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Abstract
Cancer incidence and cancer-related deaths are dramaticallys
rising worldwide. In women, current estimates show high incidence
of breast cancer (BC). BC is considered the second most frequent
cancer-related death causer in women worldwide, responsible
for millions of deaths each year. However, BC early diagnosis
improves treatment success and increase survival rates. Physical
examination, mammography, ultrasound, magnetic resonance
imaging are techniques that auxiliary BC diagnosis. On the other
hand, BC relapse is a significant concern especially when the
cancer spreads to the mammary and adjacent tissues and this leads
to the development of locally advanced BC (LABC). Inflammatory
BC (IBC), which is considered a subtype of LABC, is a rare and
aggressive disease that causes swelling, redness, affecting third
or more of the breast. Normally, chemotherapy is used in the firstline treatment of LABC, however multidrug resistance (MDR) is a
severe problem found in the treatment. Studies are been performed
to discover new alternative therapies, mainly in natural products,
to solve this obstacle improving treatment responsiveness. In this
review we will address aspects of LABC such as pathophysiology,
diagnosis, current treatments and new therapeutic perspectives
as well as LABC epidemiological parameters, emphasizing the
worldwide incidence scenario.
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Breast cancer (BC) is considered the main type of cancer that
occurs among women and the second most frequently responsible for
cancer-related deaths in this gender worldwide [1]. High incidence of
BC is observed in several different countries in terms of social and
financial development. Recent statistical numbers showed 1.8 million
estimated new BC cases in 2013 [2]. Moreover, current projections
for 2050 estimate approximately 3.2 million new BC cases in women
worldwide [3].
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Different stages are observed in BC, following the classification
between I to IV. In stage III, cancer has spread to the mammary and
adjacent tissues, and cancers are classified as locally advanced BC
(LABC). LABC is correlated with the development of architectural
tissue alteration in the mammary tissue, because of the tumor
growth. LABC includes advance primary tumors, frequently with
lymph nodes involvement and Inflammatory BC (IBC) [6].
LABC is associated to poor survival and frequently patients with
this condition die, despite of several treatments, such as chemotherapy
and radiotherapy [7]. In this sense, LABC has been a common subset
of all BC patients for the development of new therapies. In this review,
we will focus on clinical trials in LABC, side effects of therapies used
in this setting, and quality of life of patients enrolled in these trials.
Moreover, the aim of this review is address update aspects of LABC,
such as epidemiological parameters, pathophysiology, diagnosis,
current treatments and new therapeutic perspectives.

Body
LABC epidemiological parameters

Introduction

ClinMed

BC development starts in the mammary glands and ducts.
Tumor growth initiates through several synergistic factors that
contribute to genetic mutations, such as micro environmental
and epigenetics changes [4]. Because of late detection and/or poor
response to treatment, cancer cells can spread to other tissues via
blood circulation, lymphatic system and/or by contiguity, developing
distant tumor, in a process known as metastasis [5].

Worldwide, the incidence of BC has increased by over 20% and
BC-related deaths have risen by 14% since 2008. Although developed
countries still have the highest incidences of breast cancer, low-to
middle-income countries (LMICs) still face a huge number of deaths
related to the highest cancer mortality rates [8]. Figure 1 indicates the
countries with the top 20 highest incidences of BC in 2012. Belgium
had the highest rate of BC, followed by Denmark and France [9]
(Figure 1).
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Figure 1: Representative image of the countries with the top 20 highest incidence of breast cancer in 2012.

Moreover, current estimates show that approximately 8.5%
of American and 4% of European patients with BC develop LABC
[10]. Although these numbers seem to be low and despite LABC is
confined to the breast and regional nodes, the high mortality rate in
this condition is explained by the rapid onset of metastatic disease
[11]. Fortunately, since the use of mammography became more usual
and common in screening tests, LABC rates are decreasing. In the
United States of America (USA) the percentage of patients with LABC
that realized regular screening mammography is less than 5% [12].
IBC, a specific type of LABC, and rarer than other types of BC,
is responsible for just a few cancers diagnosed cases. In the USA, for
example, only 1 to 5% of BC diagnosed patients present with IBC.
Additionally, IBC is more often found in younger patients compared
to other cancer types, being more prevalent in African American
women. Also, it seems to exist a relationship between IBC and body
weight since this disease is more frequent in overweight subjects. IBC
also can be diagnosed in men, however, differently than in women,
this type of cancer occurs in advanced age [13].
According to the National Cancer Institute’s Surveillance,
Epidemiology, and End Results (SEER) Program the average survival
period after diagnosis for women with LABC is 4.9 years. However,
this register cannot be extremely reliable since patients that developed
IBC present less survival time [9].

LABC pathophysiology
LABC is related to bulky invasive tumor which spreads to breast
skin and/or chest. LABC development may be followed by several
consequences, such as skin ulceration and edema, tumor fixation into
the chest wall, increase of the lymph nodes size and skin fixation of
auxiliary nodes [14].
LABC includes large tumors, usually the tumor size is bigger than
5 centimeters in diameter. In this sense, the tumor mass can cause
injury to breast skin, underlying muscles and multiple local lymph
nodes [11].
Furthermore, the most aggressive LABC form, IBC, can cause
swelling, redness, affecting third or more of the breast [15]. The
edema, in this case known as peau d’orange, occurs because cancer
cells block lymph vessels in the skin of the breast with lymphatic fluid
extravasation. Other symptoms can be noted in this type of cancer,
such as a rapid increase in breast size, sensation of inflammation as
heaviness, aching, burning, or tenderness and moreover, patients can
present with inverted nipple (facing inward) [16].
IBC has rapid progression, and high angiogenic and angioinvasive
development. This ability to invade vessels confers to IBC an
extremely high metastatic potential, making this illness the most
lethal BC type [17]. Several molecules involved in this pathway were
identified as overexpressed in IBC tissue samples when compared
to non inflammatory LABC samples, such as vascular endothelial
growth factor (VEGF) and its receptor VEGFR, an important signal
protein that stimulates angiogenesis [18,19]. Also, overexpression
of inflammatory cytokines were described in IBC tissue samples,
including basic fibroblast growth factor (bFGF), interleukin (IL)-6,
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IL-8, IL-1, IL-12, and interferon gamma (IFN-γ). Further, some gene
related to insulin-like growth factor-binding protein, for example
HER-2, RhoC GTPase, and NF-KB are overexpressed in IBC [20-22].
Moreover, in comparison with non-IBC, IBC is frequently
associated to negative estrogen receptor (ER) and progesterone
receptor (PR). Previous reports suggested that ER-positive patients
presented a better prognostic and a longer survival compared to those
IBC ER-negative subjects (4 years versus 2 years, respectively) [17,23].
IBC has a very complex pathophysiology. Despite IBC being
classified as a LABC, it seems to present a unique tumor pattern and
specific characteristics. IBC has predominant growth, immortalized
cells, tissue adhesion pathways and it is very aggressive. These tumor
features are consequence of different genes and molecules expressions
that provide the metastatic ability and tumor progression [24,25].

LABC diagnosis
Mammography screening is an essential evaluation for
diagnosing tumoral BC tissue with less than 1 centimeter of size. Only
mammography can detect the tumor at this size ensuring in this way
approximately 95% of cure. Physical examination is important to find
tumor, however just tumors bigger than 1 centimeter are identified
in this way, decreasing the chance of cure. In this sense, bilateral
mammogram screening is a significant tool to identify tumor in early
stages and increase patient’s survival rates. Although mammography
helps to decrease breast cancer-related deaths, it is not recommended
to young women [26]. Routine mammography screening is only
suggested for women over the age of 40 years, since before that age
mammography sensitivity is low [27].
In some cases, high mammary density can make difficult breast
evaluation by mammography. In these subjects, ultrasound is a
good alternative for evaluation. Ultrasound is helpful to determine
tumor extensive breast involvement, nodal chains impairment, and
to confirm mammography inconclusive results. Besides, ultrasound
is used as an adjuvant to mammography in cases of abnormal results
or it is applied as the first choice in special situations, for instance, in
pregnancy, lactation, young women and inflammatory conditions in
the breast tissue. In the presence of lesions found in the breast tissue
by mammography, ultrasound auxiliaries in the biopsies collection as
well as it is able to identify additional lesions in 14% of women with
high mammary density [28].
Breast tissue biopsy is the most specific way to diagnose tumor
development; however, breast surgery is an invasive procedure.
In some cases, it is possible to perform a core needle biopsy that is
essential to aid the diagnosis. The fine-needle aspiration biopsy has a
high sensitivity and specificity in LABC. Moreover, the identification
of several detectable biomarkers from tumor samples, such as
hormone receptors and inflammatory molecules, could help in the
decision of treatment and improve patient’s survival [29].
Likewise, breast-specific magnetic resonance imaging (MRI)
is frequently used in the diagnostic setting, mainly in young and
high breast density women. Theoretically, routine screening is not
suggested for women under 40 years old, however, annual breast
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MRI is indicated for women over 30-years-old that present a lifetime
breast cancer risk at or exceeding 20%-25%. This group of population
comprises women that suspect of a deleterious genetic mutation
associated with BC or received radiation to treat lymphoma [30].

radiotherapy has some immediate and late side effects, such
asmucositis, while late side effects comprise fibrosis and tissue
atrophies. In order to minimize side effects and damages to normal
cells, the tolerance of normal area must be respected [39,43-45].

MRI is more sensitive to reveal LABC extension and staging
of tumor than conventional methods, such as mammography and
ultrasonography. Hence, MRI is a commonly used imaging modality
in LABC. Pre-operative MRI is essential to LABC patients for surgical
planning. MRI can classify the BC appearance by is morphology
into different phenotypic categories. This information is involved
with response of neoadjuvant chemotherapy and can offer breastconserving surgery. Moreover, MRI can inform LABC in triple
negative, Her 2 positive and hormone receptor negative tumors,
especially in solid imaging phenotype. Moreover, MRI is able to
detect tumor physiology by demonstrating contrast enhancement
associated with tumor angiogenesis. In this sense, MRI can provide
an earlier more accurate marker of tumor than conventional methods
[31].

On the other hand, subjects with LABC can also be treated by
chemotherapy [34,46]. Chemotherapy is a method based on chemical
agents in the treatment of diseases caused by biological mediators.
In the treatment of different cancer types, chemotherapy is used as
antineoplastic to specially reduce cell proliferation [47]. Currently,
there are several chemotherapeutic drugs being commercialized by
the pharmaceutic industry and all these drugs perform their function
acting in the cellular cycle. Chemotherapeutic drugs that act in cells
at proliferative stage or not are called non-specific cell cycle. Drugs
that damage cells only during the cellular proliferation are called cell
cycle-specific. Additionally, there are some chemotherapeutics agents
that perform their function at specific cellular cycle phases (synthesis,
G2 or mitosis phases), and those drugs are nominated phase-specific
agents [47-49]. Depending on the tumor development and stage
of progression, the chemotherapy is a therapeutic alternative with
curative purpose, however, in advanced situations, as for LABC, these
drugs are used as neoadjuvant procedure or as palliative option to
increase the quality of survival [50]. The biggest problem involving
chemotherapy administration is that these agents are not specific for
neoplastic cells. In this sense, usually chemotherapeutic drugs induce
several side effects. These negative effects go from nausea, vomiting
and agitation including also damages to the nervous central system
related to the post period of administration being classified as early,
immediate, late, or ultra-late side effects [37,47,51,52]. Regarding
to this problem, several researches around the world look for the
development of more specific chemotherapeutic agents for the tumor
cells with the aim of reducing side effects which could compromise
therapeutic attendance.

Therefore, MRI, in the same way to ultrasound, has high
sensitivity, on the other hand presents low specificity for BC detection.
Nevertheless, MRI similarly to ultrasound is considered more
sensitive than mammogram for the dense breast tissue evaluation
[32].

LABC current treatments
LABC treatment is the biggest challenge after diagnosis, since at
BC stage III there is higher risk of metastasis. There are no standard
therapy procedures conducted for LABC patients, particularly
because this patient group is very heterogeneous. In this sense, the
ideal therapy should be personalized and individual, considering
the patient characteristics, as tumor size, ER, PR, human epidermal
growth factor receptor-2 (HER2), local extension, and lymph nodes
invasion state [33-36].
The most common methods for BC therapy, including LABC,
are surgery [37], radiotherapy [38], and chemotherapy [39]. All these
procedures are performed to control the locoregional disease and to
eliminate distant metastasis. However, even with the treatment, there
are a lot of patients that present tumor recurrences [40].
The surgery for complete breast removal is called mastectomy. First
of all, to perform this type of surgery it is essential to evaluate if surgery
is feasible. Second of all, it is necessary to consider three main aspects,
including primary tumor area size, skin or thoracic involvement
jury, and axillary lymph node impairment. Finally, gathering all this
information it is possible to select the most effective mastectomy
procedure for the patient. There are four different mastectomy
methods: radical mastectomy, modified radical mastectomy, simple
total mastectomy, and subcutaneous mastectomy. Currently, the most
used mastectomy procedure is the modified radical mastectomy that
differently from the radical mastectomy, consists of breast removal
and axillary lymphadenectomy (surgery to remove axillary lymph
nodes), preserving the breast muscle [39]. Radical mastectomy is not
used commonly because of the high mortality rates, comorbidity,
associated with this kind of method. On the other hand, simple total
mastectomy and subcutaneous mastectomy are not indicated as an
alternative way for LABC treatment [34,41].
Radiotherapy is another technique that can be used for LABC
patients [34]. This procedure is able to destroy tumor cells through
ionizing radiation beam [42]. The radiation dose is calculated
considering the tumor tissue volume to kill all the neoplastic cells
with less damage to normal cells than possible. Irradiated cells
undergo water hydrolysis and DNA damage following vital system
and proliferation capacity impairments. Radiotherapy is indicated
for regional or local treatment, being used alone or in association
with another procedure, before, during or after surgery and/or
chemotherapy. Depending of the radiation dose and machine source,
radiotherapy can be classified as superficial, semiprofound, profound
teletherapy, profound therapy and brachytherapy. Unfortunately,
Cadona et al. Int J Womens Health Wellness 2017, 3:044

To achieve BC remission, patients with LABC can perform all
three main treatment alternatives, mastectomy, radiotherapy, and
chemotherapy, usually combined or in different therapeutic phases.
However, systemic procedures and/or radiotherapy before surgery
also can be perform by some institutes [37]. However, neoadjuvant
chemotherapy, which is the administration of therapeutic agents
before the main treatment procedure, has been an important
alternative for LABC therapy [40,52,53].
Unfortunately, there are many patients with LABC that present
resistance to chemotherapy [54]. In this sense, several researches
are trying to understand the tumor cell pathway of drug resistance
development to find new targets and propose new chemotherapic
agents. There are some aspects in cancer cells that can promote
chemotherapy resistance, such as absorption, distribution, transport,
metabolism, and elimination. A study performed by Vishnukumar, et
al. [55], for example, described that P-glycoprotein (P-gp), an ATPdependent drug efflux pump which is able to transport anti-cancer
drugs, is influenced by MDR1 gene. MDR1 gene, also called ABCB1
gene, is located at chromosome 7 (q21.1). MDR1 polymorphism
directly affects P-gp expression, changing the anti-tumor agent
transport.
The HER2 is a protein responsible for the development and
growth of epithelial cells. However, HER2 gene is a proto-oncogene
and an unspecific alteration in the sequence can activate this gene
to an oncogene. Some LABC patients present HER2-positive
receptors and it has been used as a new therapy target [40,56,57].
Trastuzumab emtansine is a recent chemotherapeutic drug which
is an antibody loaded with the anti-tumor drug. The antibody binds
specifically cells that present HER2 receptors expressed in the cellular
membrane and release the drug inside of the tumor cell. This type
of treatment has less side effects, is faster than common agents, and
has been improving HER2-positive LABC treatment. On the other
hand, some subjects still will develop recurrences post trastuzumab
administration [57,58]. In this sense, several works are focusing in
the identification of more effective procedures. A new proposal
in this respect isneoadjuvant therapy in HER2-positive BC using
• Page 3 of 5 •
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Figure 2: Schematic representation of breast cancer diagnosis and treatment approaches and disease progression (Tryfonidis, et al. 2015).

pertuzumab associated with transtuzumab. The results showed higher
percentage of patients achieving a pathological complete response
with pertuzumab and trastuzumab than trastuzumab treatment alone
[59]. In summary, the figure 2 shows a schematic representation of
BC diagnosis and treatment.
Despite these neoadjuvant therapies and treatment improved,
intensive clinical research in this field should be maintained. A
promising area is the use of natural products that are composed by a
bioactive chemical matrix, including different molecules that are able
to positively modulate cellular homeostasis, especially by antioxidant
capacity. New perspectives of treatment for LABC are discussed in
the next section.

LABC new perspectives
In some cases, LABC can present pharmacological resistance
and is difficult to treatment, resulting in poor prognosis. Normally,
chemotherapy is the first-line way of therapy in LABC, however
multidrug resistance (MDR) is a severe problem found during the
treatment. Therefore, it is very important for patient’s survival to
detect MDR before initiate the first-line chemotherapy [54].
In this sense, Atalay, et al. (2006) reported that some genes are
involved in LABC MDR, such as ATP-binding cassette sub-family
B member 1 gene (ABCB1 - chromosome 7) and ATP-binding
cassette sub-family C member 1 gene (ABCC1 - chromosome 16).
The results found in this study, performed with 25 women with
LABC before chemotherapy, suggested that ABCB1 gene expression
during chemotherapy increased the resistance and treatment
unresponsiveness. Nevertheless, ABCC1 gene expression did not
contribute strongly with the clinical drug response [60].
Since LABC patients frequently present MDR during the
pharmacological therapy, studies to improve this obstacle are been
performed. A previous report indicated that guaraná (Paullinia
cupana), a functional food native from Amazon, composed of high
levels of caffeine, catechins and other bioactive molecules with several
functional proprieties [61] presents antitumor activity against BC
and increased the response to chemotherapeutic drugs [62]. Study
performed by Hertz, et al. (2015) suggested that guaraná extract
is able to decrease BC cells (MCF-7) proliferation and increase
chemotherapy activity of several drugs commonly used for BC
therapy [49].
Moreover, some bioactive molecules found in natural products
have been studied as antitumor agents. Epigallocatechin‑3-gallate,
for example, found in huge concentrations in green tea, is capable
of potentiating the antiproliferative activity of sunitinib by inhibiting
Mitogen-activated Protein Kinase (MAPK) in the MCF-7 cell line, the
most frequently altered pathway in this type of cancer [38].
Cadona et al. Int J Womens Health Wellness 2017, 3:044

Besides, caffeine also was tested in addition of cisplatin to analyze
whether this molecule could be able to increase the chemotherapy
response in MCF-7 cells. Niknafs (2011) reported that caffeine
increased cisplatin response by apoptosis induction [62].

Conclusion
In summary, LABC is considered an aggressive type of BC and
responsible for poor prognosis, resulting in low survival. LABC has
the capacity to spread very fast and sometimes, this condition can
complicate developing inflammatory injuries in the breast tissue, in
case of IBC. Moreover, LABC is associated with difficult treatment,
since LABC frequently present chemotherapy resistance. To solve
this obstacle, new studies are being performed to find alternative
therapies to improve treatment responsiveness. At this point, LABC
is considered a huge challenge to science, since this condition is target
for the development of new therapies to increase chemotherapy
response and ensure patients survival and quality of life.
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