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Abstract

Pesticides are substances often described as carcinogenic initiators for some neoplasms, such as lympho-
hematopoietic and breast cancer. As for cancer of the digestive system, this relationship is still poorly explored and
requires more evidence. A systematic review with meta-analysis was conducted on the association between pesticides
and cancer of the digestive system in the PUBMED database. Of the 567 papers found, 32 were approved for
qualitative analysis and seven for meta-analysis. Hexachlorobenzene and DDT were significantly associated with
colorectal cancer (MD: 15.92; Cl: 6.45; 25.40) in the analysis of continuous data and showed a borderline association
in the analysis of binary data (OR: 1.17; Cl: 0.93; 1.47). The cyclodienes family showed similar results in both
analyzes. Polychlorinated biphenyls with low dosages were also associated with colorectal cancer (MD: 38.95; ClI:
12.78; 65.11). Organophosphates (OR: 0.54; 95% CI: 0.29; 0.98), carbamates (OR: 0.96; CI: 0.77; 1.21) and triazines
(OR: 0.91; 95% CI: 0.74; 1.13) showed inconclusive results. This review presents positive evidence for the
association of pesticides with colorectal cancer. However, more evidence is required to determine the role of
pesticides in the development of other cancers of the digestive system.

Keywords: Insecticides; Gastrointestinal Neoplasm; Colorectal Neoplasms; Pesticide Exposure; Agrochemicals.

Resumo

Os pesticidas sdo substancias frequentemente descritas como iniciadores carcinogénicos para algumas neoplasias,
como linfo-hematopoiéticas e mamarias. Quanto ao cancer do sistema digestivo, essa relagdo ainda é pouco explorada
e exige maior busca de evidéncias. Realizou-se uma revisdo sistematica com metandlise sobre a associagdo entre
pesticidas e cancer do sistema digestivo na base de dados PUBMED. Dos 567 artigos encontrados, 32 foram
aprovados para a analise qualitativa e sete, para a metanalise. Hexaclorobenzeno e DDT estavam significativamente
associados ao cancer colorretal (MD: 15.92; Cl: 6.45; 25.40) na analise de dados continuos e apresentaram associagao
limitrofe na analise de dados binarios (OR: 1.17; CI: 0.93; 1.47). A familia dos ciclodienos apresentou resultados
semelhantes em ambas analises. Os bifenil policlorinados com baixas dosagens também apresentaram associagéo ao
cancer colorretal (MD: 38.95; Cl: 12.78; 65.11). Ja organofosforados (OR: 0.54; 95% ClI: 0.29; 0.98), carbamatos
(OR: 0.96; CI: 0.77; 1.21) e triazinas (OR: 0.91; 95% CI: 0.74; 1.13) apresentaram resultados inconclusivos. Esta
revisdo apresenta evidéncias positivas da associagdo de pesticidas ao cancer colorretal. Porém, mais evidéncias sdo
requeridas para determinar o papel dos pesticidas no desenvolvimento de outros canceres do sistema digestivo.
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Resumen

Los pesticidas son sustancias frecuentemente descritas como iniciadoras carcinogénicas para algunas neoplasias,
como linfohematopoeticas y mamarias. Cuanto al cancer del sistema digestivo, esa relacién ain es poco explorada y
exige mayor busqueda de evidencias. Se realiz6 uma revision sistematica com metaanalisis sobre la asociacién entre
pesticidas y canceres del sistema digestivo en la base de datos PUBMED. De los 567 articulos encontrados, 32 fueron
aprobados para el analisis cualitativo e siete, para la metaanalisis. Hexaclorobenzeno e DDT estaban asociados
significativamente al cancer colorrectal (MD: 15.92; CI: 6.45; 25.40) en el andlisis de datos continuos y presentaron
asociacion limitrofe en el analisis de datos binarios (OR: 1.17; Cl: 0.93; 1.47). La familia de los ciclodienos present6
resultados semejantes en ambos analisis. Los bifenil policlorinados con bajas dosis también presentaron asociacion al
cancer colorrectal (MD: 38.95; Cl: 12.78; 65.11). Los organofosforados (OR: 0.54; 95% ClI: 0.29; 0.98), carbamatos
(OR: 0.96; CI: 0.77; 1.21) y triazinas (OR: 0.91; 95% CI: 0.74; 1.13) presentaron resultados inconclusivos. Esta
revision presenta evidencias positivas de la asociacion de pesticidas al céncer colorrectal. Sin embargo, mas
evidencias son requeridas para determinar el papel de los pesticidas en el desarrollo de otros canceres del sistema
digestivo.

Palabras clave: Insecticidas; Neoplasias Gastrointestinales; Neoplasias Colorrectales; Exposicién a Plaguicidas;
Agroquimicos.

1. Introduction

The gastrointestinal system (GIT) - composed of organs such as the esophagus, stomach, small intestine, large
intestine and rectum and some glands attached to it, such as pancreas and liver - comprises important sites of cancer
involvement, which cause different symptoms to patients in view of the morphological and functional richness of its tissues
(Nagtegaal, 2019; Kwekkeboom, 2016). Each organ affected by a type of cancer has a specific pathophysiology, with the
interaction between endogenous and environmental factors guiding carcinogenesis and promoting oncogenic activation
associated with the pathology (Porth, 2009). Tobacco, alcohol and a low fiber diet are exogenous risk factors associated with
different types of cancer in the tract. From this perspective, pesticides enter the list of probable cancer-initiating substances in
the gastrointestinal system.

Pesticide is a common term for different classes of insecticides, herbicides, fungicides and other disinfectant
chemicals used to Kill or protect against pests, which differ in chemical and physical properties between existing classes.
Several and different classifications are used to group the compounds. The classification based on the chemical composition of
pesticides divides insecticides into organochlorines, organophosphates, carbamates and synthetic pyrethroids, among others
(Yadav and Devi, 2017). Fungicides are classified as aliphatic nitrogen, aromatic, etc., while rodenticides are classified as
inorganic or organic. Herbicides are divided into anilides, phenoxyacetic, quaternary ammonium, triazines, among others
(Akashe et al, 2018). Some are natural compounds, while others comprise a range of varied synthetic compounds or selected
types, which can act on organisms that fight for death or for the alteration of growth or behavior (Casida and Durkin, 2016).

Due to their diverse nature and multiple chemical properties, pesticides also have harmful effects on humans, both in
the exposure during the application of the products and in the consumption of the foods they treat. The toxic effects range from
endocrinological and metabolic disorders to carcinogenesis in some sites, varying the affected site according to the compound
(Katzung et al, 2018). Organizations and institutions have already described relationships between pesticides and human
pathologies (IARC, 2020a; USEPA, 2013), with some malignant neoplasms, such as hematopoietic, glandular and bladder,
strongly associated with them (Kim et al, 2017). However, the relationship between pesticide exposure and cancers of the
gastrointestinal system still requires more evidence to be proven.

Understanding the risk factors for GIT malignant neoplasms, as well as their association with pesticide exposure, is

urgent in view of the alarming epidemiology. 2018 data indicate that colorectal cancer was the fourth most common cancer
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worldwide, in both sexes and at all ages. Among the ten most common cancers in that year, three belonged to the tract
(colorectal, stomach and liver). The analysis by sex reveals that colorectal cancer takes the third position among men, followed
by stomach and liver; esophagus falls in seventh position. Among women, colorectal cancer takes second place. In 2018,
colorectal cancer was the second cancer with the highest mortality; among the ten most lethal are stomach, liver, esophagus
and pancreas. (IARC, 2020b).

Thus, the present study aims to conduct a systematic review with meta-analysis on the association between pesticides

and esophageal, gastric, intestinal, colorectal, pancreatic and liver cancers.

2. Methodology
2.1 Question formulation and search strategy

The present study is a systematic review with meta-analysis (Brasil, 2014), having followed the PRISMA protocol in
its design and execution (Liberati et al, 2009). The systematic review considered the PICO strategy, adapted to replace
intervention by exposure, for the construction of the review question. We investigated (P) people with some type of cancer in
some organs of the GIT (esophagus, stomach and intestine) and some attached glands (pancreas and liver), (I) exposed to
pesticides and (C) not exposed, with (O) arithmetic or geometric means of serum or lipid concentration or proportion of people
with cancer and exposed and unexposed controls. For this, the PUBMED database was carefully consulted from January 2000
to December 31, 2019 using the descriptors “(esophageal neoplasms OR stomach neoplasms OR intestinal neoplasms OR liver
neoplasms OR pancreatic neoplasms) AND (pesticides)”, previously consulted in Medical Subject headings (MeSH).

Inclusion criteria Analysis of the studies identified in the database followed judicious and uniform standards and was
conducted by three researchers. The following inclusion criteria were used: (1) studies in English, Portuguese or Spanish
language, (2) specific methodology (cohorts, case-controls, prevalence or cross-sectional), (3) use of a control group to
compare data and (4) human related. Systematic reviews, meta-analyzes, comments and case reports were excluded, as well as

studies with insufficient results.

2.2 Data extraction and quality assessment

From the selected studies, detailed information was extracted, such as the design, the sample and its size (number of
cases and controls, exposed and unexposed), the pesticides used in each study, the organs evaluated, the methodology used and
the main results. The papers selected for the systematic review were evaluated in terms of design, methodology used and the
complete presentation of the information necessary for quantitative evaluation.

The methodological quality of the studies selected in the review was analyzed using the Newcastle Ottawa Scale
(NOS) (Peterson et al, 2011). Based on this instrument, studies are evaluated in 3 main components: selection, comparability
and exposure. In the first aspect, the validation of cases, the representativeness of cases, the selection of controls and the
definition of controls are observed. Regarding “comparability”, it is observed whether control and exposed groups are adjusted
for analysis according to the variables considered (for example, age, weight, etc.). Finally, “exposure” analyzes the
determination of exposure, the use of the same methods for control and exposed groups and the non-response rate. Each aspect
can receive at most one point, with the exception of the topic “comparability”, which can receive two. In our assessment, the
topic that scored nothing, received no points. The individual evaluation of papers can receive a maximum of nine points. For
cross-sectional studies, an adapted NOS scale was used, as idealized by Modesti et al. (2016). It analyzes the same aspects as

the original scale, with the addition of a topic under selection, with a maximum score of 10 points.
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The process of searching and analyzing the texts is shown in Figure 1 and the qualitative analysis of the papers
included in this study is summarized in the Supplementary Table 1.

2.3. Statistical analysis

The information was compiled in Microsoft Excell version 2013 and all analyzes were performed using Rstudio
software version 1.2.5042 (RStudio Team, 2020). Forest plots were used to illustrate the association between exposure to
pesticides and the occurrence of esophageal, gastric, intestinal, pancreatic or liver cancers. The Higgins index (12) was used to
assess the magnitude of statistical heterogeneity. The random effects model was adopted in the meta-analysis to provide a
summary effect size that represents the average effect distribution of the selected studies. The choice of the effects model
according to the result of 12 has been discouraged considering that the decision of the effects model used must start from the
understanding that the included studies do not share the same effect size, and not the result of statistical tests (Borenstein et al,
2011). Continuous data were evaluated according to the main difference (MD), while binary data were shown as Odds Rates
(OR).

3. Results
3.1 Selection of studies and characteristics

The search through the combination of terms in the PUBMED database identified 567 studies. Based on the reading of
the titles and abstracts, 66 papers were selected for full evaluation. Of these, from careful and detailed analysis, seven papers
were excluded as the presented methodology was not consistent with the review, 23 because they did not have a control group
and four because of insufficient results, resulting in 32 studies for systematic review. Seven studies presented the necessary
data for the meta-analysis (Figure 1).

Of the 32 selected papers, 21 case-control studies, nine cohorts and two cross-sectional studies related to the theme
were identified. Eleven studies investigated the association of GIT organ cancers with exposure to organochlorines (Abdallah
et al, 2017; Abolhassani et al, 2019; Hardell et al, 2007; Lee et al, 2018; Louis et al, 2017; McGlynn et al, 2006; Pavuk et al,
2004; Persson et al, 2012; Porru et al, 2001; Safi, 2002; Zhao et al, 2012); seven evaluated the carcinogenic action of various
classes of pesticides (such as organochlorines, organophosphates and carbamates, etc.) (Andreotti et al, 2009; Ezzat et al, 2005;
Fritschi et al, 2015; Lee et al, 2004; Lee et al, 2007; Mills and Yang, 2007; VoPham et al, 2015); some have evaluated specific
pesticides, such as bromomethane (Barry et al, 2012), Imazetaphyr (Koutros et al, 2009), Metalochlor (Rusiecki et al, 2006;
Silver et al, 2015) and Acetalohchlor (Lerro et al, 2015). Finally, nine studies analyzed the association of exposure to
unspecified pesticides (Antwi et al, 2015; Lo et al, 2007; Lo et al, 2010; Jansson et al, 2006; Kachuri et al, 2017; Meyer et al,
2011; Santibanez et al, 2010; Santibanez et al, 2012; Wang et al, 2002).
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Figure 1 - Flow diagram of the study selection process.
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Application of the inclusion and exclusion criteria in the articles found through the PUBMED database resulting in 32 articles for the
qualitative assessment and seven for the quantitative analysis.
Source: Authors.

Among the studies that presented the number of participants, the number of cases in the samples of the studies
included in the review ranged from 21 to 5,776 people, while the controls ranged from 20 to 56,508 people. The method of
investigation of the results most commonly adopted was through the application of questionnaires and / or interviews with
exposed and unexposed individuals, evaluating the substances used, the time of use and the form of exposure (labor, domestic,
urban, etc. .). Others analyzed the serum concentration of some substances among study participants, while some authors used
secondary data extracted from government agencies or hospitals to describe the carcinogenic relationship. Many of these
studies (16) have been conducted in American countries, but there are also studies from Asia (8) and European countries (6), in

addition to Africa (6) and Oceania (2) in smaller numbers. Supplementary Table 1 presents the characteristics of each study.

3.2 Evaluation of the quality of the review
The quality assessment according to NOS revealed that the studies included ranged from five to nine points. Nine

studies scored maximum (09 points) and five studies scored 08 points. Ten studies scored 07 points and seven studies scored
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06 points. Only one paper scored 05 points. The studies were adjusted for a variety of different confounding factors, the most
common being age and sex. All articles presented at least 3 points in the “Selection” criterion. Only two articles collected one
point in the “Comparability” criterion, while three did not score at all. The “Exposure” criterion showed the greatest variability
of results, ranging from one to three points. Figure 2 shows the result of the classification according to the New Castle Otawa
Scalle of the selected papers.

Figure 2 - Classification of papers according to New Castle Ottawa. The papers were evaluated on three topics: selection,
comparability and exposure.

Source: Authors.
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Results of the quality analysis of the 32 articles included in the review, revealing that most articles were methodologically adequate.
Source: Authors.

3.3 Meta-analysis

The variety of information presented by the studies, with different forms of statistical presentation of the results and
the omission of certain important data for the quantitative evaluation of the research, constituted an obstacle to the grouping of
the results. Thus, seven studies were selected for the meta-analysis (Abdallah et al, 2017; Abolhassani et al, 2019; Andreotti et
al, 2009; Lee et al, 2004; Lee et al, 2018; Mills and Yang, 2007; Zhao et al , 2012) for presenting sufficient data, complete and

subject to metanalytical reading. The 42 types of pesticides identified in the included studies presented information
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corresponding to four groups: organochlorines, organophosphates, carbamates and triazines. Among the organochlorines, the
family of cyclodienes and polychlorinated biphenyls (PCBs) was individually analyzed.

In the seven papers selected for the meta-analysis, 1021 cases of malignant neoplasms and 84,314 controls in total
were evaluated. The meta-analyzes showed different values of 12 in the evaluation of statistical heterogeneity. Even so, the
randomized effects model was adopted due to the clinical heterogeneity present in the selected studies, as the samples used in
the included studies had different stages of cancer, age and sex and other variables that contribute to the clinical heterogeneity
between the studies. The possible presence of methodological heterogeneity is also mentioned in the review. The scarcity of
similar data prevented the analysis of heterogeneity by subgroups in the ostensible majority of meta-analyzes. In Figure 3, the
results of meta-analyzes related to organochlorines are described.

The meta-analysis of the pesticides present in the study by Abolhassani et al. (2019), whose data presented the
arithmetic mean of the serum concentration of three compounds of the hexachlorocyclohexane (HCH) family, dichloro-
diphenyl-trichloroethane (2,4-DDT), an isomer and its metabolites in exposed and non-exposed individuals, revealed that all
seven investigated pesticides increase the risk of colorectal cancer (MD: 15.92; 95% CI: 6.45; 25.40), with 12=99%. 4.4 DDT,
2.4 DDT and 4.4 DDE showed the highest MD values (Figure 3.1).

Contrarily, the analysis of data from Lee et al. (2004) and Zhao et al. (2012) (Figure 3.2, subgroup = DDT and HCH)
reveal the absence of the relationship between exposure to HCH and DDT and the development of cancers in the GIT (OR:
1.17; 95% CI: 0.94; 1.47), with statistical homogeneity (1>= 0%). Here, the association between beta-HCH, DDT, p, p"-DDT,
p, p"-DDE and hepatocellular carcinoma, gastric and esophageal cancer were analyzed. None of the analyzed pesticides
showed a significant association. The adoption of the random effects model revealed beta-HCH, p, p"-DDT and DDT with the
highest weights.

In relation to the cyclodienes family, the analysis of the binary data of Aldrin and Dieldrin, present in the studies by
Lee et al. (2004) and Zhao et al. (2012) showed no evidence of an increased risk of cancer in TGI organs (OR: 0.90; 95% ClI:
0.61; 1.34). Only the data referring to Aldrin, extracted from Zhao et al. (2012) revealed a significant association (Figure 3.2,
group = cyclodienes). Differently, the data extracted from Lee et al. (2018) showed a significant relationship (MD = 1070;
95% CI = 889.57; 1250.80) between the occurrence of colorectal cancer and exposure to pesticides, with 1?= 100% and
application of the random effects model (Figure 3.3) . All pesticides analyzed showed a significant relationship between the
association. The highest MDs were registered by oxychlordane, trans-nonachlor and heptachlor epoxide. Trans-chlordane,
heptachlor and cis-nonachlor had the highest weights (17.9%, 17.9% and 17.7%, respectively).
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Figure 3 - Meta-analysis of organochlorine pesticides.
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3.3 — Cyclodiene
Experimental Control
Study Total Mean SD Total Mean sSD Mean Difference MD 95%-Cl Weight
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oxychlordane 99 407930 807.3000 76 75090 1632000 | | 3328 40 [3165.20; 3491.60] 156%
trans-nonachlor 99 7612.30 877.4000 76 5902 40 747.2000 L= 1709.90 [1468.88; 195092] 136%
cis-nonachlor 99 73820 1431000 76 55630 1185000 | 18190 [143.11; 22069] 17.7%
heptachlor epoxide 99 2179.20 366.9000 76 609.40 112.7000 | 1569.80 [1493.21; 1646.39] 17.3%
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-3000 -1000 O 1000 3000

a= Zhao et al, 2012; b = Lee et al, 2004 (gastric cancer); ¢ = Lee et al, 2004 (esophageal cancer); d = Andreotti et al,
2009

Source: Authors.

Evaluation of organochlorine pesticides showing different results according to the analyzed site and the considered variable.
3.1) HCH and DDT showing MD of 15.92 [6.45; 25.40], with all pesticides showing association with colorectal cancer 3.2)
Evaluation of HCH and DDT in binary data revealing OR 1.17 [0.93; 1.47]. Non-significant result also for the binary data of
the cyclodienes 3.3) Analysis of the continuous data of the cyclodienes showing MD 1070.19 [889.57; 1250.80].

Lee et al. (2018) and Abdallah et al. (2017) presented data on different types of polychlorinated biphenyls (PCBS).
While the former's analysis observed the geometric mean of the pesticide's lipid accumulation in ng / g of lipid (with values
ranging between 81.40 and 21956.70 ng / g) in patients with colorectal cancer, the latter presented its results from the
arithmetic mean of the concentration serum levels of pesticides. Thus, it was not possible to group the different data in a single
analysis. In Figure 4.1, the data extracted from Lee et al. (2018) referring to 8 PCBs (18, 28, 33, 52, 101, 105, 194, 199) with a
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lipid concentration below 2000 ng / g of lipid, revealing a positive association between exposure to PCBs and the development
of GIT neoplasms (MD 38.95; 95% Cl = 12.78; 65.11), with index 12= 99%. The individual analysis of pesticides reveals
significance between PCBs 18, 33, 52, 101 and 199.

Figure 4.2 gathers the pesticides PCB 118, PCB 138, PCB 153, PCB 170, PCB 180 and PCB 187 with a concentration
greater than 2000 ng / g of lipid in the studies by Lee et al 2018. The analysis showed no evidence in the association (MD = -
1128.34; 95% CI = -2392.87; 136.19), with high heterogeneity (1= 100%). PCB 170 and PCB 180 showed a significant
positive correlation, while PCB 138 and PCB 153 showed an inverse association. The lack of significance of PCBs 118, 138,
153, 170 and 180 was also observed in the data extracted from Abdallah et al. (2017) (MD = 0.08; 95% CI = -0.17; 0.33), with

no statistical heterogeneity (1= 0%). In this, none of the analyzed pesticides showed a significant association (Figure 4.3).

Figure 4 - Meta-analysis of polycholinated biphenyl (PCB).

4-1 = PCB Experimental Control

Total Mean SD Total Mean sSD Mean Difference MD 95%-Cl1 Weight
PCB 18 99 21790 249000 76 121.80 153000 | 9610 [ 90.11;102.09] 13.7%
PCB 28 99 109.10 15.5000 76 113.50 17.7000 i -4.40 [ -9.42; 062] 13.7%
PCB 33 99 91.30 9.1000 76 81.40 8.9000 990 [ 7.21; 12.59] 13.8%
PCB 52 99 165.30 22.4000 76 132,90 19.8000 | 2 3240 [ 26.13; 38.67] 13.7%
PCB 101 99 12900 13.6000 76 123.60 143000 H 5.40 [ 1.22; 958] 138%
PCB 105 99 487.10 71.7000 76 569.40 92.0000 = | -82.30 [-107.35;-57.25] 12.3%
PCB 194 99 937.90 157.9000 76 918.60 169.8000 —— 19.30 [-29.94; 68.54] 9.3%

PCB 199 99 125220 164.9000 76 964.70 139.5000 ‘ —=— 287.50 [242.35; 332.65] 9.8%

Random effects model_ 792 608
Heterogeneity: I~ = 99%, v~ = 1290 6680, p < 0.01

38.95 [ 12.78; 65.11] 100.0%

-
[ T T 1 T T
-300-200-100 0 100 200 300

4.2 - PCB
Experimental Control

Study Total Mean SD Total Mean sSD Mean Difference MD 95%-Cl Weight
PCB 118 99 340480 3994000 76 346640 4466000 : 65160 [-189.16; 6596] 168%
PCB 138 99 712920 9834000 76 13939.80 2111.9000 — 681060 [7323.40; 6297 80] 164%
PCB 153 99 19387.70 11752000 76 21956.70 1461.8000 : -2569.00 [-2970.99;-2167.01] 166%
PCB 170 99 4236.20 551.1000 76 3076.50 439.5000 1159.70 [1012.91; 1306.49] 16.8%
PCB 180 99 1242960 9825000 76 11150.30 968.0000 i 127930 [ 988.06; 157054] 167%
PCB 187 99 528990 5514000 76 520280 5956000 8710 [ -8532;, 25052] 168%
Random effects model 594 456 g -1128.34 [-2392.87; 136.19] 100.0%

Heterogeneity: 1% = 100%, 2 = 2472732.9298, p < 0.01 o
6000 -2000 0 2000 6000

4.3 -PCB
Experimental Control

Study Total Mean SD Total Mean sSD Mean Difference MD 95%-Cl Weight
PCB 118 35 1.91 1.9200 32 1.52 1.8200 0.39 [-0.51; 1.29] 7.8%
PCB 138 35 5.41 3.3000 32 4.92 3.0300 0.49 [-1.03; 2.01] 2.7%
PCB 153 35 3.01 2.5000 32 311 2.5900 -0.10 [1.32;1.12] 4.2%
PCB 170 35 0.78 0.9900 32 0.65 0.8000 — 0.13 [0.30; 0.58] 33.7%
PCB 180 35 0.57 0.7600 32 0.58 0.6900 . -0.01 [-0.36; 0.34] 51.6%
Random effects model 175 160 # 0.08 [-0.17; 0.33] 100.0%

Heterogeneity: 1#= 0%, 2= 0, p =089

PCBs showing different evidence for carcinogenic association. 4.1) PCBs with lipid concentration below 2000 ng/g presenting MD 38.95
[12.78; 65.11] 4.2) PCBs with concentration superior to 2000 ng/g revealing inconclusive association 4.3) Analysis of binary data of PCBs
with concentration superior to 2000 ng/g showing MD 0.08 [-0.17;0.33].

Source: Authors.

Figure 5 shows data on the analysis of organophosphates. The data extracted from Mills and Yang (2007), Lee et al.
(2004) and Andreotti et al. (2009) presented an inconclusive result regarding exposure to organophosphates and the organs
analyzed (OR: 0.86; 95% CI: 0.69; 1.08). The individual analysis of the pesticides shows that none was significantly associated
with an increased risk of cancer. Malathion (OR: 0.54; 95% CI: 0.29; 0.98) showed an inverse association. The highest weights
were presented by Terbufos (12.0%) and Chlorpyrifos (10.2%).
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Figure 5 - Meta-analysis of organophosphates.

Experimental Control
Study Events Total Events Total Odds Ratio OR 95%-Cl Weight
Chlorpyrifos d 17 89 22084 79025 —f 0.61 [0.36;1.03] 102%
Diazinon 2 22 56 38 118 — 1.05 [0.55, 2.00] 6.9%
Diazinon P & 41 59 243 053 [021;1.33] 3. 4%
Diazinon © 10 45 62 246 e E— 085 [040;181] 4 9%
Fonofos P 5 31 59 243 0.60 [0.22;1.63] 2.8%
Fonofos © T 33 62 246 0.80 [0.33; 1.93] 3.7%
Fonofos d 12 83 10336 75668 — 1.07 [0.58; 1.97] 7.6%
Malathion? 30 T4 34 110 -*l—'— 1.52 [0.82,2.82] 7.5%
Malathionb 14 50 59 243 — 0.95 [0.49,1.85] 6.14%
Malathion¢ 12 58 52 246 077 [0.39,1.56] 5.9%
Malathiond 14 56 19357 50563 054 [0 29; 098] 7 8%
Phorateb &) 32 59 243 0.72 [0.28;1.83] 3.3%
Phorate @ 11 57 6746 50109 1.54 [0.80; 2.97] 6.6%
Phorate ¢ 10 36 62 246 1.14 [0.52; 2.50] 4. 6%
Terbufos P 5 34 59 243 0.54 [0.20; 1.45] 2.9%
Terbufos © &) 35 G2 246 0.61 [0.24;1.55] 3.3%
Terbufos d 22 84 18534 75760 — - 110 [067;178] 120%
Random effects model 914 333798 et 0.88 [0.74; 1.04] 100.0%

Heterogeneity: %= 0%, 2= 0, p =046 I I I !
0.2 0.5 1 2 5

a= Mills and Yang, 2007; b= Lee et al, 2004 (gastric cancer); c= Lee et al, 2004 (esophageal cancer); d= Andreotti et al, 2009

Organophosphates showing inconclusive results regarding the association with GIT cancers, with OR 0.88 [0.74; 1.04].
Source: Authors.

The carbamate analysis included four distinct compounds from Mills and Yang (2007) and Lee et al. (2004) and
presented an inconclusive result both in the total result and in the individual analysis of the pesticides (OR: 0.96; ClI: 0.77;
1.21) (Figure 6.1). The adoption of the random model showed greater weights for Carbaryl (18.6%) and Carbofuran (14.9%).
Finally, Lee et al. (2004) and Andreotti et al. (2009) presented data on exposure to triazines and the occurrence of cancers
located in three different sites, with non-conclusive results (OR: 0.91; 95% CI: 0.74; 1.13) and statistical homogeneity (12= 0).

All the pesticides analyzed showed no significant result (Figure 6.2).
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Figure 6 - Meta-analysis of carbamates and Triazines.

6.1 - Carbamates

Experimental Control
Study Events Total Events Total Odds Ratio OR 95%-C1 Weight
Carbaryl ° g9 56 59 243 060 [0.28.129] 89%
Carbam; 12 59 B2 246 0.76 [0.38;1.52] 10.9%
Carbaryl 17 57 18197 50686 076 [043;134] 164%
Carbofuran 9 45 59 243 0.78 [0.35;1.71] B8.5%
Carbofuran ¢ 11 47 62 246 ) 091 [0.44;1.89] 9.8%
Carbofuran d 14 82 12756 75352 — 1.01 [0.57;1.80] 16.0%
Mancozeb 2 26 59 a5 165 1.58 [0.86;289] 14.3%
Maneb a 28 65 54 152 1.37 [0.76;2.48] 151%
Random effects model 470 127333 - 0.96 [0.77; 1.21] 100.0%
Heterogeneity: 1° =0%, t° =0, p = 0.44 l ! !
0.5 1 2
6.2 - Triazines
Experimental Control

Study Events Total Events Total Odds Ratio oR 95%-Cl Weight

Adrazine b 18 T3 59 243 - 1.02 [0.56; 1.87] 11.9%

Atramneé: 15 70 62 246 —= 0.81 [0.43;1.53] 10.8%

Atrazine 37 91 365126 TO271 —— 0.82 [0.54; 1.24] 25 2%

Cyananzine b 1 21 59 243 016 [0.02; 1.19] 1.1%

Cyananzine ¢ 5 25 652 246 074 [0.27; 2.086] 4 2%

Cyananzine d 21 82 20499 75798 —S=— 0.93 [0.57;1.53] 17.9%

Simazine g 52 155 48 155 —— 1.13 [0.70;1.81] 19.4%

Metribuzin 10 57 8688 S0167 77 1.02 [0.51; 2.01] 9.5%

Random effects model 574 206369 “ 091 [0.74; 1.13] 100.0%

Heterogeneity: == 0%, = = 0, p =072 f T T 1

0.1 o051 2 10

a= Mills and Yang, 2007; b= Lee et al, 2004 (gastric cancer); c= Lee et al, 2004 (esophageal cancer); d= Andreotti et al,
2009

Carbamates and triazines showing inconclusive results in the assessment of their exposure and GIT cancers. 6.1) Carbamates with OR 0.96
[0.77;1.21] 6.2) Triazines showing OR 0.91 [0.74;1.13].
Source: Authors.

4. Discussion

Due to the progression of the number of cases of cancers located in the gastrointestinal tract (IARC, 2020b), it is
necessary to understand the associated factors to design strategies for prevention and early detection. Our meta-analysis was
conducted to help elucidate the issue related to the increased risk of malignant neoplasms through exposure to pesticides. All
studies present in the consulted database that discussed the association between exposure to pesticides and carcinogenic
initiation in the esophagus, stomach, intestine, pancreas and liver were reviewed. The results of the present study bring
different conclusions about the variety of pesticides investigated.

Some studies in the review evaluated the increased risk of cancer and exposure to pesticides, without specifying the
compounds. Pesticides have been associated with possible carcinogenic effects in colorectal (Lo et al, 2010) and pancreatic
(Antwin et al, 2015; Meyer et al, 2011) cancers. Other studies have assessed the significant association with ductal
adenomacarcinoma and gastric cardiac adenocarcinoma only in individuals with high exposure (Santibanez et al, 2012;
Jansson et al, 2006). Occupational exposure in the field was also assessed as a factor that increases the risk of pancreatic cancer
(Santibanez et al, 2010), as well as there was a significant increase in the same cancer among farmers who frequently
consumed the products grown on their own farms (Lo et al 2007). On the other hand, a study demonstrated a lack of
relationship between exposure to pesticides and cancers of the colon, rectum, stomach, pancreas and esophagus (Kachuri et al
2017), as well as a non-significant incidence among women farmers and colorectal and liver cancer (Wang et al, 2002).

Some authors have analyzed compounds belonging to other groups and have shown different associations. Methyl
bromide was associated with an increased risk of stomach cancer (Barry et al, 2012), acetalochlor showed significant results

with liver cancer and borderline in relation to pancreatic cancer (Lerro et al, 2015), while imazetaphyr showed increased risk of
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proximal colon cancer (Koutros et al, 2009). The investigation of metalochlor demonstrated some association with liver cancer
(Silver et al, 2015) and the absence of a significant result with colon cancer (Rusiecki et al, 2006).

Organochlorines are considered persistent chemical agents, with slow degradation and well-documented
bioaccumulation. Despite the banning in several countries, the long-term effects have not yet been fully elucidated (Katzung et
al, 2018). The dubiousness regarding the results of HCH and DDT can be justified by the clinical heterogeneity present in the
studies, influenced here by the different oncological sites and by the different staging of the cases analyzed, in addition to the
different levels and quality of exposure of the agents, which generates discordant results. The association is positive in the
analysis of colorectal cancer and inconclusive when comparing data on esophageal, gastric, pancreatic and liver cancers. The
analysis of such inconclusiveness must consider the extent of the confidence interval and the borderline result for the
relationship (Brasil, 2012).

The dubiousness of the relationship also present in the results referring to the family of cyclodienes should be
analyzed according to the same critical aspects, since the global inconclusive result related to binary data, which analyzes
esophageal, gastric and pancreatic cancers, presents an even wider confidence interval than the previous group. In the case of
colorectal cancer, the relationship is significant.

The IARC classifies DDT and Dieldrin (and its metabolite Aldrin) as probable human carcinogens due to the already
known carcinogenic effect in some sites. DDT is associated with liver and bile duct cancer, as well as testicle and leukemia /
lymphoma, while exposure to Dieldrin is associated with the occurrence of breast cancer (IARC, 2020a). A recent systematic
review evaluated the association between organochlorinated exposure and increased risk of pancreatic cancer. The results
suggest some evidence that exposure to high organochlorinated levels may be associated with this cancer, but larger analyses
would be required (Andreotti and Silverman, 2011). Other reviews also showed similar results in the association (Bassil et al,
2007; Beard, 2006). However, the results present in an earlier review corroborate our data presented in this paper regarding the
dubiousness of the association of pancreatic cancer with organochlorinated, although it suggests some specific evidence of the
relationship with DDT (Jaga and Dharmani, 2005). DDT presented the most convincing results among organochlorinated in
relation to the association with liver cancer among three revised control cases (Vopham et al, 2017).

In our review, McGlyn et al. (2006) demonstrated increased risk of liver cancer in patients with high serum rates of
DDT, while DDE did not show significant results. In the case of hepatocellular carcinoma specifically, both p,p'-DDT and
HCC were associated with increased risk (Vopham et al, 2015; Persson et al, 2012). In pancreatic cancer, Fritschi et al. (2015)
did not observe a significant association, whereas Hardell et al. (2007) showed significance for exposure to HCB and Louis et
al. (2017) showed a significant association only with Lindano. In the analysis of colorectal, colon and rectum cancer, no
association was observed with DDT (Lee et al, 2007). In relation to cyclodiene, there was a high risk of colorectal cancer at
aldrin exposure, with non-significant findings for dieldrin, chlordane and heptaclor. All these pesticides presented null OR for
the occurrence of colon and rectum cancer (Lee et al 2007). In another study, the evaluation of the lipid concentration of
clordans among patients with pancreatic cancer and controls demonstrated significance (P<0.005) for cis-heptachlordane,
trans-chlordane, oxychlordane and cis-nonachlordane. Only trans-nonachlordane showed no significant result (p=0.005)
(Hardell et al, 2007). The diversity and disparity of results accentuates the inconclusion regarding the effective influence of
organochlorinated on carcinogenesis.

PCBs are polychlorinated chemical compounds once used on a large scale in various applications. The endocrine
destabilization promoted by it and the possible carcinogenic action on some cancers, such as melanoma, breast and pancreas,
placed it in a central process of discussion about its banishment (Katzung et al, 2018). Its association with cancers of the

gastrointestinal system has not yet been fully elucidated. Our study showed a positive association of compounds with lower
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lipid dosage and colorectal and inconclusion cancer with those with high lipid rate. The latter confirmed by the two analyses
undertaken. In both cases, the confidence interval should also be considered for any interpretation.

For IARC, PCBs are human carcinogens (classification 1), with a known association with skin, breast and
leukemia/lymphoma cancer (IARC, 2020a). Previous reviews with a small number of studies included reported the association
of exposure to PCBs and pancreatic cancer (Zani et al, 2013). In our meta-analysis, some results show no association between
exposure to compounds and liver cancer.

The papers included in the systematic review that related PCB and the occurrence of GIT neoplasms support the
hypothesis of carcinogenic relationship. Analyzing 21 patients with exocrine pancreatic adenocarcinoma and 59 controls,
Hardel et al. (2007) demonstrated that the concentrations of the sum of 35 PCB compounds in ng/g of lipid were significant
compared to the control (p<0.0001), with a similar result for the PCB 153 compound alone, whose concentration was the
highest in the analysis. Patients with total concentration of PCBs higher than the median concentration of cases presented
lower and significant median survival. It is known that the increase in organochlorinated can occur during weight loss,
common in the final stage of pancreatic cancer. The analysis of individuals from areas with high and low exposure to PCB
showed significant concentration of compounds in men and women, with a small but significant increase in gastric cancer in
both sexes and peritoneal, in males, in the most exposed region (Pavuk et al, 2004).

Our meta-analysis showed inconclusive results for the organophosphate and carbamate group. Organophosphates are
not persistent pesticides. They are mainly associated with acute effects on the body and their most known long-term effects are
some central neuronal changes (Katzung et al, 2018). However, Diazinon and Malathion are likely human carcinogens,
associated both with leukemia/lymphoma and the latter also with prostate cancer. Among carbamates, carbaryl and maneb
were previously analyzed and described as non-classifiable as carcinogens to humans (IARC, 2020a). The acute toxic effects
of carbamates, compared to organophosphates, present clinical signs and symptoms of shorter duration and variation between
the dose of mild and lethal intoxication (Katzung et al, 2018).

The information present in the review are multiple and present different results for the issue. Evaluating the
association of exposure to organophosphates and increased risk of colorectal cancer, Lee et al. (2007) demonstrated that
Chorpyrifos has no significant association with any of the cancers evaluated (colorectal, colorectal and rehest). Similar results
were observed for Diazinon, Malathion, Parathion, Phorate and Terbufos. Two pesticides were associated with some type of
cancer: toxaphene revealed increased risk for rectal and fonofos cancer for colorectal and colon cancer. The analysis of the
relationship with hepatocellular carcinoma also did not show an increased risk of neoplasm (Vopham et al, 2015), as well as
the absence of evidence was described for pancreatic cancer (Fritschi et al, 2015). On the other hand, Ezzat et al. (2005)
reveals a significant association between liver carcinoma and exposure to organophosphate compounds (organophosphorus
fungicides, organothiophosphate insecticides, phospherophenyl amino, phosphate and phosphoramidate).

Our review also presents data on carbamates. A 2015 control case reveals a zero association of carbamates and the
risk of hepatocellular carcinoma regardless of the level of exposure to the chemical group (low, moderate and high) (Vopham
et al, 2015). Other papers, however, present discordant results. The findings of Ezzat et al. (2005) demonstrate favorable
information for the association: both insecticide and acaracid carbamates and the analysis of all carbamate compounds revealed
significant results in relation to hepatocellular carcinoma. Lee et al. (2007), in the analysis of exposure to carbaryl and
carbofuran, demonstrated that there is only a significant association between carbaryl carbamate and rectal cancer, with no
association for colorectal and colon cancer.

The data from our meta-analysis differ from some evidence. A 2017 review concluded that insecticides from

organophosphate groups and carbamates have some evidence of association with liver cancer (Vopham et al, 2017). In other
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studies, organophosphates were also related to the risk of increased liver cancer (Jaga and Dharmani, 2005) and colorectal
(Alavanja and Bonner, 2012). These results are, however, also inconclusive in view of the existing bias in the reviewed studies
and the small number of papers included in each review. Evidence of carcinogenicity was observed by the Canadian Pest
Management Regulatory Agency and the U.S. Environmental Protection Agency in animal toxicity studies for some
substances, such as cabaril, supporting the biological plausibility of associations derived from these pesticides (Kim et al,
2017).

In relation to triazines, IARC describes atrazine and simazine as non-classifiable to human carcinogens (IARC,
2020a). Evaluations of the group revealed low toxicity for humans, however there are some controversies in this issue, such as
its possible involvement in reproductive/endocrine problems, effects on the immune system, among others (Semren et al,
2018). In our review, one study suggested that the association of acetalochlor and atrazine was related to borderline increase in
pancreatic risk (RR=2.62; 95% CI: 0.95-7.20) (Lerro et al, 2015). On the other hand, no association of atrazine, cyanazine and
metribuzin with colorectal cancer was evidenced (Lee et al 2007).

The present systematic review summarized the data published in the database consulted on the association between
malignant neoplasms of some organs of the gastrointestinal tract and exposure to organochlorinated, organophosphates,
carbamates and trialine from the combination of different terms, sensitive and specific to the theme. This is the first meta-
analysis to analyze the association of so many classes of pesticides with cancers in these organs. The analysis of binary and
continuous data and the large number of information inserted configure the main forces of this meta-analysis.

Invariably, our review and meta-analysis presented several limitations. Part of the studies was concentrated in one
American country (USA), with irregular distribution in other continents. In Africa, studies focused on Egypt. This distribution
may not allow the analysis of different realities regarding pesticide exposure and link the results of meta-analysis to a
country/region, with specific characteristics regarding exposure (more or less exposed). It is also mentioned the limited number
of studies investigating the association of exposure to pesticides and the occurrence of malignant neoplasms in GIT organs. A
much larger number of studies investigate the association between lymphocytic or hematic neoplasms, breast and prostate. The
lack of a broad literature on the issue prevented the analysis of the association by organs, requiring the grouping of these as a
system. Many of the existing studies on organ cancers investigated in this paper did not present the necessary information for
quantitative analysis, limiting the number of studies included in the meta-analysis. In addition, the different forms of data
presentation (proportions, geometric mean, arithmetic mean, etc.) and the absence of information pertinent to meta-analysis
(such as the non-presentation of the number of cases and/or controls, the number of exposed and/or unexposed individuals or
the binary data used in the study) prevented the execution of a single analysis, requiring the separation of the data.

It is important to highlight that the included studies showed variation in methodological quality, an aspect evidenced
by the results of the New Castle-Ottawa Scale. Among the papers included in the meta-analyses of binary data, some evaluated
the time/degree of exposure of the individual by self-report, without deeper or quantitative analyses of the data. The validity of
the scale used (NOS) was questioned by previous studies (Stang, 2010). Other more validated scales were not used here, such
as ROBINS-I (Sterne et al, 2016), because they are based on intervention studies, and therefore cannot be applied here because

all the studies included were observational.

5. Conclusion

In summary, the findings suggest a possible carcinogenic effect of organochlorinated on colorectal cancer, with an
association with HCH, DDT and derivatives, cyclodiene sands and some PCBs compounds. The results are borderline to the

association of organochlorinated and other cancers. Regarding organophosphates, carbamates and triazines, the data were
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inconclusive. The existence of distinct and multiple information may raise the hypothesis of possible carcinogenic effect,
requiring further studies for its confirmation. The interpretation of the information explained here should consider the
limitations listed, as well as the magnitude of the confidence intervals in the overall results. An analysis of each organ, with a
greater number of studies, could elucidate the question more assertively. Further studies are needed for more concrete
conclusions about the relationship between pesticides and esophageal, gastric, intestinal, liver and pancreatic cancers, with
methodological adjustments for greater strength of evidence. In this sense, a greater number of studies that assess exposure
using a similar methodology, associated with a larger number of studies focused on the same site, may provide stronger

evidence on the association between GIT cancers and exposure to pesticides.
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