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RISK FACTORS RELATED TO
BREAST CANCER DEVELOPMENT

Fatores de risco relacionados ao desenvolvimento do cdncer de mama

Daniel Rodrigues de Bastos'

ABSTRACT

Breast cancer is a disease that affects women worldwide, and therefore is a health problem of global concern. Despite scientific
and technological advances in basic researches and in clinical studies, breast cancer still presents numerous obstacles that need
to be overcome in order to ensure better survival for patients affected by this disease. Science’s work is not only to predict the
best methods of treatment, but also to prevent the onset of symptoms and, consequently, of the tumor. Recent articles discuss
numerous factors which may contribute to tumor initiation and progression. They take into consideration social habits, such as
smoking, alcohol drinking, diets that contribute to hyperlipidemia or increased availability of antagonist molecules that act on the
cell in order to create a favorable microenvironment to tumorigenesis. In addition to that, factors related to family history and
hereditary predisposition are important, even though they explain a minimal portion of cases. Thus, the purpose of this article is to
address modifiable and non-modifiable risk factors, related to breast cancer progression.
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O cdncer de mama é uma doenca que acomete mulheres em todo o mundo, sendo porisso um problema de salde de preocupacdo
global. Apesar dos avancos cientificos e tecnoldgicos nas pesquisas basicas e nos estudos clinicos, o cancer de mama ainda
apresentainimeras barreiras que necessitam ser transpostas, a fim de garantir melhor sobrevida as pacientes acometidas por essa
doenca. A atuacdo da ciéncia consiste ndo apenas em prever as melhores formas de tratamento, mas também de como evitar o
aparecimento dos sintomas e, por consequéncia, do tumor. Artigos recentes discutem iniimeros fatores que podem contribuir para
ainiciacdo e progressao tumoral. Sdo considerados os habitos sociais, como o ato de fumar, ingestdo de bebidas alcodlicas, dietas
que contribuam para a hiperlipidemia ou aumento da disponibilidade de moléculas antagonistas que agem sobre a célula de modo a
construir um microambiente favoravel a tumorigénese. Além disso, fatores ligados ao histérico familiar e predisposicdo hereditdria
sdo importantes, apesar de explicar uma parcela minima dos casos. Com isso, o presente artigo tem por objetivo abordar sobre
fatores de risco modificaveis e ndo modificaveis, relacionados com a progressao do cdncer de mama.
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Risk factors related to breast cancer development

INTRODUCTION

Breast cancer is a disease of worldwide interest that affects
women on a global scale and a small part of the male popula-
tion'?. Statistics of the project Globocan/IARC (International
Agency for Research on Cancer) of 2018 highlight that breast
cancer ranked the second most common type of cancer world-
wide (2,089 million), only behind lung cancer (2,094 million), and
itis eligible as the fifth leading cause of death, considering both
genders, rising to first place of most incident type and at the top
of mortality when only women are counted**.

According to Atlas of Cancer Mortality (2018), 15,593 breast
cancer deaths were registered in Brazil during 2015, being 187 men
and 15,403 women®. In Brazil, breast cancer is responsible for
29.5% of all new cases each year. Its incidence in 2018 is estimated
at 59,700, with an approximate risk of 56.33 per 100,000 women.
In the state of Sdo Paulo, statistics estimated 16.340 new cases
of breast cancer in 2018. In the metropolis of Sdo Paulo, the pre-
diction was 5,900 new cases of breast cancer per 100,000 inhab-
itants, and the risk was approximately 90,41,

It is known by the scientific community that certain aspects
directly or indirectly affect the progression of breast cancer, the
so-called risk factors™.

This article aims to address, briefly, the main risk factors
which have been discussed in world literature.

RISK FACTORS

Risk factors for breast cancer incidence include the ones classified
as modifiable and non modifiable’®. Modifiable factors are those
in which a direct or indirect action becomes possible to minimize
therisk of development of the disease, such as obesity, sedentarism,
alcohol and Otobacco consumption, in addition to the use of hor-
mone replacement therapy and, more recently, the administration
ofhormones with the objective of gender transitioning has been dis-
cussed’. On the other hand, non-modifiable factors — like family his-
toryand hereditary aspects — are the ones on which no action can
be taken in order to have a significant impact over the individual’.

Modifiable factors

Hyperlipidemia and physical activity

The practice of physical activity has been suggested as an impor-
tant factor to improve life quality in patients with breast can-
cer, including the protector effect this activity has on reduc-
ing the risk of tumor development in the mammary region®".
Lahart et al. conducted a meta-analysis, in which twenty-two
prospective cohort studies were chosen to be part of the analysis,
with a total of 123,574 participants. The researchers concluded
that physical activity is of great importance in reducing mortal-
ity among patients affected by the disease, even if the onset of
activities occurred after cancer diagnosis'.

In arecent review, Buss and Dachs gathered works by other
authors and presented a proposal regarding the action of hyper-
lipidemia over breast cancer progression'®. In fewer words, cho-
lesterol metabolism leads to the production of a metabolite called
27-hydroxicholesterol (27HC) that is able of activating Estrogen
Receptors (ER) in mammary cells, inducing their proliferation,
or even their acting on the epithelial-mesenchymal transition
(EMT), with the activation of Liver X Receptor (LXR). The pathways
through which LXR leads to EMT are not clear yet. In addition,
cholesterol appears as the protagonist in macrophage recruit-
ment, which in turn, is involved in chronic inflammation and,
therefore, in tumorigenesis. The signaling of PI3K/AKT pathway,
frequently dysregulated in human cancers, is one of the molecu-
lar targets of cholesterol that is directly involved in increasing
cellular proliferation. Finally, androgen signaling pathways still
lacking study are raised in this review'.

The physical activity role is suggested as an important fac-
tor to decrease the overall levels of cholesterol, fact that implies
minimization of the factors discussed above. Furthermore,
physical activity is able to improve the immune system, so that
defense cells are more effective in recognizing and eliminating
the tumoral cell, also contributing to the decrease of insulin 1
growth factor (IGF-1) and to the improvement of IGF 3 bind-
ing protein (IGFBP-3). Even though physical exercises act by
decreasing the level of body lipids, the high-cholesterol diet is
also responsible for the increase and maintenance of lipids bio-
availability and, therefore, it is capable of contributing to the risk
of development of the disease'*".

Diet

The prevention related to eating habits, considering not only
mammary tumors, is something that still meets resistance, either
from the patient, or from researches that need to go furtherin the
complexity of the subject. Strategies have been adopted to con-
tribute to the reduction of incidence of breast cancer and other
comorbidities, emphasizing vegetable sources and fiber intake®!.

Adequate intake of fiber and green vegetables, fruits, vege-
tables, lean proteins and whole grains has been associated with
reduced serum levels of estradiol and estrogen and increased sex
hormone binding globulin (SHBG)®. Estrogen levels are related
to susceptibility to breast cancer development®'¢. On the other
hand, meat consumption in general, both red and processed, was
related to a higher risk of breast cancer”.

One of the points discussed about the increase in the inci-
dence of breast cancer cases includes obesity, caused by unbal-
anced dieting, In the Eastern Mediterranean region, a clear body
weight gain in the population was directly related to the number
of new cases of cancer in the mammary tissue'®.

Aryl hydrocarbon receptor (AhR) has been identified with
strong relation to BRCA1 methylation in triple-negative tumor
samples. AhR agonists are found in foods and have been shown
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as contributors, increasing the risk of development of the mam-
mary disease, as well as the dietary AhR antagonists provided
a preventive effect against breast cancer®.

Obesity

Obesityis defined as an excessive fat accumulation in tissues, and
can be diagnosed when the body mass index (BMI) is 230 kg/m?
% It is a public health problem that affects more than 600 million
people worldwide. Developed countries show the highest rates of
adults affected by obesity. While the impact of BMI on diabetes
and on heart disease is well known, the relation to breast cancer
and other human cancers remain a current topic**%. Obesity is
animportant risk factor to breast cancer development and there
is a substantial association with postmenopausal women, as well
as worse prognosis for women at all ages®. About 9% of cases of
women with postmenopausal breast tumors are believed to be
affected due to overweight of the patients®.

Breasts are composed of three special structures: adipose
tissue, mammary glands and fibrous tissue. The adipose tissue
is subdivided into yellow and brown, being the former able to
produce a wide range of metabolites, hormones and cytokines,
called adipocytokines®. The adipose tissue may also undergo
aromatization, leading to the increase of estrogen levels, upregu-
lation of pro-inflammatory cytokines, insulin resistance, hyper-
activation of IGF, adipocytes-adipokines derivatives, hypercho-
lesterolemia, and excessive oxidative stress, thus contributing
to the development of breast pathology®*.

Positive correlations between triple-negative breast cancer
and high BMI have been reported, reflecting the importance
of obesity control to improve the prognosis of these patients®.

Alcohol Consumption

Alcohol consumption is associated with the development of a

wide range of diseases, including cancer of the colon, rectum,

female breast, oral cavity, larynx, pharynx, liver, and esophagus®*.
There are multiple cellular mechanisms, promoted by alco-

hol consumption whose consequence is enhancement in tumoral

aggressiveness:

- alcohol metabolism, which produces acetaldehyde, a toxic and
carcinogenic substance with affinity to DNA and proteins;

« production of reactive oxygen species, which may favor
tumorigenesis based on the oxidation process (oxidative stress);
reduced absorption performance of important nutrients
and vitamins;

- increased serum estrogen levels;
reduced immune system performance®*%.

Additionally, there may be alterations on the menstrual cycle
promoted by the versatile role of alcohol®.

Exposure to alcohol can help in the promotion of carcino-
genesis; even with the existing malignancy, consuming alcohol

can contribute to enhance the progression and aggressiveness
of existing tumors by promoting cell mobility, EMT and angio-
genesis®*’. Furthermore, cancer stem-like cells (CSC) are directly
influenced by alcohol consumption and may increase their popu-
lation, which may result in different behaviors of the tumor mass,
leading to different therapeutic responses™*.

Zakhari and Hoek discuss high and moderate consumption
ofalcohol, highlighting the importance of the analysis of molec-
ular signatures that can better assess the causal relationships
with breast cancer and suggesting different roles based on the
levels of consumption®.

Tobacco Consumption
The use of tobacco is related to the development of numerous
pathologies, including lung cancer that represents the leading
cause of cancer death worldwide, including both the male and
the female population®. Regarding breast cancer, studies have
demonstrated that not only active smoking, but also passive
smoking, can predispose the individual to the risk of develop-
ing the disease®*'.

Among the thousands of chemical products found in tobacco,
69 different compounds are classified as carcinogenic, specifi-
cally, the 4-(methylnitrosamino) -1- (3-pyridyl) -1-butanone (NNK)
(Nicotine-derived nitrosamine ketone), considered the most aggres-
sive nitrosamine among the ones present in tobacco®. NNK is
found in cigars, cigarettes, electronic cigarettes, tobacco and in
the smoke from these products, causing nitrosamines to affect
not only the consumer, but also non-smokers or passive smok-
ers exposed to environmental tobacco pollution®. On the other
hand, environmental exposure to tobacco was criticized, and a
meta-analysis published by Lee and Hamling assessed 47 stud-
ies. Aweak association between non-smoking women and breast
cancer development and stratified results were observed, hav-
ing higher association in Asian than in European countries®.

Gaudet et al., aiming at defusing the controversy between
tobacco smoking and breast cancer risk, performed a meta-anal-
ysis in which the data of 73,388 women were analyzed. The work
showed that active smoking is significantly associated to the
risk of breast cancer development in women that began tobacco
consumption before their first childbirth. Moreover, the authors
discuss the role that tobacco may play on tumor initiation®.

Hormone replacement therapy (HRT)
Hormone replacement therapy (HRT) is a procedure to relieve
the climacteric symptoms of menopause and its applicability has
decreased after studies linking it to the increased risk of devel-
oping breast cancer®. The use of HRT was associated to lobular
breast cancer, positive ER and low level, concerning its immu-
nohistochemical characteristics®"*.

Wang et al. analyzed prospective cohort studies and case control
studies evaluating HRT users. Among the observed variables and
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in order to identify the dose relationship, the time of use and the
abandonment of HRT use were considered. The authors concluded
that HRT application was associated with he risk of breast cancer™®.

Non-Modifiable Factor

Family history

Brewer et al. conducted a study aiming at analyzing the relation
between family history and the risk of developing breast cancer.
A score was assigned to this relation and a significant connec-
tion was found to those who reported a family history of female
breast cancer®. Haber et al. observed a significant association
not only in relation to first-degree relatives with breast cancer
and women with breast cancer, but they could also verify the
significant risk that first-degree relatives with any other kind of
cancer could exert on women with breast cancer®.

Early menarche and late menopause

Menarche is the first menstrual bleeding of a woman, while meno-
pause is the period in which ovaries stop producing reproductive
hormones. This period between menarche and the menopause
is a hypothesis of risk of breast cancer, consequence of mitotic
activity of mammary cells, driven by estrogen and progester-
one exposure, during the luteal phase of the menstrual cycle®.

Hereditary predisposition

In addition to the factors described above, numerous germ-line
mutations are related to hereditary predisposition to breast cancer,
among them are noteworthy the mutations in genes p53, BRCA1
and BRCA2 (breast cancer susceptibility 1 and 2), responsible for
conferring high risk. Other genes that can undergo mutations are
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