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Abstract

Obijective: This study aims to develop a protocol for a systematic review of the literature published until April/2021
related to exposure to heavy metals and the development of breast and prostate cancer, to understand the relationship
between metals such as arsenic, cadmium, and lead and these types of cancer, considering the characteristics of
bioaccumulation of these elements and the intensification of their use in contemporary society. Methodology: The
mnemonic PECOS (Population, Exposure, Control, Outcome, and Study Design) will guide the search strategy that
will be carried out in eight databases (Pubmed, Pubmed PMC, BVS, Embase, Scopus, Web of Science, Cochrane, and
ProQuest). The selection process and data extraction will be conducted by two authors independently. Articles that
meet the pre-established inclusion criteria (age over 18 years, exposed metals, type of cancer, case-control, and cohort
studies) will be included in the review and, after reading the complete text, will have the data and characteristics
extracted and organized in a table containing the bibliometric data and characteristics of the studies (population, data
obtained, conclusions and results). Results: They will be presented in a descriptive synthesis followed by tables and
diagrams.

Keywords: Heavy metals; Breast neoplasms; Prostatic neoplasms; Environmental exposure.

Resumo

Objetivo: Este estudo visa desenvolver um protocolo para uma revisao sistematica da literatura publicada até
abril/2021 relacionada a exposicdo a metais pesados e o desenvolvimento de cancer de mama e de prdstata, a fim de
compreender a relagdo existente entre metais como arsénio, cddmio e chumbo e esses tipos de cancer, dadas as
caracteristicas de bioacumulagdo desses elementos e a intensificacdo de seu uso na sociedade contemporanea.
Metodologia: O mnemdnico PECOS (Populacéo, Exposicdo, Controle, Desfecho e desenho dos estudos) norteara a
estratégia de busca que seré realizada em oito bases de dados (Pubmed, PubMed Central, BVS, Embase, Scopus, Web
of Science, Cochrane e ProQuest). Os processos de selecdo e a extragdo de dados serdo conduzidos por dois autores de
maneira independente e cega. Os artigos que obedecerem aos critérios de inclusdo pré-estabelecidos (publico-alvo
acima de 18 anos, metais expostos, tipo de céncer, estudos caso-controle e de coorte) serdo incluidos na revisao e,
apos a leitura na integra de seu conteldo, terdo os dados e caracteristicas extraidos e organizados em um formulario
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especifico contendo os dados bibliométricos e caracteristicas dos estudos (populacdo, dados obtidos, conclusdes e
resultados). Resultados: Serdo apresentados em sintese descritiva acompanhada de tabelas e diagramas.
Palavras-chave: Metais pesados; Neoplasias da mama; Neoplasias da préstata; Exposicdo ambiental.

Resumen

Objetivo: Este estudio tiene como objetivo desarrollar un protocolo para una revision sistematica de la literatura
publicada hasta abril/2021 relacionada con la exposicion a metales pesados y el desarrollo de cancer de mama y
prostata, con el fin de comprender la relacion entre metales como el arsénico, el cadmio y el plomo y estos tipos de
cancer, dadas las caracteristicas de bioacumulacién. de estos elementos y la intensificacion de su uso en la sociedad
contemporanea. Metodologia: La neménica PECOS (Population, Exposure, Control, Outcome and Study Design)
guiara la estrategia de blUsqueda que se realizara en ocho bases de datos (Pubmed, Pubmed PMC, BVS, Embase,
Scopus, Web of Science, Cochrane y ProQuest). El proceso de seleccion y extraccion de datos sera realizado por dos
autores de forma independiente. Los articulos que cumplan con los criterios de inclusion preestablecidos (publico
objetivo mayor de 18 afios, metales expuestos, tipo de cancer, estudios de casos y controles y cohortes) seran
incluidos en la revision y, luego de la lectura completa de su contenido, tendran la datos y caracteristicas extraidos y
organizados en un formulario especifico que contiene los datos bibliométricos y caracteristicas de los estudios
(poblacién, datos obtenidos, conclusiones y resultados). Resultados: Se presentaran en una sintesis descriptiva
acompafiada de tablas y diagramas.

Palabras clave: Metales pesados; Neoplasias de la mama; Neoplasias de la prostata; Exposicion a riesgos
ambientales.

1. Introduction

Cancer is a complex and multifactorial disease caused by metabolic imbalances, exogenous factors (diet, lifestyle,
exposure to radiation and contaminants), heredity, and other elements. The disease formation is called carcinogenesis, which is
triggered by inherited or acquired genetic mutations, and by the action of chemical, hormonal, radioactive, and viral agents.
These agents are called carcinogens (Shibamoto & Bjeldanes, 2014).

In 112 countries of the world, cancer is the main cause of death before 70 years old and this is an obstacle to
increasing life expectancy. In 2020, among the 19.3 million new cases (excluding melanomas), the highest incidence of the
disease was represented by breast cancer, with 11.7% of new cases. Breast cancer was the most common cancer among women
(24.5% of new cases) in 159 countries and the most lethal in 113 countries (Sung et al., 2021).

The highest rates of cancer mortality are due to lung cancer, leading to the world’s mortality rates for the disease.
However, the detected cases of prostate cancer are attracting attention: in 2020, 14.1% of new cases were due to prostate
cancer. The exception to this is Asia, where lung cancer cases are still predominant in males. On the other hand, in some
continent prostate cancer is already the most frequent among men. In addition, the incidence of prostate cancer presents
geographic variations that are drawing attention to the role of behavioral factors and environmental exposure in the
development of the disease. This fact is supported by studies in populations that move to countries with high rates of the
disease, and the number of cases in these populations then approaches the rates of the country that they migrate to (moving
away from their home country rates), providing evidence that exogenous factors can play an important role in carcinogenesis
(Brito-Marcelino et al., 2021; Sung et al., 2021).

The discussions about the causes of cancer emerged in the discovery of the disease and persist to the current day;
going through theories that point from fluid imbalance as one of the causes (Hippocrates' Humoral Theory) to the conclusion
that tumors were made up of cells and their indiscriminate propagation (Maciel-Silva et al., 2018).

An example of a contaminant in contemporary society are pesticides and some of these elements - such as DDT
(dichlorodiphenyl-trichoroethane) — have their use controlled and even forbidden, the bioaccumulation property of these
elements means that they are found at different trophic levels of the food chain, as well as in human adipose tissue, blood, and
milk (Beard & Collaboration, 2006).

The relationship between environmental exposure to contaminants and carcinogenesis is because some of these
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elements can act as endocrine disruptors, playing an important role, especially in hormone-dependent cancers. Such elements
have the ability to mimic the action of hormones, due to the similarity of their chemical structure to natural hormones, or even
to neutralize the action of elements that, under natural conditions, would act as protectors against abnormal cell proliferation
(Beard & Collaboration, 2006).

Endocrine disruptors are chemical substances or mixtures that interfere with normal hormonal activity and can occur
naturally (food) or artificially (synthetic products, pesticides, etc.). The harmful effects resulting from exposure to these
elements may not be perceived during the period of exposure, but manifest themselves throughout life, intensifying in
adulthood or aging (Kabir et al., 2015).

Among the environmental contaminants, we find heavy metals, which refer to the group of elements that occur
naturally in small concentrations and have a density > 5 g/cm3. The association of the term “heavy metal” with pollutants and
contaminants has become common, but in this classification are found some essential metals for living beings, such as cobalt
(Co), iron (Fe), copper (Cu), manganese (Mn), molybdenum (Mo), vanadium (V), strontium (Sr) and zinc (Zn) (Alloway,
1990; Duarte & Pasqual, 2000).

Thereby, contact with heavy metals is inevitable, as sources can be both natural and anthropogenic. Some may be
essential to the functioning of organisms (zinc, selenium, magnesium, etc.), iron is essential for oxygen transport, and selenium
and manganese in antioxidant defense; however, metals such as lead, cadmium, and arsenic may be harmful when in high
amounts or prolonged exposure, and they can neutralize the anticarcinogenic action of essential elements, like as the
interaction between cadmium and selenium (Alatise & Schrauzer, 2010; Perrelli et al., 2022).

The heavy metals can cause epigenetic disorders, including DNA methylation, responsible for inhibiting the
expression of tumor suppressor genes, altering the cell division process, and facilitating the proliferation of malignant cells.
Another important factor is that metals, such as lead and cadmium, tend to decrease the action of metalloproteins that act as
antioxidants and help in the detoxification process of free radicals (Balali-Mood et al., 2021).

Among environmental carcinogens, arsenic is the most widespread. According to the International Agency for
Research on Cancer, arsenic and its inorganic compounds are recognized as carcinogens for the skin, lung, and bladder and,
despite limited evidence in humans, it is also noted in the carcinogenesis of the liver, prostate, and kidneys. In addition,
exposure to arsenic is associated with other chronic diseases such as type 2 diabetes and cardiovascular problems (Sung et al.,
2021).

Although arsenic is a metalloid, it has properties similar to that of a metal and occurs naturally in the environment in
geological formations. As such, the contamination of waterways by arsenic is a matter of great concern in certain regions;
especially in rural areas that use groundwater to supply and irrigate crops. Cases of mass contamination have already been
observed in the regions of Taiwan and Bangladesh and in some places in the United States (Davey et al., 2007).

Even without a consensus on the role of arsenic in carcinogenesis, the main mechanisms of action of this metal that
contribute to neoplasms are related to oxidative stress, genotoxicity, and chromosomal aberrations, also present in other
elements covered by this classification (Zhou & Xi, 2018).

Another metal that has attracted the attention of researchers regarding breast and prostate carcinogenesis is lead since
it can function as an endocrine disruptor and promote imbalances in relation to essential metals. Lead contamination is
geographically unequal and can be through different routes: soil, air, water, or anthropogenic actions (water pipes, paints, and
fuels), the amount of lead present in the blood can be a good indicator of the presence of this metal, both in humans and
animals (Levin et al., 2021).

Lead is a metalloestrogen, acting in a similar way to estrogen can stimulate cell proliferation in breast cancer. Lead is
also associated with infertility in both men and women. In prostate carcinogenesis, for example, one of the most consistent
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pieces of evidence is that high levels of exposure to lead affect the levels of zinc in humans. Zinc is an essential metal with an
important role in the healthy development of the prostate (Neslund-Dudas et al., 2018). The toxic effects of lead on human
health can differ according to age group. While in children the attention turns to the effects on the nervous system; among
adults changes in the cardiovascular system, involvement in cases of hypertension, and chronic kidney dysfunction are the
center of attention (Moreira & Moreira, 2004; Perrelli et al., 2022).

Another non-essential element that occurs naturally in the environment is cadmium, which has food and smoking as
its main source of contact with humans. Furthermore, it is present in soil fertilizers and pesticides (J&rup, 2003; Van Maele-
Fabry et al., 2016). Cadmium has bioaccumulative characteristics and may have its amount increased due to age. It is usually
present in greater quantities in women and its absorption is related to the presence of essential metals such as zinc, magnesium,
selenium, calcium, and iron. Thus, the deficiency of these elements can result in greater absorption of cadmium. Cadmium
toxicity may cause changes in the homeostasis of essential metals, inhibition of DNA repair mechanisms, and increased
oxidative stress by weakening the enzymatic and non-enzymatic antioxidant barrier. The main role of cadmium in
carcinogenesis is its influence on gene expression, inducing mutations in proto-oncogenes and interrupting cell death signaling
pathways, as well as interrupting DNA repair mechanisms (Aalami et al., 2022; Adams et al., 2011; Mezynska & Brzoska,
2018).

Cadmium, arsenic, and lead are endocrine disruptors, playing an important role in estrogen receptors and in hormone-
dependent tumors. The oxidative damage caused by them constitutes the main mechanism for promoting carcinogenesis
(Davey et al., 2007). In both breast cancer and prostate cancer, endocrine disruption can be fundamental, it can have a direct
action or by binding to hormone receptors, blocking or mimicking such pathways (Corti et al., 2022; Florea & Biisselberg,
2011).

In this way, the knowledge and recognition of substances that contribute to carcinogenesis become relevant in the face
of the use of various elements in a more pronounced way, due to the industrialization processes, the disposal of waste, and the
accumulation of pollutants in water courses, soil, and the atmosphere. Therefore, the question that guides this research arises:
is there an association between exposure to heavy metals (cadmium, arsenic, and lead) and the development of breast and

prostate cancer in adults?

2. Methodology
2.1 Design and protocol register
This is a systematic review protocol, following the method defined by the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis Protocols — PRISMA-P (Moher et al., 2015; Shamseer et al., 2015). This guideline was created to
have accurate and transparent reports, guaranteeing the quality of the reviews; for this, a systematic review must follow some
steps: formulation of the research question, elaboration of a research protocol, construction of a search strategy, establishment
of inclusion and exclusion criteria, selection and evaluation of studies for inclusion(Dermeval et al., 2020; Page et al., 2021).
The systematic review protocol was registered in the Prospective International Register of Systematic Reviews
(PROSPERO - http://www.crd.york.ac.uk/PROSPERO ) under the registration number CRD42020150720.

2.2 Eligibility Criteria
The review was structured from the acronym PECOS (Population, Exposure, Control, Outcome, Study Design), as
detailed in the Table 01, and the following research question was formulated: Is there an association between exposure to

arsenic, cadmium, and lead and the development of breast and prostate cancer in adults?
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Table 1 - Structuring of the research question according to the PECOS acronym.

Acronym Inclusion Criteria Exclusion Criteria
P Population Studies conducted in adults (over Under 18 years old
18 years old)
E Exposure Arsenic, Cadmium, Lead Other metals
c Control Exposed Not exposed
Breast cancer Outcomes related to other types
0 Outcome of carcinomas and related to
Prostate cancer endocrine receptors
. Case Reports
S ; Cohort studies
Study Design Case-control studies Case _Study
Reviews

Source: Prepared by the authors.

2.3 Search Strategy

According to the research question, searches will be carried out in the following databases: Pubmed, Pubmed PMC,
BVS, Embase, Scopus, Web of Science, Cochrane, and ProQuest until April 2021. An initial date was not established in the
research, with the objective of outlining the beginning and evolution of studies related to the theme. Studies in English,
Spanish, and Portuguese will be considered for inclusion in this review. Information on grey literature, websites, expert
opinion, unpublished research, hand-searching of journals, reference lists of studies, and conference proceedings will not be
consulted. The strategies will use specific descriptors for each of the databases, with their respective translation into English
and combinations with boolean operators (AND, OR, NOT), according to the example in Table 2. When there are no specific
descriptors for the respective database, keywords defined in the structure of the research question and their variants, combined

by Boolean operators, will be used.
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Table 2 — Example of search terms selected for the PubMed — Lead Exposure.

Descriptors and

free terms used SElE Search Strategy

(((Breast Neoplasms[MeSH Terms]) OR ("Breast Neoplasms"[Title/Abstract] OR "Breast
Neoplasm”[Title/Abstract] OR "Neoplasm, Breast"[Title/Abstractf OR "Breast
Breast Neoplasms Tumors"[Title/Abstract] OR  "Breast ~ Tumor"[Title/Abstract] OR  "Tumor,
(Mesh Term 1) Breast"[Title/Abstract] OR  "Tumors, Breast"[Title/Abstractf OR  “Neoplasms,
Breast"[Title/Abstract] OR  "Breast  Cancer"[Title/Abstract] OR  "Cancer,
Breast"[Title/Abstract] OR  "Mammary Cancer"[Title/Abstractf OR  "Cancer,
Mammary"[Title/Abstract] OR "Cancers, Mammary"[Title/Abstract] OR "Mammary
Cancers"[Title/Abstract] OR "Malignant Neoplasm of Breast"[Title/Abstract] OR "Breast
Malignant Neoplasm"[Title/Abstract] OR "Breast Malignant Neoplasms"[Title/Abstract]
OR "Malignant Tumor of Breast"[Title/Abstract] OR "Breast Malignant
Tumor”[Title/Abstract] OR "Breast Malignant Tumors"[Title/Abstract] OR "Cancer of
Breast"[Title/Abstract] OR "Cancer of the Breast"[Title/Abstract] OR "Mammary
Prostate Neoplasms Carcinoma, Human"[Title/Abstract] OR "Carcinoma, Human Mammary"[Title/Abstract]
(Mesh Term 2) OR "Carcinomas, Human Mammary"[Title/Abstractf OR "Human Mammary
Carcinomas"[Title/Abstract] OR "Mammary Carcinomas, Human"[Title/Abstract] OR
Title/Titleor  "Human  Mammary  Carcinoma"[Title/Abstractf OR  "Mammary  Neoplasms,
Abstract Human"[Title/Abstract] OR "Human Mammary Neoplasm"[Title/Abstract] OR "Human
Mammary Neoplasms"[Title/Abstract] OR "Neoplasm, Human Mammary"[Title/Abstract]
OR "Neoplasms, Human Mammary"[Title/Abstract] OR "Mammary Neoplasm,
Human"[Title/Abstract] OR  "Breast Carcinoma"[Title/Abstractf OR  "Breast
Carcinomas"[Title/Abstract] OR "Carcinoma, Breast"[Title/Abstract] OR "Carcinomas,
Breast"[Title/Abstract])) OR ((Prostatic Neoplasms[MeSH Terms]) OR (“Prostatic
Neoplasms"[Title/Abstract] OR "Prostate Neoplasms"[Title/Abstract] OR "Neoplasms,
Prostate"[Title/Abstractf OR "Neoplasm, Prostate"[Title/Abstract] OR "Prostate
Neoplasm"[Title/Abstract] OR "Neoplasms, Prostatic"[Title/Abstract] OR "Neoplasm,
Lead Exposure Prostatic"[Title/Abstract] OR "Prostatic Neoplasm"[Title/Abstract] OR "Prostate
(Free term) Cancer"[Title/Abstract] OR  "Cancer, Prostate"[Title/Abstract] OR  "Cancers,
Prostate"[Title/Abstract] OR "Prostate Cancers"[Title/Abstract] OR "Cancer of the
Prostate"[Title/Abstractf OR  "Prostatic  Cancer"[Title/Abstract] OR  "Cancer,
Prostatic"[Title/Abstract] OR "Cancers, Prostatic"[Title/Abstract] OR "Prostatic
Cancers"[Title/Abstract] OR "Cancer of Prostate"[Title/Abstract]))) AND (“lead

exposure™)

Source: Prepared by the authors.

2.4 Data Extraction

After searching the databases, the results will be transferred to the reference manager (EndNote-Web), from which
duplicate results will be removed. Subsequently, these files will be transferred to the Rayyan software — a web and mobile
app for systematic reviews — Systematic Reviews (Ouzzani et al., 2016). The titles and abstracts will be screened and selected
by three independent reviewers to assess eligibility according to the inclusion criteria defined for this review. If any eventually
occur disagreements between the reviewers will be solved by a fourth reviewer.

When reading titles and abstracts, the following inclusion criteria will be applied:

a) Does the target population fit into the pre-established age group (from 18 years old)?
b) Is the study related to breast and/or prostate cancer?

c) Is the study related to the metals studied: arsenic, cadmium, and/or lead?

d) Is the publication available in English, Spanish or Portuguese?

e) Is it a cohort or case-control study?

After reading the titles and abstracts, eligible studies will be read in full and relevant data for the systematic review
will be extracted (author, title, DOI, country, University/Institution of the main author, study type and design, country of data
collection, collection period, date of publication, language, metals studied, type of cancer, nature of exposure, characteristics of

the population and form of measurement — if any). This data will be organized in a summary table.
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2.5 Quality assessment and narrative synthesis

For eligible studies, the risk of bias will be assessed using the New Castle Ottawa Scale (NOS), which presents this
assessment in three domains: selection bias, comparability, and results (Stang, 2010).

After this analysis, a narrative synthesis of the included studies will be carried out. If there is quantitative data, these

will be extracted in a summary table, and tables, graphs, or figures will be designed in order to present the results.

3. Results and Discussion

The results of the systematic review protocol will be presented in a PRISMA flow diagram and described in the final
systematic review report (Page et al., 2021). From this systematic review, it is expected to gather cohort studies (prospective
and retrospective) and case-control studies that relate exposure (occupational and non-occupational) to arsenic, cadmium, and
lead to breast and prostate carcinogenesis; verifying established associations; as well as the most used methods for determining
the concentration of these metals in humans.

4. Final Considerations

We believe that the standardized approach outlined in this systematic review protocol offers a transparent and

accurate method to conduct the systematic review.
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