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8.1 Major Risk Factors for Breast Cancer
and Breast Cancer Prevention
8.1.1 Major Risk Factors for Breast Cancer

The major risk factors for development of breast cancer in
women are as follows:

* Positive family history of breast cancer in a first-degree
relative

* History of benign breast disease

e Age over 40 years

e Late-age birth of first child or nulliparous

e Use of long-term estrogen replacement therapy or oral
contraceptive pills

* Radiation exposure

* Alcoholic beverage consumption

* Smoking (increases the risk of metastases in lungs)

Today, it is widely acknowledged that breast cancer is
found three to five times more often in women with benign
lesions of the breast and 30—40 times more often in women
with a nodular form of mastopathy with signs of epithelial
proliferation. About 10-15 % of breast cancers are thought to
be hereditary. Normal cells become cancerous as a result of
certain mutagenic genes: BRCALI in about 45 % cases and
BRCAZ2 in about 35 % cases (BReast CAncer Gene I and
BReast CAncer Gene 2).

8.1.2 Control of the Risk Factors of Breast
Cancer: Dishormonal Changes

Because benign conditions and breast cancers have many
similar etiologic factors and pathologic processes, they have
common risk factors, most related to dishormonal changes.
The hypothalamus—hypophysis system plays an important
role in the development of dishormonal hyperplasias of the
breast. Some authors consider a risk factor to be the activa-
tion of the proliferative process in the hormone-dependant
organs, including the tissues of breast, which are target areas
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for the steroid hormones of the ovaries, prolactin, placental
hormones, and, implicitly, other endocrine hormones.

Estrogens have major impacts on the proliferation of the
epithelial acini, lobules, and interlobular ducts. Their role is,
therefore, overestimated, and the use of progesterone-based
creams as an “antidote” treatment is illogical because a
breast cancer may be both estrogen-receptor (ER) and
progesterone-receptor (PR) positive. Therefore, the level of
estrogens is correlated in ductal echography (DE) with breast
parenchyma, especially with ductal diameter and the size of
the lobules. In ovarian precocious insufficiency, bradimenor-
rhea, primary or secondary amenorrhea, or after ovariec-
tomy, postmenopausal-type changes of the breast occur.
With hormonal substitution therapy, assisted fertility treat-
ment, or other cases of hyperestrogenism and “true” gyneco-
mastia, the breast parenchyma presents more or less as
ductal-lobular thickening.

Fibrocystic changes, considered dishormonal hyperpla-
sias of mammas, represent one of the most common benign
conditions, affecting more than 50 % of women with palpa-
bly irregular breasts, cyclic pain, and tenderness. Some find-
ings are considered as congenital pathology, the most severe
being Reclus’ disease. The “sick lobe theory” of Tot consid-
ers the whole lobar unit damage present at birth [1], but the
branching of the mammary bud begins at puberty, and many
women develop mammary dysplasia later in adulthood or in
the postmenopausal stage as result of complex dishormonal
changes.

High levels of prolactin may cause breast-feeding changes
similar to, but less intense than, normal pregnancies: diffuse
breast hypervasculature, lobular hypertrophy, and duct ecta-
sia with milky secretions. In chronic disorders, such as pro-
lactinoma, chronic overinfection may be present. However,
not all cases of duct ectasia present hyper-prolactin levels,
and not all cases of high prolactin are associated with a pitu-
itary lesion, found on the magnetic resonance imaging (MRI)
examination. Elevated prolactin level seems to be correlated
in Doppler DE with diffuse increase in the number and size
of breast vessels, but no vascular changes were found in
chronic secreting galactophoritis [2]. Androgens have more
impact on the fibrotic process [3].
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Mastodynia/cyclic mastalgia usually occurs premenstru-
ally and may not demonstrate any changes in the breast anat-
omy in DE, neither ducts nor lobules being influenced in size
or aspect. In the premenstrual breast, increased tenderness
and reduced elasticity seem to be determined by the stromal
reaction, as is frequently demonstrated by Sonoelastography
(SE), which can better delineate the differences in the strain
of the stroma (harder) and parenchyma (softer, score type 1
Ueno).

Breast cancer has a significant correlation with thyroidal
lesions [4, 5]. Not only is the nodular goiter usually associ-
ated with breast diseases but also the diffuse goiter. In many
cases, the autoimmune thyroiditis, Hashimoto’s disease, is
present. Thus results the recommendation to explore the thy-
roid by ultrasonography, in all cases, with breast screening or
breast symptomatic examination.

Food hormones are associated with precocious thelarche,
“true” gynecomastia, and duct ectasia. Although this correla-
tion is accepted worldwide, there are few studies employing
systematic observation in large populations of food-induced
breast pathology. More evident are the effects of therapeutic
hormonal intake on breast morphology. Birth control pills
may aggravate or ameliorate breast dysplasia, and substitu-
tion hormonal therapy increases breast density in postmeno-
pausal woman, increasing the risk of breast cancer. More
frequent reports present breast cancer following repeated
treatments for assisted fertility.

In cases of adrenal or gonadic hormonal-secreting tumors,
breast changes are present in male and female patients. In
children with precocious thelarche or pathological gyneco-
mastia (at different ages than physiological breast develop-
ment), in addition to food-intake of steroids and
hormone-secreting tumors as causes, genetic disorders cor-
related with neuroendocrine imbalance, such as neurofibro-
matosis (von Recklinghausen disease) [6], hydrocephaly,
and brain tumors may be found.

8.1.3 Prevention of Breast Cancer

Despite pathological reports of various types of ductal or
lobular hyperplasias, preoperatory noninvasive diagnosis
was unable to detect these changes until the advent of
DE. Prevention of breast cancer was not considered before
the last decade, and it is still a subject of discussion because
premalignant lesions are usually not diagnosed by “classi-
cal” methods of radiological-imaging diagnosis.
Mammography cannot detect any premalignant lesion,
except some cases of ductal carcinoma in situ (DCIS) that
are suspected because of their suggestive branching or exten-
sive microcalcifications. The sectional methods in use do not
respect the branching architecture of the ductal tree or the
relationship of the lesions inside the same lobe and with the
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nipple. Thus, abnormal small proliferative lesions are
difficult to detect and characterize. However, there are many
possibilities for prevention of breast cancer, and this new
vision offers better chances for patients both with and with-
out risk factors.

8.1.3.1 Prevention by Therapy: Inmunotherapy

An antitumor vaccine would be ideal for prevention, at least
in high-risk patients. RESAN is one such novel drug that has
been proposed to be administered in combination with surgi-
cal and oncological methods. The aim of the so-called
vaccine is to destroy small metastases and prevent relapses
after surgical treatment of breast cancers, which may result
in absolute cures. The immune action of the drug is a result
of the glycoproteins that are analogous to fragments of
tumor-associated antigens of breast cancer [7]. These glyco-
proteins, included in the composition of the vaccine, imitate
6-50 different peptide fragments (each with 7-30 amino-
acids) of each of the cancer antigens listed below:

1. Ovariancarcinomaantigen CA125 (1A1-3B) (KIAA0049)
2. Mucin 1 (tumor-associated mucin)

3. Breast carcinoma-associated antigen Df3

4. Cancer associated surface antigen

5. Adenocarcinoma antigen ART 1

6. Serologically defined breast cancer antigen NY-BR-15

7. Serologically defined breast cancer antigen NY-BR-16

8. CA 199

Tumor markers such as CEA, CA 125, CA 19-9, CA 15-3,
and tumor-associated mucin can be used to monitor the treat-
ment of breast cancer. The risk of recidivism could be
reduced by using such a vaccine in patients with dishormonal
mastopathy or benign tumors such as fibroadenomas. It
could prevent malignant tumors in healthy people and those
with positive heritable anamnesis or tumor markers that are
higher than in normal. Moreover, it has been proposed as a
complementary treatment in preventing and curing endome-
triosis [8].

Another vaccine that is currently in stage 3 of trials is
NewVax (Nelipepimut-S), which is the immunodominant
nine amino-acid peptide derived from the extracellular
domain of the oncogene HER2, present in 85 % of breast can-
cer cells. The vaccine binds to antigen-presenting cells
(APCs) that migrate in the lymph nodes and, after binding the
cytotoxic t lymphocytes (CTLs), which rapidly replicate and
migrate in the whole body “attracted” by the antigen HER2,
recognize, neutralize, and destroy the HER2-expressing cells.
Long-term protection against tumor recurrence is promising.
Nevertheless, there is much more research aimed at the true
prevention of primitive breast cancer. The results are far from
satisfactory because the etiology of the disease is multifacto-
rial and some causes are still unknown.



8.2 Histologic Aspects of Breast Cancer and Correlation with Mammography and Ductal Echography

8.1.3.2 Prevention of Breast Cancer by Diagnosis
of Premalignant Lesions

A true screening method must diagnose both premalignant
and malignant breast lesions. Unfortunately, except for DE,
no current method of radiological or imaging diagnosis is
able to detect normal ducts and lobules, essential in depicting
small abnormal changes. The methods in use for screening
are intended for early diagnosis of breast cancer that is
already developed but clinically unapparent. Thus, the real
incidence of the breast cancer will not decrease with the use
of these techniques, but at least the survival rate should
increase.

Techniques used worldwide for the early detection of the
breast cancer are, in decreasing order of their accuracy, as
follows:

* Breast MRI

e Breast tomosynthesis

* Digital mammography and computed aided diagnosis
* Analogue mammography

* Classical ultrasonography

Ductal ultrasonography, which the authors refer to as DE,
being the only anatomical imaging method, has an intrinsic
high sensibility in detecting the breast’s normal ductal-
lobular tree and its physiological and pathological changes,
with a resolution up to 0.4 mm for the actual transducers.
The use of Doppler increases the specificity, without any
supplementary contrast agent, and the sonoelastography is a
complementary tool in differential diagnosis, resulting in
higher overall accuracy.

8.2  Histologic Aspects of Breast Cancer
and Correlation with Mammography

and Ductal Echography

There are histological characteristics of breast cancer that
determine some specific features of the radiological and
ultrasonographic images and are not adequately understood
by radiologists and, consequently, by clinicians. Therefore,
understanding the anatomical basis of the image’s formation
is important in diagnosis and therapeutic decision making.

8.2.1 The Large-Format Section in Surgical
Pathology: The Best Pathological-
Imaging Correlation of Breast

Carcinoma

The large-format section (LS) of breast pathology has, for
more than a century, been a research tool to better under-
stand breast microanatomy and the relationship between
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radiological images and pathological features [9]. Beginning
in 1906, Cheatle used LS in cases of breast cancer to better
understand the relation between a neoplastic mass and the
surrounding normal tissue and the possible existence of
premalignant changes [10, 11]. Furthermore, many research-
ers have used this method to study the early phases of breast
cancer development, proving the importance of analysis
with large sections of the branching ducts. Thus, in 1973,
Wellings and Jensen concluded that most breast carcinomas
arise in the terminal duct lobular unit (TDLU), the main site
of the different morphological malignant features [12]. The
precise location of the lesion in a TDLU can be visualized
only by full breast ultrasonography (FBU) in all cases,
because the radial scan allows the detection of all TDLUs at
the intersection of the main ductal axis with Cooper’s liga-
ment, and Doppler can illustrate the nourishing vessels aris-
ing from the superior or inferior segments of that Cooper’s
ligament. The mammogram, being a volumetric projection
to a surface, can visualize only the peripheral TDLUs
located to the radius 9:00 and 3:00 for the cranial-caudal
view, or to the radius corresponding to the medial-oblique-
lateral view (e.g., between 7:00-8:00 and 1:00-2:00, for the
left breast). Similarly, MRI examination can visualize the
TDLUs located only to the radius 12:00, 3:00, 6:00, and
9:00, the rest of the scans being oblique to the main ductal
axes.

More recently, many authors have highlighted the value
of LS in the diagnosis of breast malignancy, especially in the
precise determination of tumor size, multifocality and cancer
extension, vascular invasion, and extension of the DCIS and
lobular carcinoma in-situ (LCIS) [13], with good cost/benefit
evaluation [14]. However, most authors performed randomly
large sections, omitting the radial distribution of the breast
ductal tree, and the relationship between their findings and
breast anatomy was incomplete.

The best application of LS in the analysis of breast pathol-
ogy is represented by the theory of the sick lobe of Tibor Tot
[1, 15]. Indeed, the breast lobes are individual units, without
peripheral delimitations by septae or other structures, but
with unitary function and pathology (either benign or
malignant).

The use of large-format histological sections redefined
the terms multifocality and multicentricity of breast cancer.
Their better understanding allowed better evaluation of prog-
nosis and treatment [16]. In classical ultrasonography, used
as a complementary tool with mammography, the distinction
between multicentric and multifocal cancer is arbitrarily
defined, according to the breast quadrants, the unique radio-
logical feasible segmentation of the breasts, which is easily
to realize by combining the acquisitions of the cranial-caudal
and medial-lateral views. The lesions located in the same
quadrant are “multifocal,” whereas the lesions located in
different quadrants are “multicentric.” These arbitrary
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definitions are dangerous in therapeutic decision making
because the lobes with individual ductal trees may overlap in
the same quadrant. As a consequence, there can be present in
the same quadrant different cancers in different lobes, with
different cellular-types and evolution, representing true mul-
ticentric cancers. In addition, a mammary lobe may extend to
a few adjacent quadrants, and thus the same tumor may dis-
seminate intraductally in two adjacent quadrants, determin-
ing multiple monoclonal lesions, or true multifocal cancers.

Tot’s classification of breast cancers, based on the sick
lobe theory, is logical and offers a better basis for decision
making about therapy [17]:

1. Unifocal cancer — better prognosis

2. Multifocal cancer — in the same lobe (lobar cancer), with
worse prognosis, usually with axillary lymph node
involvement (in 75 % of cases)

3. Multicentric cancers — in different lobes, in the same
breast or bilateral

4. Diffuse cancer — (5% of cases) extension is present in
many lobes and quadrants, with greater aggressiveness

The number of the lesions was found to be higher in the
cases of examinations of large sections than in small, con-
ventional blocks. It is logical that the use of large, anatomical
radial scanning in ultrasonography is better than small scans
used as a complementary examination of the lesion and of its
proximity. The large pathological section is obtained after
surgery, but the large scan, with dedicated, long, linear trans-
ducers, allows better diagnosis in vivo, with the possibility of
measuring the size of the lesion and the extent of disease by
locating the multifocal and multicentric breast cancers.
Nevertheless, the accuracy of the available ultrasound
devices is lower than that of microscopic analysis, but it
allows a significant improvement in the preoperatory
diagnosis.

Large sections were used in the last century for under-
standing, diagnosis, and management of pathological lesions
of the breast and organs such as lung, brain, kidney, ovary,
and colon [9]. The limitations of their availability are related
to the manufacturing of the adapted cryothome.

8.2.2 The Main Pathological and Imaging
Classifications of Breast Carcinoma

Because the radiological imaging methods of diagnosis of
breast cancer have a logical and physical similarity to gross
appearance on pathological examination, we have chosen the
classification of Martin, which has been well known since
1882 [18]:

Pathological Classification of Breast Cancer Based on
Martin (1882)
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A. Usual Breast Carcinoma
e In situ carcinoma (ductal, lobular)
e Mass-forming carcinoma (invasive)
Knobby carcinoma
— Stellate carcinoma
Circumscribed masses (pseudo-benign appearances):
Medullary carcinoma
Mucinous carcinoma
Poorly/undifferentiated carcinoma
Cystosarcoma phyllodes
Mixed carcinomas (usually intraductal and medul-
lary or mucinous)
— Invasive lobular carcinoma
B. Unusual Malignant Breast Lesions
* Carcinomas: inflammatory, tubular, metaplastic and
anaplastic, apocrine, adenocytic, fibroadenoma and
carcinoma, invasive colloid, recurrent
* Carcinosarcoma
e Sarcomas: cystosarcoma, liposarcoma, angiosarcoma
e Metastatic malignant lesions: metastatic carcinomas,
melanoma, carcinoid, hypernephroma, angiosarcoma,
neuroectodermal tumor, lymphoma
* Paget’s disease
* Breast carcinoma in children
* Breast carcinoma in pregnancy

el

“Knobby” carcinoma is a term proposed by Gallager and
Martin [19, 20] to describe the type of invasive breast carci-
noma made up of innumerable, tiny, circumscribed masses
as small as 1 mm, which coalesce but do not fuse into group-
ings, each knob remaining separate from the others. As a
consequence, when analyzing the whole tumor, we see the
knobs protruding from the edges. The edges of the knobby
carcinoma become indistinct, with unsharp borders in mam-
mography and and a multilobular/multi-cyclic appearance in
ultrasonography. This form of breast was found by the
authors to be the most common, comprising up to 47.7 % of
all invasive cancers, and its major extensions are in the mam-
mary ducts, usually proximally toward the mammary areola,
following the line of minimal resistance. That corresponds to
the demonstrations of Teboul, which proved by DE the intra-
ductal dissemination of multistep evolution, the metastases
decreasing in size proportionally with the distance from the
main tumor. The centripetal or centrifugal dissemination is
explained by the minimal resistance of the ductal content.
This manner of malignant spreading is confirmed by Tot and
colleagues in the sick lobe theory [1]. Gallager and Martin,
in 1969, used serial whole organ sections with gross and
microscopic viewing, which were easily compared with
mammograms. Tot and coworkers, in 2007, used large-
format histologic sections, from the nipple to the periphery,
similar to radial scanning of the DE, to demonstrate the lobar
architecture and the intraductal dissemination of BC.
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Stellate carcinoma usually arises in older women, has a
distinctive shape with peripheral spicules, and represents the
best-known type of breast cancer. However, stellate cancer,
with its peripheral stromal reaction determining the spicules,
has a better prognosis than knobby cancer, with an absolute
survival rate of 70.8 % versus 57.6 % cases based on Martin
[18].

Circumscribed masses are mostly represented by medul-
lary and mucinous cancers, which account for less than 5 %
of cases. Medullary cancer may develop in young or older
women and tends to be located at the periphery of the breast,
mimicking a benign lesion on the mammogram. It can be
connected to a dilated duct with centripetal orientation
toward the nipple.

The mucinous carcinoma tends to lie superficially, has a
low density on a mammogram, and the centripetal ducts may
be distended by mucin and tumoral cells. The skin may be
infiltrated, up to exophytic lesions, but the axillary lymph
nodes are rarely involved. Survival rate is higher than in the
knobby and stellate forms. However, survival depends on the
precise preoperatory diagnosis of the extent of disease,
because the whole organ pathological reports may present
associated dilated tumor-filled ducts, dilated lymphatic ves-
sels, and other satellite small cancers, unapparent on mam-
mography. Mucinous cancers may present both multifocal
and multicentric lesions, and before the use of DE, no preop-
eratory method could demonstrate the real extent of the dis-
ease. Breast MRI may demonstrate the multiple lesions, but
the arbitrary scanning planes do not allow the illustration of
their connections.

8.2.3 Multifocal and Multicentric Breast
Carcinoma

According to Tot, the real local extent of disease can be clas-
sified in three major types of breast cancer that can be found
by pathologic examination using large sections, which are
related to the ductal tree:

e Unifocal lesion, usually located in a TDLU, with various
sizes and local extension

e Lobar cancer, with secondary dissemination intraductally,
following minimal resistance

¢ Diffuse cancer

A study by Tot et al. (2011), performed on 574 consecu-
tive cases diagnosed using large sections, found that invasive
carcinomas were multifocal in 24 % and diffuse in 5% of
cases, percentages that are largely superior to those pub-
lished in paper based on conventional blocking [17].
Simultaneously, Teboul recommends following the anatomic
criteria and observing the epithelial structures in vivo using
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DE, which allows for assessment of cancers, and presuming
localization in vivo and the type of malignancy (2010).
According to his classification, there are three main types of
breast cancer [21]:

e Lobular carcinoma (10 % of cases)

¢ Diffuse carcinoma with involvement of a duct, its branches
,and terminal lobules (25 % of cases); this corresponds to
lobar cancer in Tot’s classification

¢ Ductal-lobular and ductal focal cancers (65 % of cases),
corresponding to unifocal lesion in Tot’s classification

Multifocality has a great impact on survival, as the risk of
death from breast cancer is higher in patients with multifocal
and/or diffuse carcinomas when compared with those with
unifocal carcinomas. Multifocality can be useful in the eval-
uation of the risk of axillary involvement by breast cancer
metastases. According to Baldovini [22], 71.42 % of patients
with multifocal tumors exhibited axillary lymph node metas-
tases, whereas 40.54 % of those with unifocal tumors showed
axillary nodal involvement.

Radiological differential diagnosis of multifocal and mul-
ticentric cancer was established arbitrarily, by necessity, to
standardize localization of a mass on orthogonal projections:
cranial-caudal and medial-lateral (oblique) views. As a con-
sequence, the mammographic distinction is established by
the location in a quadrant: inside the quadrant there are
“multifocal” cancers, and in different (even adjacent) quad-
rants there are “multicentric” cancers. This classification
does not reflect the breast anatomy and, therefore, is not con-
cordant with pathologic reports. Nevertheless, this classifica-
tion is still in use and is important in the surgical treatment of
breast cancers, accompanied by the risk of missing foci and
recurrence of the disease.

Because of the intralobar dissemination of breast cancer,
and the unapparent connection between two lobar branching
trees, it is logical for multifocal cancer to spread initially in
the same lobe, with similar types of malignant cells (mono-
clonal). Cancers present in different breast lobes may have
more probable different malignant-type cellularity, being
multiclonal lesions. Because the lobes may overlap, it is pos-
sible using ultrasonograpy to visualize different lobar
structures in the same quadrant, even on the same radius,
with the potential to develop multicentric cancers. The arbi-
trary division of a breast in quadrants, while useful for
reporting lesions, is not correlated with the lobar distribu-
tion. As a consequence, it is possible for a mammary lobe to
lie at the border of two quadrants, extending to both sides, as
has been proved by Cooper’s models [23], with presence of
some multifocal cancers simultaneously in different
quadrants.

Mammography (analogue or digital) is not suitable for the
detection of multiple cancers. Even breast tomosynthesis and
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breast MRI, which are used more frequently to detect multi-
ple lesions, are not accurate in the differential diagnosis of
multifocal and multicentric malignancies. DE, being an ana-
tomical in vivo examination, changes the arbitrary delimita-
tion and is able to detect lobar multiple lesions, the multifocal
cancers connected to the same ductal tree, whatever the
quadrant. Diffuse cancer is easily recognized by MRI exami-
nation, but DE findings may be suspect, especially when
adding Doppler and sonoelastography, with further evalua-
tion by biopsy or MRI evaluation.

8.2.4 Size and Extent of Breast Cancer

Determining the size of the lesion is important for the char-
acterization of T value of the TNM (tumor, nodes, metasta-
sis) staging of the breast cancer. When the lesion is unique,
with well-shaped borders, such as knobby cancer and
pseudo-benign rare types, the largest diameter is considered
the lesion’s size. For the most accurate measurement, the
volumetric measurement is more conclusive, especially
when preoperatory treatment is intended.

The size of the stellate form of breast cancer is difficult to
measure. Some authors recommended measuring the size of
the central mass, ignoring the surrounding spicules and the
halo as they are determined by the stromal reaction. Others
believe that the spicules are the way tumoral cells spread,
and the real extent calls for measurement of the whole visible
lesion.

To measure the local extent of the disease, multifocal
cancer requires evaluation of all distinguishable lesions
(determining each lesion’s size) and calculation of the
global volume of these masses. The best methods for eval-
uation are breast MRI and FBU with the ductal tree analy-
sis. According to Teboul, the DE technique indisputably
shows that malignancies often demonstrate a greater spa-
tial extent than has been suspected by other techniques.
Indeed, this method allows direct perception of a malig-
nant diffusion by sprinkling or distinct fragmentation of
the main detected malignant masses. The fragmentation
into several malignant tiny nodules or malignant clusters is
found close to the main malignant lesion or at a distance
along the affected duct, as demonstrated by the theory of
the sick lobe [21].

Breast Cancer and Ultrasound
Diagnosis Applying Old and New
Criteria

8.3

Breast cancer staging using the Union for International
Cancer Control (UICC) TNM classification was issued in
1960 (joined since 1987 with the staging system of the
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American Joint Committee on Cancer, or AJCC) and
includes five stages [24]:

e Stage 0: The cancer has not spread farther than the ducts,
DCIS, the lobules, LCIS.

e Stage I: The tumor measures 2 cm or less and has not
spread to the lymph nodes or other tissues.

e Stage II: The tumor is between 2 and 5 cm in size, and/or
the cancer has spread to one to three auxiliary lymph
nodes on the same side; tumors of 5 cm without any
metastases to lymph nodes are also included.

e Stage III: Tumors less than 5 cm in size with metastases to
four to nine auxiliary lymph nodes; tumors bigger than
5 cm with metastases to one to nine auxiliary lymph
nodes; tumors that have spread locally (close to the breast)
and usually involve the skin, chest wall, or nine or fewer
auxiliary lymph nodes.

e Stage IV: A cancer of any size that has spread to the other
parts of the body, most often the bones, lungs, liver, brain,
or distant lymph nodes.

The most common breast malignancies are of ductal epi-
thelial origin (almost 80%) and are either confined to the
duct (in situ or intraductal) or infiltrative (invasive). Lobular
cancer represents 10-15% of cases, usually as multifocal
disease; stromal cancers and rare forms, including atypical
cancers and metastases, are less common (5-10 % of cases).

It is widely accepted that, although mammography is the
primary imaging modality for the early detection of breast
cancer, classical ultrasonography (for the majority, the only
known ultrasound technique), used in conjunction with
mammography, can further increase the cancer detection
rate.

There are different pathologic characteristics that account
for some variability in ultrasound appearance. Most invasive
ductal carcinomas exhibit irregular or ill-defined margins
related to infiltrative and reactive fibrotic desmoplastic com-
ponents. Carcinomas of uniform cell type or types that do not
invade aggressively may appear as well-circumscribed
masses, such as mucinous or papillary carcinomas; intracys-
tic carcinomas are rare but usually noninvasive with
well-defined margins, mimicking benign lesions on
mammography.

Because early diagnosis is desirable in the fight against
breast carcinoma (allowing faster treatment that is more
effective, less aggressive, and has a great probability of
cure), it is essential to have at our disposal a technique mak-
ing possible to detect with certainty all the variations, abnor-
malities, or lesions of the breast at an infracentimetric stage.
Moreover, it would be ideal to detect premalignant lesions,
the most important factor in reducing the incidence of a
malignancy. For example, by using the Papanicolaou test to
detect and treat cervical dysplasias, cervical cancer incidence
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was reduced [25], and prostate cancer incidence was reduced
after the introduction of PSA (prostate-specific antigen)
screening [26]. This will be possible using DE as a technique
of examination and guidelines for the diagnosis of breast dis-
eases, combined with Doppler and sonoelastography for the
full characterization of the lesions. This is the concept of full
breast ultrasonography, as introduced by Amy [27].

In a study by Amy that included 5,010 cases, all patients
were investigated systematically by mammography and
DE. The study concluded that DE score detection is higher
than that of radiological examination [28]. Moreover, con-
trary to other published studies, the author claims to have
never encountered mammographic-visible lesions that were
not detected by DE. In addition, we consider that lesions vis-
ible only in one mammographic projection, cranial-caudal or
oblique, usually called “opacities” (to differentiate them
from “masses,” visible on two to three projections), are bet-
ter characterized by DE because of the anatomical scanning.
Moreover, Amy’s report highlights the significant number of
multifocal cancers diagnosed with DE, which consequently
involve surgical and chemotherapeutic treatment changes.

DE diagnosis applies to anatomical scans the same
Stavros criteria of breast lesions that are used in classical
ultrasonography, which are the basis for the ultrasound
Breast Imaging Reporting and Data System (BI-RADS)
assessment [29, 30]. Stavros reported a 98.4 % sensitivity for
diagnosis of malignant masses using classical ultrasono-
graphic criteria for malignancy, including spiculation, non-
parallel  orientation, angular  margins, marked
hypoechogeneicity (relative to fat), shadowing, calcification,
duct extension and branching pattern, and microlobulations.
These results reflect the high resolution of state-of-the-art
equipment and expanding skills of radiologists, but classical
ultrasonography should be assumed as a complementary
examination of a precise area with suspect clinical or mam-
mographic findings.

In classical ultrasonography, suspicious masses identified
on ultrasound should always be correlated with mammogra-
phy, or more recently with MRI, which can depict the lesion
and eventually the multicentric/multifocal malignancy.

The halo sign, proposed by Takehara in 1976 and reaf-
firmed by the Japan Society of Ultrasound in Medicine in
2005 [31], represents the hyperechoic marginal zone that is
the expression of a scirrthous carcinoma that invades and
spreads into the surrounding tissues. In recent years, the
Japan Association of Breast and Thyroid Sonology refined
the description and defined a peritumoral “boundary zone,”
existing on a “border” between the “tumoral margin” at the
inside part and the “periphery” at the outside [32].

The complete characterization of a malignant breast
lesion is presented in the previous Chap. 5, Sects. 5.2
Ultrasound Diagnostic Criteria and 5.3 Lexicon for Breast
Lesions in the fundamentals of utrasound breast BI-RADS
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classification. However, the criteria for the differentiating
benign from malignant breast lesions are not specific and,
even when they are used in combination, the specificity of
the method is modest, less 70 % according to most authors.

The use of three-dimensional/four-dimensional (3D/4D)
acquisitions as a second step in ultrasound examination may
be useful. It is proven that spiculations are more easily seen in
the coronal view than in other variant orthogonal views.
Moreover, 16 % of benign cases and 90 % of malignant cases
are detected with spiculations [33]. Siemens presented a tech-
nique of automatic breast volume scanning (ABVS), which
offers the coronal plan with accuracy. However, in this tech-
nique the sagittal and transverse plan are not useful in screen-
ing and detecting premalignant changes because there is no
anatomical relationship with the nipple and the ductal tree.

The characterization of the vasculature represents one of
the most important criteria of diagnosis, more important than
shape, orientation, posterior effects, and so on. Although
FBU demonstration of a normal or an abnormal duct or lob-
ule is not difficult with state-of-the-art ultrasound instru-
ments, the demonstration of the intraductal or periductal
vasculature cannot be always successful with conventional
color Doppler or power Doppler acquisitions. However, the
absence of detectable vessels in a solid-type lesion is a nega-
tive predictor for malignancy. When visible, the vasculature
of the benign masses has less three poles, with a peripheral
arcuate course and oblique plunging angle, described by
some authors as “basket-type new vasculature.” On the other
hand, malignant lesions show new vasculature with the num-
ber of poles depending on the lesion’s size. In the case of
small malignancies, new vessels are visible beginning when
the tumor reaches 3—4 mm diameter, with the poles increas-
ing progressively. Malignant lesions usually present larger
vessels than the surrounding glandular tissues, with higher
velocity compared with the normal vasculature in the sur-
rounding regions and sometimes demonstrating an aliasing
effect. In addition, the most important sign of malignant new
vasculature is the incidence angle of the plunging vessels,
which is almost pathognomonic [34].

Three-dimensional Doppler ultrasound may better dem-
onstrate the differences between benign and malignant vas-
cular patterns [35]. The technical evolution of ultrasound
machines, including software development, will allow rapid
and reproducible volumetric acquisitions, available even for
examination of small parts. Actually, the 3D/4D transducers
have only small resolution for Doppler reconstruction in
breast tumors.

In some cases, there are cysts with echoic content that
may mimic a solid benign lesion. Otherwise, a small cancer,
usually a second or a third intraductal dissemination of the
main tumor, may have undetectable vasculature, but they
conserve the irregular shape and the posterior acoustic shad-
owing of the main tumor and are connected with the same
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ductal tree. In such cases, the evaluation of periductal angio-
genesis using contrast-enhanced ultrasound is recommended.
A study by Chou [36] of the efficacy of contrast-enhanced
ultrasound (CEUS) in the identification of ductal pathology
in women with abnormal nipple discharge found that CEUS
has 100 % sensitivity. For intraductal papillomas or carcino-
mas, ultrasound detected 12 pathologies out of 13 patients,
and CEUS showed positive results (i.e., either intra- or peri-
ductal contrast flow signal) in all patients (13/13), whereas
the specificity was 71.4 % (positive CEUS in periductal mas-
topathy and occasionally fibrocystic changes).

The use of CEUS was found to be correlated with MRI
wash in—wash out curves and with a CEUS specificity of
87.5% (similar to ultrasound alone) and a sensitivity of
100 % [37]. However, there were some lesions with a false-
positive diagnosis: two hypervascular fibroadenomas in
young women and a phyllodes tumor. This study demon-
strates that evaluation of the vasculature as a single descrip-
tor is not sufficient in positive and differential diagnosis,
which is an argument for using FBU as a complete examina-
tion utilizing the assets of US. In addition, the use of CEUS
has some limitations, the most important being its invasive-
ness (there are proved side-effects), costs, and lack of an
observer agreement regarding vascularization patterns [38].

The use of Doppler techniques has proved useful as a
follow-up exam in treated breast cancer, with reduction of
vasculature as response of chemotherapy [39-41] or reduced
vascular pattern in post-radiotherapy mastitis. Contrarily, an
increased number and diameter of vessels are present in
developing breast cancer. Most authors agree with Kumar
et al. [42], who proved that Doppler scoring correlates well
and can be accurately used to objectively predict the patho-
logical response to chemotherapy in patients with locally
advanced breast cancer.

8.4  Particular Clinical-lmaging Aspects

of Breast Carcinoma

There are some particular clinical and imaging aspects of
breast carcinoma that have incomplete descriptions in the
typical model of malignancies, but there are some specific
findings that are presented in the following.

8.4.1 Inflammatory Breast Carcinoma

Inflammatory breast carcinoma is also called carcinomatous
mastitis. Clinically it has an acute appearance, with painful
tenderness, orange peel-like skin thickening, hyperthermia
redness involving more than a third of the breast, increase in
size and heaviness, and lymph node enlargement, mimicking
inflammation. These signs are not determined by infection or
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injury as in real mastitis. Sometimes an inverted nipple
occurs. More often, no mass can be felt. This form of breast
cancer is caused by malignant cells blocking lymph vessels
in the skin and premammary fatty tissue.

Carcinomatous mastitis accounts for about 1% of all
breast cancers in United States, but the diagnosis and report-
ing seems to be an underestimation. This cancer occurs usu-
ally in young women after birth control treatment abuse or in
the older women, in whom it is easier to eliminate a nonma-
lignant mastitis. It is more common among African-
American women and in overweight and obese women.

The prognosis is the worst, as it is more aggressive than
the common types of cancer. In fact, there is never an early
stage with this breast cancer, being diagnosed at least in
stage IIIB (locally advanced) or even stage IV, with distant
metastases. However, some cases have no findings on the
mammogram, or the edema may be present but unspecific.
The affected breast may be larger and denser than the
contralateral breast, similar to the clinical findings. Moreover,
tenderness and swelling can make i