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ABSTRACT Pesticide consumption has increased considerably in the last years. Although pesticides have
helped to increase the crops’ productivity, they have been associated with the incidence of cancers. The
objective of this study was to describe the epidemiological profile of cancer patients living in an area
with high use of pesticide. A retrospective cohort design was used to describe cancer cases. Patients were
included whenever (i) diagnosed with any type of cancer between 2005 and 2016; (ii) living, at the time of
diagnosis, in one of the 69 Brazilian cities studied; and (iii) aged 12 years old or over. A multilevel regres-
sion model was used to model the cancer morbidity coefficient. A total of 10,640 cancer patients were
studied. Cancer morbidity coefficients increased with age and were significantly higher among people
residing in rural areas than among those living in urban areas (p-value<0.0001). In both urban and rural
areas, males showed significantly higher cancer morbidity coefficients than females. This study suggests
that higher cancer incidence is related to factors of rural life, which can include pesticide exposure since
the studied area is known for its agriculture based economy and high pesticide use.

KEYWORDS Neoplasms. Agrochemicals. Rural population. Morbidity. Environmental health.

RESUMO O consumo de agrotéxicos aumentou consideravelmente nos tiltimos anos. Embora os agrotéxicos
tenham ajudado a aumentar a produtividade das culturas, também tém sido associados ao cdncer. O objetivo
deste estudo foi descrever o perfil epidemioldgico de pacientes oncoldgicos localizados em uma drea com
alto uso de agrotoxicos. Empregou-se coorte retrospectiva para descrever os casos de cdncer. Incluiram-se
pacientes diagnosticados com algum tipo de cdncer entre 2005 e 2016, residindo, no momento do diagnéstico,
em uma das 69 cidades brasileiras estudadas e com idade igual ou superior a 12 anos. Utilizou-se regressdo
multinivel para modelar o coeficiente de morbidade por cdncer. Estudaram-se 10.640 pacientes com cdncer.
Os coeficientes de morbidade por cdncer aumentaram com a idade e foram significativamente maiores entre
as pessoas que residiam em dreas rurais, quando comparadas com as residentes das dreas urbanas (p<0,0001).
Em ambas as dreas, os homens apresentaram coeficientes de morbidade por cdncer significativamente maiores
do que as mulheres. Este estudo sugere que a maior incidéncia de cdncer estd relacionada a fatores da vida
rural, como a exposi¢do a agrotoxicos, visto que a drea estudada é conhecida por sua economia baseada na
agricultura e no elevado uso de agrotoxicos.

PALAVRAS-CHAVE Neoplasias. Agroquimicos. Populacdo rural. Morbidade. Satide ambiental.
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Introduction

Pesticide consumption has increased drastically
in Brazil in the last few years. While in 2005 the
consumption per planted area was 3.2 kg ha, in
2014 this proportion more than doubled (6.7 kg
ha?). Pesticides have been used mainly in mono-
culture crops. In 2015, Brazil planted 71.2 million
hectares of crops; among the 21 crops analyzed,
soybean predominated, representing 42% of the
total planted area in the country, followed by corn,
21%, and sugar cane, 13%. Together, these three
crops not only accounted for 76% of the total
planted area in Brazil but also most demanded
the use of pesticides, which corresponded to
82% of all the country’s consumption in 20152,

The state of Rio Grande do Sul (RS) was
the third largest pesticide consumer in Brazil
in 20183. According to the agricultural census
carried out in 20174, RS had the largest number
of agricultural establishments using pesticides
(256,213), equivalent to 15.2% of Brazil’s total
number. The percentage of agricultural estab-
lishments using pesticides in RS is much higher
than the country’s as a whole. In Brazil, 33.1% of
the agricultural establishments use pesticides
while in RS 70.2% do so%. The northwest region
of RS was found to have the largest pesticide
consumption of the state5.

Although pesticides have helped to increase
the crops’ productivity, they have been asso-
ciated with the incidence of several chronic
diseases, such as cancers®. An integrative lit-
erature review found that the relation of pesti-
cides to certain types of cancers, i.e., prostate,
Non-Hodgkin lymphoma, leukemia, multiple
myeloma, bladder, and colon, is well estab-
lished, while further investigation is needed to
understand the relation between pesticide and
neoplasm of testis, breast, esophagus, kidney,
thyroid, lip, head, neck, and bone?.

There have been many studies investigat-
ing the association of pesticides and cancer in
North America and Europe. Results from the
Agricultural Health Study, a prospective cohort
of licensed pesticide applicators from the United
States, have greatly expanded the scientific
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knowledge on this topicé8-19, In Canada, the main
contributions come from the Canadian census
health and environment cohort™. In Europe,
results from the Pesticide Users Health Study
from Great Britain and the Agriculture and
Cancer (Agrican) cohort study® from France
have also found significant associations between
pesticides and cancers.

Many of those pesticides associated with
cancer are no longer approved in the European
Union, but they are still approved and applied
in Brazil”. The aim of this study was to describe
the epidemiological profile of all types of cancer
cases found in an area of the state of RS showing
high use of pesticide. Our hypothesis was that the
Cancer Morbidity Coefficient (CMC) was higher
in rural areas, due to people’s direct pesticide
exposure, than in urban areas, where people are
not directly exposed to pesticide.

Material and methods

Study design

Quantitative and descriptive approaches were
used. A retrospective cohort design was used
to describe cancer cases.

Setting

The study was carried out with cancer patients
diagnosed between 2005 and 2016, who were
treated at the High Complexity Oncological
Center (Centro de Alta Complexidade em
Oncologia - Cacon) located at the Charity
Hospital of Tjui (Hospital de Caridade de Tjui
- HCI), Tjui, RS, Brazil. This center was chosen
for being the only specialized center of its kind
in the northwest region of RS state. Data was
collected between October and December 2017.

Participants

People and cities were included in the re-
search whenever Cacon-Ijui was their only



oncological center reference for: clinical on-
cology, oncological surgery, chemotherapy,
radiotherapy, hematology, and brachytherapy,
following Resolution 108/2013% issued by the
RS Health Secretary. A total of 69 cities met
this criterion (picture I). They made part of the
regional health coordination (Coordenadoria
Regional de Saude - CRS) numbers 12 (24
cities), 15 (14 cities), 17 (20 cities), and 19
(11 cities). These 69 cities corresponded to
a population of 565,303 people's, also being
known for their agriculture based economy,

Epidemiological profile of cancer patients from an area with high pesticide use

in which soybeans, corn, and wheat were the
three main crops'e.

All patients of both gender were included in
this study whenever (i) diagnosed with cancer
between 2005 and 2016; (ii) living, at the time
of diagnosis, in one of the 69 cities included in
this study; and (iii) aged 12 years old or over,
since pediatric cancer patients are referred to
other establishments. Only the first diagnosis
of each patient was analyzed to ensure that
each cancer patient was included only once
in the dataset.

Picture 1. Location of the 69 cities included in this study that have the High Complexity Oncological Center of ljui as their

only reference on oncological center

Legend

l:l Cities studied belonging to CRS 12
Il Cities studied belonging to CRS 15
l:| Cities studied belonging to CRS 17
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Variables

The predictive variables were: gender, age,
type of cancer, and residence. The outcome
was average CMC per year. The CMCs were
aggregated using groups of cancer codes,
following the International Classification of
Diseases and Related Health Problems 10th
Revision (ICD-10).

Since 2010 is the last year with available
census data, and considering that the popu-
lation between 2005 and 2016 did not differ
greatly from that of 2010, the CMC was cal-
culated assuming the population of each city
to be constant over the twelve years studied.
Years after 2016 were not included in this
study because the 2020 census was consid-
ered more appropriate for calculations, but
it was not available at the time this research
was conducted.

For each subset examined, the population
considered was the number of inhabitants
specific to that subset. Thus, the average CMC
per year i was calculated for different subsets
k, per place j, and normalized for 1,000,000
inhabitants (n=6) according to Equation 1.
The subsets consisted of gender and place
of residence as well as their interactions. For
modeling, CMCs were evaluated at the city
level, but for the descriptive analysis, cities
were combined to evaluate regions.

2016

Z Cancer g, j i 10"
CMCj,k:l:zoos— x @

Populationyy ; 12

For the multilevel regression model, the
predictive variables were: gender and place of
residence on the first level, and linear tendency
for crop production and cultivated area on the
second level.

Data sources
A dataset, in the form of a spreadsheet, contain-

ing medical records of patients was obtained
directly from the information technology
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department of the HCI. The spreadsheet
contained information regarding gender, age,
address of residence, type of cancer, date of
diagnosis, date of treatment, occupation, and
the patient identification code. The code was
necessary to identify patients with several
diagnosis and/or treatments so to remove
duplicates. The address of residence was
used to classify patients into rural or urban
areas. For those patients whose address
was not sufficient to fulfill that classifica-
tion, maps from google maps were used to
help classifying the address. When neither
the address provided by the patients nor
the maps were sufficient to classify their
residence into rural or urban areas, those
patients were excluded from the residence
analysis, totaling 20 patients.

Population data was obtained from the
Brazilian Institute of Geography and Statistics
(Instituto Brasileiro de Geografia e Estatistica
- IBGE)™ for each city studied, for the year
2010, which is the most recent census year.

Crop production data on soybean, corn,
and wheat, as well as crop planted areas, were
collected from IBGE" for each city, for all
available periods, i.e., 1974-2016 and 1988-2016,
respectively.

Bias

Since all cancer patients that met the research
criteria were included, there was no source
of bias during the selection of participants.
Additionally, two independent researchers
classified the patients as for their residence
into either rural or urban areas to minimize
a potential source of bias.

Ethics

This study was approved by the Research
Ethics Committee of the Federal University
of Fronteira Sul, following document number
2,319,404. The Free and Clarified Consent
Form was waived for this work as there was
no direct contact with the patients.



Statistical analysis and data
modeling

For statistical analysis, R software version 3.5.2
was used considering a significance level of
a=0.05. Qualitative variables were described
by absolute and relative frequencies, and the
quantitative variable was described by mea-
sures of position and variability.

The outcome variable, CMC, was modeled
using a multilevel regression model. The CMC
was stratified into four groups of interest, ac-
cording to gender and the place of residency:
rural women, urban women, rural men, and
urban men. The linear trend of crop production,
i.e., total corn, soybean and wheat, and the linear
trend of the cultivated area were estimated. In
order to evaluate the possible relation between
the CMC, the crop production and the culti-
vated area, the slope coefficients for time for
each of these variables were used as predictors
in the CMC model. As the information on each
group of interest is given per city, the cities were
included as random effects on the intercepts of
the model. The hypotheses were tested using
six linear contrasts while the p-values were
corrected for multiple comparisons.

Results

Based on the dataset obtained from Cacon-
Tjui, 10,640 cancer patients met the research
criteria and were therefore analyzed in this
study. Of these, 5,497 (51.7%) patients were
males and 5,143 (48.3%) were females. Most
cancer patients (45.0%) were from the CRS-17,
followed by CRS-12 (35.4%), CRS-19 (11.4%),
and CRS-15 (8.2%), and that distribution did
not vary with gender. Most of the males were
farmers (44.4%), while only 20.2% of the
females worked in this occupation.

Cancer morbidity coefficient
according to age

The minimum age of a patient diagnosed with
cancer was 12.3 years old and the maximum
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achieved 104.6 years old with a mean age of
61.2+14.1 years old.

The cancer morbidity coefficient for
males (table 1) and females (table 2) in-
creased with age up to 79 years old and then
decreased. For males aged between 12 and
19, 30 and 39, and 60 or above, neoplasms
of male genital organs (C60-63) showed
the highest CMC. All 76 cases within the
C60-63 group for those males between 12
and 39 years old accounted for testicular
cancer (C62). Prostate cancer was the most
common type of cancer within the C60-63
group in males aged 60 years old or over,
equivalent to 99.4% of the cases within in
that age range and cancer group.

Lymphohematopoietic cancers (C81-C96)
exhibited the highest CMC among males
between 20 and 29 years old, and were the
second highest among those between 12
and 19 years old. That group also appeared
equal to the C60-63 group within the range
30 to 39 years old.

For males between 40 and 59 years old,
cancer of digestive organs (C15-C26) showed
the highest CMC. The most common cancer
type arising from this group and age range
was the esophageal one, accounting for 153
cases (30.5%), followed by colon (28.3%),
and rectal (16.0%) ones. In contrast, among
females from the same age range, the colon
cancer equated to 40.0%, while esophagus
cancer responded for only 13.5%.

For women between 12 and 19 years old,
lymphohematopoietic cancers exhibited
the highest CMC. Cancer of female genital
organs (C51-58) was the most significant
within the range 20 to 29 years old, among
which cervix uteri was the most frequent
type (76.9%). For the age of 30 years old
and above, breast was the most frequent
type of neoplasm among females, showing
the highest CMC occurrence between 60
and 69 years old.
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Table 1. Average cancer cases and cancer morbidity coefficient, per year, per 1,000,000 males, per age range, treated at Cacon-ljui, from 2005 to 2016

12-19 yearsold 20-29 yearsold 30-39 yearsold 40-49 yearsold 50-59yearsold 60-69yearsold 70-79yearsold >80 years old
ICD-10 group> Cases CMC Cases CMC Cases CMC Cases CMC Cases CMC Cases CMC Cases CMC Cases CMC

C00-C140 0 0.0 2 33 12 221 73 1286 150 3029 106 3256 45 2613 14 2139
C15-C26¢ 0 00 6 10.0 28 515 146 257.2 355 716.8 413 1,268.6 270 15681 79 12071
(€30-C39¢ 0 00 1 17 6 1.0 33 581 157 3170 233 7157 176 10221 35 534.8
C40-C41e 2 36 1 17 0 0.0 0 00 1 20 3 9.2 1 58 0 00
C43-Ca4f 1 1.8 5 83 10 184 34 599 63 1272 79 2427 76 4414 28 4278
C45-C4% 3 54 9 150 3 55 9 159 13 263 13 399 4 232 0 00
C50-C50n 0 0.0 1 17 0 0.0 1 18 4 81 7 215 7 407 2 306
Ce0-C63 10 181 31 517 35 64.4 27 476 207 4180 662 2,033.5 724 4,2047 233 3,560.1
Co4-Co8 0 00 1 17 2 37 12 21 39 788 72 2212 56 3252 17 2597
C69-C72¢ 5 9.0 6 10.0 21 386 18 317 28 565 20 614 22 1278 2 306
C73-C75 0 00 0 0.0 1 18 0 00 2 40 1 31 2 1.6 1 153
C76-C80m 3 54 1 17 2 37 8 141 35 70.7 22 676 23 1336 7 1070
C81-Co6n 9 16.3 32 534 35 64.4 4 72.2 65 1313 98 3010 67 3891 22 33611
D37-D480 2 36 1 17 1 1.8 8 141 10 202 12 369 n 639 5 764
TOTAL 35 63.2 97 1619 156 2869 410 7222 1129 2,279.8 1741 53479 1484 86185 445 6,799.3

Source: Prepared by the authors based on the cancer data from Cacon-ljui and population data from IBGE'S.
Note: Results in bold indicate the highest cancer morbidity coefficient (CMC) in each age group. CMCs are based on the 2010 IBGE' census population.
aAccording to the International Classification of Diseases and Related Health Problems-10th Revision
bMalignant neoplasms of lip, oral cavity and pharynx

cMalignant neoplasms of digestive organs

dMalignant neoplasms of respiratory and intrathoracic organs

eMalignant neoplasms of bone and articular cartilage

fMelanoma and other malignant neoplasms of skin

¢Malignant neoplasms of mesothelial and soft tissue

"Malignant neoplasms of breast

iMalignant neoplasms of male genital organs

IMalignant neoplasms of urinary tract

kMalignant neoplasms of eye, brain and other parts of central nervous system.

Malignant neoplasms of thyroid and other endocrine glands

mMalignant neoplasms of ill-defined, other secondary and unspecified sites

"Malignant neoplasms of lymphoid, hematopoietic and related tissue

°Neoplasms of uncertain behavior, polycythemia vera and myelodysplastic syndromes.

Table 2. Average cancer cases and cancer morbidity coefficient, per year, per 1,000,000 females, per age range, treated at Cacon-ljui from 2005 to 2016

12-19 yearsold 20-29 yearsold 30-39 yearsold 40-49 yearsold 50-59yearsold 60-69yearsold 70-79yearsold >80 yearsold
ICD-10groupa Cases CMC Cases CMC Cases CMC Cases CMC Cases CMC Cases CMC Cases CMC Cases CMC

C00-C140 0 00 2 34 4 71 8 135 25 486 13 371 17 80.3 7 64.5
C15-C26¢ 2 38 9 15.2 28 498 88 1489 200 3889 227 6483 234 1105.8 78 718.8
C30-C39¢ 0 0.0 4 6.7 9 16.0 27 457 69 1342 n3 3227 64 3024 9 829
C40-C41e 2 38 0 00 0 00 3 51 0 00 0 00 3 14.2 1 9.2
C43-C44t 2 38 6 101 13 231 29 491 39 758 57 162.8 45 2127 28 2580
C45-C4% 1 19 5 84 7 125 13 220 9 175 10 286 4 189 5 461
C50-C50n 0 00 28 472 158 2813 528 8934 585 11375 477 1,362.4 267 1,261.8 100 9215
Ce0-C63 8 151 39 65.8 19 ns 174 2944 200 3889 201 5741 138 6521 45 4147
Co4-C68 0 00 1 17 2 36 5 85 20 389 23 65.7 18 851 7 64.5
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Table 2. (cont.)

12-19 yearsold 20-29 yearsold 30-39 yearsold 40-49yearsold 50-59yearsold 60-69yearsold 70-79yearsold >80 years old

ICD-10 groupa Cases CMC Cases CMC Cases CMC Cases CMC Cases CMC Cases CMC Cases CMC Cases CMC
C69-C72¢ 5 94 6 101 8 14.2 13 220 19 369 12 343 7 331 1 9.2
C73-C75 0 0.0 0 0.0 0 0.0 1 17 2 39 4 n4 1 47 0 0.0
C76-C80m 0 0.0 2 34 2 36 n 186 17 331 27 771 26 1229 4 369
C81-Co6n 12 226 25 422 15 267 18 305 61 186 72 2056 52 2457 15 1382
D37-D48e 1 19 1 17 3 53 2 34 5 97 15 42.8 14 66.2 2 184
TOTAL 33 62.2 128 2159 368 6551 920  1556.7 1,251 24325 1,251 35730 890  4,2059 302 2,783.0

Source: Prepared by the authors based on the cancer data from Cacon-ljui and population data from IBGES.
Note: Results in bold indicate the highest Cancer Morbidity Coefficient (CMC) in each age group. CMCs are based on the 2010 IBGE' census population.
aAccording to the International Classification of Diseases and Related Health Problems-10th Revision; Pmalignant neoplasms of lip, oral cavity and pharynx; cmalignant

neoplasms of digestive organs; ¢malignant neoplasms of respiratory and intrathoracic organs; emalignant neoplasms of bone and articular cartilage; fmelanoma and other

malignant neoplasms of skin; emalignant neoplasms of mesothelial and soft tissue; "malignant neoplasms of breast; ‘imalignant neoplasms of male genital organs; imalignant
neoplasms of urinary tract; kmalignant neoplasms of eye, brain and other parts of central nervous system; 'malignant neoplasms of thyroid and other endocrine glands;
mmalignant neoplasms of ill-defined and other secondary and unspecified sites; "malignant neoplasms of lymphoid, hematopoietic and related tissue; °neoplasms of

uncertain behavior, polycythemia vera and myelodysplastic syndromes.

Cancer cases according to gender

Among all females studied in this research, the
top ten most frequent cancer types equated to
81.5% of all cases, split among breast (41.7%),
cervix uteri (9.9%), colon (6.4%), bronchus
and lung (5.2%), corpus uteri (4.0%), rectum
(3.6%), ovary (3.4%), esophagus (2.9%), mela-
noma of skin (2.4%), and pancreas (2.0%).
Among all males, the top ten most frequent
cancer types were prostate (33.1%), bronchus
and lungs (9.2%), colon (6.8%), esophagus (6.4%),
rectum (4.4%), skin non-melanoma (2.9%),
stomach (2.9%), oropharynx (2.8%), bladder
(2.6%), and skin melanoma (2.5%). Together,
those top ten most common cancer types were
equivalent to 73.6% of all cases among males.

Cancer morbidity coefficient
according to residence during
diagnosis

The CMC was higher among males living in
rural areas than those living in urban areas for

all cancer groups, except to thyroid and other
endocrine glands, which had only a few cases
diagnosed (table 3).

When the analysis was carried out fo-
cusing on cancer types instead of cancer
groups, the same pattern was observed. The
CMC was higher among males residing in
rural areas than among males residing in
urban areas for all the ten most common
neoplasms. Prostate cancer was the most
common cancer diagnosed among males
living in both urban and rural areas. Each
year, out 0f 1,000,000 males diagnosed with
prostate cancer, 667 were expected to reside
in rural areas, while 494 were expected to
live in urban ones, resulting in a 35.0%
higher rate.

As for females, the CMC was higher among
those residing in rural areas than urban areas
for eight out of 14 cancer groups (table 4).
Breast cancer exhibited the highest CMC
among females living in both urban and rural
areas, being the breast CMC higher in urban
females than in rural ones.
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Table 3. Average cancer morbidity coefficient, per year, per 1,000,000 males, according to cancer groups among males
residing in rural and urban areas, age >12 years, treated at Cacon-ljui, between 2005 and 2016

Urban Rural
Cancer group? Cases (3,445) % CMCr  Cases (2,038) % CMCr
C60-C630 1,206 350 5279 721 354 694.3
C15-C26¢ 802 233 3511 491 241 472.8
C30-C39¢ 416 121 1821 222 109 213.8
CO0-C14¢ 267 7.8 n69 134 6.6 129.0
C81-Co6f 229 6.6 100.2 139 6.8 1339
C43-C44= 178 5.2 779 n7 57 n27
C64-Co8h 131 38 573 68 33 65.5
C69-C72 77 2.2 337 45 2.2 433
C76-C80i 58 1.7 254 42 21 404
D37-D48k 30 09 1311 20 1.0 19.3
C45-C49 29 0.8 12.7 25 12 241
C50-C50m 13 04 5.7 8 04 77
C73-C75" 6 0.2 26 1 0.0 1.0
C40-C41° 3 01 13 5 0.2 48

Source: Prepared by the authors based on the cancer data from Cacon-ljui and population data from IBGE™.

Note: A total of twenty patients were excluded from this analysis as their residences could not be classified into either rural or urban ones.
@According to the International Classification of Diseases and Related Health Problems-10th Revision; Pmalignant neoplasms of male
genital organs; cmalignant neoplasms of digestive organs; dmalignant neoplasms of respiratory and intrathoracic organs; emalignant
neoplasms of lip, oral cavity and pharynx; ‘malignant neoplasms of lymphoid, hematopoietic and related tissue; emelanoma and other
malignant neoplasms of skin; "malignant neoplasms of urinary tract; imalignant neoplasms of ill-defined and other secondary and
unspecified sites; imalignant neoplasms of eye, brain and other parts of central nervous system; kmalignant neoplasms of mesothelial

and soft tissue; Ineoplasms of uncertain behavior, polycythemia vera and myelodysplastic syndromes; "malignant neoplasms of breast;
nmalignant neoplasms of thyroid and other endocrine glands; °malignant neoplasms of bone and articular cartilage; Paverage cancer
morbidity coefficient based on the 2010 IBGE'census population.

Table 4. Average cancer morbidity coefficient, per year, per 1,000,000 females, according to cancer groups among
females residing in rural and urban areas, age >12 years, treated at Cacon-ljui, between 2005 and 2016

Urban Rural
Cancer group? Cases (3,645) % CMCr  Cases (1,492) % CMCr
C50-C500 1,561 42.8 623.8 581 389 606.2
C51-C58¢ 667 183 266.5 256 17.2 2671
C15-C26¢ 588 161 2350 276 185 288.0
C30-C39%¢ 222 6.1 88.7 72 48 751
C81-Coe! 173 47 6911 97 6.5 101.2
C43-C44s 130 36 520 88 59 91.8
C76-C80n 68 19 272 21 14 219
C64-Co8i 61 17 244 15 1.0 15.7
CO0-C14i 51 14 204 25 1.7 261
C69-C72¢ 44 12 176 27 1.8 282
C45-C49 35 10 14.0 19 13 19.8
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Table 4. (cont.)

Urban Rural
Cancer group? Cases (3,645) % CMCr  Cases (1,492) % CMCr
D37-D48m 32 09 12.8 n 0.7 ns
C73-C75n 7 0.2 28 1 01 10
C40-C41° 6 0.2 24 3 0.2 31

Source: Prepared by the authors based on the cancer data from Cacon-ljui and population data from IBGES.

Note: A total of twenty patients were excluded from this analysis as their residences could not be classified into either rural or urban ones.

aAccording to the International Classification of Diseases and Related Health Problems-10th Revision; Pmalignant neoplasms of male

genital organs; cmalignant neoplasms of digestive organs; dmalignant neoplasms of respiratory and intrathoracic organs; emalignant

neoplasms of lip, oral cavity and pharynx; fmalignant neoplasms of lymphoid, hematopoietic and related tissue; emelanoma and other

malignant neoplasms of skin; "malignant neoplasms of urinary tract; imalignant neoplasms of ill-defined and other secondary and

unspecified sites; imalignant neoplasms of eye, brain and other parts of central nervous system; kmalignant neoplasms of mesothelial

and soft tissue; 'neoplasms of uncertain behavior, polycythemia vera and myelodysplastic syndromes; "malignant neoplasms of breast;

nmalignant neoplasms of thyroid and other endocrine glands; °malignant neoplasms of bone and articular cartilage; Paverage cancer

morbidity coefficient based on the 2010 IBGE'census population.

Modeling

The complete model embracing all predictive
variables was considered and evaluated at the
beginning. Then, the second level predictors
were removed, one at a time, and evaluated as
for their significance to the model. The only
predictor that improved the model fit was the
group of interest, therefore being the only one
kept in the final model.

The main marginal effect for place of resi-
dence indicated higher CMC for residents
of rural areas (B = 205.6, p-value < 0.0001).
Gender also showed a significant main mar-
ginal effect because males exhibited higher
CMC than females (§ = 3134, p-value < 0.0001).

Paired comparisons between different
groups from the subsets of interest were
carried out. When considering those living in
rural areas, CMC was higher for males than for
females (A = 371, p-value < 0.0001). CMC was
also higher for males than for females living in
urban areas, although of a smaller difference (A
=256, p-value = 0.015). The difference between
males and females did not vary significantly
between rural and urban areas (A =115, p-value
=0.35), which is consistent with the lack of an
interaction effect between gender of patients
and place of residence. Nonetheless, if solely

males are taken into consideration, those living
in rural areas showed higher CMC (A = 263,
p-value = 0.01). Among women, the differ-
ence between those living in rural areas and
in urban ones was positive, but not significant
(A =149, p-value = 0.30). The highest CMC
difference was achieved between rural males
and urban females (A = 519, p-value < 0.0001).

Discussion

The frequencies of patients according to the
CRS can be explained by the proximity of the
cities to the Cacon. Tjui is located in the CRS-13
and was the city exhibiting the highest number
of patients, or 19.0% of the total.

In our study, there were more male cancer
patients working in farm-related jobs than
female ones. Lemarchand et al.13 found pros-
tate, lip, and overall cancer risks significantly
higher in male farm workers. Kachuri et al."
observed increased hazard ratios among male
agricultural workers for non-Hodgkin lym-
phoma, prostate, melanoma, and lip cancer.
In our study, unfortunately, the coefficient
of morbidity as for occupation could not be
calculated as Brazil does not provide popula-
tion data broken into occupation per city.
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Cancer morbidity coefficient
according to age

For males between 20 and 44 years old, testicu-
lar cancer incidence found in this study was
similar to what was reported by the National
Cancer Institute’8, which estimated that 50.5%
of new testicular cancer cases occurs in the
range 20 to 34 years old and 23.1% occurs
between 35 and 44 years old. A statistically
significant excess of incidence of testicular
cancer among British agricultural pesticide
users was found by Frost et al.12,

In our study, lymphohematopoietic cancers
showed high incidences among males between
20 and 39 years old. Several studies have found
significant associations between those cancers
in adult males exposed to pesticides. Lynch et
al.? observed increased risks for all lympho-
hematopoietic cancers when exposed to the
herbicide butylate. Hohenadel et al.® found
that high exposure to insecticide, herbicide,
or fungicide was significantly associated to
increased risk of non-Hodgkin lymphoma than
to people not exposed. Kachuri et al.20 showed
that captan fungicide and carbaryl insecticide
increased multiple myeloma risk.

Among males between 40 and 59 years old,
the highest CMC was found for the group of
cancer of digestive organs (table I). For that
group and age range, the most frequent cancers
arisen in our study were esophageal, colon,
and rectal. Esophageal tumors, mainly the
epidermoid subtype, are related to alcohol
consumption and smoking, especially when
combined?!. However, esophageal squamous
cell carcinoma has been shown to be signifi-
cantly associated with the ingestion of high
temperature beverages (above 65°C)22. The
area studied in this research is particularly
distinct from the rest of Brazil for its common
consumption of mate, a hot beverage similar
to tea that might influence the high rate of
esophageal cancer. Although esophageal
cancer has not been found to be significantly
associated with pesticide exposure?3, colon
and rectal cancer have. A case-control study
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carried out in Egypt showed that exposure to
insecticides or herbicides was associated with
increased risk for colorectal cancer?4.

The high incidence of prostate cancer in
males aged 60 or older found in this study is
expected worldwide, as prostate cancer is the
most common type of cancer among elderly
males?5. A systematic review?é involving 32
studies found a positive association between
prostate cancer and pesticides or agricultural
occupations.

In our study, cancer of cervix uteri was the
most frequent type among females between 20
and 29 years old. The main cause of that neo-
plasm is the Human Papillomavirus??, typical
in developing countries like Brazil. Since that
cancer already has a main risk factor well
defined, the relation to pesticides has not been
identified. A case-control study conducted
in rural areas of Wuhan, China, investigated
risk factors for cervical cancer although not
finding any relation to insecticides?s.

The high incidence of breast cancer found
in this study among females aged 30 or older
was similar to the incidence rates worldwide,
since breast cancer was also reported to in-
crease with age, reaching the highest rates
between 65 and 70 years old?25.

Cancer cases according to gender

Cancer frequencies for females found in this
study differ from estimations for Brazil in
2016: breast (28.1%), intestine (8.6%), lungs
(5.3%), and stomach (3.7%). They also differ
for females in the state of Rio Grande do Sul:
breast (20.0%), colorectal (6.4%), trachea,
bronchus, and lung (6.1%)2°. As can be seen,
female breast cancer incidence in the region
studied (41.7%) is much higher than the esti-
mations for the state (20.0%) and the country
(28.1%). A study with spouses of pesticide
applicators® found that exposure to organo-
phosphate insecticides was associated with
an elevated risk of breast cancer.

Cancer frequencies for males found in this
study were similar to estimations for males in



Brazil for 2016, where prostate cancer (28.6%)
also appeared in the first position, followed by
lung cancer (8.1%)2°.

Cancer morbidity coefficient
according to residence during
diagnosis

The CMCs were higher among rural people
than to urban people. When comparing the
CMCs between males and females, it can be
noted that they were much higher for males
than for females. In this study, the place of
residence, being it rural or urban, was used to
estimate the degree of pesticide exposure since
the information about the actual exposure
could not be obtained.

Godin et al.30 observed that only colon and
rectum cancer incidence rates were significant-
ly higher among males in Pennsylvania rural
counties than those from urban Pennsylvania
counties. Among females, only the incidence
of skin melanoma was significantly higher in
Pennsylvania rural counties than those from
urban Pennsylvania counties.

Our results differ from a study carried out
in the Republic of Suriname3' which showed
that both overall cancer incidence rate and
incidence rates for most cancer types were
higher among those residing in urban areas
than those from rural ones.

Modeling

Inhabitants of rural areas, regardless of gender,
exhibited a higher incidence of cancer. Each
city showed an average of 205 more cancer
cases per year per 1,000,000 inhabitants in
rural areas than in urban ones. As for gender
itself, males were more affected than females,
revealing an average of 313 more cancer cases
per year per 1,000,000 inhabitants. The in-
teraction between the predictors place of
residence and gender was not significant.
The pairwise comparisons between subsets
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indicated that there was no significant dif-
ference between rural and urban females,
although that difference was large and sig-
nificant between males. Rural males showed
significantly greater cancer incidence rate than
urban males. Each city showed an average of
263 more cancer cases per year per 1,000,000
inhabitants. All those results suggest that
rural males were considerably more likely to
have cancer, which corroborates the initial
hypothesis.

Conclusions

Results revealed that the cancer incidence
rate increased with age and was higher among
people residing in rural areas than among
those from urban areas. Within both urban and
rural areas, males showed higher cancer inci-
dence rate than females. This study suggests
that higher cancer incidence rate is related to
factors of rural life, which can include pesti-
cide exposure since the studied area is known
for its agriculture based economy and high
use of pesticide.
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