and <2 5 13 1.29 (0.43, 3.87) 5 11 1.90 (0.59, 6.11)

>2 10 20 2.14 (0.94, 4.88) 9 19 2.35 (0.98, 5.64)

Captan (0.3)

>0 and <2 8 9 4.50 (1.60, 12.63) 6 5 6.84 (1.95, 23.96)

>2 5 12 2.00 (0.60, 6.67) 4 11 1.95 (0.51, 7.45)

Formaldehyde (1.0)

>0 and <2 5 10 1.68 (0.52, 5.43) 4 8 1.84 (0.48, 7.16)

>2 5 8 1.13 (0.31, 4.15) 4 5 3.41 (0.84, 13.77)

Carcinogenic probability values created by integrating IARC, US EPA IRIS, US EPA OPP assessments: 1.0 = classified as a human carcinogen in ei-
ther assessment; 0.9 = probable human carcinogen in all assessments; 0.8 = probable human carcinogen in one assessment and possible human
carcinogen in another assessment; 0.6 = probable human carcinogen in one assessment and unclassifiable (or not assessed) in the others; 0.5 =
possible human carcinogen in all assessments, or possible human carcinogen in one assessment and unclassifiable (or not assessed) by the
others; 0.3 = not assessed, or deemed unclassifiable in one or all three assessments; 0.1= evidence for non-carcinogenicity in any assessment
’Adjusted for age, province of residence, use of a proxy respondent, smoking status, selected medical conditions (theumatoid arthritis, allergies,
measles, shingles, cancer) and family history of cancer

3Adjusted for age, province of residence, smoking status, selected medical conditions (rheumatoid arthritis, allergies, measles, shingles, cancer)
and family history of cancer.
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except following prolonged, high-level exposures, which are
above those likely to be encountered in occupational or resi-
dential settings.”® This is consistent with the findings of the
Agricultural Health Study, where no association was observed
between the highest level of captan exposure and develop-
ment of cancer at any site.**

Within the phenoxy herbicide class, 92% of exposed cases
reported use of 2,4-D and 31% had used mecoprop. Although
only mecoprop was significantly related to MM, the odds asso-
ciated with 2,4-D exposure were also elevated. When days/year
of pesticide use were examined, the odds of MM increased
with a greater number of days spent mixing or applying these
herbicides. All chlorophenoxy herbicides, as a group, have
been classified by IARC as possibly carcinogenic to humans
(Group 2B).* An increased risk of MM with exposure to phe-
noxy herbicides has also been reported in a Swedish popula-
tion-based case-control study.'’ There is potential for 2,4-D to
promote cancer by inducing DNA damage, compromising the
ability of cells to eliminate reactive oxygen species and enhanc-
ing the lymphocyte replication index.** However, most of ex-
perimental the literature on the carcinogenicity of 2,4-D has
been negative.””*® 2,4-D has been more consistently associated
with NHL than MM, both in the CCSPH and in other stud-
ies.”*>* Mecoprop was previously found to be associated with
MM in the CCSPH dataset.'> Mutagenicity assays in bacteria
have been negative, but a dose-dependent increase in chromo-
somal aberrations in the bone marrow of Chinese hamsters
was noted following oral administration of mecoprop.™

The association between MM and carbamate pesticides
can be mostly attributed to carbaryl. Carbaryl was responsible
for 78% (21 out of 27) of carbamate exposure among cases
and 55% (34 out of 62) of exposure among controls in this
category. Carbaryl is an N-methylcarbamate insecticide used
in agriculture to control pests on terrestrial food crops and
other locations like golf courses and oyster beds. The geno-
toxicity of N-methylcarbamate insecticides has been studied
extensively; however, results from different endpoints are of-
ten contradictory. A study found much higher levels of chro-
mosomal damage in the sperm of carbaryl-exposed Chinese
factory workers.>* Carbaryl has been found to increase sister
chromatid exchange in human cells.’® The U.S. EPA classifies
carbaryl as “likely to be carcinogenic to humans” based on
evidence of liver tumors in rats’® and vascular tumors in
%738 whereas IARC has not assessed carbaryl since 1987,
when the human evidence was deemed to be inadequate
which resulted in a Group 3 classification.*

The increasing risk of MM with the number of organo-
chlorine pesticides used is noteworthy. The most frequently
used organochlorines used in the CCSPH were methoxychlor,
chlordane, DDT and lindane. DDT exposure has been found
to increase MM risk in some studies®'' and we also observed
this in our analysis. DDT is classified by IARC as a possible
human carcinogen (Group 2B), and the U.S. EPA considers
it a probable carcinogen (Group B2).**** Similarly, the U.S.
EPA categorizes chlordane as a probable human carcinogen

mice,

Multiple pesticide exposures and multiple myeloma risk

(Group B2), while IARC considers it to be possibly carcino-
genic to humans (Group 2B).*>*' Chlordane did not appear
to be significantly linked to MM in our analysis. Exposure to
lindane, on the other hand, was associated with a signifi-
cantly higher likelihood of MM, and this is consistent with a
previous CCSPH analysis by Pahwa et al.'?

In addition to the investigations of multiple pesticide
exposures and selected individual compounds, a unique fea-
ture of this study is the sensitivity analysis that evaluated the
effects of using proxy respondents. Inclusion of proxy
respondents increases sample size and improves the represen-
tativeness of the case group, though this may be at the
expense of non-response bias and potential misclassification
of exposure.*? The results of our sensitivity analysis showed
that for certain pesticide groups and individual compounds
the estimates of effect actually increased, despite the apparent
loss of power resulting from the exclusion of 30% of cases
and 15% of controls who required the use of proxy respond-
ents. This supports our hypothesis that the use of proxy
respondents introduced exposure misclassification that biased
the observed odds ratios towards the null. A recent investiga-
tion of the accuracy of proxy respondents in population-
based case-control studies found that for pesticide exposure,
26% of proxy responses were missing, compared to 9% for
index cases.*” Although proxies such as spouses of farmers
can provide some useful information regarding a farmer’s
pesticide use, proxies are less aware of specific pesticides used
and details about pesticide use than the farmers themselves.*’

Although not the primary objective of this analysis, the
finding that smoking was positively associated with MM is
interesting because this link has only been reported in a few
studies.***> Smoking may be related to MM and occupational
pesticide exposures,*® and it can also directly influence expo-
sures from hand-mouth contact.*’” Smoking could also mod-
ify cancer risk from pesticide exposure because carcinogens
found in cigarette smoke may potentiate the genotoxic effects
of pesticide exposures.*” The observation that former smok-
ers appeared to be at a slightly higher risk than current
smokers may be explained by the older age of former smok-
ers and the resulting longer lifetime exposure to cigarette
smoke. In addition, smoking may reduce the use of personal
protective equipment (PPE), increasing the likelihood of oral
and dermal exposure to pesticide residues.***” A Danish
study found that greenhouse workers who had not used PPE
and were current smokers had higher ratios of chromatid
gaps compared to non-smokers.*’

One of the main limitations of this study is the low
response rates observed for cases and controls. To minimize
selection bias, extensive follow-up efforts were made to con-
tact all living cases.'”> The postal codes for responders and
non-responders in the CCSPH were available and these were
used as an indicator of urban vs. rural residence. Despite the
low response rate, a comparison of the postal codes for par-
ticipants and non-participants did not indicate the presence
of a rural bias."> A comparison of the postal codes also
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confirmed that the main reasons for non-participation were
due to death or a change of address.*®

Recall bias is a concern in case-control studies because
cases may be more prone than controls to reflect on past
exposures after diagnosis of cancer, which may result in false
positive associations or inflated OR estimates. Investigations
of self-reported pesticide use among farmers in studies with
comparable methods of exposure ascertainment to those used
in the CCSPH found that cases and controls reported similar
numbers of specific pesticides used when this information
was volunteered and when it was reported after probing.* If
recall bias occurred, cases would be expected to volunteer a
larger proportion of use than controls because they had been
thinking about possible exposures that may have caused their
cancer.*” Furthermore, farmers have demonstrated reliable
recall of pesticide use that is comparable in accuracy to their
recall of other standard epidemiological variables.*>*°

This analysis has several important strengths, including
the relatively large number of incident MM cases and con-
trols and the population-based nature of the CCSPH, which
ensured that cancer cases and controls were representative of
the Canadian population. The considerable variation in pesti-
cide use reported by the participants made it possible to
investigate the effects of multiple pesticide use. This also
allowed us to create unique ways of grouping multiple pesti-
cide use, such as by integrating carcinogenicity ratings from
different regulatory agencies into a single composite carcino-
genicity score.

The detailed information on pesticide exposure that was
collected in the CCSPH is another important strength of this
study because it allowed us to construct two different metrics
in order to assess the effects of exposure to multiple pesti-
cides in a more comprehensive manner. The use of multiple
pesticides is not a surrogate for total days of pesticide use
but rather a distinct metric designed to capture the effects of
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lifetime exposure to a number of different chemical com-
pounds. For a particular combination of crops and pests, sev-
eral pesticides may be used to achieve optimal results,
therefore multiple pesticide use more accurately captures how
exposures occur in agricultural settings. Pesticide mixtures
involving up to 3 chemicals are also common; therefore, fo-
cusing solely on risk from individual compounds might miss
some of the joint effects arising from exposure to several
pesticides.

The etiology of MM remains obscure. Although we did
not uncover any large risks associated with pesticide use,
there are some important leads. The use of carbamate pesti-
cides, specifically carbaryl, was associated with a twofold risk
of MM. Exposure to increasing numbers of organochlorine
pesticides, fungicides and pesticides that have been classified
as probably carcinogenic or higher on our composite scale,
also appeared to be significant risk factors for MM. The
larger risk of MM for pesticides classified as probably carci-
nogenic compared to those classified as possibly carcinogenic,
highlight the importance of using this approach in future epi-
demiological studies to evaluate combined effects from use of
multiple pesticides. Although the overall pattern of risk
appears to be complex, the associations observed for certain
chemical classes and individual pesticides suggest that these
may be risk factors for MM. Additional research that
accounts for other determinants of pesticide exposure, such
as timing, intensity and use of PPE, is needed to further eval-
uate these associations.
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