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I Abstract

Introduction. Breast cancer is the most common cancer among women and is the second cancer frequently occurring
worldwide of newly-diagnosed cancers. There is much evidence showing the influence of life style and environmental
factors on the development of mammary gland cancer (high-fat diet, alcohol consumption, lack of physical exercise), the
elimination of which (primary prevention) may contribute to a decrease in morbidity and mortality. Secondary prevention,
comprising diagnostic tests (e.g. mammography, ultrasonography, magnetic resonance imaging, breast self-examination, as
well as modern and more precise imaging methods) help the early detection of tumours or lesions predisposing to tumours.
Objective. The aim of this study paper is to review current knowledge and reports regarding primary and secondary
prevention of breast cancer.

State of knowledge. It is estimated that nearly 70% of malign tumours are caused by environmental factors, whereas
in breast cancer this percentage reaches 90-95%. There are national programmes established in many countries to fight
cancer, where both types of prevention are stressed as serving to decrease morbidity and mortality due to cancers.
Conclusions. Cancer prevention is currently playing a key role in the fight against the disease. Behaviour modification,
as well as greater awareness among women regarding breast cancer, may significantly contribute towards reducing the
incidence of this cancer. Anotherimportant aspect is the number of women undergoing diagnostic tests, which still remains

at an unsatisfactory level.
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INTRODUCTION

In 2012, regardless of gender, breast cancer was the
second most frequently diagnosed cancer worldwide,
with a frequency adding up to 11.9%. It is also the first
most frequently occurring cancer among women [1, 2, 3],
comprising 25.2% of all newly-diagnosed cancers [1]. It is
assumed that one in eight women in the world will develop
mammary gland cancer [4], and that only 5-10% of all cases
of this cancer are caused by genetic disorders, whereas the
remaining 90-95% of cases are connected to environmental
factors and life style [5]. Therefore, an essential element of
modern medicine is to conduct multidisciplinary research
targeted at the enhancing efficiency of health prevention by
focusing on primary prevention, risk factors modification to
early detection of the disease, quick beginning of treatment
(secondary prevention), as well as observation. The main goal
is to reduce continuously increasing morbidity, mortality,
and economic costs as a result of breast cancer [6].

Various genetic and environmental factors, especially
those co-existing, increase the risk of morbidity and re-
activation of gland mammary cancer. Environmental and life
style factors include: ionizing radiation, hormonal therapy,
reproductive behaviours (preferences) of women (e.g. late age
of first labour), alcohol [6], as well as other dietary factors,
obesity and lack of physical activity [6, 7, 8]. Other commonly
recognized and documented risk factors include age and
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cancer burden in family, especially breast cancer burden [9].
This cancer occurs most frequently among women in the
menopausal transition (80% of disease recognitions among
women aged 50 or older) [10].

Primary prevention. Primary prevention consists of
eliminating the causes leading to the disease occurrence,
and increasing or enhancing the immune system in the
population [11].

Diet. In 2007, World Cancer Research Fund / American
Institute for Cancer Research (WCRF/AICR) analyzed a lot
of research regarding the impact of diet and physical activity
on cancer development, confirming that there is a connection
between the two. According to recommendations, a healthy
dietin cancer prevention is a diet that helps maintain proper
body weight, is rich in fruit, vegetables, cereals and legumes,
contains little red meat and little salt, and does not consist
of processed meat. Moreover, it is characterized by avoiding
sweet beverages and reducing the consumption of high-
calories food and alcohol beverages [12, 13]. Food factors (e.g.
edible fats) may also cause reversible epigenetic changes (DNA
hypomethylation, hypermethylation of promoter region of
tumour suppressor genes and abnormal modification of
histones) leading to oncogenesis [14].

Essential diet ingredients increasing the risk of mammary
gland cancer include trans-fatty acids; their detrimental
influence is exercised through disorders in metabolic
processes and signal pathways, increase in the level of lipids
inblood, inflammation stimulation, dysfunction of vascular
endothelium, increase in abdominal obesity, body weight and
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insulin resistance. Increased consumption of high glycaemic
index products also significantly influences the risk increase
of cancer [12, 13].

A veryimportantand favourable diet ingredient is vegetable
fibre, which stimulates bacterial anaerobic fermentation in
the large intestine, leading to the production of short-chain
fatty acids: acetate, propionate and butyrate. In scientific
research on cellular lines, butyrate decreases cell proliferation
and intensifies apoptosis. Moreover, decrease in the level of
circulating estrogen and androstenedione among people
consuming a lot of fibre was also reported. Furthermore,
productsrich in fibre are an essential source of phytoestrogens
(working in the human body like estrogens), changing the
activity of estrogen receptors and interacting with them,
thus contributing to reducing the risk of developing tumour
diseases dependent on the endocrine system, especially
breast cancer [12, 13]. In meta-analysis of 16 prospective
examinations related to fibre consumption and breast
cancer risk, Aune et al. [2012] proved that there is a reverse
relation between fibre occurring in diet and the frequency
of tumour prevalence [15]. Moreover, another study [Aune
et al.] proved a correlation between the concentration of
beta-carotene, alpha-carotene and lutein, and the risk
decrease of breast cancer morbidity. These observations are
crucial from the practical point of view since the source of
carotenoids in diet are commonly consumed vegetables and
fruit. Epidemiological research shows that the consumption
of carrots and broccoli, as well as green and fresh vegetables,
correlates with the most with the concentration of alpha- and
beta-carotene, as well lutein / zeaxanthin, whereas citrus
fruit are related to the concentration of lutein in blood [16].

Obesity. Excessive consumption of high-calorie meals leads
to weight gain and eventually to obesity, which is related to
higher cancer risk [13, 17, 18]. Obesity is a result of long-term
increased energy consumption against energy expenditure
[19]. A commonly used index determining underweight,
overweight and obesity is the body mass index (BMI), which
is calculated by dividing body weight in kilograms by the
square of height in meters (kg/m?). BMI range include: <18.50
(underweight), 18.5-24.99 (normal body weight), >25.00
(overweight), >30.00 (obesity) [20, 21]. A lot of scientific
research showed that calorie limitation impedes the process
of neoplasia. Mechanisms combining obesity with cancer risk
include hyperinsulinaemia and insulin resistance, increased
production of insulin-like growth factors (IGF), change of
sex hormone metabolism, chronic inflammation, change
in production by fatty tissue adipocytokines and vascular
endothelial growth factors (VEGF), oxidative stress and
changes in immune response [13]. Protani et al. carried
out between 1963-2005, meta-analysis of 43 examinations
among women diagnosed with cancer. The group of women
who were already obese when the disease was recognized was
characterized by a 33% higher mortality risk than women
with normal body weight [22, 23]. Hauner et al. came to
similar conclusions by assessing examinations and meta-
analyses which were published between 1996-2010 [24].
The significance of obesity as a risk factor is increasing with
age, especially after menopause [6, 25, 26], since tumours
are characterized by worse response to treatment and great
risk of relapse in this period [6, 27], whereas women before
and after menopause are characterized by worse survival
[28]. Similar conclusions were drawn from a meta-analysis

of 82 examinations carried out by Chan et al. [2014], since
worse overall survival among patients with breast cancer is
recognized among women with higher BMI (=30.0 kg/m?).
According to the authors’ observations, maintaining normal
body weigh reduces the risk of breast cancer development,
improves prognosis and reduces the possibility of occurrence
of oncological treatment complications [28]. It was also
shown that patients with normal body weight are less prone
to cancer relapse, diabetes and cardiovascular diseases [6].
Overweight and obesity aggravate the prognosis for the
long-term follow-up period among women who received
anti-cancer therapy [29].

Alcohol. The risk of cancer increases depending on alcohol
dose in combination with biological mechanisms, where
ethanol and its genotoxide metabolism and acetaldehyde
play an important role [30]. When consuming 10g of
ethanol daily the risk of breast cancer increases by 8% in the
postmenopausal period, by 9% before menopause and by 10%
in general [31]. It is suggested that there are 3 mechanisms
that explain alcohol influence on the development of
mammary gland cancer: impact on the level of estrogens,
estrogen receptors and development of alcohol metabolism
by-products [32, 33]. Alcohol has also an impact on estrogen
pathway through activating aromatase. Additionally, it
can exert influence on the menstrual cycle by decreasing
changeability and frequency of cycle length. Big alcohol
consumption is connected to the elevated level of estrogen in
the luteal phase, whereas a large amount of consumed alcohol
during weekends is related to very high level of estrogen in
blood. One of the hypotheses suggests alcohol impact on
mammary gland cancer development through the cumulative
level of endogenous estrogen throughout the whole life.
Research conducted by Frydenberg et al. on 202 women
showed that daily consumption of beverages containing
>10g of alcohol for a week increases the concentration of
17B-estradiol, on average by 18% during the menstrual cycle,
compared to women reporting the consumption of <10g of
alcohol, which confirms a positive relationship between this
sex hormone and breast cancer development [34]. Between
1980-2010, Cao et al. conducted 2 prospective observation
examinations on 88,084 women and 47,881 men in the United
States, examining alcohol impact on cancer development.
Breast cancer was the main and most frequently occurring
malign tumour related to alcohol consumption. Collected
data proved that an alcohol consumption of 5-14.9g daily
increases the risk of breast cancer (relative risk 1.13) [35].

Physical activity. Physical activity has a positive impact
on mental health among patients suffering from malign
tumours [36], and is defined as each body movement made
by the skeletal muscles that results in energy consumption
[37]. The connection between breast cancer and physical
activity is stronger among women who have undergone the
menopause [5], have a negative family history regarding this
cancer and maintain proper body weight, as well as among
women who have given birth to at least one healthy baby
[38]. Epidemiological research suggests that the intensity
of exercises, starting from moderate to energetic, reduces
the risk of breast cancer by roughly 10-25%, compared to
inactive women. A precise plan and amount of exercises
required to prevent this cancer have not been determined;
however, risk decrease is observed along with the increase
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of workout length and intensity [39]. WCRF recommends at
least 30 minutes of moderate physical activity undertaken
daily and the equivalent to a quick walk in the prevention
of any cancer [12, 39], and reducing sedentary activity, such
as watching TV [12]. Lahart et al. report about reverse a
relationship between physical activity and risk of death and
development of mammary gland cancer in every case of
this disease. Nonetheless, physical activity after cancer has
been diagnosed is connected to greater reduction of death
risk among women who have undergone the menopause,
compared to women who are not yet facing it [40].

Secondary prevention. Secondary prevention aims at
terminating the process of disease development before its full
symptoms are diagnosed, which may impede or prevent the
development of a malign tumour [11]. Screening is the main
example of such a prevention, and is targeted at specified
groups of the healthy population characterized by a greater
risk, for instance [41]: mammography in breast cancer or
colonoscopy in colon cancer [11, 41]. The main result of such
prevention should be a decrease in mortality due to cancer
thanks to its early detection [41, 42].

Mammography. Mammography screening in Poland
(MMQG) is a screening testing for mammary gland cancer,
to which women in the age group 50-69 are subject once
in 2 years. This programme has been in operation since
2005 in the whole country [41]. Mammography is not
recommended for women at moderate risk of breast cancer,
under 40-years-old since ionizing radiation may induce the
process of tumour development, and the risk is higher for
younger women, especially if they had been exposed before
they turned 30-years-old. The disease latency period lasts
10 years, whereas increased risk lasts throughout the whole
life. The main disadvantage of MMG is over-recognition,
which adds up to around 33% of all breast cancer detections
[43], defined as detection of malign tumour by means of
imaging, then confirmed histologically, which would not
develop into a full symptom disease during the patient’s
lifetime [44]. Additionally, over 75% of lesions detected in
mammography are detected as pathologically mild [45].
MMG sensitivity in mammary gland where glandular
tissue dominates amounts to 90-95%, whereas in tissue of
high density it amounts to 60-75% [46]. In spite of these
observations, mammographic assessment is still considered
the best tool for diagnosing breast cancer at its early stage,
when the chance of survival treatment possibilities are the
best [44]. Moreover, mammography performed currently
uses digital quality by receiving an image directly on a
computer (digital mammography) [43]. It may also help in
thoroughly evaluating the local disease stage and reaction to
treatment, as well being used to conduct biopsy under MMG
control [47]. This imaging method decreases death risk by
15-20%, which proves these observations [48].

Ultrasonography (USG). Breast examination by means of
ultrasonography is safe - there is no ionizing radiation —
and non-invasive. It is mostly used to complement other
diagnostic examinations, as well as to conduct biopsy under
USG control. Its disadvantage is low specificity [43]. USG
sensitivity in detecting neoplastic lesions amounts to only
36% [48]. Ultrasonography allows differentiation between
cystic lesions and solid lesions, and is useful in the evaluation

of lesions in the pre-operative period and during the follow-
up period, after termination of the treatment process. USG is
avaluable examination among women at high risk, as well as
at breast evaluation of high density (especially among young
women) [43, 49], since MMG is limited [43].

Magnetic Resonance Imaging (MRI). Mammary gland
examination by means of magnetic resonance imaging is
similarly to USG - non-invasive and safe (no X-radiation).
It mostly complements mammography by increasing the
detection of malignant lesions [43, 50]. However, MRI is a
more invasive examination compared to MMG since it is
conducted using an intravenous contrast agent, although
this agent is less sensitizing than that administered during
computed tomography (CT) [43]. MR sensitivity amounts
to 88.1% [48]. Its advantage is incredibly precise imaging of
soft tissues, which cannot be completed using other methods
[43]. The presence of gene mutation among young women
is an indication to carry out diagnosis by means of MR
[48] (BRCAL, BRCA?2) [51]. Breast examination using this
method does not always allow differentiation between a
malignant lesion and a benign lesion (e.g. fibroadenoma),
which may lead to false positive results. MR is still an
expensive examination and not available in every medical
centre. Moreover, the combination of MMG and breast MR
is not currently recommended [43].

Breast Self-Examination (BSE). Breast self-examination
applied as a self-method is not a sufficient, but still an
important element in helping detect cancer at an early
stage. It is a cheap method, generally available and does not
demand any complex technical training [52], and can be
performed in the home environment [48]. BSE allows woman
tolearn about proper breast structure which helps later detect
untypical lesions in mammary gland tissue [52]. Experts from
(Population Programme for Early Breast Cancer Detection
(Populacyjny Program Wczesnego Wykrywania Raka Piersi)
conducted as part of a national programme to fight cancer
in Poland, recommend performing breast self-examination
once a month by every woman above the age of 20, preferably
on the first day after the termination of menstruation.
Women who have undergone the menopause should also
examine their breasts once in a month, preferably on the
same day every month [53]. BSE sensitivity is low (12-14%). Its
disadvantage is also a high index of false positive results and
over-recognition; thus, BSE should always be complemented
by objective imaging examination [48].

Modern and non-standard imaging methods. High-
definition digital mammography is one of the modern imaging
methods of mammary glands and is used in combination with
iodinated contrast agents. Images before and after contrast
administration are obtained during one examination. Its
advantage is in obtaining many after-contrast phases in
order to examine the potential capture and washing of the
contrast agent by suspicious changes Its disadvantage is the
necessity to keep pressure on the breast for along time during
the examination (5-10 minutes), resulting in discomfort for
the patient, and the great possibility that the patient may
move, which causes a false image recording and necessity to
administer an additional intravenous contrast agent.
Contrast-enhanced spectral mammography (CESM)
allows a number of images to be received from both breasts
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after a one-off administration of the contrast agent. In this
examination, after intravenous marker administration,
every image consists of a quickly-received pair of images
of low and high energy. Low-energy images are made using
the same dose as in digital mammography, while high-
energy images have only around 20% of this dose. CESM
enables the demonstration of lesions characterized by bigger
vascularization and extracellular leakage of the contrast
agent. It is also characterized by high negative predictive
value and is similar to the index value of false positive results
of MRI [47].

Optical mammography uses the range of wave lengths
close to infrared (650-1,000 nm), providing structural
and functional information. Image contrast is made by
haemoglobin absorption and other dominant tissues, such
as water and lipids. Functional information is received
by means of spectroscopic methods that detect oxygen
saturation in tissues, which help assess the metabolism of
breast tissue. The main advantages of this examination is
lack of ionizing radiation, non-invasiveness, low performance
cost, relatively cheap equipment [43], shorter imaging time
compared to magnetic resonance imaging, and perfect time-
resolution [48]. The elementary limitation of optical breast
imaging is relatively low spatial resolution in comparison to
traditional techniques, such as mammography using ionizing
radiation. Nowadays, this method is used by means of digital
technologies [43].

Radiothermometry mammography (RTM) is based on a
thermal imaging system that measures and analyses the
breast surface and internal temperature. RTM is a sensitive
method supporting breast cancer diagnosis. RTM equipment
measures electro-magnetic waves sent by the breast tissue
in order to identify a specific area. It is possible to diagnose
cancer by means of this method using thermal activity of
cancerous cells before structural lesions in breast tissue
occur. RTM allows to differentiate dysplasia from neoplastic
lesions. It is a safe examination since it is performed without
ionizing radiation and may encompass the imaging area to
include the axillary cavity [45].

Scintimammography (SMM) is an imaging technique,
in which non-specific radio-markers are used to identify
malignant lesions. SMM usually helps verify lesions noticed
in mammography. This examination is also useful after
primary therapy and adjuvant treatment in order to evaluate
response to treatment and early detection of disease relapse,
as well as necrosis in the examined area. SMM is more specific
than MRI and, as a result, is used to detect lesions bigger that
onr centimeter diameter.

Positron emission tomography (PET) is an examination
where the most frequently used radio-marker is
18F-fluorodeoxyglucose. In PET examination, glucose
metabolismisused in order to detect malignant and metastatic
lesions, especially from solid tumours. Advanced usage of
breast imaging by means of nuclear energy include positron
emission mammography (PEM) and PET/CT. PEM is used
to illustrate only mammary gland tissues, in contrast to PET
examination which encompass the whole body and is the best
screening tool among women characterized by high risk.
PET / CT is an imaging method combining PET (providing
functional information) and computed tomography that
provides anatomic information [48].

CONCLUSIONS

Primary and secondary prevention has a significant impact
on morbidity and the detection of cancer. Modern life-style
and various easily accessible stimulants contribute to the
fact that life-style and environmental factors are playing
a greater role in breast cancer development. Living in big
urban agglomerations causes the situation where women
do not have time to properly take care of their health, or
await diagnostic examinations for a long time. On the other
hand, there is worse accessibility to imaging examinations in
smaller cities. Extending women’s knowledge regarding the
impact of their behaviour on breast cancer development and
educating them about the possibilities to gain control over
this disease by implementing modifications of their habits
is an important aspect. Although the awareness of Polish
society on the subject of cancer is increasing, the number
of women reporting for diagnostic examinations is still too
low, which leads to constantly increasing mortality caused
by cancer. Nonetheless, every method of mammary gland
imaging demands further research conducted on bigger
groups of patients before they are applied in daily diagnostic
practice.
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