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Abstract

Breast cancer is the most common type of cancer in women worldwide. It can be spread when cancer cells get into the blood or lymph system and then are carried 
to other parts of the body. As it is one of the leading causes of death among women, this study aims to identify the most relevant risk factors for breast cancer through 
several prevention methods for early detection. Th e social impact of breast cancer is so strong that the World Health Organization (WHO) has established 19 October 
as International Breast Cancer Day. Th e pink ribbon is the symbol of this important day worldwide. Th e objective is precisely to raise awareness among the population 
about the disease and promote access to timely and eff ective diagnoses, checks, and treatments.

Good prevention should be carried out through behavior or lifestyle modifi cations (e.g., diet, physical activity, alcohol limitation, etc.). Although, certain risk 
factors cannot be modifi ed (e.g., aging, family history). Screenings are a fundamental tool to deal with breast cancer, even if sometimes they are not enough as in the 
case of interval cancers or in cases of particularly ambiguous presentation. Worldwide organizations recommend screening by means of ultrasound, mammography, 
and magnetic resonance, with appropriate follow-up for an abnormal screening test. To avoid overdiagnosis and overtreatment that can lead to long-term 
complications and false negatives, these screening diff ers by recommended ages and frequency. Identifi cation of women at risk for BRCA1 and BRCA2 mutations is 
also recommended with a referral for genetic testing and, in the presence of dubious lesions, a biopsy is needed. In order to fi ght this disease, is important to act on 
time, so, information is fundamental. First of all, the female population should be conscious of risk factors and of the importance of breast examinations from a young 
age, lastly, they should be aware of the possibility of joining programs of free screening.

Introduction

Despite the recent advances in diagnosis and treatment 
for breast cancer, it is still the leading cause of death in 
women worldwide. In 2020, 2.3 million females were 
diagnosed with breast cancer worldwide [1]. The incidence 
and related mortality from breast cancer continue to grow 
(about 0.2% cases per year), despite remarkable advances 
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in our understanding of the biology of breast cancer and the 
availability of better therapeutic options [2]. The American 
Cancer Society’s 2022 update estimated that about 287,850 
new cases of breast cancer will be diagnosed in US women, 
with an expected 43,250 deaths presentation [3].

It is due to the uncontrolled proliferation of some cells 
of the mammary gland which, transforming into malignant 
cells, acquire the ability to migrate and invade surrounding 
tissues and organs and, over time, even more distant organs. 
In theory, all cells in the breast can give rise to cancer, but 
in most cases, cancer originates from glandular cells (from 
lobules) or from those that form the walls of the ducts.

Breast cancer is a heterogeneous neoplasm determined 
by a variety of genetic alterations in mammary epithelial 
cells, leading to huge disease manifestations in individual 
patients. It can be more or less aggressive; among the most 
aggressive forms are those with genetic etiopathogenesis, 
a condition which, in addition to worsening the prognosis, 
also anticipates the age of presentation [4].

https://crossmark.crossref.org/dialog/?doi=10.61927/igmin160&domain=pdf&date_stamp=2024-03-26
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Identifying the disease in time is the best way to fi ght 
it. Prevention is mainly based on the use of two methods: 
ultrasound and mammography. However, it must be 
customized according to the risk, which is calculated by 
evaluating many factors.

Risk factors

Breast cancer is a multifactorial disease, among the 
causes some can be some can be preventable as they are 
correlated with lifestyle, so they can be easily modifi able.

The excess of body fat increases the risk of postmenopausal 
breast cancer as it becomes the primary site of estrogen 
production. Fatty tissue also develops chronic low-grade 
infl ammation, increasing the production of free radicals 
that can damage DNA. This can activate some signaling 
pathways that induce the expression of some genes that 
promote the development and progression of cancer. 
Finally, higher levels of body fat can also cause metabolic 
changes that make insulin less eff ective, causing the body 
to secrete more. Higher levels of insulin increase the signals 
for tumor growth [8-11]. Alcohol increases the risk of cancer 
in proportion to the assumed dose. Among the biological 
mechanisms activated by excessive alcohol consumption, 
is the activation of aromatase, an enzyme that stimulates 
the conversion of androgens into estrogens [12]. Regarding 
tobacco consumption, there is consistent evidence of a 
moderately increased risk of breast cancer in women who 
smoke [13]. Ionizing radiation also increases the risk of 
breast cancer. These can be attributable to occupational 
exposure or previous radiotherapy to the thoracic region 
[14].

The risk of being aff ected by breast cancer increases with 
age. The peak of incidence occurs in women between 50 
and 70 years old. It is very rare (7% - 8%) before the age of 
40 and exceptionally (< 1%) before 30 years old and hardly 
ever (< 1%) before 30 years old, even though its incidence is 
increasing 0.2% per year. [5].

In assessing the risk of breast cancer, the evaluation of 
family history as a threat factor is very important. Almost 
a quarter of all cases are related to family history. Women, 
whose mother or sister has or had breast cancer, are more 
susceptible to this complaint [6]. Additionally, the risk 
increases 2.5 times or more in women with two or more 
fi rst-degree relatives with breast cancer. The inherited 
susceptibility to breast cancer is relatively attributed to the 
mutations of breast cancer-related genes such as BRCA1 and 
BRCA2. A cohort study of over 113,000 women in the UK 
showed that women with a fi rst-degree relative with breast 
cancer are 1.75 times more likely to develop the disease than 
women with no aff ected relative [6].

Also, estrogens play a key role in breast cancer 
development as early as puberty. All those conditions that 
increase estrogenic stimulation can lead to an increased 
risk of developing breast cancer. Many breast cancers are 
also estrogen-dependent. Risk factors therefore include 
the use of the contraceptive pill, postmenopausal estrogen 
replacement therapy, and hormone therapy for ovarian 
stimulation [7]. Early menarche and/or late menopause 
increase the risk of breast cancer because the time during 
which the breast is subjected to estrogenic stimulation 
increases. For the same reason, nulliparity increases the 
risk also because there is no hormonal block for 9 months of 
pregnancy [8]. A study published in 2002 [9] showed that 
women with breast cancer had, on average, fewer births 
than controls (2.2 vs. 2.6). Furthermore, among women 
with children, there were fewer women who breastfed in the 
cancer group than in the controls (71% vs. 79%). For those 
who still breastfed on average of fewer months (9.8 vs. 
15.6 months), showed that the relative risk of breast cancer 
decreased by 4.3% for each 12 months of breastfeeding and 
by 7.0% for each birth. The breast undergoes transformations 
during pregnancy and only with breastfeeding does the 
mammary gland complete its maturation, so the breast cell 
is more resistant to mutations that can lead to cancer. So 
last but not least, another risk factor is not breastfeeding. 
Another risk factor resides in previous breast disease, but 
also mastitis and benign diseases [10] (Graph).

Last but not least, it is worth mentioning the race that 
aff ects both the prognosis and the characteristics of the 
tumor. According to a USA study, in fact, breast cancer 
incidence rates are highest in white women, followed by 
black and American Indian/Alaska Native (AIAN) women, 
and are lowest in Hispanic women and Asian/Pacifi c 
Islander women (API).

However, black women have the highest breast cancer 
death rate, 40% higher than the rate of white women and 
more than double that of API ones [15,16].

This is probably due to two diff erent aspects: delay 
in diagnosis and a higher percentage of more aggressive 
tumors.

Early diagnosis on average occurs in 57% - 60% of Black, 
Hispanic, and AIAN women compared to 65% of API women 
and 68% of white women.

Additionally, black women have the highest rate of high-
grade cancers. Black women are twice as likely as other 
women to be diagnosed with HR-negative/HER2-negative 
(also called triple-negative) cancers: 19% compared to 11% 
of Hispanic and AIAN women and 9% of white women and 
API [17].
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Prevention

First, the easiest way to prevent breast cancer is to know 
the biological mechanism for which cells go through the 
apoptosis process and especially which are the biomarkers 
involved. Having a deep knowledge of this, it would be more 
probable to discover the disease at an early stage so that can 
be cured.

Stephen Elledge, et al. demonstrated the role of the 
repressor element 1 (RE-1)-silencing transcription factor 
(REST) as an oncosoppressor, after a study on RNAi-based 
screen for tumor-suppressor genes in human mammary 
epithelial cells. It was found that if the REST’s function in 
epithelial cells was blocked, a phenotype transformation 
would occur, such as anchorage-independent growth 
(Neuman, et al. 2004). At least, Hui Lv, et al. demonstrated 
the expression of REST in breast cancer tissue by 
immunohistochemistry assay. Unfortunately, acquiring all 
the necessary knowledge about the biochemistry of breast 
cancer takes time, so we really have to build on what we 
have, starting with the study of the patient in question.

Since breast cancer is a multifactorial disease, it is easy to 
understand how the risk can therefore be stratifi ed according 
to the patient; this consequently entails the customization of 
the preventive procedure.

In fact, preventive examinations will be more in-depth 
and anticipated for patients with a family history of breast 
cancer, but above all for those with genetic predisposition 
for BRCA 1 and BRCA 2 mutations. These are involved in 
DNA repair mechanisms and are deeply studied as some of 
their forms mutate and hereditary transmission indicates 
the risk of developing certain types of cancer, particularly 
breast and ovarian cancer (William D. Foulkes, et al. 2013).

Preventive health measures must be divided into three 
levels: primary, secondary, and tertiary prevention [18].

The purpose of primary prevention is to prevent the 
development of pathology takes place. 

Secondary prevention should be performed before 
symptoms appear, so that the disease is recognized and 
early treated, minimizing adverse consequences. It may 
include screening programs, such as mammography.

In tertiary prevention, an underlying disease, usually 
chronic, is treated with the aim of preventing complications 
or further damage it could cause [18].

A good lifestyle is considered the best primary prevention 
strategy identifi ed thus far. Therefore, the maintenance 
of healthy body weight, regular physical activity, and 
moderation of alcohol intake, contribute to the prevention 
of other tumors and diseases, in addition to breast cancer. 
A diet that helps maintain the right body weight, rich in 
fruit, vegetables, cereals, and legumes, containing little red 
meat and little salt, and almost free of processed meat is 
recommended [19]. Further precautions are obviously not 
to smoke and to exercise regularly [8]. As far as secondary 
prevention is concerned, self-examination is certainly one of 
the practices to be adopted to try to identify a possible tumor 
as early as possible. This is an examination that women can 
perform on their own from the age of 20, once a month, one 
week after the end of their period (since this is the phase in 
which the breasts are less painful and turgid); if a woman is 
pregnant or in menopause, the period in which she can self-
examine is irrelevant. The American Cancer Society (1990), 
recommends that all women over the age of 20 have monthly 
breast self-exams [19]. The presence of lumps, retraction 
secretions from the nipple, or other skin alterations must 
alarm and lead the patient to a breast examination.

Screening

The fi rst diagnostic tests to evaluate the health state of 
the breast are ultrasound (US) and mammography (MMG). 
The US is a non-invasive method as it uses sound waves 
at frequencies greater than 20 kHz and does not ionizing 
radiation which does not harm human health. It is advisable 
to perform it already starting from the age of 20, once a 
year. It is a very important examination, especially for 
dense breasts for which the mammographic examination 
could not be decisive [20]. The US is a particularly useful 
diagnostic modality to distinguish cystic from solid masses 
and allows the identifi cation of suspicious solid masses that 
usually require a biopsy. Additionally, ultrasound is the 
ideal imaging tool to guide biopsy procedures [21].

The golden standard for breast cancer diagnosis is 
defi nitely MMG, which represents the principal modality 
of early detection for women at average risk [22]. Early 
detection allows the diagnosis of tumors of small sizes with 
few nodal metastases and less histologic-grade progression, 
making the treatment more eff ective [23]. Literature 
data show substantial benefi ts for women who undergo 
mammography screening versus those not participating in 
screening [23].

The downside of mammography is that it is associated 
with a small amount of radiation that in the long term can 
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bring adverse eff ects if is often faced in screening tests. 
The individual dose may diff er depending on breast size 
and compression. However, with modern mammographic 
techniques and in particular with full-fi eld digital 
mammography, the glandular dose has dropped signifi cantly 
during the last decades and is continuously decreasing [24]. 

Many countries, especially those with higher incomes, 
have established screening programs based on this method, 
through which a free checkup is periodically off ered to a part 
of the population that responds to certain characteristics. 
The frequency and age range of screening varies from country 
to country and sometimes even from region to region. For 
that reason, screenings are an excellent aid in reaching a 
large number of people, but at the same time, the strict rules 
to be respected make it insuffi  cient. The ACR (American 
College of Radiology) recommends annual mammography 
screening starting at the age of 40 for women at average 
risk, and it is also recommended beyond the age of 70 if a 
woman’s health permits it [24,25].

Actually, a cross-sectional study conducted on a total of 
415,277 breast cancer deaths in female patients in the United 
States from 2011 to 2020 found that when screening was 
recommended at age 50 for the general female population, 
black women should begin it 8 years earlier, at age 42, while 
white women could begin at age 51, American Indian or 
Alaska Native and Hispanic women at age 57 and Asian or 
Pacifi c Islander women at age 61 in relation to race-related 
risk factors [26].

Not all countries off er such effi  cient screenings however, 
in these cases there will be a greater chance of having the 
so-called “interval cancers (IC)” which by defi nition are 
cancers that become palpable between 2 screening rounds 
[27]. The biggest problem is given by the fact that they have 
rapid growth, so they can be detected by the MMG only 
at the moment of the diagnosis (“true IC”) [28]. In some 
cases, there could be the presence of a carcinogenic mass, 
but because of a substandard technique or positioning (not 
including cancer in the image), it cannot be seen, giving 
rise to a false negative. In addition, it can also happen 
that the cancer is masked by dense breast tissue, or visible 
in retrospect but not detected or misinterpreted by the 
screener. It is therefore suggested to take care of itself 
individually by carrying out breast examinations annually.

High-risk women should start mammography screening 
earlier and may benefi t from additional screening modalities 
with contrast-enhanced breast Magnetic Resonance Imaging 
(MRI) [27]. However, an add-on strategy (supplementary 
screening breast US or MRI in addition to mammography 
(MG) can result in a higher cancer detection rate [28-30] 
and an increased false-positive rate [31-33]. For pregnant 
women, physical breast examination screenings during 

pregnancy and breastfeeding are strongly recommended, 
while mammography (MG), magnetic resonance imaging 
(MRI), and ultrasound imaging (US) are not considered 
appropriate for women in this condition [34]. 

Magnetic resonance (MR) imaging is an advanced 
preventive diagnostic test reserved for healthy women but 
with an important family history of breast cancer or carriers 
of a mutation, who therefore have a higher risk of developing 
breast cancer.

The American Cancer Society guidelines and the 
National Comprehensive Cancer Network Clinical Practice 
Guidelines in Oncology recommend annual breast MRI 
screening for women at high risk for breast cancer, which 
includes BRCA mutation carriers and their untested fi rst-
degree relatives; women with Li-Fraumeni syndrome and 
other high-risk predisposition syndromes; women with a 
history of thoracic radiation therapy between age 10 and 30 
years; and women with 20% or greater lifetime risk of breast 
cancer based on risk assessment models. Moreover, for 
women with high risk an annual MRI screening should start 
at age 25–30 years and annual mammography screening is 
also recommended, starting preferably at age 30 years old. 
MRI, on the other hand, poses no risk of radiation-induced 
cancer and exhibits high sensitivity, and the potential risks 
from the application of gadolinium-containing contrast 
media are minimal [35].

Genetic implications for breast cancer may be associated 
with mutations in a specifi c gene or a series of genes, 
including the key tumor suppressor gene BRCA (BRCA1 
or BRCA2). Such mutations may be inherited (germline) 
or arise as a result of a combination of genetic and 
environmental factors (somatic) [36]. BRCA tests are not 
expected for all women as a routine screening procedure, 
but it is strongly suggested for women who have a positive 
family history of breast cancer, or several relatives suff ering 
from breast and/or ovarian cancer if there is a male member 
of the family aff ected by breast cancer (in men it is much 
rarer and more aggressive) [37]. However, BRCA mutations 
are thought to be uncommon in the general population 
(much less than 1%).

If the presence of a dubious lesion emerges during 
the breast examination, it is always advisable to analyze 
its content by biopsy to confi rm malignant cases or deny 
benign ones, and possibly undertake suitable treatment 
as soon as possible. US, MG, MRI, and positron emission 
mammography (PEM) are now successfully used to guide 
the biopsy needle to obtain a proper tissue sample that can be 
histologically assessed [38]. Biopsy consists of taking breast 
tissue material in the form of small cylindrical fragments, 
taken from the area of the breast in which an anomaly or 
a suspected neoplastic formation has been identifi ed. The 
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material thus collected is then put to histological examination 
or other laboratory tests. Complications are possible but 
rare. However, it is advisable to perform the analysis to 
confi rm the malignant cases or possibly deny the benign 
ones and undertake a suitable treatment as soon as possible 
[38]. In highly risky cases, with confi rmed genetic mutation, 
the most eff ective measure to reduce breast cancer risk is 
bilateral mastectomy, although guidelines recommend 
limiting this to women at substantially increased risk [39]. 

Digital breast tomosynthesis (DBT) is emerging as the 
standard of care for breast imaging based on a quasi-three-
dimensional technique, where multiple low-dose images are 
obtained over a range of angles, and reconstructed in slices 
[28]. The information obtained from the tomosynthesis 
decreases the clutter eff ect of overlapping tissue. This 
allows an improved lesion detection, characterization, 
and localization. In addition, the quasi-three-dimensional 
information obtained from the reconstructed DBT data set 
allows a more effi  cient imaging work-up than imaging with 
two-dimensional full-fi eld digital mammography alone. 
Breast tomosynthesis overcomes some of the limitations 
of standard mammography, but it is not yet available in all 
imaging facilities.

Nowadays we hear more and more about artifi cial 
intelligence (AI), but in reality, it was mentioned for the 
fi rst time in 1956 during a conference held at Dartmouth 
College in Hanover, New Hampshire. Artifi cial intelligence 
is the starting point for the development of even more 
innovative applications such as Machine Learning (ML) 
and Deep Learning (DL) [40]. Artifi cial Intelligence refers 
to computer systems that simulate or exhibit a specifi c 
aspect of human intelligence or intelligent behavior, such as 
learning, reasoning, and problem-solving [41].

The fi rst applications of AI were unsuccessful as scientists 
tried to model the human mental process based on the prior 
knowledge of experts, through a series of codifi ed rules.

With the development of ML was introduced a system 
not explicitly programmed, but is “trained” on the basis of 
experience [42].

Machines capable of learning from experience have thus 
been developed through specifi c computational methods 
that allow them to develop their own internal algorithm, 
scilicet the relative ability of a machine to learn without 
being explicitly programmed to do so.

Machine learning is an IT process that involves several 
phases: through the use of a series of data, called “training 
dataset”, we proceed with the training of the algorithm which 
will allow us to obtain an analytical model. Subsequently, 
using a series of data called “testing dataset”, we proceed 
with the validation of the model [43].

DL, or deep learning, is another approach to machine 
learning and represents an advanced ML technique. It is 
a mathematical model that, inspired by the functioning 
of neurons in the animal brain, uses multilayer artifi cial 
neural network models (Artifi cial Neural Network - ANN) 
with various processing units and can exploit computational 
processes.

In summary, the 3 terms should not be confused: AI is 
the fi nal goal we want to achieve, ML is an approach and DL 
is an ML technique [44].

Inappropriate datasets and poor image quality may limit 
the conspicuity of the breast lesion’s characters or off er 
inadequate inputs for the AI system [45,46]. 

In the breast sector, the CAD (Computer-aided diagnosis) 
system has been developed to help radiologists automate 
the early discovery and diagnosis of breast lesions [47].

In 1998, CAD systems utilizing traditional ML were 
developed and used as a second opinion to analyze patients’ 
images in mammography and improve radiologists’ 
performance.

Literature shows that despite the positive impact of CAD 
systems on breast cancer screening, decreases in specifi city 
and increases in recall rates are also noted [48].

The conventional CAD system has been established to 
aid radiologists, not to be used as a primary screening tool. 
It is designed and trained to detect specifi c features that 
radiologists look for, such as masses or classifi cations [49].

Therefore, radiologists should screen and read the images 
as carefully as they would without CAD, and then use CAD 
as a ‘spell checker’ following their own interpretation [50].

Several factors may aff ect the performance of AI-
based applications, in particular patient populations 
such as heterogeneity of the breast cancer risk factors, 
and imaging characteristics of the populations. The shift 
from the conventional CAD system to advanced AI tools 
such as DL-CAD has the potential to reduce false-positive 
fi ndings, increase diagnostic accuracy, improve radiologist 
performance, and assist with decision-making

Future randomized controlled trials and cohort studies in 
large-scale samples with high-quality evidence are required 
to consider the future use of AI-based applications in breast 
cancer screening [51].

In women who showed a high breast cancer risk due to 
family history or known genetic mutation, managing risk 
plays a fundamental role. Chemoprevention represents a 
prevention method developed for such women. The benefi ts 
outweigh the risks of chemoprevention once a woman’s 
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5-year risk of invasive breast cancer reaches 3% [52], 
moreover, decreases lifetime risk by approximately 50% of 
the high-risk population [53]. Chemoprevention involves 
the daily intake of antiestrogen pills (usually tamoxifen for 
pre-menopausal women, raloxifene for post-menopausal 
women) for a 5-year course, as an alternative to surgical 
prevention options (bilateral prophylactic mastectomy and/
or oophorectomy). 

To date, the low use of chemoprevention is associated 
with a variety of reasons. Recent studies evidenced that 
underlying these gaps there is clinicians’ inability to provide 
adequate quality medical advice. Both general practitioners 
and familiar cancer specialists also show no confi dence in 
using risk-prediction models to identify high-risk patients. 
In this way, prescribing chemoprevention medications 
implies [53-56], an underestimate of the benefi ts and/
or overestimation of risks. The perception of (or worry 
about) low drug effi  cacy and concerns about side eff ects are 
negatively associated with chemoprevention use. Therefore, 
the use of chemoprevention is associated with anxiety and 
fear in patients who are not predisposed to treatment.

Conclusion

Breast cancer is the most frequent female neoplasm in all 
age groups. Despite the continuous increase in the incidence 
of breast cancer, the mortality rate is lower compared 
with the past. That was possible thanks to the continuous 
advances in medicine and screening for early diagnosis.

To date, breast cancer prevention in most parts of the 
world has largely focused on untargeted population-based 
educational interventions (such as increasing physical 
activity and reducing BMI and alcohol intake). These 
will remain an appropriate component of breast cancer 
prevention, as these interventions also reduce the risk of 
other important causes of morbidity.

A key component of optimal precision prevention aims 
to be a systematic and accurate method of assessing each 
individual woman to estimate, at the right time and at the 
right woman, the cancer risk. Screenings are a fundamental 
tool to deal with breast cancer, even if sometimes they are 
not enough as in the case of interval cancers or of particularly 
ambiguous presentation.

Delaying screening until age 45 or 50 can determine 
an increase in new cases. Screening should continue and 
without age limits, unless severe comorbidities limit life 
expectancy.

For prevention programs to be suffi  ciently robust, given 
the heterogeneity of risk factors, it is important to enroll 
diverse patient populations in clinical trials to work toward 

advancing health equity and to better understand the 
factors that contribute to racial disparities in mortality. For 
breast cancer [57]. We need large studies in well-defi ned 
and diverse populations with as many criteria as possible to 
provide estimates of the burden of mutations in underserved 
and previously understudied populations [58]. 

The only way to fi ght this disease is to act in time. For 
this reason, information is important, warning the women 
population fi rst of all about the risk factors and about 
the importance of breast examinations from a young age. 
Moreover, women should be supported toward decisional 
aids and referred to specialists who can discuss individual 
risk and risk-management options and, fi nally, the 
possibility of joining the programs of free screenings.

The world of medicine has now understood the importance 
of the impact of breast cancer on modern society and this 
is why multidisciplinary teams have been raised in many 
hospitals. They are made up of radiologists, oncologists, 
general and plastic surgeons, and other specialist fi gures 
who together form the so-called Breast Units. These units 
are entirely dedicated to the prevention and treatment of 
breast cancer. Better public health education and primary 
preventive strategies should be used as the main public 
health intervention.
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