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Foreword

Ductal carcinoma in situ (DCIS) probably represents the neoplastic disease with the
most significant increase in incidence in the last 30 years. The increased detection
of DCIS has been made possible by screening mammography and the changed atti-
tude of patients towards performing mammography in nonorganized screening
programs as well. The detection of this type of cancer, which was anecdotal in the
1980s, now represents 20-25% of cases observed in a breast unit. DCIS is a hetero-
geneous disease, with an optimal prognosis, but a lot of unsolved questions regard-
ing its evolution towards infiltrating carcinoma as well as surgical, radiotherapeutic,
and oncological treatments still exist.

This volume, edited by Dr. Carlo Mariotti, a surgeon who has been dedicated to
breast pathology for many years and who has spent most of this activity with women
affected by breast carcinoma, is particularly interesting because it approaches this
topic from a multidisciplinary point of view. As President of the Italian Society of
Breast Surgeons (ANISC), I am very pleased to present this book to all our col-
leagues who are interested in breast pathology. All the chapters are written by pro-
fessionals who are experts in the different subspecialties of this field. I am certain
that this volume will meet the appreciation of colleagues dedicated to the treatment
of breast cancer, while being also a useful tool for all medical doctors who would
like to learn more about the diagnostic and therapeutic DCIS pathway.

Mario Taffurelli

Department of Medical and Surgical Sciences
University of Bologna

Bologna, Italy

Operative Unit for General Surgery
University Hospital Policlinic S.Orsola-Malpighi
Bologna, Italy
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History of the DCIS of the Breast
and the Evolution of Knowledge Based
on Ductal Tree Anatomy

Alfonso M. Pluchinotta

1.1 Foreword: The Need for a Conceptual Map

Clinical Practice Points

DCIS is an elusive and misleading disease, mostly because its natural history is
poorly understood.

The entire process progresses over time under endogenous and exogenous influ-
ences, not like a photo, but like a lifelong movie.

Actually we have a rough outline of space where the changes arise and know
almost nothing about times which are likely to occur.

Some so-called unexpected events are more likely underestimated.

New theories of sick lobe and biological time place different patterns of disease
into a unifying concept with genetic and developmental perspectives of
understanding.

Is DCIS really an elusive disease? The great pathologist David Page, in one of

his most popular papers [1], referring to DCIS claims that understanding the misun-
derstood stepchild has lagged behind our understanding of other elements of breast
cancer.

There are many reasons to consider DCIS an elusive and misleading disease that

leaves far behind our understanding. The first is unpredictability. A high level of
unpredictability, with many seemingly unexpected events, is attributable to its dif-
ferent presentations and to the fact its natural history is poorly understood as it can-
not be observed directly. Unexpected events give reason of considerable controversy
regarding optimal management; however, it is time to say some so-called unex-
pected events are more likely underestimated. So we need to have a good road map
for an overall view on spaces and times of process of carcinogenesis.

A.M. Pluchinotta
Breast Surgery, Policlinic of Abano Terme, Padova, Italy
e-mail: pluchinotta.alfonso@gmail.com
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Are our coordinates updated? Since DCIS is a local disease, an up-to-date map
is crucial, since much still remains unclear. Even if oncology has the task of win-
ning the war, notably in DCIS, it is up to surgery to win the battle. Like in a battle-
field, there is a need to go further, and this can be accomplished only having the
right map.

Actually, landscape offered by microscopic anatomy is no longer enough.
Concentrating on events in a few cubic millimetres of tissue is not sufficient.
Detecting BC at an earlier phase in its development and at a smaller tumour size is
no guarantee that the disease will be localised to a small, confined volume in every
case. We have to have a map of the subgross anatomy, where lobes, segments and
subsegments are truly showed as distributed and connected to each other. It is also
necessary to give up some oleographic descriptions of well-defined quadrants and
segments of accustomed volume, for the most part triangular and arranged in a
radial manner as the slices of a cake or the hours on a clock face.

Can we still talk of steady growth of cancer? It is recognised that time of
development of the disease is inconstant, and more strains of the diseases may
develop in an asynchronous rather than synchronous manner. Furthermore, it is
becoming increasingly obvious that endogenous and exogenous influences, as those
due to stroma, hormonal milieu and nutritional habits, make a difference.

1.1.1 The Space

First and foremost, we must consider three neglected aspects, which deserve closer
attention specifically with regard to DCIS: a 3D anatomy partitioned into lobes, a
very varied anatomy and a better understanding on influence of stromal environ-
ment. It could be said outcome of invasive BC is more reliant on intrinsic biological
factors, while in DCIS anatomical and extrinsic factors could play a major role.
Underestimation of 3D anatomy may be inferred from a set of indicators aris-
ing from the daily circumstances. In the diagnostic assessment, combining 3D
mammography (tomosynthesis) led to a 40% increase in detection of invasive breast
cancers and a 15% decrease in false-positive results [2]. Classical microscopy is, by
its nature, rather limited because only a tiny portion of a breast tissue can be easily
embedded in a single block of paraffin wax for histology. Giant histological sections
do address this problem, with advantages recognised by breast pathologists, but
their use is routine only in a few dedicated laboratories. It can be said that in certain
situations, the surgical results are disappointing probably for a prevailing geometric
perspective built on the two-dimensional pictures of mammography.
Underestimation of large-scale anatomy is due to the fact we mostly tend to
focus on separate patches of ducts without properly considering their extension
within the whole lobe. Indeed, a greater role should be granted to the natural struc-
ture of the lobe. Anatomist and pioneer senologist Sir Astley Cooper stated that it is
absolutely necessary to give an account of whole lobe unit “before its morbid
changes could be properly explained or understood” [3]. This neglected assertion
should be reassessed today, given that morphological evidence exists that the



1 History of the DCIS of the Breast and the Evolution of Knowledge 3

components of the cancer and precancerous changes occupy a lobe-like space in the
breast. Only “a more widespread use of large sections in routine pathology will give
more accurate knowledge on extent and growth patterns of breast in situ neoplasms”
[4]. Chief among its limitations is the fact that the extension of a lobe may be
extremely variable and only few sophisticated examinations, as ductal endoscopy or
ductal echography, may provide more morphological evidence.

Underestimation of stromal environment. Together with the breast paren-
chyma, also stromal environment remains the theatre of the cellular and molecular
changes of normal mammary development and breast disease during infancy, adult-
hood and old age. DCIS is defined as a proliferation of neoplastic epithelial cells
within the closed environment of the duct, but the outside perimeter of the basement
membrane interfaces with the connective tissue stroma, immune cells, lymphatics
and vasculature (extracellular matrix or ECM).

There are both clinical and experimental evidences to suggest that a nonmeasur-
able proportion of DCIS is a precursor lesion to most, if not all, invasive BC. Lesion
size, degree of nuclear atypia and the presence of comedo necrosis are main histo-
pathological parameters that have been identified as affecting the risk of invasive-
ness, but also all components of ECM may participate in the carcinogenic process.
Soluble nutritional and/or carcinogenic factors secreted by reactive or activated
stromal cells and mesenchymal cells or immune cells may have a great influence in
promoting or suppressing malignant progenitor cells that could arise within the
mass of cells accumulating in the duct.

Underestimation of the area of genetically abnormal tissue. According to the
sick lobe theory (see Sect. 1.3.2), an area several centimetres in size of genetically
altered tissue may exist in the breast, and BC develops within this area rather than
at one single point. This well-defined anatomic structure, a breast lobe, may contain
more or more sensitive malignant (or committed) progenitor cells and is more sensi-
tive to endogenous or exogenous oncogenic stimuli (see Sect. 1.3.2), providing a
possible explanation for the progressive character and morphological heterogeneity
of BC.

1.1.2 TheTime

Time sensitivity. Knowledge of time sensitivity may broad our limited horizons
about natural history of BC. Until now time sensitivity is based on limited number
of parameters, as volume changeover and nodal status, but ongoing researches could
extend this model to include, for example, a proper explanation of biological
markers.

Estimate of biological time is commonly related with the circadian rhythm dis-
ruption or with the sojourn time, but in the questionable manner. The former is
based in the potential relation of transcriptional expression of a wide range of clock-
controlled genes that regulate a variety of normal cell functions, such as cell divi-
sion and proliferation. Its practical application is still limited to preventive measures
and restricted to use of protective factors (i.e. melatonin). The sojourn time, namely,
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is the time spent in the preclinical detectable phase for BC. Its estimate works as a
clinical application and is usually estimated assuming a uniform incidence rate of
preclinical disease from a randomised control group or historical data.

Actually biological time should be considered the time of complete malignant
transformation of the malignant (or committed) progenitor cells, determined by the
number of required additional genetic alterations, which are mostly acquired during
the division of these cells (see Sect. 1.2.1).

Carcinogenesis may appear in a single locus, at more than one locus at the same
time, or with a considerable time difference or at a large number of loci leading to a
unifocal, multifocal or diffuse malignant process, respectively. Many evidences link
theoretical assumptions of this process (theory of biological timing) to the theory of
sick lobe (see Sect. 1.3.2). Both do not explain all aspects but stimulate to rethink
the established views and to develop new and more efficient approaches in diagno-
sis and treatment. As Tibor Tot writes, “they put these patterns into a unifying con-
cept with genetic, developmental, and morphological perspectives of understanding
breast carcinoma as a process that develops over time under endogenous and exog-
enous influences, not like a photo, but like a life-long movie” [5].

1.2  Natural History: Where Are We?

Clinical Practice Points

e The natural history of DCIS cannot be observed directly, but new randomised
trials investigating active surveillance versus active management may shed light
on this issue.

* Some evidences suggest DCIS is a precursor of most (it is questionable if all)
invasive BC.

e Few DCIS remain dormant or perhaps could undergo regression along with duc-
tal epithelium involution.

e Estimates of the proportion of DCIS that progress to invasive cancer, as well as
factors that may influence progression, are important issues for clinical
management.

1.2.1 A Factual Synopsis of the Carcinogenesis Process

As is known, cellular elements of the duct under normal conditions are epithelial
layer, myoepithelial cells, basement membrane and stromal cells of the extracellular
matrix (ECM). Usual appearances of cell in normal duct and atypical hyperplasia
are shown in Fig. 1.1.

DCIS lesion contains multiple layers of cells that accumulate inwards into the
lumen resulting in a stressful microenvironment, which may promote genetic insta-
bility. Cellular elements taking part in the carcinogenesis process are progenitor
cells and malignant progenitor cells (also called committed progenitor cells).
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NORMAL DUCT ATYPICAL HYPERPLASIA
SINGLE MULTIPLE
epithelial layer _but few-

epithelial layers

Myoepithelial
cells Sometimes calcification
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[
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——— |
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Fig. 1.1 Schematic sections of breast duct in normal condition and in atypical hyperplasia. The
normal duct (on the left) is composed of a single epithelial layer within the duct, which is bound
by the basement membrane and a rim of myoepithelial cells on the lumen side of the basement
membrane. Outside the basement membrane, the breast stroma contains the extracellular matrix
(ECM): blood and lymphatic vessels, stromal cells, immune cells and fat cells. In the atypical
hyperplasia (on the right), an overgrowth of normal cells is observed which over time continue
accumulating and develop abnormalities [6] mod

Progenitor cells, like stem cells, have a tendency to differentiate into a specific
type of cell, but are already more specific than a stem cell and are pushed to differ-
entiate into its “target” cell. The most important difference between stem cells and
progenitor cells is that stem cells are multipotent and can replicate indefinitely,
whereas progenitor cells are uni- or oligo-potent and can divide only a limited num-
ber of times. Controversy about the exact definition remains and the concept is still
evolving. In the normal duct progenitor cells:

e Maintain the ductal-lobular architecture of the breast parenchyma.

e Sustain the myoepithelial cell layer and basement membrane surrounding the
parenchyma.

» Balance the relationship of the parenchyma to the stroma.

Malignant (or committed) progenitor cells undergo complete malignant trans-
formation. They replace the progenitor cells, take over and only in part retain their
functions.
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At the highest level of retained functions (low-grade DCIS), the malignant pro-
genitors are able to maintain almost all of these functions and are able to renew the
ductal and lobular structures.

At the lowest level of retained functions (high-grade DCIS), depending on the
severity of the genetic alterations acquired, malignant progenitors may not be able
to preserve the terminal units. Under their action:

e New duct-like structures appear in close proximity to each other (ductal
neogenesis).

e Myoepithelium is formed in a defective way and focally disappears.

e Periductal stroma undergoes remodelling and becomes infiltrated by
lymphocytes.

The stressful microenvironment of the intraductal lumen may promote genetic
instability. All of the components of extracellular matrix (ECM) participate in the
carcinogenic process by promoting or suppressing malignant progenitor cells that
could arise within the mass of cells accumulating in the duct (Fig. 1.2).

Pluripotent malignant progenitor (stem) cells must adapt to survive for some
time. However, in a later stage, process promotes the suppression of apoptosis in the
face of genetic instability and could lead to the generation of genetically abnormal
malignant progenitor cells before the onset of invasion. Invasion is associated with
the loss of myoepithelial cells, periductal angiogenesis, fragmentation of the

LOW-GRADE DCIS HIGH-GRADE DCIS

NECROSIS due to GENETIC INSTABILITY

hypoxic, undernourished promoted by highly stressful
microenvironment microenvironment

4 H .
Central necrosis ypoxic stress

Bigger
Calcium spicule central necrosis

"

Larger
calcium spicule

All components of extracellular matrix (ECM) partecipate
on promoting or suppressing malignant progenitor cells

(® ]
L b o

Fig. 1.2 Some schematic features of process of intraductal cell proliferation at the highest level of
retained functions (low-grade DCIS, on the left) and at the lowest level of retained functions (high-
grade DCIS, on the right) [6] mod
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MICROINVASIVE DCIS
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Fig. 1.3 Initial adaptation and subsequent evolution of stem cells with their associate phenomena.
[6] mod

basement membrane and chemotaxis radially outwards (Fig. 1.3). Incidentally,
understanding how genetically abnormal DCIS cells arise and survive within the
high-stress microenvironment may provide targets for chemoprevention.

1.2.2 Outcome of DCIS Lesions

DCIS become invasive in an unknown proportion of cases, in different ways and at
various times. Three hypothetical models for the possible outcomes of a DCIS
lesion [2] are outlined in Fig. 1.4.

DCIS with prolonged intraductal phase. Tumour malignant cells spread along
duct invasion with a persistent but slow phase, which may include a dormant phase
with little cellular proliferation, which could last many years or decades. Possible
specific factors are mutation or altered expression in critical gene, but also a simple
basement membrane degradation. This last factor may be influenced by stromal
signalling, hormonal milieu, age or other unknown environmental and dietary fac-
tors that may precipitate invasion of the basement membrane. Unlike what can be
supposed, in this phase DCIS may be both low grade/ER positive and high grade/
ER negative.

DCIS with short intraductal phase. DCIS arises within the ductal epithelial
cells and may, in an unknown proportion of cases, rapidly become invasive after a
short DCIS phase. The first possible factor is early critical mutation during the ini-
tiation phase of the tumour. Compared to BRCA2, BRCA1 tumours are more rarely
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Fig. 1.4 Roughly schematic models for the different outcomes of a DCIS lesion. A: DCIS with
prolonged intraductal phase. B: DCIS with short intraductal phase. C: Regressive or not evolving
DCIS [2] mod

associated with extensive intraductal neoplasia and may be an example of this type
of progression. Other possible factors might be stromal factors, defect of basement
membrane and/or the hormonal triggers at time of tumour formation. Usually DCIS
are high grade with necrosis and ER negative.

Regressive DCIS. It is also possible, only theoretically and without any direct
evidence, that DCIS undergoes regression in some cases. Regressive DCIS, or oth-
erwise not evolving DCIS, usually low grade, are occasionally found in re-
examination of histological samples. It remains unknown if DCIS remains dormant
or could it undergo regression along with ductal epithelium following post-
lactational settlement and postmenopausal involution.

Post-lactational settlement has been well described, but there is no description of the
reconstitution of the ductal system for the next child. Is the pattern the same developed
from residual stem cells lining a path through the stroma? Or completely different
generated from rudimentary ducts behind the nipple? This remains to be explored.

As regards postmenopausal involution, in a latest study carried out among
women with multiple biopsies, a significant association of higher BC risk among
those with involution stasis, as compared with those with involution progression,
has been observed [7].

1.2.3 What We Know About Natural History

Since the current standard of care of DCIS is surgical removal of the lesion, the
natural history of DCIS is poorly understood because it cannot be directly
observed. It is still disputable whether DCIS is an obligate precursor of invasive
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BC and, even if non-obligate, what proportion of in situ breast lesions progress to
invasive cancer. Yet, an estimation of the proportion of DCIS that may not prog-
ress to invasive cancer and factors that can predict progression is therefore of
clinical importance.

Available evidences, which strongly suggest DCIS is a precursor of most inva-
sive BC, are:

* Some invasive cancers have an adjacent DCIS component, and molecular studies
show marked similarity in the genetic profile of the two components supporting
origin of invasive cancer from DCIS.

» Invasive cancers occurring in the excision site of a previous DCIS lesion show
similarities to the primary DCIS suggesting that they have arisen from residual
DCIS.

* Molecular studies show the presence of shared identical genetic abnormalities
between genetic changes in DCIS lesions and in recurrent lesions. These strong
similarities are proved also in synchronous invasive BC when present, giving a
further demonstration of a clonal relationship.

» Epidemiological risk factors are also largely similar between DCIS and inva-
sive BC.

Evidences also suggest not all DCIS will progress to invasive cancer in the
medium term, but precise estimates of progression are not possible given the limita-
tions of the data. It is unknown whether all BCs through a prolonged, potentially
detectable intraductal phase or whether some of them rapidly invade surrounding
stroma.

Actually there are several sources of evidence that shed light on the natural his-
tory of DCIS; however, none can provide a definitive answer on the proportion of
DCIS that will progress to invasive cancer. The main studies are related to misdiag-
nosed DCIS, invasive recurrence and autopsy series.

DCIS initially misdiagnosed as benign and treated by biopsy alone. Studies
give the most direct evidence regarding the progression of DCIS to invasive
BC. These studies suggest that between 14 and 53% of DCIS may progress to inva-
sive cancer over a period of 10 or more years [2].

Recurrence of DCIS as invasive cancer. Long-term series show that up to 40%
of women treated with breast-conserving surgery will develop recurrent disease in
the ipsilateral breast and about half of these recurrences will be as invasive cancer.
The risk of recurrence has been shown to depend on patient characteristics such as
history of breast cancer in a first degree, relative younger age at diagnosis and
tumour factors such as histology, presence of necrosis, nuclear grade, size and
architectural patterns.

Diagnosis of DCIS in autopsy studies. The reported incidence of DCIS has
been used to suggest a larger reservoir of DCIS may exist in the population.
Curiously, but conceivably, a highest reported autopsy studies on women who had
not been diagnosed with breast cancer during their lifetime vary by study design,
with a highest number of DCIS found in forensic rather than hospital autopsy.
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Table 1.1 Summary of evidences on natural history of DCIS

Type of evidence

Conclusions

Limitations

DCIS initially
misdiagnosed as
benign lesion

Studies suggest 14-53% may
progress to invasive cancer
over 10-15 years

Higher-grade lesions less likely to
have been misdiagnosed. Follow-up
likely to be more complete for women
subsequently diagnosed with cancer

Recurrence of DCIS
as invasive cancer

Overall recurrence rate is
founded between 1.45 and
22.5% of cases, about half of
these showing an invasive BC

Recurrence is strongly dependent on
excision margins and moreover may
not reflect situation in absence of
surgery

Autopsy studies

Large reservoir of undetected
DCIS in the population, thus
not all DCIS progress to
invasive cancer

Modelling predicts such a reservoir
would be expected due to differing
growth rates of tumours

Mathematical models

Large reservoir of DCIS
relative to invasive cancer
predicted even if all DCIS
progress

Broad assumptions and models lack
complexity

Epidemiology

Risk factors similar between
DCIS and invasive cancer

Does not give estimate of progression
rates, only that DCIS is likely to be a
precursor for invasive cancer

Animal models

Some useful models for
studying genetic alterations
associated with progression

Genetic background and hormonal
milieu differ between models and
applicability to humans questionable

Other evidences come from mathematical and animal models, as well as from

epidemiology. Among these, mathematical models are promising, even if limited by
broad assumptions and lack of complexity. However, modelling of various scenar-
ios of progression, together with studies of genetic factors involved in progression,
may shed further light on the natural history of DCIS. A summary of evidences on
natural history of DCIS is presented in Table 1.1 [2].

All of these studies are materially affected by:

» Inadequate data on age-specific recurrence incidence, as it is possible that the
proportion of DCIS that progresses to invasive BC may differ by age

e Unpredictability of progression for low-grade DCIS, when the boundaries
between benign or proliferative lesions, with or without atypia, and DCIS are
very weak (see also Sect. 1.4)

Since the natural history of DCIS remains unobservable, it is essential that new
methods are developed to estimate the progression of DCIS to invasive cancer.
Mathematical models may provide important insights into growth and progression
of DCIS. Identification of crucial molecular changes associated with progression of
DCIS in animal models or in recurrent DCIS following surgery gives important
incomes to identify what DCIS lesions are likely to progress or remain clinically
benign on the basis of the presence of such key genetic alterations.
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As DCIS progression to invasive BNC may never occur or take decades in some
cases, the concern regarding the potential for overdiagnosis and overtreatment has
fostered recently novel randomised trials investigating active surveillance versus
active management. Together with multigene expression assays on vacuum biopsy,
it seems possible to stratify patients at increased risk for progression to invasive BC
even in the absence of surgery.

1.3  Space: A Revisited Anatomy

Clinical Practice Points

e While knowledge of the microscopic anatomy of the mammary ducts is well
established, less account is taken of its large-scale anatomy.

e Subgross anatomy should refer to new anatomical models, which partly confirm
results of past Cooper’s achievements.

¢ There is noticeable variation in the extent of different lobes, and it could be
assumed that some lobes develop earlier and larger than other ones.

e To some degree the branches of lobes intertwine with each other, mainly in
periphery but also in central part.

e The boundary between multifocal and multicentric cancers may be elusive, as
demonstrated by potential skips observed with ductal endoscopy and ductal
echography.

1.3.1 Understanding the Misunderstood Subgross Anatomy

Since the 1970s, starting from the studies of Wellings and others [8], it has
been widely accepted that all breast cancer begins at the junction of the duct
and lobule or the terminal ductal-lobular unit (TDLU). For this reason many
believe BC is multifocal and/or multicentric in origin and could not begin in a
ductal tree.

As regards multicentricity, the presence of more foci varies considerably depend-
ing on the criteria adopted, leading to not a little confusion and inappropriate adju-
dications. Nevertheless, at much the same time, researchers who have used
techniques of whole breast sectioning have concluded that the in situ component is
most often located in a single ductal tree or lobe.

In the 1990s, Tibor Tot, on whole-mount specimens, has hypothesised that DCIS
and consequently BC in general are lobar diseases with simultaneous or asynchro-
nous and often multiple in situ tumour foci localised within a single lobe.

As a result of these studies, the great importance of subgross anatomy behind
multifocality became clear. New studies were launched and almost all had come to
the same conclusions made by the first great anatomist Sir Astley Paston Cooper. In
dealing with the anatomy of ducts and glandules, Cooper [3] puts together three
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Fig. 1.5 Anatomy of ducts and glandule, in Plate VI of Cooper’s text [3]. In the plate there are
three images displaying, as Cooper’s caption read, “Lactiferous tubes or ducts injected with
(coloured) wax, showing their radiated direction, and, in some places, their inter-ramification”. In
the first image, not shown here, the main and segmental ducts having a rather regular course in the
radial direction are showed. In the second (left), injected subsegmental ducts are intermixed and
there are some discrepancies of volume of the lobes. In the third (right), “Ducts (are) injected more
minutely (...) at the lower part of the preparation the separate ducts are seen passing above and
beneath each other, to render the breast a cushion; whilst at the upper part the ducts are single”

illustrations of the individual lobes (Fig. 1.5), injected separately with different
coloured waxes. In the first anatomical preparation, main ducts show their radiated
direction, maintained also in the next preparation. In the last preparation, in which
also appears the glandular component, the whole structure appears much more con-
voluted and indefinite.

In these illustrations, and in others of Cooper’s work, the most noticeable fea-
tures are:

e There is a significant biological variation among mammary gland lobes, and
their individual extent is different.

* To some degree lobes’ branches intertwine, but not to the extent that their distri-
butions overlap greatly.

e The ducts are variable in calibre, radiating from the centre, branching and
rebranching, with the last branches terminating in glandular parenchyma.

e The mammary ducts do not communicate with each other, as is easily shown
by throwing injections of different colours into the ducts or by injecting one
duct only.

e The glandular tissue is present in all parts of the breast, not just the periphery,
although in the nipple itself lobules are supposed to be sparse.

It is important to note, however, that many following published illustrations of
lobe anatomy in human breast have applied mainly Cooper’s plate in which breast
segmentation into lobes is more uniform and attractive, albeit with less evidential
value. This may reflect an aesthetic bias in favour of uniformity, which may account
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Fig. 1.6 Seven representative lobes of a single breast. Each duct system was traced through serial
subgross sections. In each slice, the area occupied by branches of any one duct system may have
complex borders, but can be drawn around. Tetrahedral surfaces, constructed with Boissonnat’s
technique, are shown for six lobes; the seventh by wire-frame outlines, so as not to obscure the
central part of the model behind this lobe. Obvious lobe-to-lobe differences include size, early
branching close to the nipple and the breast surface (tan) versus late branching in the depths of the
breast (orange, green) or none at all (sky blue). The last is a vestigial lobe in the form of a duct with
no peripheral branching at all [9]

for the other “artistic” representations of mammary lobes, which emphasise a regu-
larity of development and arrangement not supported by any primary source.

A great variation in mammary lobe morphology has been observed also in some
recent models of anatomical reconstruction. In one representative model of Going
[9] (Fig. 1.6), seven representative lobes of a single breast are visualised, which vary
greatly in size and distribution. The same researcher describes a breast where three
lobes occupied one half of the breast.

Another question is how many individual lobes (or ductal systems) there actually
are and which is their distribution in a breast. Reports depending on whether the
study focused on openings on the nipple that can be cannulated or the number of
duct profiles seen on cross-sections of the nipple. The former method acknowledges
5-9 openings on the nipple and the latter identifies15-20 duct-like structures. One
explanation for this discrepant observation of 5-9 vs.15-20 ducts may due to the
additional tubular structures that mimic the appearance of ducts behind the nipple.
These structures, which do not contribute significantly to the ductal-lobular infra-
structure of the breast, include ductal branching close to the nipple surface, rudi-
mentary undeveloped ducts or even ducts with associated sebaceous glands.

Collectively however, these data suggest that there are 5—12 significant, indepen-
dent, arborizing lactiferous ductal systems, each of which covers a finite portion of
the breast geography and is accessible from the nipple. Galactograms, ductal
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Table 1.2 Anatomical features and their related clinical implementations

Anatomical features Related clinical implementations

Dimensions of the breast lobes vary Subdivision of breast in quadrants or triangular
noticeably within the same breast, as well segments is barely practical for description even
as individually if to some degree illogical for treatments

The largest lobe may include up to 25% of | Apparently multicentric foci may belong to the
the breast volume, while the smallest only same lobe

1% [9]

Lobes are larger in the upper outer quadrant | Actually the upper outer quadrants are those
and smaller in the medial quadrants [9] most commonly involved by diseases

The dimensions of the lobes are age This may explain why young age is strongly
related: larger in younger women and more | correlated with a high risk of local recurrence
involute after menopause after BCT

Lobes in the medial quadrants of the breast | In diagnostic assessment lesions in medial
develop later and undergo involution earlier | quadrants are more effectively detected when
than the lobes in the lateral quadrants [10] small sized

endoscopy and new studies of large-scale ductal echography confirmed the same
results on the number of lobes as well as their variable distribution. Once again,
visualisation of even only a lobe, as observed in galactograms where a single duct
is cannulated, may account for a significant fraction of breast volume.

Shape and volume disparity are two morphological aspects that have been under-
estimated over time, while, as Cooper’s pictures first highlighted, they are of practi-
cal importance both from a surgical and pathological viewpoints. Related clinical
implications are summarised in Table 1.2.

1.3.2 The Sick Lobe Theory (SLT)

Researchers who have explored the clonality of mammary epithelium and early
proliferative lesions without regard to the underlying anatomy have demonstrated
some degree of loss of heterozygosity, with contiguous patches of normal appearing
mammary epithelium. Finding that a tumour has single inactivated X chromosomes
indicates that the initial events leading to the tumour occurred at some time in devel-
opment, after X chromosome inactivation and before maturity of the breast.

Initiating genetic abnormalities of some epithelial cells, all containing the same
inactive X chromosome, may have an independent evolution into a tumour after the
initiating events. For example, looking at the radiation as initiating event, the poten-
tial of pre-differentiation initiation of BC is raised by the extensive epidemiological
data showing increased breast cancer incidence among women who received radia-
tion before mammary gland differentiation [11].

Very young individuals cured with low doses of radiation for benign conditions
or treated with multiple fluoroscopies for the management of pulmonary tuberculo-
sis have been demonstrated to have an increase in subsequent BC sometimes as
much as threefold. These pre-differentiation stem cells may be uniquely sensitive to
other agents in addition to radiation as suggested by the increased risk of BC in
women over 40 who received oestrogens in utero. This leads to the hypothesis that
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the initial lesion may occur to a stem cell destined to develop into a whole duct. This
could already occur in utero or at least prior to puberty resulting in the whole duct
being clonal and abnormal, a sick lobe.

Further evidence that clonality predates proliferation comes from other research-
ers, as Diallo and et al. [12] found a monoclonal origin of some informative cases of
DCIS, ADH and papilloma analysed. These data support the earlier reports of Tsai
who demonstrated that entire lobules and larger ducts are monoclonal with opposite
alleles inactivated within the same breast. They concluded that the breast is organ-
ised into distinct regions or patches in which all the epithelial cells show the same
X chromosome inactivation pattern.

More recently other researchers [13] have described monomorphic epithelial
proliferations extending adjacent to cancers, further suggesting that the sick lobe
may have large patches of transformed but not yet premalignant disease. One could
easily make the leap that these clonal patches represent one lobe or ductal system,
though direct proof is still missing due in part to the difficulty of tracking an arboriz-
ing three-dimensional lobe on a two-dimensional slide.

Indeed, the classical assumption that all the initial events of carcinogenesis
occurred at the terminal ductal-lobular interface, and then spread towards the nip-
ple, is too simplistic and does not give reason of patterns of the distribution. It
appears clear that some cancers are isolated events, others are truly multifocal but
limited to single lobar-ductal units and only a few cases are truly multicentric. On
this latter point, actually simultaneous transformation in separate lobes is rare, and
in larger series of breast endoscopy, even widely separate tumours within a single
breast are connected to the same duct system [14].

Many surgical and pathological data support this theory, multifocal invasive BC
as well extensive intraductal component in small invasive BC. Moreover, further
molecular studies would seem to indicate that serious adverse genetic events are
present throughout many ductal trees in what appears to be histologically normal
tissue surrounding known cancers.

The fact that volume disparity, together with the apparent unpredictability of
clinical patterns, may have implications for frequency, extension and evolution of
carcinogenesis has fostered the sick lobe theory (SLT) proposed by Tibor Tot in
2005 [15] and taken up by successive papers [16]. This hypothesis states that in the
majority of, especially extensive, cases of BC, the initiating events of carcinogene-
sis occurred as early as in the mother’s womb. Then throughout life, as the lobe both
grew and regressed from hormonal and other influences, progression would occur at
varying rates in different regions of the ductal tree. For this reason, in a large, but
undetermined, number of cases:

e Simultaneous or asynchronous malignant transformation occurs up and down
ducts of the entire lobe and not as a result of pagetoid migration.

e As each lobe is relatively independent from any other, the multifocality within
the lobar unit is common but multicentricity (simultaneous transformation in
separate lobes) is rare.

e If we take account of the composite anatomy of the breast, even widely separate
tumours within the same breast may be connected to the same duct system.
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The lobar nature of the disease in the majority of BCs represents a hypothesis
that could unify genetic, developmental and morphological perspectives of carcino-
genesis. Growing scientific evidences supports this model:

e Early morphological observations indicate BC may grow in a triangular area
with its tip in the nipple and base towards the pectoralis fascia.

e Large-scale morphological observations show, in the involvement of the main
ducts, malignant cells usually occupy only one of the many ducts suggesting that
only one of the many lobes is involved.

e Developmental and epidemiological studies support the influence of prenatal and
perinatal factors in the individual’s risk of developing BC during their adult life.

e Genetic alterations may exist in the seemingly normal breast tissue surrounding
the cancer, also located as far from the malignant focus. This confirms long time
may be needed before any microscopic signs of disease appear.

e Diagnostic assessment. Microcalcifications detected on mammogram may also
be localised to a triangular area of breast tissue. Even MRI imaging may show
segmental or lobar disease distribution in a considerable number of cases. Finally,
the new boundaries of ductal echography are founded on the hypothesis of lobar
localisation of the disease.

The SLT is in direct conflict with older theories that the initial events all occurred
at the terminal ductal-lobular interface and spread in a pagetoid way towards the
nipple. The new theory instead proposes that simultaneous or asynchronous malig-
nant transformation occurs up and down ducts of the entire lobe and not as a result of
migration. It also proposes that each lobe is relatively independent of the other so that
multifocality within the lobar unit is common but multicentricity is rare. As can be
easily understood, the question arises how do we turn this new theory into something
useful to the operative surgeon trying to do the best job at breast conservation [14].

1.3.3 Centricity and Focality May Be Elusive Models

The routine diagnostic approach is usually established on the unifocal-multifocal-
diffuse-multicentric patterns:

— Unifocal, only one invasive focus which may or may not contain an in situ
component

— Multifocal, multiple, well-delineated invasive tumour foci separated from each
other by uninvolved breast tissue, of the distance between the foci

— Diffuse, large area with no distinct tumour mass, not to consider early BC

— Multicentric, a term to reserve only to (rare) distant foci

Approach based on the SLT proposes the alternative terms segmental-
peripheral-lobar-multilobar. The growth patterns of the SLT are easy to apply for
the DCIS. In the more common BC, the invasive component may be or may be not
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combined with the in situ component; however, descriptions remain unchanged.

According to the SLT:

— Both low-grade and high-grade DCIS may exhibit segmental, peripheral and
lobar patterns but the high grade tend to be more associated with a lobar

pattern.

— Multicentric BCs should be considered rare, as many of them should rather be
multifocal if we consider the potential large extension of the lobe.

A comparative outlook is shown in Table 1.3.

These patterns become all relevant in imaging and in clinical assessment
(Fig. 1.7), having regard in particular to establish the proper surgery. However,
some, but few, BCs cannot be included in the above classification and should

Table 1.3 Routine pathological approach compared to approach of sick lobe theory (SLT)

Routine pathological approach
Unifocal DCIS involves a single TDLU or several neighbouring TDLUs
together with the belonging subsegmental or segmental duct(s)
Multifocal DCIS involves several distant TDLUs with uninvolved breast
tissue in between*
Diffuse DCIS involves several distant TDLUs with segmental and/or
main duct(s)
Multicentric when foci are so distant to be thought as independent from
each other

Notes

3Sometimes wrongly referred to as multicentric
"More often observed in high-grade DCIS

Approach based on
SLT

Segmental pattern
Peripheral pattern

Lobar pattern®

Multilobar disease

UNI-CENTRIC (segmental?) RHECERIRIC MULTI-CENTRIC (multi-lobar?)

« Very focused image
« Lower than expected frequency

« Two, rarely more, focused
images in different lobes

« Quite rare
MULTI-FOCAL (Peripheral?) MULTI-FOCAL predictable MULTI-CENTRIC
« Foci not always in the same duct,
but always in the same lobe Not predictable
« Unreliable imagine
« Borderline histo-pathology
DIFFUSE « Possible pagetoid extension
DIFFUSE (lobar?) « Influence of improper surgery?
« A single lobe may have an extensive « Influence fo epigenetic factors?
account for a significant fraction of volume « Influence fo major proactive factors?

Fig. 1.7 Characteristics of uni-centric, multifocal and multicentric BC in imaging and in clinical

assessment
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be considered impossible to predict on account of a number of possible fea-
tures (among which unreliable imaging, borderline histopathology, possible
pagetoid extension) and influences (improper surgery, epigenetic or proactive
factors and others).

1.4  Time: From Stop-Motion to Movie

Clinical Practice Points

e What we detect at the time of diagnosis is only a stop-motion of the process of
carcinogenesis caught at that moment.

e A number of evidences give reason to believe that low-grade DCIS may remain
stable or regress in an unknown number of cases.

e All proliferative lesions, even benign, should have a similar, limited but safe,
surgical treatment.

e In multifocality as well as in multicentricity, asynchrony is more common than
synchrony.

1.4.1 Time(s) Can Change

As mentioned above, DCIS is the precursor lesion for most invasive BC, but not all
DCIS have sufficient time or the genetic ability to progress to invasive disease. In
fact, the cellular modifications, subject to certain condition and limit due to hor-
monal milieu and nutritional factors, are susceptible to self-repair resulting in a
stabilisation of the process.

We must consider however that what we detect is only a stop-motion of the pro-
cess caught at the time of diagnosis. Like in a moviola video, the process usually
moves forward, but it can even move back. In fact regression, perhaps only theoreti-
cal, could be possible. As to this latter aspect, Page [17] proposed a graph (Fig. 1.8)
showing levels of likelihood of developing true malignancy over time as measured
by anatomic lesions found at benign biopsy. The implication is that women having
developed proliferative disease or atypical hyperplasia are more likely to proceed to
the next step, ductal carcinoma in situ (DCIS). Page believes that as one progresses,
certainly to and past the level of atypical hyperplasia, recession of lesions is less
likely. According to Page and other scholars, there is good indication that even low-
grade DCIS may remain stable or regress up to 50% of the time.

Page’s considerations fit very well, in the manner and in the time, with current
knowledge. In fact, as seen before, study of Diallo and others [12] found a monoclo-
nal origin of all some informative cases of DCIS, ADH and papilloma analysed,
where clonality predates proliferation.

It is also understandable that potential lesions can take a very long time, both
in progressive and regressive ways. Moreover, with a high probability, they all
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should have a significant number of common trigger events. For this reason, it is
of great practical importance that all proliferative lesions, even benign, should
have a similar surgical treatment, that is to say, should have a limited but safe
margin of excision.

1.4.2 Timing of Multifocality/Multicentricity

Of greater importance, for surgical planning as well as for the application of preven-
tive measures, are also a few observations about timing of multifocality and
multicentricity.

Multifocality, in cases where the SLT is strongly supposed, may be asynchro-
nous or synchronous.

Asynchronous multifocality is due to different sensitivities within the same lobe
to oncogenic stimuli of malignant progenitor cells, so that complete malignant
transformation may develop earlier in some parts, preceding such transformation at
other locations within the same sick lobe.

Synchronous multifocality is less frequent. It is unlikely that all malignant pro-
genitor cells in different parts of the same sick lobe have similar sensitivity to onco-
genic stimuli, similar number of replications needed for a sufficient number of
genetic alterations and identical biological timing.

Multicentricity. Only rarely several lobes may carry a large number of suffi-
ciently sensitive malignant progenitor cells and develop malignancy at the same
time (synchronous synchronous multicentricity), while rather such condition is
more common at variable times (asynchronous multicentricity).

However, the main problem is still understanding where in the lobe and when in
the carcinogenetic timetable we are at the moment of diagnosis.
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Conclusions

Clinical Practice Points

e Consideration made on DCIS should be biologically all-encompassing and
spatially three dimensional.

e In the earliest stages like DCIS, most BCs may be a lobar disease, that is to
say, structurally confined to a single sick lobe.

e DCIS should be seen as a stage in a neoplastic continuum, in which most of
the genetic instabilities that characterise a subsequent invasion are already
present.

* The conventional pathological sections tell us little or nothing about the actual
distribution of disease between lobes. Large-scale sections should be
fostered.

e The routine multimodality diagnostic assessment gives little evidence of the
complex and variable distribution of DCIS and early invasive BC. Ducto-
radial echography seems the most promising tool.

Update on natural history. Many evidences support the facts that genetic
changes and epigenetic abnormalities involved in BC development are more
likely to be perpetuated by cells undergoing continuous branching and ramifica-
tion starting from the early embryonic life, rather than cells originating within
the terminal ductal-lobular units, the majority of which are not developed before
birth [18].

According to this sick lobe theory, most cases of DCIS, and consequently of
early invasive BC, should be considered a lobar disease because of the simulta-
neously or asynchronously appearing and development of multiple tumour foci
within a single lobe. The malignant transformation of the progenitor cells within
the sick lobe is often multifocal (involving separate distant lobules of the lobe)
and is the result of many factors: some kind of genetic instability already from its
initialization in the maternal womb, more sensitivity to noxious influences than
the other lobes within the same breast and decades of postnatal life with accumu-
lation of additional genetic alterations and trigger events.

In presence of DCIS, genetic analysis aiming at topographical mapping
revealed that the genetic changes are usually clustered in a segmental distribu-
tion in some of the breast samples [19]. Studies provided further evidence that
a field of genetic instability can exist around a tumour and that this size was
greater than one terminal ductal-lobular unit [20]. Genes that may play a role
in invasion control a number of functions, including angiogenesis, adhesion,
cell motility, composition of cellular matrix and more. Some of them are
known, but genes that are uniquely associated with invasion have not been
identified.

Genetic changes at the cellular level, as well as acceptance of sick lobe theory at
the architectural level, may help provide a better understanding of DCIS from a dif-
ferent perspective. However, in order to facilitate the development of individualised
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therapy, new methods should be recognised to estimate key genetic alterations, as
well as structural and trigger events promoting the progression of DCIS to invasive
BC. Conversely, since not all cases of DCIS will progress to invasive ductal carci-
noma, identifying this subgroup of patients should lead to a reduction of
overtreatment.

Diagnostic implications. Morphological data exists that the components of
the cancer and precancerous changes may occupy a lobe-like space in the breast.
A more accurate location of histopathological lesions can be properly assessed
only through large-scale sections. Only the subgross morphology of BC may
show unexpected complex patterns due to an extensive in situ component and/or
to multiple invasive foci.

Adequate preoperative visualisation of all of the malignant structures within
the affected breast and preoperative mapping of the lesions are essential for suc-
cessful image-guided breast surgery. However, at the moment imaging of DCIS
is somewhat elusive and therefore lacking key factors in assuring adequate local
control of the disease.

Because the ducts and the lobules are usually less than a millimetre in size,
they are barely visible with imaging techniques (mammography, MRI and echog-
raphy) in their normal state and consequently are often overlooked. As regards
DCIS, fibre-optic ductoscopy and MRI galactography, when feasible, appear to
be promising in order to achieve a better lobar approach. They may demonstrate,
but only in an approximate way, the extension of the filling defect within the
ductal system. Even more interesting for its easier availability is the lobar
approach with ultrasound imaging (ducto-radial echography). Indeed, compari-
son of lobar echo-anatomy with large-scale histological slides reveals a good
correlation between all the structures involved in the pathological process.

Therapeutic implications. The distribution of the ducts is usually depicted
radially with each duct occupying the same sized segment of the breast. Primary
data supporting this model is not supported by any primary source, and Astley
Cooper himself presented evidence against it. His dissections demonstrated that
different ductal systems vary greatly in size and may lie over or under one
another, intertwining like the roots of a tree. Indeed, there is only a fair relation-
ship between breast quadrants and lobes, so studies of BC which look only at the
distribution of disease between quadrants tell us little or nothing about the actual
distribution of disease between lobes. The same applies to all proliferative lesions
regarded as precursors [21, 22].

All data relating to DCIS suggest that sufficient tissue must be removed at
surgery to avoid proclivity for local recurrence even after more than 30 years of
follow-up [23]. This fact should raise questions about anatomical lobe dispari-
ties, which could account for some cases of local recurrence after apparent com-
plete excision of the tumour. However, clinical results of treatments do not seem
to fully justify too extended excisions, even if the risk of recurrence could last for
a long time.
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Epidemiology and Risk Factors

Paolo Luffarelli, Elena Manna, and Lucio Fortunato

2.1 Introduction

Breast cancer is the most commonly diagnosed malignancy among women in the
developed countries (29% of all new cancer diagnosis) and the second cause of
estimated cancer death in the USA in 2016 with 40,450 deaths out of 281,400 cases
(14%) [1].

Roughly, 20-35% of breast cancer cases are expected to be diagnosed as
ductal carcinoma in situ (DCIS), and this proportion is increasing [1] for every
age group, although currently at a slower rate compared to the last decade
(Fig. 2.1) [2].

Data on more than five million women from 84 local screening units in Great
Britain from the National Health Service Breast Screening Program (NHSBSP)
reported that the average incidence of DCIS detected at screening is 0.8—1.6 per
1000 women screened [3]. A significant negative association of screen-detected
DCIS cases with the rate of invasive interval cancers is also reported [3].

DCIS is a very curable disease, with a 10-year survival of 98%, according to
reports from the Surveillance, Epidemiology, and End Results (SEER) database [4].

For this reason, DCIS is becoming one of the most important diseases in preven-
tive medicine screening, although the full impact of this diagnosis on breast cancer
survival needs to be better clarified in the future.
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2.2 Epidemiology

In the USA and in the Netherlands, the rate of DCIS has increased fivefold in the
last 25 years, likely due to a widespread adoption of mammography and screening
programs [5, 6].

In women less than 50 years of age, the incidence increased less dramatically,
followed by a continuous decline, probably due to a drastic reduction in the use of
hormone replacement therapy (HRT) in more recent years [7].

The incidence of DCIS is approximately 32 cases per 100,000 women [8].

DCIS is rarely diagnosed in women less than 40 years of age, its incidence
steadily increases between the age of 40 and 70, and it plateaus after the age of 70,
according to data from the North American Association of Central Cancer Registries
(NAACCR) (Table 2.1) [2].

It is estimated that if incidence and survival rates for DCIS will remain constant,
in 2020, more than one million women worldwide will have received a diagnosis
and treatment for this disease [9].

Prior to the introduction of mammography, DCIS was detected only after exci-
sion of palpable lumps and histological examination of the tissue, while nowadays
90% of DCIS are diagnosed by mammography [5, 8, 10-14]. At the present time,
only 10% of DCIS cases are detected due to symptoms, such as nipple discharge,
Paget’s disease of the nipple, or a palpable mass [5].

It is estimated that for DCIS detection rates up to 1.5 per 1000 women screened,
there may be one fewer invasive interval cancer for every three cases of DCIS over
the subsequent 3 years [3].
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Table 2.1 Ductal carcinoma in situ incidence rates* by race, ethnicity, and age group (US, 2007-2011)

Asian and | American
All Non-Hispanic | Non-Hispanic | Pacific Indian and Hispanic/
Age races | White Black Islander | Alaska Native® | Latina
All ages 25.8 |26.6 26.5 23.9 14.4 17.9
20-39 years | 3.4 3.7 3.5 3.4 1.9 2.1
40-49 years | 37.9 |40.7 32.8 42.1 20.5 259
50-59 years | 57.9 |59.8 56.9 57.0 33.4 41.7
60-69 years | 81.8 |82.9 91.3 70.1 49.6 58.2
70-79 years | 84.3 |85.8 94.6 66.8 46.3 57.2
>80 years 474 |47.6 55.8 33.2 19.4 322

Hispanic origin is not mutually exclusive from Asian/Pacific Islander or American Indian/Alaska
Native

Source: North American Association of Central Cancer Registries (NAACCR), 2014

With permission from American Cancer Society, Inc., Surveillance Research, 2015

“Per 100,000 females and age adjusted to the 2000 US standard population

"Data based on Indian Health Service Contract Health Service Delivery Areas. Rates exclude data
from Kansas

This finding supports a great benefit of detecting DCIS through screening pro-
grams, even if screening recommendations do vary around the world, as mammog-
raphy is offered triennially in the UK, biennially in most European countries [15],
and every 1-2 years in the USA [16, 17].

Currently, DCIS accounts for 17-34% of mammographically detected breast
neoplasms [18, 19]. Data from eight population-based trials of mammography
screening demonstrate an association between screening programs and the increased
incidence of DCIS [18].

In the USA, the incidence rate of DCIS also varies by state, as this is associated
with the state-level prevalence of mammography screening (Fig. 2.2) [2].

Detection of DCIS is greatest at baseline screening. The Breast Cancer
Surveillance Consortium reported DCIS incidence at the first screening of 1.5 per
1000 women, and this figure decreased to 0.83 per 1000 for subsequent screening
mammograms [18].

Higher DCIS detection rates may be associated with diminished returns for inva-
sive cancer by increasing the proportion of low-grade DCIS cases [20].

High-grade DCIS accounts for 47-73% of all cases in different reports [21, 22].

In a study of 3167 DCIS obtained from the Cancer Registry of Norway, the dis-
tribution of the tumor grade was 24% for grade 1, 23% for grade 2, and 53% for
grade 3 [23]. However, it is well known that the accuracy of DCIS grading has
major limitations, as interobserver variability does exist.

It is commonly believed that DCIS progresses to invasive cancer in the absence
of treatment, but there is limited data on this issue, because almost all women are
currently undergoing some sort of treatment [18, 24, 25]. Long-term follow-up
studies of women whose DCIS was erroneously diagnosed as a benign lesion found
that 20-53% of these patients were diagnosed with an invasive disease over the
course of the next 10 years [26-30].
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Fig. 2.2 Association between state-level prevalence of mammography screening (percent of
women >40 years who reported having a mammogram within the past year) (2008) and inci-
dence rates (rates are per 100,000 females and age adjusted to the 2000 US standard popula-
tion) of ductal carcinoma in situ (2007-2011) among women >40 years. DCIS ductal
carcinoma in situ. ‘Pearson correlation coefficient. Source: Mammography screening preva-
lence—Behavior Risk Factor Surveillance System 2008, National Center for Chronic Disease
Prevention and Health Promotion, Centers for Disease Control and Prevention, 2010.
Incidence—NAACCR, 2014. Not all states met high-quality standards for all years according
to NAACCR. DCIS incidence rate for Arkansas is based on incidence data for the years 2007—
2009; for Nevada, the rate is based on incidence data for the years 2007-2010. Minnesota did
not submit 2007-2011 incidence data to NAACCR and is not included (With permission from
American Cancer Society, Inc., Surveillance Research, 2015)

Since high-grade DCIS is associated with a greater risk of 5-year recurrence
after treatment [31] and an increased mortality if it progresses to invasive breast
cancer [32], this is often considered as stronger evidence that it is a true precursor
lesion.

Instead, early detection and treatment of low-grade DCIS remains of unclear
demonstrated benefit [33], and it has been suggested that a percentage of women
with screen-detected DCIS might not benefit indeed from treatment [34, 35]. It is
also reported that the incidence of non-comedo form of DCIS has increased more
rapidly compared to the most aggressive (comedo) subtype of DCIS [5].

It has been hypothesized that other than a predisposing type of DCIS which may
progress to invasive disease, an indolent form does exist and will remain idle
throughout the lifespan of a patient [36].
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Therefore, overdiagnosis and overtreatment are current concerns for clinicians,
as receiving diagnosis of DCIS, treatment, and follow-up may impact on long-term
health and quality of life of women.

For this reason, several randomized trials are undergoing in Europe, in the UK,
and in the USA to address the hypothesis that “observation only” may be safe for
women diagnosed with “pure” low-grade DCIS [37, 38].

In recent years, diagnosed DCIS cases are usually of small size (less than 2 cm,
51%) and are frequently ER positive (72%) [2]. The distribution of ER status does
not seem to vary with race and is different from the invasive counterpart, for which
non-Hispanic Black women are known to have a prevalence of triple negative dis-
ease [2].

Low- and intermediate-grade DCIS are significantly more commonly ER posi-
tive than high-grade disease (p < 0.001) (ER+ low grade 99%, intermediate grade
94%, high grade 69%) [39].

A review of 15 screening programs from 12 countries found that 67-90% of
DCIS received breast conservation surgery (BCS), and in 41-100% of the cases,
this was followed by radiotherapy [40]. Similar findings have been reported by a
study in Western Australia [41].

Invasive cancer is not infrequently found in the specimen obtained after resection
of DCIS and is reported in 8—43% of such cases [6]. This major variability can be in
part explained by the size and the number of biopsies obtained at the diagnostic
level. Most studies, however, agree that the larger the lesions, the more frequent an
upgrade is reported [6]. Different studies carry conflicting results, as grade is a pre-
dictor for diagnosing an invasive component at final pathology.

2.3 Risk Factors

In literature, multiple risk factors are reported for the development of DCIS. In gen-
eral, they are shared with those—even better studied—of the invasive counterpart.

2.3.1 Family History

There is evidence, from epidemiological studies, to suggest an inherited predisposi-
tion to DCIS. One study reported that women affected by DCIS are 2.4 times (95%
CI 0.8, 7.2) more likely to have an affected mother—or sister—with breast cancer
compared to controls [42]. An older study of almost 40,000 women reported that a
family history of DCIS carries a greater risk of the disease among relatives com-
pared to a family history of invasive breast cancer. In women aged 3049 years, the
odds ratio (OR) for developing DCIS was calculated as 2.4 (95% CI 1.1, 4.9) com-
pared to 1.7 (95% CI 0.9, 3.4) for invasive cancer. Similarly, in women aged
50 years, the risks were slightly reduced, but the OR was 2.2 for DCIS (95% CI 1.0,
4.2) and 1.5 for invasive disease (95% CI 1.0, 2.2) [43].
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However, these findings were not confirmed in the Million Women Study, in
which the association with family history was similar for DCIS and IDC [44].

2.3.2 Age

As reported previously, age is an important risk factor to develop a DCIS (see
Table 2.1).

2.3.3 Genetic Risk Assessment

Petridis et al. [45] have tried to identify genetic polymorphisms that predispose to
DCIS. They pooled data from 38 studies including 5067 cases of DCIS, 24,584
cases of invasive ductal carcinoma, and 37,467 controls, all genotyped using a
selected array.

They found that 67% of 76 known breast cancer predisposition loci also showed
an association with DCIS and concluded that there is a shared genetic susceptibility
for invasive ductal carcinoma and DCIS [45].

Furthermore, two independent single nucleotide polymorphisms (SNPs) were
specific to low-/intermediate-grade DCIS, while no association with high-grade
DCIS was found, and this was independent of ER status [45].

An additional study from the National Cancer Institute’s Breast and Prostate
Cancer Cohort Consortium (BPC3) found that five SNPs were significantly associ-
ated with DCIS risk and that several of the known BC susceptibility loci are risk
factors for both DCIS and invasive breast cancer [46].

van der Groep et al. [47] compared DCIS lesions of 34 proven BRCA1 and
BRCAZ2 germline mutation carriers with their accompanying invasive lesions. Both
were stained by immunohistochemistry for ER, progesterone receptor (PR), human
epidermal growth factor receptor (HER)2/neu, cytokeratin (CK) 5/CK6 and CK14,
epidermal growth factor receptor (EGFR), and Ki67. They concluded that although
the number of cases studied was low, DCIS lesions, in BRCA1 and BRCA2 muta-
tions carriers, and their accompanying invasive cancers are usually of a similar
molecular subtype, thereby providing evidence that DCIS is a direct precursor
lesion in these hereditary predisposed patients.

Authors also hypothesized that crucial carcinogenetic events leading to these
phenotypes are antecedents to the invasive stage.

Although it is generally recognized that a multitude of factors are involved in the
risk of developing in situ cancer or an invasive recurrence, it was shown that the
microenvironment has a major role in the transition from preinvasive to invasive
growth [48, 49] and that the myoepithelium is considered a regulatory mechanism
in this process [6].
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2.3.4 Ethnicity

DCIS is more common in Caucasian and Black women compared with Asian and
Pacific Islander and is less common in Hispanics [2]. Lower incidence may be,
however, accounted for a lower access and utilization of mammography.

No data about the incidence of DCIS in both the urban and rural populations was
available before 1973, when a study reported that the incidence of DCIS, although
increasing in both populations, was higher in the former [50].

Women with poor schooling (particularly those with no high school degree) are
reported to have a higher incidence of DCIS, as well [51].

fDCIS rates vary consistently with county-level poverty within each racial and
ethnic group, according to a study of the American Cancer Society [2] (Fig. 2.3).

Finally, the risk of death from breast cancer and invasive recurrence after DCIS
are higher in Black women than in White women (RR of 1.35 and 1.4, respectively).
However, studies adjusted for a more detailed set of tumor factors found no differ-
ences between racial groups and risk of DCIS or invasive recurrence (RR 1.12) [5].

I Low poverty
35 — ] Medium poverty
|:| High poverty

Rate per 100, 000 females

Non-Hispanic Non-Hispanic Asian and Hispanic/  American Indian f
White Black Pacific Islander Latina and Alaska native

Fig. 2.3 Ductal carcinoma in situ incidence rates (per 100,000 females and age adjusted to the
2000 US standard population) by race, ethnicity, and county-level poverty (low poverty: county
poverty rate <10%; medium poverty: county poverty rate 10.0-19.9%; high poverty: country pov-
erty rate >20.0%) , US, 2007-2011. Hispanic origin is not mutually exclusive from Asian/Pacific
Islander or American Indian/Alaska Native. *Data based on Indian Health Service Contract Health
Service Delivery Areas. Rates exclude data from Kansas. Source: NAACCR, 2014 (With permis-
sion from American Cancer Society, Inc., Surveillance Research, 2015)
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2.3.5 Reproductive Factors

Women with older age at menopause have an increased incidence of DCIS based on
data from the Connecticut Tumor Registry [52].This was conformed from a study of
2019 women with DCIS in a population-based research from Australia [53].
Several studies found that nulliparity or women who had a pregnancy after
30 years of age also experience a higher incidence of DCIS [43].
A study of 1.2 million women living in the UK showed no association of DCIS
with early menarche [44].

2.3.6 Hormone Replacement Therapy

Association between HRT and DCIS is inconsistent across studies [44, 54, 55].

The Women’s Health Initiative (WHI) study reported that estrogen plus progestin
use might increase risk of DCIS in postmenopausal women, while estrogen alone
seem to be associated with a decreased risk [56].

A large prospective study in the UK reported a 56% increased risk for DCIS in
women taking HRT, and the risk increased proportionally with the duration of HRT
assumption [57].

However, while women with a HRT use for more than 5 years had greater risk of
DCIS compared with never users (pooled RR = 1.41) [58, 59], women with HRT
use for less than 5 years had a significantly lower risk of DCIS compared to those
who never received HRT (pooled relative risk [RR] = 0.78).

However, several other studies did not confirm an association between risk of
DCIS and HRT [18, 60-64].

2.3.7 Dietary and Metabolic Factors

The association between body mass index (BMI) and DCIS is mixed and not widely
studied.

While BMI [65-72], high alcohol consumption [73-75], tobacco use [76], and a
diet rich of animal fat with a low consumption of fibers would appear to be associ-
ated with an increased risk of breast cancer [77], there is insufficient evidence that
this holds true for DCIS.

In fact, multiple studies found no association between BMI, or alcohol consump-
tion, and DCIS [43, 52, 60]. In contrast, a study on 287,115 women found an
increased risk for DCIS in heavily obese (BMI > 35.0 kg/m?) postmenopausal
women not taking HRT (OR 1.46) [78].

A population-based case-control study conducted in Los Angeles County ana-
lyzed the relationship between DCIS and physical activity on 567 women compared
with 1026 control. The authors reported approximately 35% lower risk of DCIS
among women with any exercise activity compared with inactive women, although
no significant trend was observed [79].
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Observational studies have suggested that beta-carotene, vegetables, fruits, and
antioxidants may have protective effects against breast cancer. However, a recent
randomized controlled trial which compared 624 women to a placebo group for a
period of 9.4 years found no such protective effects of a diet supplemented with
beta-carotene, vitamins C and E, fruits, and other antioxidants [80].

2.3.8 Drugs

Data from clinical trials on chemoprevention for women with high risk of breast
cancer reported a decreased incidence of DCIS using tamoxifen or raloxifene [64].

2.3.9 Density of Breast Tissue

Mammographic detection of increased density of breast tissue is also a risk factor
for breast cancer. A recent study reported that women with 75% or higher density
had an increased risk of breast cancer compared with women with mammograms
with less than 10% density [81].

For this reason, high-risk patients who have dense breast tissue detected by
mammogram have been recommended to obtain a follow-up MRI of the breast so
that lesions are not missed [82].

Breast density is also an associated risk factor for the development of contralat-
eral breast cancer after treatment for DCIS. In one study, there was a threefold
increased risk of invasive contralateral cancer as compared to women with an aver-
age breast density [83].

Data on six studies including more than 10,000 women found a strong associa-
tion between DCIS and breast density in the group of more than 55 years of age. In
general, higher mammographic density is associated with a twofold increase risk for
DCIS, and this is particularly evident in women younger than age 55 [84].

2.3.10 Subsequent Breast Cancer

At last, risk of a subsequent breast cancer event following DCIS was significantly
correlated with age at diagnosis, grade of tumor, primary treatment, and the use of
adjuvant radiotherapy [41].

The Eastern Cooperative Oncology Group (ECOG) study reported in a large,
prospective, nonrandomized protocol including 670 patients that the low-
intermediate grade group had a 10.5% risk of local recurrence while the high-grade
group had an 18% risk, at a median follow-up of 6.7 years. Interestingly, 35% of
such recurrences were invasive [85].

However, many studies have reported that, strikingly, grade may not be
significantly associated with risk of local recurrence after diagnosis of DCIS
[5, 86, 87].
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Conclusions

In conclusion, DCIS is a heterogeneous disease which is frequently diagnosed in
women undergoing screening mammography programs.

Although the natural history of different subtypes of DCIS is yet to be fully
clarified, current protocols are centered on early diagnosis and treatment to pre-
vent progression and invasive disease.

Integration of epidemiologic data along with clinical, morphologic, and
molecular information will likely play a key role to provide a better management
of this complex disease.

The present review aims to clarify epidemiologic issues and risk factors asso-
ciated with this disease and helps clinicians to plan a modern diagnostic and
therapeutic approach.
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DCIS Imaging
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3.1 Introduction

The incidence of ductal carcinoma in situ (DCIS) has dramatically increased over
the past few decades with the advent of widespread mammography screening and
now accounts for over 20% of newly diagnosed cases of breast cancer in the United
States [1].

DCIS is a heterogeneous disease process, ranging from low-grade lesions that
are not life threatening to high-grade lesions that may harbor foci of invasive dis-
ease, with varied clinical manifestations and a broad spectrum of imaging findings.

In the majority (62-98%) of cases, DCIS is typically asymptomatic, nonpalpa-
ble, and incidentally discovered, due to the presence of calcifications at mammog-
raphy [2, 3]. Clinical symptoms are reported in 10-24% of patients with DCIS and
are more commonly seen in patients with noncalcified DCIS [4-6].

Early detection and delineation of DCIS involvement is important in selecting
the appropriate therapy and determining prognosis.

DCIS may involve multiple foci within one or more breast lobules. Multicentricity
is found in 8-33% of cases, with a probability that increases with tumor size [2, 7].
In 23-47% of cases, DCIS involves more than one quadrant [8, 9]. Frequently,
DCIS occurs in conjunction with invasive cancer, either in the same lesion, in the
same breast but in a different lesion, or on the contralateral side. This can signifi-
cantly alter the course of treatment, from breast-conserving surgery to more exten-
sive surgery or mastectomy.
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It is known that the most important risk factors for disease recurrence are
postexcision-positive margins and synchronous foci that were not removed
[10, 11].

Preoperative underestimation of disease extent is not uncommon and can lead to
inadequate excision and positive surgical margins. Reexcision is performed in up to
65% of cases of DCIS, typically in the setting of residual disease from positive or
close margins, and the evaluation of mastectomy specimens shows 23% of DCIS to
be multifocal [12].

Magnetic resonance (MR) imaging has proven to be more accurate than
mammography in characterizing the extent of DCIS and in assessing for both
ipsilateral foci of multicentric involvement and contralateral disease [13, 14].
Thus, MR imaging can be extremely useful in the preoperative diagnosis and
evaluation of DCIS when used in conjunction with currently used imaging
modalities.

Although DCIS is infrequently seen at ultrasonography (US) and its appearance
is heterogeneous and nonspecific, US is a useful adjunct to mammography and MR
imaging.

When calcifications are identified at mammography, US can be performed
to evaluate for an invasive component and to allow possible US-guided biopsy
[15, 16].

Noncalcified DCIS may also be detected as a mammographically occult palpable
lesion, cause for nipple discharge, abnormality at screening US, or finding in the
evaluation of disease extent.

Furthermore, US may help identify noncalcified DCIS in patients undergoing
evaluation for an MR abnormality (MR imaging-directed (second-look) US), mak-
ing possible US-guided core needle biopsy, which is better tolerated by the patient
and more cost-effective than MR imaging-guided biopsy.

3.2 Mammographic Appearances of DCIS

The significant increase in the prevalence of DCIS since the early 1970s is mostly
related to the increased use of mammographic screening, so mammography is the
most important method for detecting DCIS [17, 18].

The vast majority (90%) of mammographically detected DCIS manifest as
microcalcifications [2]. Calcifications may be amorphous, coarse heterogeneous,
fine pleomorphic, or fine linear or fine linear-branching with a clustered, linear, or
segmental distribution (Figs. 3.1, 3.2, 3.3, 3.4, 3.5, and 3.6). Around 75% of the
time microcalcifications are the sole finding of DCIS, and about 15% of the time
they are present along with a soft tissue abnormality (Fig. 3.7).

Less commonly, DCIS may also manifest as a mass at mammography in 10% of
cases and as architectural distortion in 7-13% (Fig. 3.8) 3, 19].

A mass-like appearance of DCIS may be related to two different conditions: it
may be a direct manifestation of an existing soft tissue mass or it may be a result of
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Fig. 3.1 Calcified grade 2 DCIS: craniocaudal spot magnification mammogram (a) and gray-
scale reversed image (b) show a cluster of fine pleomorphic calcifications

Fig. 3.2 Calcified grade 2 DCIS: craniocaudal spot magnification mammogram (a) and gray-
scale reversed image (b) show a cluster of fine linear and pleomorphic calcifications

periductal fibrosis or elastosis producing an irregular or spiculated margin around a
nonmass-like lesion.

Architectural distortion was noted in 7% of patients with sclerosing adenosis,
which may have been the cause of this manifestation [20, 21]. Other pathologic
conditions that may lead to architectural distortion include radial scarring and scle-
rosis in the interstitium around the DCIS and carcinomatous invasion of the Cooper’s
ligament [4].
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Fig. 3.3 Calcified grade 2 DCIS: craniocaudal spot magnification mammogram (a) and gray-
scale reversed image (b) show fine linear calcifications with segmental distribution

_ bl
.
|

Fig. 3.4 Calcified grade 3 DCIS: craniocaudal spot magnification mammogram (a) and gray-
scale reversed image (b) show a cluster of fine pleomorphic calcifications

Correlation studies between mammographic and histopathologic findings or
grades of DCIS have shown that fine pleomorphic or fine linear and fine linear-
branching calcifications seen in a grouped or segmental distribution are usually
associated with higher-grade DCIS according to the World Health Organization
(WHO) classification system (Figs. 3.4 and 3.5), whereas amorphous calcifications
are associated with low-grade DCIS (Fig. 3.6) [18, 19, 22].
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Fig.3.5 Calcified grade 3 comedo-type DCIS: craniocaudal (a) and mediolateral oblique (b) spot
magnification mammograms show a cluster of fine linear and fine linear-branching calcifications

Fig. 3.6 Calcified grade 1 DCIS: craniocaudal spot magnification mammogram (a) and gray-
scale reversed image (b) show a cluster of fine pleomorphic and amorphous calcifications. US
image (c) shows echogenic foci consistent with calcifications

There is also a significant correlation between findings of fine pleomorphic or
fine linear-branching calcifications and the presence of necrosis [23].

In addition, it was observed that low-grade DCIS lesions are more likely than
lesions of higher grades to manifest as noncalcified abnormalities at imaging such
as masses or asymmetries [19].

Despite these patterns, there is considerable overlap in the mammographic
appearances of the different histologic subtypes of DCIS, and it has been shown that
fine pleomorphic calcifications are the most common appearance for both
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Fig. 3.7 Multifocal DCIS with necrosis and calcifications (grade 2): craniocaudal mammogram
(a) and spot magnification mammograms (b, ¢) of the left breast show an area of architectural
distortion and a contiguous focus of fine pleomorphic calcifications

high-grade and non-high-grade lesions [18, 22]. Thus, the histologic grade cannot
be determined prospectively with any accuracy on the basis of the mammographic
appearance of microcalcifications.

Although mammography, as the primary screening examination, is the main
tool for detecting DCIS, it has some limitations. Because not all DCIS calcifies,
the reported sensitivity of mammography ranges between 87 and 95% [18].
Disease extent is also frequently underestimated at mammography due to incom-
plete lesion calcification, which can result in additional operations such as surgi-
cal bed reexcision or completion mastectomy being performed to obtain negative
margins.
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Fig. 3.8 Noncalcified grade 2 DCIS: mediolateral oblique mammogram (a) shows architectural dis-
tortion asymmetry in the lower part of the left breast, which corresponds on axial contrast-enhanced (b)
and maximal intensity projection (¢) MR images to a region of clumped nonmass-like enhancement.
The kinetic curve of this lesion (d) demonstrates early enhancement with plateau (type 2 kinetics)

3.3 MRImaging Appearances of DCIS

MR imaging is the most sensitive modality available for identifying DCIS and is more
accurate than mammography in evaluating the extent of disease [24—26]. It does allow
the visualization of mammographically occult DCIS lesions, likely because of its abil-
ity to demonstrate tumor vascularity, vessel density, and permeability.

The sensitivity of MR imaging for detection of DCIS has been shown to be higher for
high-grade and intermediate-grade DCIS as compared with low-grade DCIS (98%,
91%, and 80%, respectively). Overall, MR imaging is more sensitive than mammogra-
phy in the detection of all grades of DCIS (92% vs. 56%, respectively) [13].
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Most studies have shown that MR imaging provides either an accurate assess-
ment or overestimation of DCIS disease extent compared with the pathologic evalu-
ation. Although DCIS may be underestimated at MR imaging, underestimation
occurs less frequently than it does at mammography [27]. The sensitivity of MR
imaging in the accurate assessment of the extent of DCIS reaches almost 89%, com-
pared with 55% at mammography and 47% at US [26, 28]. Thus, the results of the
MR imaging evaluation can alter the course of treatment of DCIS by allowing cor-
rect identification of the extent of disease.

MR imaging can allow improved presurgical planning of the known cancer as
well as depict additional foci of multifocal or multicentric DCIS and contralateral
disease. It can be used to better delineate the margins of the disease before surgery,
which theoretically may decrease the frequency with which positive margins occur.
Nevertheless, the COMICE (comparative effectiveness of MR imaging in breast
cancer) trial has not shown any reduction in the reexcision rate with the use of pre-
operative MR imaging; thus, its use in this setting remains controversial [29].

3.3.1 Morphologic Features of DCIS

DCIS may have variable morphologic features on MR images, with “nonmass
enhancement” (NME) morphology being the most common manifestation (60-81%
of cases) [24, 30-32]. Less commonly, DCIS may also manifest as a mass (14-41%
of cases) on dynamic contrast material-enhanced MR images, in which case it is
most likely to be irregular, or as a focus (1-12%) (Table 3.1).

Different morphologic features have been seen in DCIS lesions of different
nuclear grades. However, no statistically significant difference has been seen
between the morphologic features and nuclear grades of DCIS. Thus, there is no
morphologic feature predictive of the nuclear grade of pure DCIS [30, 32].

DCIS is usually not visible on non-contrast material-enhanced T1-weighted
images or on nonfat-saturated or fat-saturated T2-weighted images because it is
masked by the normal breast parenchyma. DCIS may sometimes appear bright on
T2-weighted images because of either ductal secretions or necrosis.

NME DCIS can manifest with various internal enhancement patterns, the most
common of which is a clumped pattern (41-64% of cases) (Figs. 3.8 and 3.9), fol-
lowed by a heterogeneous pattern (16-29%) [24, 30-32]. Less frequently, DCIS can
manifest as reticular/dendritic enhancement (0-9% of cases), as well as clustered
ring enhancement (Table 3.2).

Table 3.1 Morphologic features of DCIS by nuclear grade [24]

Nuclear grade Focus (%) Mass (%) NME (%)
High 0-62.5 54.5-56 25-72.2
Intermediate 18.8-66.6 31.3-33.3 0-50
Low 0 11.1-50 0-50
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Fig. 3.9 Noncalcified DCIS: axial contrast-enhanced MR image (a) shows a segmental area of
clumped NME in the outer part of the left breast. The lesion demonstrated persistent (type 1) kinet-
ics (b)

Table 3.2 NME DCIS internal enhancement patterns [24]

Internal enhancement Portion of time seen
pattern BI-RADS definition in NME DCIS (%)
Clumped Cobblestone-like enhancement, with 41-64
occasional confluent areas
Heterogeneous Nonuniform enhancement in a random 16-29
pattern
Homogeneous Confluent uniform enhancement 0-16
Reticular, dendritic® Enhancement with fingerlike projections 0-9
extending toward the nipple
Stippled, punctate Punctate, similar-appearing, enhancing 0-8
foci, sandlike or dotlike
Clustered ring Cluster of small ring enhancement b
enhancement

*This terminology is no longer used in the most recent BI-RADS lexicon
"New BI-RADS term; no data available at current time

Clustered ring enhancement, a term in the new MR imaging BI-RADS (Breast
Imaging Reporting and Data System) lexicon, represents periductal enhancement
and is the result of contrast material pooling in the periductal stroma or ductal wall
of DCIS. This pattern was seen in 63% of malignant lesions, compared with only
4% of benign lesions [33].

There are several different NME distribution patterns. Segmental or linear/ductal
enhancement patterns are a hallmark of DCIS on MR images. Segmental distribu-
tion is the most common pattern, seen in 14-77% of cases [24, 30-32]. Regional
asymmetric enhancement is another frequent appearance of DCIS (Table 3.3).
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Table 3.3 NME DCIS distribution patterns [24]

NME Portion of time seen
distribution BI-RADS definition in NME DCIS (%)
Segmental Triangular region of enhancement, apex pointing to 14-77
the nipple, suggesting a duct or its branches
Linear Enhancement in a line that may not conform to a duct 6-24
Ductal® Enhancement in a line that may have branching, 0-22
conforming to a duct
Focal Enhancement in a confined area, less than 25% of a 16-33
quadrant
Regional Enhancement in a large volume of tissue not 6-28
conforming to a ductal distribution geographic
Diffuse Enhancement distributed uniformly throughout the 1-9
breast

“This terminology is no longer used in the most recent BI-RADS lexicon

Table 3.4 Mass DCIS internal enhancement patterns [24]

Internal enhancement Portion of time seen in
pattern BI-RADS definition mass DCIS (%)
Heterogeneous Nonspecific mixed enhancement 9-67
Homogeneous Confluent uniform enhancement 9-25
Rim enhancement Enhancement more pronounced at the 0-8

periphery of the mass

DCIS manifests as a mass on MR images in 14-41% of cases [13, 24, 30, 31].
A mass is defined as a three-dimensional space-occupying lesion. Masses are fur-
ther characterized by their shape, margin, and internal enhancement pattern.

DCIS manifests most frequently as an irregular mass, seen in 14-83% of
cases [24, 30, 32]. Oval, round, and lobular masses are less commonly noted,
with 1-25%, 0-25%, and 0-25% frequency, respectively, as described in the
literature. Various types of mass margins have been described, including irregu-
lar (14-92% of cases) and spiculated (0-92%). Smooth mass margins are
uncommon, observed in 4-8% of cases. DCIS that manifests as a mass can have
various internal enhancement patterns, including heterogeneous, homogenous,
and rim enhancement. A heterogeneous enhancement pattern is the most com-
mon (9-67% of cases), followed by homogenous (9-25%) and rim (0-8%)
enhancement (Table 3.4).

A focus is defined as a region of enhancement that is small (<5 mm) and may not
allow confident further characterization. DCIS is least likely to manifest as a focus,
although this finding may represent selection bias, because the vast majority of
cases in which foci of enhancement are observed do not proceed to biopsy. According
to the literature, pure DCIS manifests as a focus up to 12-20% of cases, while a
focal enhancing area was observed in only 3.0% of cases of pure invasive carci-
noma. Most of these foci were high-grade or intermediate-grade lesions rather than
low-grade lesions [24, 31].
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3.3.2 Kinetic Characteristics of DCIS

Various kinetic patterns have been seen in DCIS lesions detected on MR images
[24]. BI-RADS lexicon defines the initial phase as the curve that develops within
2 min or when the shape of the kinetic curve begins to change, and the delayed
phase is defined as the curve that develops after 2 min or after the kinetic curve
changes. The initial phase is described as fast, medium, or slow, and the delayed
phase is described as persistent, plateau, or washout. The curves may also be classi-
fied into type 1 (persistent), type 2 (plateau), and type 3 (washout). Quantitative
kinetic parameters can also be derived from the curves, including initial enhance-
ment percentage (E1), peak enhancement percentage (Epeak), and time-to-peak
enhancement (Tpeak); these quantitative parameters may aid in lesion
characterization.

In DCIS, the most common initial phase is fast uptake, which is seen in 49-68%
of cases [24, 30, 34]. The delayed phase is more variable, with a plateau curve being
the most common pattern (Fig. 3.8), seen in 20-52% of cases, followed by washout
(28-44%) and persistent enhancement (20-30%) (Fig. 3.9).

In DCIS cases in which there is a high density of ducts, an abundance of blood
vessels, and a high degree of inflammatory cell infiltration, there is a rapid washout
pattern; this pattern is most often seen in cases of high-grade DCIS. Low-grade
DCIS more often shows a benign blood flow pattern [18, 35]. Nevertheless, no indi-
vidual kinetic parameter neither qualitative nor quantitative has been demonstrated
to predict DCIS grade [18, 30].

It has been shown, however, that the qualitative enhancement patterns do differ
significantly according to lesion type. Mass DCIS lesions more often exhibit rapid
uptake of contrast medium in the initial phase and rapid washout compared with
nonmass lesions [36]. This observation is in keeping with the literature that shows
that both benign and malignant mass lesions have a higher proportion of curves with
rapid initial uptake and washout delayed phase compared with nonmass and focal
lesions. Calcified DCIS with fine pleomorphic, fine linear, and fine linear-branching
calcifications more often demonstrate a plateau enhancement pattern, while DCIS
with amorphous calcifications usually exhibit persistent enhancement [18, 30].

3.4 US Appearance of DCIS

The ultrasonographic (US) features of DCIS can be subtle and nonspecific. DCIS
can have a variable appearance at US: a mass, an intraductal abnormality, or an area
of altered echotexture. But it most commonly appears as a hypoechoic mass with
noncircumscribed margins, parallel orientation, ductal extension, and normal acous-
tic transmission [37].

Calcified DCIS most commonly manifests as echogenic foci located within a
mass or duct, associated with internal microlobulations, or distributed in a branch
pattern [15, 38, 39].
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Noncalcified DCIS, which is more often identified in symptomatic patients, may
manifest as a hypoechoic mass with microlobulated margins and no posterior acous-
tic features, or it may have a “pseudomicrocystic” appearance [5, 6, 40, 41].

The appearance of DCIS at “second-look™ US can be subtle and may warrant a
lower threshold for detection, given a higher pretest probability of malignancy [42].
US features are nonspecific, and careful correlation with respect to lesion location,
size, shape, and depth is needed [43—-45]. The presence of internal vascularity can
help increase the positive predictive value of US in this setting.

3.4.1 Calcified DCIS

US can help identify 23-45% of calcifications seen at mammography [16, 37-39].
Mammographic features that are most predictive of US identification include large
cluster size (>10 mm), a large number of calcifications within the cluster, BI-RADS
category 5 assessment, and segmental distribution of calcifications.

Calcifications may be visualized at US as echogenic foci located within a mass
or duct, associated with internal microlobulations, or distributed in a branch pattern
[15, 37-39]. Less frequently, calcifications may appear as echogenic regions with-
out significant mass or duct changes (Fig. 3.6). There is considerable overlap
between the US appearance of calcified DCIS and that of benign entities such as
sclerosing adenosis, atypical ductal hyperplasia, intraductal papilloma, fibroade-
noma, and ductal epithelial hyperplasia.

When calcified DCIS manifests as a mass, it is typically hypoechoic and irregu-
larly shaped, with indistinct or microlobulated margins [15, 37]. Microlobulations
may correspond to tumor-distended ducts or cancerized lobules. Echotexture may
be heterogeneous secondary to the presence of calcifications. There may be associ-
ated internal vascularity. Ductal extension, seen as a projection extending radially
from the mass into a duct, may be present and represents ductal spread of cancer
cells. No posterior acoustic features are typically identified, except in cases of high-
grade comedo-type DCIS (Fig. 3.10), in which shadowing may be present.
Orientation may be parallel or antiparallel.

Although US is not as sensitive as mammography for the detection of calcifica-
tions, it can be used to increase the specificity of mammography [16, 37, 38].
Calcifications seen at US are more than three times more likely to be malignant than
calcifications not seen at US. The presence of an associated mass increases the con-
spicuity of calcifications and confers a greater likelihood of invasive cancer com-
pared with calcifications seen at mammography alone. Calcifications are more
common in high-grade than non-high-grade DCIS and can be seen with calcifica-
tion of necrotic debris in comedo-type necrosis [46]. It has been found that micro-
calcifications with associated ductal changes, such as an increase in the number of
ducts and duct distention, are the most common US finding of high-grade DCIS.

Increased breast density may obscure an underlying invasive component at mam-
mography, and US may show that disease is more extensive than the calcifications
evident at mammography. In addition, in the setting of extensive high-nuclear-grade
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Fig.3.10 Calcified
comedo-type DCIS: US
image demonstrates a mass
that is predominantly
cystic with solid
components and echogenic
foci consistent with
calcifications

DCIS, in which histologic sampling is more likely to miss microscopic foci of inva-
sive disease, US can be used to assess the axillary lymph nodes for evidence of
invasion [15].

When calcifications are identified at mammography, US can also be performed
to guide potential biopsy [16]. US-guided biopsy is better tolerated and less costly
than stereotactic biopsy and does not involve ionizing radiation [47, 48].
Identification of a US correlate for US-guided biopsy can also be useful when ste-
reotactic biopsy is not technically feasible due to a thin breast or posterior target
location. Real-time scanning also allows visualization of large adjacent vessels,
which can be avoided to reduce hematoma formation.

3.4.2 Noncalcified DCIS

Noncalcified DCIS may be identified in the evaluation of a mammographic mass or
asymmetry, in symptomatic patients, at high-risk screening US, or in the evaluation
of disease extent.

Although DCIS is much less likely to be identified at screening US than is inva-
sive carcinoma, US has proved to be an important adjunct to mammography in the
evaluation of asymptomatic high-risk women, particularly of those with dense
breasts [49, 50].

DCIS detected at US alone is often localized and low grade, whereas calcified
DCIS is more commonly high grade [41].

US findings of noncalcified DCIS are heterogeneous [5, 6, 37, 40, 41]. Masses
are often hypoechoic and irregular in shape (Fig. 3.11), but they can also be oval or
round. Margins are often microlobulated or indistinct, although circumscribed mar-
gins may also be seen. Orientation may be parallel or antiparallel. There is usually
no posterior acoustic enhancement or shadowing. Ductal extension may be present.
A complex echotexture, giving a “pseudomicrocystic” appearance, may also be
present and is hypothesized to be caused by distention of the lobular portion of the
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Fig.3.11 Noncalcified e et B e &

DCIS: power Doppler US
image shows an irregular
hypoechoic mass with
microlobulated and angular
margins and internal
vascularity

terminal ductal lobular unit by DCIS. Occasionally, a vague area of altered echotex-
ture may be seen. Because DCIS may also arise in preexisting pathologic entities
such as papillomas or radial scars, the underlying US abnormality may be an intra-
ductal mass or area of distortion.

When noncalcified DCIS manifests as a cluster of cysts or a complex cystic
mass, there may be associated internal vascularity, often oriented perpendicular
rather than parallel to the wall of the mass. This is in contrast to clusters of cysts,
which are typically avascular at color Doppler US [51]. Only light pressure should
be applied to avoid restricting blood flow during color or power Doppler evaluation.
A new mass mimicking clustered microcysts, especially in a postmenopausal
patient, should also raise concern for possible DCIS [40]. Any solid component
should prompt biopsy for further evaluation [51, 52].

Noncalcified DCIS may also be detected in the evaluation of nipple discharge.
An abnormal number of ducts from neoductgenesis or an abnormal appearance of
ducts may be present. Enlargement of ducts in DCIS can be attributed to tumor cells
or necrosis within the duct lumen, periductal lymphocytic reaction, or periductal
desmoplasia [5, 15]. The degree of duct enlargement is typically proportional to
nuclear grade.

The US appearance of noncalcified DCIS overlaps with that of benign entities
including fibrocystic change, microcysts, apocrine metaplasia, papillary duct hyper-
plasia, adenosis, and secretory change [15].

Elastography, which indicates tissue stiffness by measuring tissue strain or dis-
placement with mechanical excitation, can be used in the US evaluation of noncalci-
fied DCIS. In general, cancers tend to be stiff, whereas benign lesions tend to be
soft. Several studies have reported a lower mean elasticity for DCIS (Fig. 3.12) than
for invasive carcinoma [53-55]. However, given the overlap in elasticity values for
benign and malignant lesions, elastography should be used only in conjunction with
B-mode US. The addition of elastography to B-mode feature analysis can increase
the specificity of US by prompting biopsy for oval circumscribed malignant masses
with suspicious features at elastography while downgrading a mass with a low
degree of suspicion for malignancy (category 4a) to category 3 in the presence of
benign elastographic features.
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Fig.3.12 Noncalcified DCIS: power Doppler US image (a) demonstrates a hypoechoic mass with
microlobulated and angular margins and antiparallel orientation and that is poorly vascularized.
The lesion appears diffusely stiff on shear-wave elastographic image (b)

3.4.3 DCIS Diagnosed at MR Imaging: Directed
(Second-Look) US

The US correlate for abnormal MR imaging enhancement representing DCIS may
be subtle [37].

US performed in the setting of an MR abnormality allows possible US-guided
core needle biopsy, which is better tolerated by the patient and more cost-effective
than MR imaging-guided biopsy.

Since the pretest probability of malignancy for a US finding in the setting of
suspicious MR imaging enhancement is significantly higher, especially in patients
with a known malignancy, a lower threshold should be used at second-look US than
at conventional diagnostic or screening US [42].

Several studies have reported that malignant lesions seen at MR imaging are
more likely to be identified at US than are their benign counterparts [42—45].

Although second-look US can be used to identify MR imaging-detected malig-
nant lesions, it is better at detecting a correlate for enhancing masses than nonmass
enhancement, the most common enhancement type in DCIS [42—45]. The rate of
correlation between US and MR imaging for nonmass enhancement is low, with a
reported range of 12—40%. Invasive cancers (either ductal or lobular) had a higher
US correlation rate than DCIS. Therefore, if no US correlate is identified for a sus-
picious area of nonmass enhancement, MR imaging-guided biopsy should be
performed.

The appearance of DCIS at second-look US is dependent on the type of enhance-
ment identified at MR imaging [42—45]. Masses seen at MR imaging may corre-
spond to a mass or intraductal abnormality or appear as “stacked” ducts at US. US
correlates for nonmass enhancement include ductal abnormalities, vague areas of
decreased echogenicity or altered echotexture, or areas of architectural distortion.

Correlation in terms of lesion location, depth, size, and shape is necessary to
ensure that the US finding corresponds to the area of enhancement seen at MR
imaging.
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Interventional Diagnostic in DCIS

Carlo Mariotti, Eugenia Raffaeli, Enrico Lenti,
Marco Gentili, Silvia Baldassarre,
and Gian Marco Giuseppetti

4.1 Introduction

Interventional radiology is a branch of radiology that includes all invasive proce-
dures or minimally invasive diagnostic and therapeutic techniques performed using
radiological guidance (ultrasound, fluoroscopy, computed tomography, and mag-
netic resonance imaging). Its goal is to achieve results equal to, or better than, the
corresponding surgery, with less risk, fewer complications, and lower costs. It is an
emerging discipline in many fields and often is indispensable in the diagnostic and
therapeutic/surgical phases.

Breast imaging is reserved for lesions that pose a diagnostic dilemma or remain
unsolved with conventional diagnostic imaging, or for programming a therapeutic
intervention or surgery. The increased experience of radiologists in breast diagnos-
tics, technological developments, and the ability to use dedicated equipment has led
to the identification of a large number of breast lesions of small dimensions, whose
type is not always easy to define. For example, malignant disease at an early stage
or early after injury, or that of borderline pathology, must be differentiated from
benign disease, either cytologically (percutaneous fine-needle cytology from 21 to
27 G, clinical pathology, fine-needle aspiration cytology [FNAC]) and/or histologi-
cally by percutaneous biopsy (PB) with needles sizes between 8 and 20 G or surgi-
cal biopsy. The different collection methods must be properly placed and used in the
diagnostic process, so it is essential to become familiar with the information they
provide, their limitations, and possible complications.
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In parallel to the increase in the detection of nonpalpable lesions, the frequent
diagnosis of tumors in the pre-invasive phase has led to a search in the surgical field
for less invasive interventions that more often require a precise location of the lesion
and its extension. This is achieved through close cooperation between radiologists,
nuclear medicine physicians, surgeons, and pathologists in the multidisciplinary
management of a patient.

Minimally invasive interventional radiology procedures with curative or pal-
liative purposes have recently been used in senology and other sectors when
treating malignant tumors (percutaneous treatment with radiofrequency tech-
nology, using lasers and focused ultrasound, etc.) and have delivered interesting
and promising results, although for only a limited number of properly selected
cases.

4.2 Percutaneous Cytology

FNAC was developed more than a century ago and has long been used in the diag-
nostic workup of breast lesions because it is fast, is minimally invasive, and pro-
vides adequate sensitivity and low costs [1, 2]. Even when perfectly executed,
however, cytological examination has up to a 5—10% rate of false negatives [3], due
to the exact target localization, the pathologist’s experience correctly classifying
benign cases with very different morphologies, and the heterogeneity of the neo-
plastic architecture, as the collection can be sampled from areas of fibrosis, necro-
sis, fat, or normal tissue. However, eco-mammography/cytological embedded data
have been shown to possess a very low percentage of diagnostic error that, in the
case of test concordance, presents false negatives in approximately 1% [4-7].
Positive cytology is in principle a very specific relief, and the rate of false positives
is considered irrelevant: <1% (FNAC specificity = 99%) [4, 7], mostly due to the
poor quality or quantity of the extracted material. The limits of this technique stem
from the inability, when cytological sampling is positive, to differentiate in situ
forms from infiltrating forms, and the evaluation of the biological parameters of the
neoplasm.

Cytology can be performed under mammographic stereotactic guidance (cur-
rently fall into disuse) or ultrasound (US) that is generally preferred when the lesion
is sonographically visible, for it is low-cost, fast, and offers high-precision sampling
that is well tolerated by patients [8, 9]. Using stereotactic imaging, a breast lesion
can be located in a three-dimensional space (coordinates x, y, and z) by means of a
double-exposure stereotactic mammography obtained by tilting the arm of the tube
and measuring the position of the lesion on two mammograms on a prone patient
(alternatively she can be sitting on dedicated equipment). The stereotactic guidance
is used in case of lesions visible only on mammography, such as areas of distortion,
small opacities, or focus of microcalcifications. When considering the high number
of inconclusive samples with cytological examination, it is preferable and recom-
mended, cost and time being similar, to use larger needles in modality core-biopsy
or vacuum biopsy.
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Complications are extremely rare if the method is successful and are mostly due
to bleeding (hematoma and bruising), which occurs more frequently in areas where
the breast is richer in superficial venous structure. Generally, these complications
are resorbed in a few days. Pneumothorax, on the other hand, is a serious but
extremely rare complication that affects one case per 10,000 biopsies [1, 2, 9].

Prerequisites for accurate cytological diagnosis are the close cooperation of
operators (radiologist and pathologist) for proper targeting of the lesion and the
experience and expertise of the pathologist in handling the extracted material and
preparing cytologic samples representative of the lesion.

4.2.1 Collection Technique

The method of sampling for cytological examination is relatively simple, although
it requires training and experience. The procedure can be performed using only a
needle with a caliber from 21 to 27 G and variable length in relation to the depth of
the lesion and by exploiting the lift by capillarity of the material. Alternatively, the
needle can be connected to a common disposable syringe (20 mL), mounted on gun
device type CAMECO, performing manual aspiration or by connecting the needle
with suction devices with vacuum pump that allow a greater operating freedom.
Typically 22-23 G needles are used that, due to their larger gauge, consent the col-
lection of a greater quantity of material (even if some authors prefer to use lower-
gauge needles (25-27 G)), which guarantee the collection of sufficient material and
are suitable for the diagnosis in a more practical, less traumatic, and quicker way.
As already stated, ultrasound guidance is always preferred compared with radio-
logical stereotactic guidance, if the lesion is visible by ultrasound, because it is
faster, simpler to execute, less expensive, absent of ionizing radiation, more flexible,
with a smaller percentage of inadequate samples, and better tolerated by the patient.

As for the ultrasound examination, the patient is positioned supine, and the col-
lection is performed taking the taut skin of the breast between thumb and forefinger
to immobilize the area of interest and prevent the formation of tunnel due to loss of
contact probe-cute at the time of the introduction of the needle. This, in addition to
facilitating the introduction of the needle, decreases the blood supply, which in turns
lowers the risk of inducing hemorrhage.

The sampling should be performed with the needle inside the lesion by perform-
ing rapid and multiple inward and outward movements associated with rotations,
under constant instrumental guidance, to ensure a representative sample is col-
lected. Finally, it is important to take good care of interrupting the suction before
removing the needle.

The needle is introduced by the customer in “free hand” going in the direction of
the lesion with perpendicular or oblique approach. With the perpendicular approach,
the needle is inserted at the midpoint of the probe placed perpendicularly onto the
lesion that is visualized in the center of the scan. In relation to the depth of the
lesion, the path of the needle will have a defined angle, which can be corrected in
real time. With this access, only the tip of the needle appears, in the form of a point
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echogenicity, when it intersects the field of view at the level of the lesion. The per-
pendicular approach is undoubtedly fast, well-sited for superficial or deep lesions,
and requires no special accessories but undoubtedly requires solid experience.

The oblique approach, for which special adapters can be used with different
angles, is more favorable than the previous one, because the needle can be visual-
ized along its path in the breast toward the target. The transducer is positioned so
that the lesion appears next to the lateral margin. The needle, inserted in the vicinity
of this margin, is directed with different obliquity in relation to the seat of the target
to the field of view, where it is immediately identified and followed along the path
to the lesion. The most important limitation of this approach is the impossibility to
reach very superficial lesions. The oblique approach is more difficult than the per-
pendicular one, because the path is decidedly longer than the needle. However,
when executed with special Kits, it is easier and less operator-dependent, therefore,
preferable at the beginning for operators with limited experience and most suitable
for cytology of deep lesions near the chest wall [1, 2, 8, 9].

4.2.2 Cytological Diagnostic Conclusions

The results of cytology may be available after a few hours, with a report that must
be clear and include a diagnostic conclusion as suggested by the “European
Guidelines” (Table 4.1).

4.2.3 Indications

Despite its inherent limitations, the cytology when performed by a team of experts
(radiologist, pathologist), it may still play a role, if properly placed in the diagnostic
workup of breast diseases, in determining the benign or malignant lesions [10]. The
choice of the lesions to be biopsied is crucial, giving careful consideration to pos-
sible alternative diagnostic tools. In particular, this technique should be preferred in
lesions characterized by liquid component and/or necrosis phenomenon

Table 4.1 Reporting system of breast cytology

Cl1 Finding inadequate for a diagnostic judgment; the cause shall be indicated (little or no
cellularity, artifacts unsuitable equipment, etc...)

Cc2 Negative finding for malignant cells; sometimes specific diagnoses can be formulated
(e.g., fibroadenoma)

C3 Doubt findings; the lesion is benign, but probably the presence of some atypia indicates
the need for further investigation (e.g., histological biopsy)

Cc4 Suspicious findings; the lesion is probably malignant, the cytologic features are
suggestive but not diagnostic of malignancy (e.g., lesions “borderline” or low-grade
ductal carcinomas)

C5 Finding malignant; the cytologic features are diagnostic of malignancy, where possible
indicate the G Nuclear and reported the presence or absence of microcalcifications
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(complicated cysts, papillomatous lesions) [11] or localized in the particularly dif-
ficult areas (axillary, close proximity to the chest wall, the presence of breast
implants adjacent).

Performing a biopsy under mammography guidance, with a stereotactic device,
is reserved for lesions not visible by ultrasound, and it is, at present, less frequently
used and even abandoned as, in cases of distortion of the drawing breast radial scar
and microcalcifications (typical lesions best or only evident with mammography) is
imperative to proceed by core biopsy or vacuum-biopsy. For the limits of FNAC
related to the high percentage of inadequate (C1 2-30%), the high percentage of
false negatives (5-20%), the high number of equivocal results (C3), and the inabil-
ity to positive cases to evaluate the biological parameters of the tumor and to dif-
ferentiate the forms in situ from those invasive, it is appropriate in most cases
recourse to percutaneous biopsy. The continuation of the diagnostic with the use of
percutaneous biopsy also is required in all cases of discrepancies between results of
cytology and conventional imaging and in cases of equivocal (C3) to cytology,
whereas the positive predictive value for carcinoma in cases C3 is 20% (in fact,
some malignant lesions are more often adjustable as C3: tubular carcinoma, well-
differentiated ductal carcinoma, lobular carcinoma, and ductal carcinoma, as well as
some benign lesions are more often related to C3: fibrocystic, fibroadenoma, and
adenosis injury) [12].

4.3 Percutaneous Biopsy

Percutaneous biopsy (PB), performed by ultrasound or stereotactic guide needle
size between 8 and 20 G, is currently the most appropriate method for the character-
ization of histological lesions and therefore is widely used in clinical practice to
replace surgical biopsy. The small number of malignant lesions diagnosed in the
final histopathological examination combined with considerable problems with sur-
gical biopsies (high costs and stress for the patient; sometimes need to use general
anesthesia, postoperative risks, such as infection, thrombosis, and embolism; scars;
crowding operating rooms) have prompted the research of more cost-effective inter-
ventional techniques that are less invasive and able to get a satisfactory answer to
the histological diagnosis and for planning treatment or therapeutic-surgical
follow-up.

Recently, new systems have come into use that are increasingly sophisticated,
easy and rapid to apply, and that allow, albeit with more complex procedure than
cytology, to extract frustules of tissue sufficient for precise and complete histologic
diagnosis of the lesion, which make possible adequate planning of therapeutic treat-
ment with a consequent reduction in the number of surgical biopsies and ultimately
costs. PB allows both histological and biological characterization of the lesion, thus
defining aggression and appearance receptor (ER, PgR, Ki-67, C-erb B-2)
[13-16].

There are several types of percutaneous biopsy depending on the type of needle
that is used [2, 9, 17]:
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— Core Needle Biopsy or biopsy needles shot, semiautomatic type TRU-CUT,
guillotine gauge between 14 and 20 G that allow you to make multiple microhis-
tological withdrawals from the suspected area;

— Vacuum Biopsy (VB) or biopsy with aspiration technique, which through gauge
needles between 8 and 14 G, allow large mammary withdrawals with a single
access.

No method of percutaneous biopsy is 100% accurate, even with very high sensi-
tivity values, 95/97%, compared with 90% of percutaneous cytology [13—16]. The
diagnostic capacity depends on the type of lesion (node or calcification), the diam-
eter of the needle used (from 14G to 18G), and the amount of tissue (number of
frustules) taken. Moreover, it has to be considered that 10-30% of microhistologi-
cally diagnosed carcinoma in situ is associated with foci of invasiveness discovered
during the subsequent surgery. This further limits the difficulty of interpreting mor-
phologically complex but benign diseases (atypical epithelial hyperplasia, injury
sclero-elastosica or radial scar), which require for their characteristics and their
possible association with foci of ADH or DCIS, excisional biopsy surgery
[18-21].

Percutaneous biopsy, according to major scientific societies, is indicated in many
cases, particularly in assessing [22]:

— Lesions considered highly suggestive or suspicious for malignancy (BIRADS
category 4 and 5), to confirm the diagnosis and guide the definitive treatment;

— Lesions with multicentric distribution to facilitate the planning of the
treatment;

— Lesions assessed as probably benign (BIRADS category 3), only when there
are valid clinical indications, in particular in the diagnosis of fibroadenoma
(greater diagnostic confidence of benign lesion which relieves the patient’s
stress);

— Lesions undiagnosed after FNAC (C1 and C3, the discrepancy between the radi-
ologist and pathologist);

— Injuries characterized by the discrepancy between cytologic findings and clinical
signs;

The use of PB also is recommended (given the paucity of material obtainable
with FNAC and the high number of inadequate results) when dealing with suspi-
cious lesions characterized by calcification and breast and radial distortions of
the drawing-scar. In particular, several authors suggest using vacuum biopsy in
cases of calcification to possibly take a greater quantity of material and open
biopsy when dealing with the distortions of the drawing breast and the radial-
scar [20, 21].

Percutaneous biopsy, generally performed as outpatient or day-hospital under
(optional) local anesthesia, can be performed under ultrasound guidance, stereotac-
tic, or magnetic resonance imaging, depending on the visibility and instrumental
characteristics of the lesion.
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4.3.1 Preliminary Evaluation

Before performing the biopsy, the available clinical indications must be evaluated:
profiles of technical feasibility, considering the BIRADS of the target lesion, and
the outcome of global imaging techniques, including mammography, echography,
and mammary magnetic resonance.

It is of particular relevance that a written, informed consent is obtained and
that the document contains a brief description of the procedure and includes a
note that details the option of leaving a small, nonmagnetic clip (from the ste-
reotactic guide) and the expected duration of the procedure. Moreover, it is
important that the expected results and available alternatives to the biopsy are
clearly stated, suggesting that this procedure has been shown to deliver a high
percentage of accurate diagnoses. Finally, the risks associated with this proce-
dure must be described, in particular the rather rare complications, typically
hemorrhagic in nature, as well as short-lived neck and back discomfort due to
the particular body position that must be held for several minutes during the
procedure.

The general evaluation of the patient is key: in particular, the pharmacological
treatment with anti-coagulant and anti-aggregant drugs must be suspended with
standard methodology; and the ability of the patient to hold a supine position (for
the echographic guide) or prone (for the stereotactic table) for a long enough time.

It is good practice to place a cannula on the arm that is not used for the biopsy to
keep a venous access open in case complications arise during the procedure or just
to satisfy standard ambulatory procedures.

4.3.2 US Breast Biopsy

When the lesion can be located through echography, this should be the method of
choice to guide the intervention, because it is cheaper, more practical, simpler,
and faster (3—10 min); moreover, it offers the ability to locate the needle in real-
time within the lesion, as already listed for the case of the echo-guided cytological
biopsy [8].

The preferred types of needle for this procedure include: Tru-cut, semiautomatic,
and snap types (tip + drawer histological and shirt must be activated with two clicks
imprinted on the handle by the operator) [2, 9].

The procedure is as follows: having ensured sterile conditions, the appropriate
choice of needle gauge (14-20 G), and under a regime of local anesthesia, a small
skin incision is performed, which facilitates the crossing of the cutaneous layer,
and the needle is inserted with the tip facing the lesion. The needle path is visual-
ized on the echography monitor (keep the probe at either 45° or parallel), and the
needle is arrested when it is facing (or it has penetrated) the target lesion. We
extract the guillotine (to be able to follow the progress inside the lesion), it trig-
gers the shirt, thus cutting the carrot tissue, and pull the needle with the frustule
intact inside (Fig. 4.1).
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Fig. 4.1 Nodular area, hypoechoic multilobulated contours (BIRADS 3, cytology C3) (a).
Extraction technique microhistology with TRU-CUT (histology: fibroadenoma) (b)

This procedure is generally repeated three to six times from different orienta-
tions, so that enough tissue might be gained from different regions of the lesion. The
extracted samples must be fixed in formalin. At the end of the procedure, it is advis-
able to press manually onto the interested region for several minutes to minimize the
risk of bleeding and hematoma formation. It is not necessary to suture the skin inci-
sion, but a sterile-strep type of medication and ice treatment can suffice. The dress-
ing can be removed the next day.

Adopting a similar procedure, a tissue sample can be obtained with a vacuum-
assisted biopsy (VAB), employing needles with larger gauge (8 and 14 G), through
which multiple samples can be obtained from a single access point. Moreover, in the
case of a benign pathology, the same procedure can be adopted for the complete
vacuum-assisted percutaneous removal of the mammarian lesion. It can be consid-
ered as a viable alternative to all surgeries for lesions smaller of centimeters, that did
not result in “atypia” of the core-biopsy, but that are candidates for complete
removal.

This procedure can be performed in the echographic room, and it is generally
better accepted from patients, because of the absence of scars and because it does
not requires an operating room. Also, it is generally much cheaper. Complications
similar to the “open surgery” alternative are possible [23].

Once the target has been identified, a local dosage of anesthetic is delivered
between the skin and the lesion and “a ventaglio” around the lesion. At that point, a
small skin incision (3—4 mm) is realized and the VAB needle introduced. It is prefer-
able to position the needle below the lesion, which is then explored in a layer-by-
layer fashion. Once the removal is complete, as assessed by a real-time echography,
a nonmagnetic clip can be placed.

4.3.3 Stereotactic Breast Biopsy

Stereotactic breast biopsy is an interventional radiology method for the localization,
sample extraction, and, in selected cases, removal of a breast lesion that is clinically
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nonpalpable but has a mammographic readout. It is based on a geometrical argu-
ment, for which a pair of two-dimensional images incident at a known angle (typi-
cally 30°) can be processed to determine the localization of a given feature, such as
a lesion, in a three-dimensional space (with coordinates x, y, z).

It is currently used mostly in digital mammography, where the radiographic film
is replaced by a detector that transduces incident x-rays into electronic signals that
can be digitized and operated on using a computer. From these data, an image can
be reconstructed, so-called digital mammography, which is then visualized on a
high-definition monitor. Once the lesion is spatially localized, the sample-taking
system allows the precise positioning of needles and the extraction of histological
samples for diagnostic purposes.

4.3.4 Procedure

Having acquired a mammography standard image, which can be cranial-caudal,
oblique, or lateral depending on the visibility and the location of the lesion, a
stereotactic pair of images can be acquired. The images should be angled between
them of 30° (+15 and —15 compared with the standard image). The location of the
lesion is then manually identified in each image before a computational algorithm
evaluates the tridimensional coordinates of the lesion. Under local anesthesia, a
needle can be inserted to extract the tissue sample. X-ray images of the extracted
samples are acquired and analyzed to select the most significant ones for further
pathological classification, such as those containing microcalcification or dense
breast tissue. Finally, the extracted samples are fixed using formalin and sent to
the pathologist along with a form that specified patient personal information, clin-
ical question, the radiological suspicion, and the possibility of a biological
characterization.

4.3.5 Extractions Systems

This method can be performed with the adaptive systems placed on normal mam-
mograms (patient sitting in front of the machine) or with dedicated stereotactic table
(Fig. 4.2). The latter case, against a higher cost, allows to work with the patient
prone, with operational area outside the visual field of the patient and allows to have
an access to the udder to 360°.

The stereotactic table is a table consists of an ergonomically shaped, height-
adjustable, padded surface on which the patient lies prone. A circular opening of
diameter of approximately 25 cm allows the breast to protrude in the operational
area, located below the table top. Under the table, an arm to “C” supports the x-ray
tube and the collimator spherical +15° and —15° for the acquisition of the stereotac-
tic images. A second arm to “C” provides the support to the compression plate of the
breast and to the pointing device that received the stereotactic coordinates, driving
on the lesion the operating instrumentation. The characteristics of the various tables
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Fig.4.2 Stereotactic
table and console work
(a). Positioning of the
patient and mammographic
detection of the lesion (b).
Tissue sample to be
examined (c)
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and the possibility of positioning the patient allows to follow in most cases the
shortest route between the skin and the lesion of the breast (Fig. 4.2).

4.3.6 Instruments

The stereotactic biopsy history began with the ABBI system (Fig. 4.3) (Advanced
Breast Biopsy Instrument) in the early 1990s, whose goal was the complete removal
of the mammary LNP. Trocars ranging from 5 to 20 mm were utilized to perform an
excisional biopsy of the lesion with local anesthesia providing very little advantages
over a surgical biopsy, which requires an operating room.

In the spring of 1993, four radiologists (Burbank, Parker, Brody, Zerhouni) and
a surgeon (Thomas J. Fogarty) developed the MAMMOTOME, a dedicated system
for stereotactic breast biopsy [17]. On August 5, 1994, the first stereotactic biopsy
was performed.

The MAMMMOTOME was the ancestor of a series of systems built around an
aspiration unit (vacuum biopsy) and an operating window positioned lateral to the
needle tip and a diameter ranging between 12 and 7 G. Using MAMMOTOME
instead of ABBI systems, the lesion is not removed as a monolithic unit but rather it
is divided and removed in pieces. This is important, because it leads to reduced
trauma and much improved tolerability.

The procedure is typically performed in Day Hospital. Once the lesion and the
needle insertion point are located, a local anesthetic is administered by infiltration
to skin and target. Then, a 3- to 4-mm skin incision is performed and the needle
introduced (Fig. 4.2). After centering the target, the tissue is ready to be extracted
(Fig. 4.4). The radiological control of the operating region and of the extracted
samples permits real-time quality control over the entire procedure (Fig. 4.4). The
typical duration of the procedure is approximately 20 min.

Another commonly adopted technique is the core-biopsy, in which tissue
extraction is performed with needles snap, with gauges greater than 1 mm
(18-8 G) (Fig. 4.5). In this technique, a series of repetitive extractions consent a
tissue-map of the breast. This procedure, which is less invasive, better tolerated,
and more versatile of the vacuum-biopsy types, unfortunately tends to underesti-
mate the lesions type. Limitations of the core biopsy include reduced amount of
material in adipose breasts, presence of fragmented tissues or noncontiguous
samples, the need for multiple reintroductions, and a general tendency to under-
estimate microcalcifications.

At the end of the procedure, it is important to perform a control mammography
to prove the effective removal of the target and to evaluate the breast clinically to
rule out hemorrhages and hematoma. If those are present, first perform manual
compression, followed by mechano-compressive after a few minutes, and finally, if
necessary, apply compression with tenso-plast. A simple sterile-strip medication is
applied to the needle point of entry.
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Fig. 4.3 ABBI cannula (a).
Sample with ABBI (b).
X-ray sample ABBI (¢)
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Fig. 4.4 Breast at the end
of the procedure (a). Rx
control (b). Rx control:
microcalcifications (¢)
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Fig. 4.5 Breast needles
biopsy of different
gauges. On the left
needle mechanism
“snap” to the right
VABB (vacuum-assisted
breast biopsy) system
(a). Needle core biopsy
from 14 G, details of the
sampling window (b).
On Aug pick mechanism
“snap” in three
movements: placing it in
front of the lesion (¢
needle bottom),
discharge from the
spindle with window
sampling in the lesion (¢
center needle), execution
of the collection (¢
needle in the foreground)

4.3.7 Magnetic Resonance-Guided Breast Biopsy

As magnetic resonance (MR) became the imaging technique of choice in senology, due
to unparalleled diagnostic sensitivity (95-99%), lesions have been noticed that can be
detected with MR but not with echography or mammography [2, 24]. Interpreting a
novel breast lesion, characterized using either morphological or dynamical criteria dur-
ing an MR session, is difficult due to the high rate of false-positive detections that may
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occur even when the procedure is perfectly executed. When a lesion is first detected
with MR, and presents itself with concerning characteristics, it is necessary to confirm
it in a “second-look”™ traditional imaging session and then proceed to extract a sample
using either the echographic or mammographic-guided biopsy techniques discussed
earlier. If a lesion cannot be confirmed with traditional imaging, then the biopsy must
be performed under magnetic resonance guidance despite increased difficulties, execu-
tion times, and costs [25-28].

This technique requires ad-hoc instrumentations, including a dedicated support, or
open coil, which permits the positioning of a compression and localization system,
such as “Universal Grid” or “Post & Pillar” through which the biopsy needle can be
introduced. Notably, the needle needs to be made of a material that is compatible with
strong magnetic fields. Nonmagnetic coaxial needles are inserted and under MR guid-
ance, either manually or through CAD (computer-assisted detection), localized to a
lesion that was previously detected with basic examination or after mdc ev administra-
tion. Through the coaxial needles, cutting needles are introduced (1416 G) or greater
caliber VAB needles (11-8 G). After the extraction, it is good practice to leave radi-
opaque clips or echo-reflecting in the place of the lesion, which can be later recog-
nized via traditional imaging techniques [24, 26].

The patient needs to be adequately informed of the possible MR contraindica-
tions, including paramagnetic contrast agent, and possible complications, such as
bleeding or the presence of a needle close to the chest wall. Moreover, the patient
must be able and willing to remain prone for the duration of the examination
(approximately 45 min).

4.3.8 Sample Handling for the Pathologist

Typically, four frustules must be extracted for a diagnosis of neoplasia to be treated
with primary systemic therapy PST (number of frustules correlates with @ of neo-
plasia). The samples must then be immediately fixed with neutral-buffered formalin
4% (pH 6.8-7.2) for 648 h. The request for histological examination must be
accompanied with full clinical information (including the intention of treating with
PST when the neoplasia is locally advanced) and a copy of the mammography (or
echography) report containing the time of the examination, the characteristics of the
detected lesion, its location and dimensions, the Bi-RADS category, and the number
of extracted samples. If microcalcifications are detected, the frustules containing
them must be identified on the postextraction radiograph and sent in separate marked
containers. The quality of the material must be described along with the length of
the biggest frustule. Each container holds two to three frustules at max. For each
inclusion, four sections are obtained at two different levels (approximately each
50 pm) and stained with hematoxylin-eosin.

The pathologist can require further sectioning of the samples if there is inconsis-
tency between the clinical inquiry and the report of the pathologist (particularly for
microcalcifications). Moreover, the presence of microcalcifications can be con-
firmed through additional x-ray scanning of the samples.
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Table 4.2 Conclusion diagnostic histological type (NHS Breast Screening Programme)

Bl Normal tissue. May indicate that the lesion was not sampled properly or that there is a
benign lesion, such as lipoma or hamartoma characterized by normal glandular tissue

B2 Benign lesion. This category includes fibroadenoma, the many paintings of fibrocystic
disease, sclerosing adenosis, ductal ectasia, and inflammatory processes, such as fat
necrosis and abscess

B3 Lesions uncertain. Malignant potential are included in this category; pathological
conditions, such as ductal epithelial hyperplasia and/or atypical lobular, papillary
lesions, radial scar, and phyllodes tumor

B4 Suspected lesion. Included those pictures in which the definitive histologic diagnosis of
carcinoma in situ or invasive cannot be made with certainty or for problems mainly of
necrotic or for example when there are apparently neoplastic cells in the context of a
blood clot

B5 Neoplastic lesion. Includes cases of carcinoma in situ and invasive carcinoma. The
diagnosis of carcinoma in situ in PB does not exclude the presence of invasive
carcinoma of the limited sample

4.3.9 Medical Reporting

The pathologist report must contain a full diagnosis of the detected lesions and their
eventual relationship with microcalcifications (distinguishable in intraluminal and
stromal) and the specification of the category B (NHS Breast Screening Programme)
(Table 4.2). It also must contain, in a dedicated session, the clinical information that
was given in the request for the histological exam. When a carcinoma is diagnosed,
the following must be specified: in situ/invasive, extent of infiltrating foci, histologi-
cal type, nuclear grade.

Biomarkers (ER, PgR, Ki67, HER-2) are not routinely evaluated. Their evalua-
tion is performed on all available frustules that contain the lesion.
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DCIS: Pathology and Biological Features

Isabella Castellano, Jasna Metovi¢, Riccardo Bussone,
and Gretha Grilz

5.1 Pathological Definition of DCIS

Ductal in situ carcinoma (DCIS) or intraductal carcinoma refers to a group of
lesions characterized by a neoplastic proliferation confined to the mammary duct.
They are composed of epithelial cells with different grade of cytological and archi-
tectural atypia, surrounded by a layer of myoepithelial cells and by an intact base-
ment membrane. This pathological definition excludes the invasion of the mammary
stroma by cancer cells [1].

5.2  Histological Classification

In standard histologic sections, DCIS is confined within duct and lobules, and patholo-
gists must identify myoepithelial cells around these neoplastic structures. The lack of
myoepithelium is a marker of invasiveness. Several antibodies have been proposed to
detect myoepithelial cells, such as p63, smooth muscle actin, calponin, CD10, cytoch-
eratin 5/6, and, more recently, p40 [2]. In general, expression of more than one marker
is tested based on cytoplasmic or nuclear staining; several recommendations suggested
performing routinely both nuclear and cytoplasmic antibodies on the same samples [3].

Due to the current understanding of DCIS as a heterogeneous group of cancers,
with different morphology, immunophenotype, and molecular biology, there is no
agreement on their classification.
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Over the past 25 years, a number of histological and cytological criteria have
been proposed to subdivide these lesions in groups with different prognosis.

Traditionally, DCIS was classified based on architectural growth pattern of the
epithelial proliferation, into comedo, solid, cribriform, papillary, micropapillary,
clinging, apocrine, and mixed subtypes [4].

However, due to: (1) the low reproducibility of these diagnoses, (2) the high rate
of mixed lesions, and (3) the low predictive value of local recurrences, this classifi-
cation was then replaced by a modern systems based on cyto-nuclear atypia [5]. In
particular several international Consensus Conferences recommended that the clas-
sification of DCIS should be based primarily on nuclear grade and encouraged
pathologists to secondarily include in their diagnoses additional information on
necrosis, cell polarization, and architectural differentiation [5, 6].

Depending on the degree of nuclear atypia, DCIS is generally classified in low
(small, monomorphic, well-polarized cells, with uniform size and regular chromatin
pattern and rare mitotic figures, Fig. 5.1), intermediate (similar to those of low grade
but with occasional nucleoli, mitotic figures, and coarse chromatin, Fig. 5.2), or
high nuclear grade (large size, pleomorphic, and poorly polarized nuclei, with
prominent nucleoli, numerous mitotic cells, and presence of necrosis, Fig. 5.3) [7].

Fig. 5.1 Low nuclear grade DCIS with small, monomorphic cells, with uniform size; generally
cribriform proliferation is the most common phenotype
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Fig. 5.2 Intermediate nuclear grade DCIS with moderate variation in nuclear size and nuclear
pleomorfism. Necrosis may be present

Fig. 5.3 High nuclear grade DCIS with cytological atypia, prominent nucleoli, presence of
comedo-necrosis and mitotic cells
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5.3  DCIS Carcinogenesis and Progression

In recent years, molecular studies suggested that the assessment of nuclear grade, as
proposed by WHO, not only could better correlate with prognosis [8, 9], but it may
highlight distinct genetic alternations [10] and distinct evolutionary pathways [11].

In fact, low-grade DCIS tends to be estrogen receptor (ER)/progesterone receptor
(PR) positive (Fig. 5.4 a, b) and HER?2 negative, and it is frequently characterized
by the concurrent presence of deletion of 16q and gains of 1q and 16p. Otherwise,
high-grade DCIS tends to be ER/PR negative and HER?2 positive (Fig. 5.5 a, b), and
it has complex karyotypes [12, 13], including frequent events in 1q+, Sp+, 8p—,
8qg+, 11q—, 13—, 14—, and 17g+ and focal amplifications on 6922, 8q22, 11q13,
17q12, 17q22-24, and 20q13 [10, 14-16]. Thus, low- and high-grade DCIS may
represent two distinct disorders, which may evolve in two distinct forms of invasive
cancers (with low and high aggressiveness). In particular, genomic studies of syn-
chronous and metachronous DCIS-invasive carcinoma have shown that there is a
molecular continuum between low-grade DCIS and low-grade, well-differentiated
invasive carcinoma (such as tubular carcinoma), as well as between high-grade
DCIS and high-grade invasive carcinoma. The “low-grade arm” has similar gene
expression profile, characterized by ER activation. On the contrary “high-grade
arm” lacks ER in favor of the expression of genes related to cell proliferation and
promoting invasive growth pattern [17].

Although the mechanisms underlying the progression from DCIS to invasive
ductal carcinoma of the breast are yet to be fully elucidated, recent gene expression
profile studies demonstrated that, inside specific molecular subtypes, DCIS and
invasive carcinoma cells share similar genes and that the largest part of molecular
changes occurs from normal epithelium to in situ carcinoma cells [18-21]. These
mutations may include TP53 [22], PTEN [23], likewise amplifications of chromo-
some 20, 11, and 17 [24, 25]. In line with these findings, experimental data con-
firmed that precursor cells with ability to invade the stroma and with metastatic
potential may be present in DCIS lesion and that treating breast cancer before it can
become invasive may prevent the progression to infiltrating carcinoma [26]. Another
important gene involved in the process of DCIS growth and progression is CDH1
(E-cadherin) that is expressed in normal and DCIS epithelial cells. CDHI is a cell-
cell adhesion protein with a role in epithelial differentiation. It has been shown that
a partial or total loss of its expression may occur in the transition from DCIS to
invasive breast cancer and in metastatic behavior and poor prognosis [27-29].

It is well established that the evolution of DCIS to invasive breast cancer is not
only determined by molecular changes in epithelial cells, but may also strongly
depend on stroma, cell-mediated immune mechanisms, and myoepithelial cells [20,
30-32]. In particular, myoepithelial cells seem to act as a tumor suppressor in DCIS
[32], and several studies demonstrated that many of the genes that are specific for
normal myoepithelial cells, such as CTK14, CTK17, and EGFR, are absent or
downregulated in the myoepithelial cells of DCIS lesions. Hence, these changes
may lead to breakdown of the ducts and release of the tumor epithelial cells into the
surrounding stroma [32, 33]. Other genes involved in extracellular matrix
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Fig. 5.4 Low nuclear grade DCIS (a) that shows uniform immunostain for estrogen receptor (b)
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Fig.5.5 High grade DCIS (a) with HER2 overexpression in immunohistochemistry (b)
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remodeling, such as matrix metalloproteinase 2 (MMP2), are closely related to
DCIS progression in invasive cancer. It has been shown that MMP2 overexpression
can lead to a degradation of the basement membrane, a barrier that inhibits the
migration of cells in the surrounding stroma [34].

5.4 The Concept of “DIN”

Due to these emerging genetic data and to the difficulties in distinguishing between
low-grade DCIS and other proliferative intraductal lesions such as atypical ductal
hyperplasia (ADH), a new classification system was proposed by Tavassoli et al. in
2003 (WHO. 2003) [35]. They suggested to replace the term DCIS in favor of duc-
tal intraepithelial neoplasia (DIN), reserving the term “carcinoma” only for the
invasive neoplasia. The subgroup of lesions classified as “DIN 1” encompassed a
series of low-grade intraductal proliferations, such as flat epithelial atypia (DIN1a),
ADH (DIN 1b), and low-grade DCIS (DINI1c), not only with similar morphologi-
cal features but also with similar genetic alterations, typical of low-grade neopla-
sia. DIN 2 represented intermediate-grade DCIS with intermediate level of
differentiation between low- and high-grade DCIS. This latter group was finally
classified as DIN 3 lesions, with atypical and pleomorphic cells and genetic fea-
tures typically observed in high-grade arm. Although several studies supported the
DIN classification [36, 37], this terminology did not gain widespread acceptance,
in part because it includes entities, such as DIN1a, in which neoplastic nature is not
fully demonstrated, partly because, in specific subgroups, such as DIN 1B and DIN
1C, the morphological distinction remains subjective [38]. Thus the latest WHO
classification in 2012 [39] abounded the term DIN in favor of the previous classi-
fications based on the nuclear grade. However, this topic remains a matter of dis-
cussion, even for the psychological impact on patients. In fact, some works
suggested that the term “DIN” may eliminate the anxiety produced by the term
“carcinoma,” contributing to reduced adverse psychological reactions and
decreased confusion in healthcare settings [37, 40].

5.5 Pathological Prognostic Markers

Traditionally, size of lesion, nuclear grade, type and extension of comedo-necrosis,
hormone receptor expression, and margin status have been described as prognostic
markers [39, 41, 42].

Thus, when DCIS is diagnosed on surgical specimens, all of these variables
should be cited in the pathological report. To reach this aim, the use of large histo-
logical tissue sections could help pathologists to better describe DCIS in terms of
extension, heterogeneity and margin status.

Among prognostic factors, some studies have reported nuclear grade to be the
most significant predictor of local recurrence on both univariate and multivariate
analysis [43, 44].
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Otherwise, the presence of comedo-necrosis, generally associated with high-
nuclear-grade DCIS, is closely related to the risk of ipsilateral recurrences follow-
ing lumpectomy, and a meta-analysis [44], based on 44 articles, confirmed these
data, showing a risk of recurrences for DCIS with comedo-necrosis ranging from
1.3 t0 5.0 [45-51].

The prognostic impact of histotype is still debated, mainly due to the low repro-
ducibility of these diagnoses and to the presence of high rate of mixed lesions.
Several studies reported that the “cribriform” growth pattern is related to indolent
lesions with a low risk of subsequent invasive carcinoma, whereas solid DCIS are
generally an aggressive neoplasia, especially if associated with comedo-necrosis
[45, 52, 53].

In regards to micropapillary growth patterns, some studies suggested that low-
grade micropapillary DCIS may be treated with excision without additional irradia-
tion, for an exceptionally low risk of recurrences of these entities [52]. Otherwise,
others reported that this phenotype is often multicentric [54, 55] and larger than
other subtypes [56] and that it may remain clinically and radiologically silent, even
if it is found to be extensive and of high grade [57]. In addition two studies reported
that the micropapillary growth pattern is an independent high-risk factor for local
recurrences [58, 59].

Traditionally, both ER and PR are frequently tested in DCIS; however, ER is the
only one validated for routine clinical practice in DCIS (WHO 2012) [39]. National
Comprehensive Cancer Network (NCCN) guidelines include its determination as
part of the workup of DCIS [60].

The majority (80%) of DCIS cases are ER positive [20]; its expression is gener-
ally related to low- to intermediate-nuclear-grade DCIS cases. On the other hand,
the predictive value of this marker remains a matter of discussion, and there are not
enough data to make general recommendations for the use of ER in DCIS to decide
about antihormonal treatment [61].

Very few data are available on PR, and there is disagreement regarding its routine
determination (WHO 2012, 40) on DCIS samples. Among other immunohisto-
chemical markers that are currently under investigation, HER2 is one of the most
studied. Its role in DCIS is unclear. It is overexpressed/amplificated in 50% to 60%
of DCIS cases, and its detection is generally associated with high-nuclear-grade
DCIS with comedo-necrosis and presence of stroma microinvasion [62—-64]. Several
studies have suggested that HER2 may play a critical role in the progression to
invasive carcinoma [65, 66] and its expression has been linked to recurrence after
surgical excision, mainly in patients without radiation therapy [67, 68].

The identification of HER2 expression in DCIS may be useful even for a bet-
ter radiological surveillance program: in a prospective observational study com-
paring mammography to magnetic resonance, the latter was more sensitive and
specific in diagnosing high-grade DCIS [69]. Although several studies have been
proposed with trastuzumab [70] or with lapatinib [71, 72] in HER2-positive
DCIS patients, to date, there is no evidence of the clinical effect of anti-HER2
treatment. However, a first prospective, randomized phase III multi-institution
clinical trial—National Surgical Adjuvant Breast Project (NSABP) B-43— is
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currently ongoing. It compares whole breast irradiation alone with WBI given
concurrently with trastuzumab in women with HER2-positive DCIS treated by
lumpectomy [73].

The expression of ER, PR, and HER?2 together with the rate of Ki67 may allow
to classify DCIS, using “surrogate molecular subtypes,” in Luminal A, B, HER2,
and triple negative DCIS. However, the prognostic impact of molecular subtypes in
DCIS, following St. Gallen surrogate definition (St. Gallen Consensus Conference—
[74-76)), is yet to be clarified.

Lazzeroni et al. [77] found that immunohistochemically defined molecular sub-
types in DCIS may be an indicator of prognosis, mainly due to the assessment of
Ki67. Zhou et al. [78] demonstrated that combination of molecular markers ER—/
HER2+ was statistically significantly associated with a high risk for a recurrence
being in situ and that ER+/HER2—/EGFR— tumors were strongly associated with a
subsequent recurrence being invasive. Otherwise, one study failed to demonstrate a
prognostic value for the surrogate molecular subtyping of DCIS up to 10 years after
diagnosis. However, it was shown that triple-negative DCIS had an elevated risk of
recurrence [79].

Other immunohistochemical markers such as TP53, Bcl2, and androgen receptor
have been investigated as potential prognostic markers. Presence of TP53 mutation
together with an increased level of Ki67 in DCIS lesions are associated with high
risk of recurrence [80].

In particular, mutations of TP53 occur more frequently in HG-DCIS and in
HER2-positive tumors than in ER/PR-positive low-grade DCIS [81]. The expres-
sion of Bcl-2 that is present in the continuum of breast lesions from ADH to well-
differentiated DCIS gradually decreases as lesions become more aggressive [82].

On the other hand, the role of AR expression in DCIS is not fully understood, and
different results are present in literature [83, 84].

Very recently, to better stratify patients by prognosis, a multigene reverse tran-
scriptase (RT)-PCR assay was recently proposed by Genomic Health. The test,
called Oncotype DX Breast Cancer Assay for DCIS, is based on 12 genes from the
Oncotype DX Invasive Recurrence Score (Genomic Health, Redwood City, CA,
USA). The algorithm uses seven cancer-related genes (Ki67, STK15, Survivin,
CCNBI1, MYBL2, PR, and GSTM1) and five reference genes to create a score,
designed to quantify the 10-year risk of local recurrence, both in situ and invasive,
in patients with DCIS treated with breast-conserving surgery without radiation.

The results are reported as a numerical score called “DCIS Score,” which classi-
fies DCIS patients into low-, intermediate-, and high-risk groups with overall local
recurrence rates of 10.6, 26.7, and 29.5%, respectively, at 10 years. Invasive recur-
rence rates are 3.7%, 12.3%, and 19.2% for these groups, respectively [85].

The application of this test, together with clinical, pathological, and immunohis-
tochemical analyses, may result in a better definition of the risk profile of DCIS
patients, allowed to avoid radiotherapy in low-risk categories. However, the
Oncotype DX Breast Cancer Assay for DCIS is applicable only to patients with
low-intermediate-grade DCIS with resection margins of at least 3 mm and to
patients with high-grade DCIS with lesion of 1 cm or less in size [85].
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In addition, a recent study suggested that incorporating the DCIS Score in rou-
tine clinical practice is cost-effective, even if DCIS Score lowered the proportion of
women undergoing RT [86].

5.6  Molecular Assessment of DCIS and Future Approaches

In recent years, a number of studies have been proposed to assess the molecular and
genetic features of DCIS cells, with the aim to discover biological features involved
in growth and progression of these lesions. In particular, microRNA (miRNA) is a
class of small RNA molecules that, through the control of mRNA expression, may
regulate cellular processes such as stem cell division, cell growth, apoptosis, and
carcinogenesis [8§7-90].

It has recently been discovered that some miRNAs are under- or overexpressed
in DCIS in comparison with normal histological breast tissue [91]. For example,
miR-132, which is frequently downregulated in DCIS, acts as inhibitor of cell pro-
liferation [92]. The most significant miRNA deregulations seem to occur during the
transition from normal to ADH, to DCIS epithelium, such as the loss of the tumor
suppressor miR-125b and the gain of miR-182, miR-183, and miR-21 [91, 93].
Furthermore, although most miRNA changes in invasive carcinoma were already
apparent in DCIS [94], nine-microRNA signature was identified as invasive carci-
noma that progressed from in situ carcinoma, such as miR-210 and miR-221 that
were downregulated in the in situ and upregulated in the transition to invasive lesion
[95]. In the same study, authors reported that crucial genes in cancer development,
such as BRCA1, FANCD, FANCF, PARPI1, E-cadherin, and Rbl, are inversely
related profiles to miR-210: they were all activated in the in situ and downregulated
in invasive carcinoma. Another study found a consistent increase in the expression
of miR-21 along with its targets (PTEN, PCCD4, and TMI) in breast cancer pro-
gression [96]. Together these findings underline the relevance for studying miRNAs
as markers of risk of DCIS growth and progression.

Several molecular DCIS studies aimed to better define the role of DNA methyla-
tion in breast cancer differentiation and progression. In line with the above chapters,
it has been shown that the number of methylated genes increased from normal
breast to DCIS, whereas IDC did not differ from DCIS [20, 97-99]. Thus, DNA
methylation seems not to play a role in the development of invasion, but it is very
important in early breast carcinogenesis. Finally, a recent work [100] studying the
molecular landscape of DCIS at the mutational, transcriptomic, and epigenetic lev-
els, using DNA and RNA-Seq analysis, showed that important and complex epigen-
etic changes present in the invasive form are already operating at the in situ stage.
In addition, they demonstrated that a subgroup of HG-DCIS lesions can be identi-
fied displaying more aggressive molecular profiles and that most high-grade DCIS
lesions demonstrated profiles indistinguishable from invasive cancers.

Further studies of the genomic landscape of DCIS are needed to clarify the
genomic and genetic alterations involved in DCIS progression and to discern the
more aggressive phenotypes. Genomic technologies such as next-generation
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sequencing (NGS) modalities, which are just beginning to be applied to DCIS [101],
may offer in the future a depth molecular analysis of these lesions, revealing muta-
tions, alternative splice variants, novel potential therapeutic targets, and promising
biomarkers.
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Non-palpable Lesions Localization
in DCIS

Christian Rizzetto, Luca Seriau, and Paolo Burelli

6.1 Introduction

Breast cancer is the most common form of cancer and second leading cause of
death among women in Europe [1], but three decades of breast cancer screening
have dramatically changed the type and stage of detected cancer lesions [2]. In
particular, the widespread use of breast cancer screening program, which increases
patient self-awareness, combined with intensified use of advanced imaging modal-
ities for diagnosis purposes, has resulted in an increase in the identification of clini-
cally occult non-palpable breast cancers which are amendable to breast-conserving
surgery [3-5].

Moreover, advances in imaging have resulted in a remarkable rise in the diagno-
sis of ductal carcinoma in situ (DCIS) of the breast [6], that is, a noninvasive breast
cancer that encompasses a wide spectrum of diseases, ranging from low-grade
lesions that are not life threatening to high-grade lesions that may harbor foci of
invasive breast cancer. For most of the twentieth century, DCIS represented less
than 1% of all newly diagnosed cases of breast cancer, and it was mostly a symp-
tomatic disease characterized by patients presenting with a palpable mass or bloody
nipple discharge [7]. Currently, DCIS represents 20—45% of all mammographically
detected cancers [8—10] evident as microcalcifications alone in about 70%, grouped
in segmental or linear arrangements reflecting their presence in the duct [11].

In contrast to invasive breast cancer, DCIS is often diffusely spread and the mar-
gins are therefore less discrete [12], and the surgical removal can be challenging
because the risk of incomplete excision is substantial, as the involved area is hard to
pinpoint. Consequently, an accurate preoperative localization of the lesion is man-
datory in order to enable a targeted surgical excision, in favor of cosmetic and con-
servative surgery [13].
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The management of DCIS poses a unique challenge for surgeons because the
surgical removal requires a specific approach. The main challenge of resecting non-
palpable lesions is to ensure clear margins while minimizing the resection of healthy
tissue and cosmetic damage [14, 15]. Recently, the accepted standard of treatment
for non-palpable breast cancers, or DCIS, of wire-guided localization (WGL) has
been increasingly challenged by radio-guided localization technique in the form of
radio-guided occult lesion localization (ROLL). In any case, both procedures
depend upon the presence of skilled radiologists to perform either ultrasound or
stereotactically guided localization, with the insertion of the hooked wire or the
inoculation of the radiolabelled albumin-based colloid into the breast lesion.

6.2 Wire-Guided Localization Technique

The use of a wire to guide surgeons for intraoperative localization of non-palpable
breast lesions was first described in 1965 by Dodd and coworkers [16] and then
refined by other surgeons, and currently this procedure is the most widely adopted
approach, 80% in one survey, in guided breast-conserving surgery [17]. A thin
hooked wire is inserted under local anesthesia, in order to localize the lesion to be
excised, commonly under stereotactic or ultrasonographic guidance and alternatively
by magnetic resonance imaging (MRI) or computerized tomography (CT). After
insertion of the wire, a check mammogram is performed in two plans (mediolateral
and cranio-caudal) to help visually orient the wire, and the associated lesion, for the
surgeon (Fig. 6.1). The entire procedure can be performed immediately before the
operation or the day before as the patient’s planned surgery. This flexibility in
the timing of wire insertion provides a clear advantage by reducing the pressure upon
scheduling conflicts between the radiology department and operating theaters and
therefore resource management on the day of surgery; however, it collides with the
likely discomfort felt by the patient due to the presence of a foreign body into the
breast, the possibility of wire migration, and the injury associated with barbs.

6.2.1 Indications

Despite some key disadvantages of the procedure such as the presence of a foreign
body at pathological assessment, the possible wire transaction or migration, the
patient discomfort especially if the procedure is done the day before the operation,
and the interference with the surgical approach [18], WGL has had a considerable
spread over the years, becoming the standard of care in several institutions although
overall uptake has been slow.

It is indicated in the presence of non-palpable breast lesions or clusters of micro-
calcifications or parenchymal distortion. This method could be also applied in the
case of multicentric and multifocal lesions [19], in case of diffuse microcalcifica-
tions or in presence of retroareolar lesions.
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Fig. 6.1 A mammogram demonstrating a non-palpable cluster of microcalcifications in the outer
quadrant of the breast (a) and a second mammogram demonstrating the position of the wire located
adjacent to the clip left in place after the vacuum-assisted biopsy (b). Microcalcifications (b) non-
palpable node

6.2.2 Description of the Surgical Procedure

Once the non-palpable breast lesion is localized with the hooked wire, in order to
facilitate incision placement, images should be sent to the operative room with wire
entry site indicated on them. The localization wire has the potential to migrate at
many stages prior to and during surgery when the patient changes position or when
traction is applied by the surgeon. In addition, in cases of small lesions, precise
localization of the target lesion may be difficult due to the thickness of the tip of the
wire. Besides, there have been reports of wire transection occurring during the time
of surgery.
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Fig. 6.2 Placement of
incision is limited by the
way the wire is inserted

Placement of incision is limited by the way the wire is inserted and may have an
impact on the cosmetic outcome (Fig. 6.2). Therefore, the incision should be placed
as directly as possible over the mass to minimize tunneling through breast tissue,
but it should be noted that the insertion site of the wire on the skin may be remote
from the ideal surgical incision in many cases, resulting in an undesirable incision
and more extensive dissection to locate the lesion and wire tip [20]. With superficial
lesions, the wire entry site is usually close to the lesion and thus may be included in
the incision. With some deeper lesions, the wire entry site is on the shortest path to
the lesion and so may still be included in the incision. Once the incision is made, a
block of tissue is excised around and along the wire in such a way as to include the
lesion. This process is easier and involves less excision of tissue if the localizing
wire has a thickened segment several centimeters in length that is placed adjacent to
or within the lesion. The wire itself can then be followed into breast tissue until the
thick segment is reached, at which point the excision can be extended away from the
wire to include the lesion in a fairly small tissue fragment. With many lesions,
the wire entry site is in a fairly peripheral location relative to the position of the
lesion, which means that including the wire entry site in the incision would result in
excessive tunneling within breast tissue. In such cases, the incision is placed over
the expected position of the lesion, the dissection is extended into breast tissue to
identify the wire a few centimeters away from the lesion itself, and the free end of
the wire is pulled up into the incision. A generous block of tissue is then excised
around the wire. Intraoperative ultrasonography may be useful for identifying the
tip of the needle and facilitating excision, particularly in the case of a deep lesion or
biopsy site in a large breast.

At the end of the surgical procedure, a radiography should be performed intra-
operatively on all wire-localized biopsy specimens to confirm the proper excision
of the lesion (Fig. 6.3). If the lesion is missed, another tissue sample may be
excised if the surgeon has some idea of the likely location of the missed lesion. In
case of diffuse microcalcifications, if some of them are close to one margin at
radiography, the surgeon has the possibility to remove more glands on that side in
order to avoid positive excision margins with DCIS in mural edge. If, however, the
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Fig. 6.3 A radiograph of
the surgical specimen. The
margins of the excised
specimen were marked
with surgical stitches (a) in
order to better orient the
X-ray (b). It shows the
presence of the entire
lesion in the middle of the
excised tissue

surgeon suspects that the wire was dislodged before or during the procedure, then
the incision should be closed, and repeat localization and biopsy should be per-
formed later.

6.3 ROLL Technique

In 1998, Luini and colleagues at the European Institute of Oncology in Milan [21]
pioneered a new technique of localizing non-palpable breast lesions, and then it has
been refined according to different modalities. This method derives its advantage
from the accuracy in locating non-palpable lesions through an intralesional injec-
tion of a small amount of high-molecular-weight radioactive tracer, consisting of
human serum albumin aggregates conjugated with technetium-99m. It is injected
more frequently under ultrasound guidance (Fig. 6.4) but also by stereotactic guide,
depending on whether nodes are ultrasonographically visible or microcalcifications
are present at mammography or clips are left in place after mammotome biopsy. The
size of albumin colloid is 100-150 pm in diameter in order to prevent migration of
the radioactive tracer through the lymphatic path, ensuring its permanence in the
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Fig. 6.4 The performance
of the intratumoral
injection of the radioactive
tracer under ultrasound
guidance

area of inoculum. The dose involves the injection of 99mTc-labelled colloid in
0.1 cm?® followed by 0.1 cm® of air and by 1 cm? of iodinated water-soluble contrast
if the injection is performed under stereotactic guide. The use of a proper probe for
the detection of gamma radiations in the form of digital (strokes per second—sps)
or acoustic signal enables the intraoperative localization of the inoculated and its
precise surgical resection. ROLL requires localization to be performed within 24 h
of surgery due to the 6 h half-life of 99mTc-labelled colloid [22], giving flexibility
in the scheduling of the procedure and minimizing the discomfort of the patients.

6.3.1 Indications

In recent years, the ROLL has had an increasing application, so that it is, in many
qualified centers, the technical of choice for surgical removal of non-palpable
lesions of the breast.

The ROLL is currently indicated in the presence of non-palpable breast lesions
detected by ultrasound or mammographic examination, such as clusters of micro-
calcifications, small opacities with spiculated or irregular margins, parenchymal
distortion, and radial scars. This method is not however applied in the case of mul-
ticentric and multifocal lesions, in case of diffuse microcalcifications, or in presence
of retroareolar lesions for possible radioactive contamination of the ducts.

6.3.2 Description of the Surgical Procedure

ROLL is a composite multidisciplinary procedure based on several connected steps
and therefore there are many specialized skills involved in the procedure. First of
all, the inoculation of the 99mTc-labelled colloid is performed by nuclear medicine
in collaboration with the radiologist inside the lesion or in the area corresponding to
the microcalcifications or near the clip. Then, a breast scintigram in anterior-
posterior and lateral projections performed after the injection is mandatory to verify
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Fig.6.5 Intraoperative
use of the handheld gamma
probe, inserted in a sterile
sheath, in order to confirm
the presence of radioactive
peak counts on the skin to
determine the appropriate
incision

the proper and punctiform centering of the lesion with reference to the nipple, the
inframammary fold, and the axilla. Moreover, any possible spills with skin contami-
nation must be highlighted as well as any possible intraductal or intravascular
spread that could make difficult or impossible the identification and then the exci-
sion of the centered lesion [18].

The equipment used in the operative room for the excision of the breast lesion
involves the application of a radioactivity detector—handheld gamma probe—in
the form of a metal cylinder containing inside a scintillator crystal capable of
detecting gamma radiations emitted by 99m-Tc previously inoculated and trans-
forming them into an electrical signal. The probe is connected by wire or by
Bluetooth to an external digital reader that allows to convert the detected radioac-
tivity both into a digital signal (sps) readable on a display and into an acoustic
signal with an intensity and frequency proportional to the radioactivity captured
over the investigated area [21].

In the operating room, even before preparation of the surgical field, the probe can
be passed slowly by the surgeon over the surface of the breast in a perpendicular
fashion; this maneuver allows to locate the orthogonal projection of the lesion itself
on the skin and the surgeon can highlight it with a skin-marker pencil. In this way,
the surgeon can choose the more appropriate surgical incision according to the posi-
tion of the lesion (Fig. 6.5). In fact, depending on the location and the lesion char-
acteristics (size, suspicion of malignancy), and the size and shape of the breast, skin
incisions can be performed radial or arched. Radial incisions are generally preferred
in case of intraductal calcifications, highly suspicious lesions, and lesions located in
the lower quadrants of the breast, while arched incisions are mostly preferred for
lesions located in the upper quadrants because they provide a better cosmetic result.
Incisions around the nipple, with an excellent aesthetic result, are preferred, if pos-
sible, for all benign lesions.

Once the incision has been performed, the probe, inserted in a sterile sheath,
allows to identify the area with higher signal intensity, thus indicating the direction
in which surgical resection should be performed. Moving the probe slowly, the
surgeon can verify that the higher acoustic signal intensity is always at the center
of the specimen being excised, maintaining a look on the surgical field constantly.
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Fig. 6.6 The surgeon used
the gamma probe to
confirm that the radioactive
hotspot was centrally
located within the excision
specimen (a) and, once the
specimen was excised, the
surgeon used the gamma
probe to ensure that
maximal radioactivity with
a rapid fall in gamma
signal intensity was
confined within the
specimen (b)

Therefore, the surgeon is able to precisely identify the area with the highest inten-
sity of the acoustic signal and guide the surgical resection around it (Fig. 6.6).
When the excision is completed, the probe can immediately verify the absence of
residual signal on the surgical field, proving that the lesion was completely
removed; if there is residual radioactivity, the surgeons have the possibility to
enlarge the margins of resection.

An X-ray of the surgical specimen must always be performed in order to confirm
the actual presence of the non-palpable lesion or the clip or the cluster microcalcifi-
cations in the excised piece and to assess the extent of surgical resection margins
and the possibility of proceeding to enlarge the resection. Moreover, the specimen
should be oriented, defining the surgical margins with clips or stitches in order to
make the pathologist’s task easier.

6.4  Alternative Methods of Localization
6.4.1 Radioactive-Seed Localization
In contrast to ROLL, radioactive seed localization (RSL) involves percutaneous

injection of a small titanium seed (with a size of 4 mm by 0.8 mm) radiolabelled
with 125-1 into the non-palpable lesion under either stereotactic or ultrasound
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guidance via a standard 18-gauge needle. At surgery, the gamma probe is guided to
the focal hotspot on the skin directly overlying the lesion. Once an incision is made
at this location, the gamma probe is used to detect the distance from the dissection
plane to the seed and to ensure that the excised specimen contains the radioactive
hotspot; intraoperative radiography can also be used to provide further visible con-
firmation. In RSL, however, because a radiolabelled titanium seed is used for local-
ization (instead of radiocolloid), a separate injection of radiocolloid that can migrate
to the axillary nodes is necessary for the performance of sentinel lymph node biopsy.

Several advantages and limitations are associated with RSL technique. ROLL
needs to be performed within 24 h before surgery because of the short (6 h) half-life
of the radiolabelled colloid (99mTc), whereas RSL is generally performed within
5 days before surgery [23, 24] because the half-life of 125-1is 60 days [25, 26]. This
flexibility in the timing of seed insertion in RSL provides a clear advantage of this
technique over ROLL by reducing the time pressure on the radiology department
and operating theaters, thereby enabling better resource management on the day of
surgery [27]. Concern over migration and subsequent loss of inserted seeds has been
raised in RSL procedures, but clinically relevant seed migration is rare and has been
reported in less than 1% of patients [28].

6.4.2 Ultrasound-Guided Surgery

Ultrasonographic imaging has been used for interventional purposes to acquire his-
tological diagnosis using core biopsies and also for preoperative placement of wires
for non-palpable lesion localization [26, 29]. With advancements in ultrasonogra-
phy technology, by reducing the size of scanners, enhancing their portability, and
improving imaging quality, and with the increased use of ultrasonography by breast
surgeons, patients with lesions that are visible on ultrasonographic images can now
undergo excision guided by intraoperative ultrasound (IOUS) without the need of
preoperative localization [30]. Despite the aforementioned data, current evidence
on IOUS has limitations owing to the lack of data from large RCTs comparing
IOUS to the standard WGL in the published meta-analyses. Although no significant
difference was found in the distribution of in situ disease between treatment groups,
only one small RCT [31] comprising 49 patients (26 in the IOUS group versus 23 in
WGL group) was included in the meta-analysis [29], and the remaining cohort-
controlled studies had differences in potential confounding factors between groups.
Therefore, the risk of selection bias toward less defined in situ malignancy being
excluded from the IOUS group and the WGL group was not identified [29]. The
lack of data from RCTs of non-palpable breast cancer, combined with a lack of
long-term oncological outcomes from large series, is prohibitive in gaining insight-
ful conclusions about the efficacy of IOUS in this disease. Another major limitation
to the widespread implementation of IOUS has been the ability of surgeons to
acquire formal training and accreditation in breast ultrasonography. The successful
application of IOUS is dependent on expertise in the technique and experience in
the use of ultrasonography during tumor excision.
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6.5 Discussion

Widespread use of diagnostic breast imaging and screening programs has revolu-
tionarily changed the diagnosis of breast cancer: this has directly resulted in a sub-
stantial increase in the number of diagnosed breast cancers which are clinically
non-palpable, and, accordingly, the technology to deal with these lesions has devel-
oped commensurately.

However, as DCIS is being detected as radiographic lesions only, the need for
image-guided localization of non-palpable breast lesions prior to surgical excision
emerged, and identifying the presence and extent of a carcinoma in situ component
is more difficult using standard clinical or radiological techniques than in isolated
invasive disease. Primary breast-conserving surgery may therefore result in incom-
plete excision of cancer or inadequate clearance margins, which both typically
require women to have reoperation to the breast. In a recent retrospective study
among women who have undergone breast-conserving surgery in England, the
authors found that the reoperation rates differed between women with and without
carcinoma in situ. In particular one in five women who had breast-conserving sur-
gery had a reoperation, but reoperation was nearly twice as likely when the tumor
had a carcinoma in situ component associated [32].

Furthermore, margin of excision is an important prognostic indicator, because
positive surgical margins are consistently associated with increased DCIS and inva-
sive breast cancer recurrence, although the magnitude of excess risk varies consid-
erably [33, 34]. There is considerable debate, however, regarding whether width of
a negative margin is associated with a decreased risk of recurrence, and classifica-
tion of the margins makes summary statements difficult. Nevertheless, the EORTC
DCIS trial [35], where 503 patients after local excision were randomized to obser-
vation without any further treatment and 507 patients were randomized to postop-
erative intact breast radiotherapy after the local excision, reported a high local
recurrence rate of 36% at 10 years in patients with close or involved margins com-
pared to those with clear margin (15% at 10 years) irrespective of the use of
radiotherapy.

Based on the aforementioned considerations, the debate regarding which tech-
nique should be preferred is still a matter of discussion. Owing to a lack of trials in
various localization techniques, such as IOUS, and a less adoption of RSL in the
standard practice, we can only draw our analysis over WGL and ROLL. The first
randomized clinical trial (RCT) comparing WGL and ROLL was published in
2004 by Rampaul and coworkers. This small study randomized 95 patients to
receive ROLL or WGL [36] and demonstrated no significant difference between
groups when comparing duration of surgery, specimen weight, or the need for
intraoperative re-excision. Moreover, there was no statistical difference between
the accuracy of marking and duration of localization procedure; however, notably,
radiologists found ROLL technically easier to perform than WGL. Since then, sev-
eral other studies have been published. All RCTs included in situ disease in their
inclusion criteria, and in the randomization process, the number of invasive and
in situ lesions among patients who underwent wire-guided or radio-guided
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localization did not differ significantly [20, 36—41]. The small cohort sizes and the
lack of power calculations for sample sizes also weakened the conclusions from
these studies [36-38, 40, 41].

However, despite these limitations current literature consistently demonstrates
that technically high success rates can be achieved with the use of both techniques.
More in details, a meta-analysis of seven RCTs identified a significant difference
between the two techniques, favoring use of radio-guided surgery for shorter operat-
ing times, but at the expense of a significantly greater volume of tissue excised [42].
In particular, the study by Postma et al. [39] reported a significant increase in vol-
ume of tissue excised in the radio-guided group compared with the WGL group,
with median values of 71 cm? (range 50-101 cm?) and 64 cm? (range 39-91 cm?),
respectively (P = 0.02), but the increase in volume excised did not translate into a
significant difference in cosmetic outcome between the two groups (P = 0.55). This
result suggests that the difference in volumes excised between the two techniques is
likely to have a negligible impact on cosmetic appearance but must be assessed in
future trials [43].

More recently, Chan and coworkers [44] performed a detailed Cochrane review
identifying six randomized controlled trials [20, 36—40] that compared ROLL ver-
sus WGL and confirmed the same results, summarized in Table 6.1. In details,
ROLL demonstrated favorable results, summarized in Table 6.1, in successful local-
ization, positive tumor margins, and reoperation rate versus WGL, but none of these
results were statistically significant. In contrast, WGL had fewer postoperative com-
plications to ROLL, although this was also not statistically significant.

Due to current financial constraints in world healthcare system, it is very impor-
tant to consider the economic impact of these two techniques. Postma et al. [45] in
their comprehensive cost—benefit analysis of their RCT between ROLL and WGL
found that there was no economic difference between the two techniques when
considered overall in terms of costs associated with morbidity and reoperation rates.
Interestingly, they found that ROLL was even better than WGL in terms of costs
associated with localization because it allowed radioisotope injection for sentinel
lymph node biopsy to be performed concurrently with localization as opposed to
WGL which required an additional procedure to localization.

Another important aspect that needs to be considered is the issue of learning
curves associated with ROLL and WGL. Certainly, studies comparing ROLL to
WGL have suggested that surgeons favored the radio-guided technique over WGL
in terms of ease of performance [36, 40], even if the issue of a learning curve

Table 6.1 Comparison in terms of outcomes between ROLL and WGL

Outcomes No. of studies | No. of participants | Risk ratio [95% CI]
Localization complication 6 869 0.60 [0.16, 2.28]
Successful excision 6 871 1.00 [0.99, 1.01]
Positive margins 5 517 0.74 [0.42, 1.29]
Reoperation rate 4 583 0.51[0.21, 1.23]
Postoperative complications 4 642 1.18 [0.71, 1.98]
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associated with ROLL has never been formally assessed within the published evi-
dence. However, the largest published cohort series for ROLL [46] did not suggest
the presence of a significant learning curve, prompting that ROLL is intuitive and
the necessary skills easily acquired.

Conclusions

Currently WGL is the most widely adopted approach for localizing non-palpa-
ble breast lesions and DCIS for surgical excision. Although ROLL has proven
to be competitively priced in comparison with WGL, to have no significant
learning curves for surgeons, and to have several advantages, it cannot entirely
replace WGL for large breast lesions. Problems have been reported with ROLL
when used for stereotactic-guided procedures: the radiotracer is not visible on
mammograms and localization under stereotactic guidance is therefore diffi-
cult to perform. Moreover, errors in depth secondary to compressed breast tis-
sue have resulted in inaccurate injection of the radiotracer [47]. This can cause
potential problems in patients with small breast cup sizes as the release of
pressure following stereotaxis has resulted in leakage of the radiotracer into
neighboring breast quadrants [48]. Lastly, in cases of extensive microcalcifica-
tions in the breast, the placement of several wires may be the preferable local-
ization technique.

Nevertheless, ROLL can be offered to patients as a comparable replacement
for WGL as it is equally reliable. Moreover, ROLL supporters claim a much
higher flexibility of this technique, which allows approaching all breast quad-
rants through cosmetic incisions. This differs from WGL, which inevitably has
to rely on the track of the wire as inserted by the radiologist.
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The Surgical Treatment of DCIS: from
Local Excision to Conservative Breast
Surgery and Conservative Mastectomies

Carlo Mariotti and Eugenia Raffaeli

7.1 The Evolution of Surgical Treatment for DCIS:
From Silverstein to Current Guidelines

Before the era of mammography, DCIS was an infrequent find and diagnosis was
mainly clinical: it showed itself as palpable mass, nipple bloody discharge, or
Paget’s disease of NAC [1, 2]. Surgeons were dealing with large DCIS, for whose
the only surgical option was radical (traditional or modified) mastectomy (that was,
at that time, the only operation considered oncologically safe); reconstruction was
never performed, resulting in considerable cosmetic mutilation. Development and
diffusion of mammography led to a critical change in this trend: at the time of diag-
nosis, DCIS became increasingly small. In the meantime, the success of breast-
conserving surgery (BCS), which was proved safe for DCIS [3], brought to a
decrease in the use of mastectomy for this type of breast neoplasm: today, 75% of
ductal carcinomas in situ are treated with BCS [4], and the few cases of mastectomy
are followed by breast reconstruction. Once clinical trials proved the oncological
safety of all the surgical options cited above, attention was focused on the factors
that would influence recurrence rate in DCIS, because recurrence is invasive in 50%
of cases and 10-20% of invasive recurrences become metastatic [5—7]. Over the
years, several predictive factors for recurrence were identified (age [8—10], family
history, BRCA gene mutation, clinical presentation, nuclear grade [8, 9], histologi-
cal subtype, comedo necrosis, size [8, 9], margin status [8, 9], radiotherapy [11],
systemic therapy [12]). In 1996, Silverstein identified the most important predictive
factors and combined them in an algorithm, the Van Nuys Prognostic Index, in order
to identify the most suitable treatment for every single DCIS. Basing on size, mar-
gin status, histological features, and patient’s age, the recommended treatment
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Score Size Margin Histology Age
1 <16 mm >10 mm Nuclear grade 1-2 >60yy
without necrosis
2 16 —40 mm 1—-10mm Nuclear grade 1-2 40-60 yy
with necrosis

3 > 40 mm <1mm Nuclear grade 3 <40vyy
4-6 Excision only
7-9 Excision + RT
10-12 Mastectomy

Fig. 7.1 Van Nuys Prognostic Index

could be excision alone (VPNI score 4-6), excision followed by adjuvant radio-
therapy (VPNI score 7-9), or mastectomy (VPNI score 10-12) (see Fig. 7.1).

Basing on Silverstein’s and other authors’ following studies, at present, the most
important factor in DCIS surgical treatment is margin status. According to current
guidelines, whatever operation able to remove the entire DCIS without margin
involvement is considered appropriate. The debate concerns the meaning of “mar-
gin involvement”: according to Morrow et al., margin is positive if ink is present on
tumor [13]; according to NCCN guidelines, reoperation should be performed if dis-
tance between tumor and margin is <1 mm [14].

7.2  Choice of the Operation
7.2.1 Anamnesis

Anamnesis has a key role in treatment selection because it allows the identification
of contraindications, risk factors for recurrence, and predictive factors for cosmetic
outcome and patient’s satisfaction. Questions should focus on:

e Age. DCIS presents a higher recurrence rate in women >60 [8, 9]; comorbidities
of the elderly may represent relative or absolute contraindications for procedures
such as general anesthesia, radiotherapy, or reconstruction.

e Family history. DCIS recurrence is more frequent in patients with family history
of breast cancer.
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e Hereditary Neoplastic Syndrome (BRCA mutation or others). If there is a sus-
pect of a hereditary breast and ovarian cancer syndrome (multiple close rela-
tives with BC, BC in males, bilateral BC, ovarian cancer, BC in young patient)
in a DCIS patient, she should be sent for genetic counseling. If a DCIS arises
in a woman with a proven genetic mutation, a bilateral mastectomy should be
considered.

e Personal history of breast cancer. Previous breast surgery may influence the
selection of operation in different ways: surgical (modified breast vasculariza-
tion), aesthetical (symmetry), psychological (patients with propensity for mas-
tectomy), and oncological factors (high-risk breast) play a role.

e Previous radiotherapy. RT represents a contraindication to breast-conserving
therapy (BCT), because it implies a new breast irradiation in most cases.

e Other contraindications to radiotherapy. Some cardiovascular and lung diseases
contraindicate radiotherapy [15-19], which is part of BCT in most of cases.

e Psychological aspects. If more than one surgical option is feasible and the patient
has been accurately informed, treatment selection should be based on patient’s
will (refusal of mastectomy or, on the other hand, request for a more radical
operation).

7.2.2 Physical Examination

The vast majority of DCIS is clinically silent; it might in rare cases show itself as a
palpable mass or through nipple discharge. Once the presence of suspect finds is
ruled out, the breast physical examination of patients with DCIS focuses on the
pinpointing of aesthetic outcome predictive factors:

e Breast volume. Both small and large volumes pose problems in obtaining aes-
thetically acceptable symmetry after surgery. If, on one hand, a small breast is
not suitable for undergoing conservative surgery (as the resulting asymmetry
would be unacceptable), on the other mastectomy can pose reconstructive prob-
lems (as even the smallest prosthesis can be too large compared to the contralat-
eral breast in the presence of small volumes); in such case, contralateral
symmetrization can be opted for. Large volumes do not pose problems as far as
conservative surgery is concerned, as residual asymmetry is either low or imper-
ceptible; however, should mastectomy be recommended, the reconstructive out-
come can hardly replicate the contralateral breast, which is therefore often
symmetrized (i.e., reduction mammoplasty).

e Breast ptosis. As breast ptosis is difficult to replicate, the problems it poses
involve not so much conservative surgery as post-mastectomy reconstruction;
symmetrization can be opted for also in this case (i.e., mastopexy).
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7.2.3 Radiology

Correct presurgery radiological characterization is one of the key points for intra-
ductal carcinoma conservative surgery to be successful, which means obtaining a
negative m