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13.1 Introduction

Breast cancer is the most common cancer in
women, with over 230,000 new cases diagnosed
in the United States and 1.5 million new cases of
invasive carcinoma diagnosed worldwide each
year. For women, there is an approximately
12.4% (1 in 8) individual lifetime chance of
developing invasive breast cancer. Breast cancer
death rates declined 39% from 1989 to 2015
among women, and this progress was attributed
to improvements in early detection [1]. Therefore,
the ultimate goal for any breast imaging modality
is to decrease the mortality from breast cancer by
improving detection at its early stage and
diagnosis.

Angiogenesis is the process by which new
blood vessels are formed and has been recog-
nized as a key element in the pathophysiology of
tumour growth and metastases [2]. Tumours can
only grow up to a diameter of 1-2 mm, beyond
which neovascularization becomes a necessity, as
passive diffusion is no longer sufficient to sup-
port the viability of malignant cells [3, 4].
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Oncologic research has focused on the devel-
opment of antiangiogenetic and antivascular
agents, bringing with it a demand for an accurate
means of diagnosing tumour angiogenesis and
monitoring treatment responses [5].

At present, magnetic resonance imaging
(MRYI) is regarded as the gold standard modality
to provide functional information on neovascu-
larity as a tumour-specific feature, improving the
detection and characterization of breast cancers.
MRI demonstrates relatively good spatial resolu-
tion and specificity, without ionizing radiation,
and has limited side effects [6]. However, despite
this increased ability for cancer detection, MRI is
limited by its high cost, long acquisition times
and low availability.

Contrast-enhanced digital mammography
(CEDM) is an emerging breast imaging modality
in which contrast enhancement is used with digi-
tal mammography to depict tumour neovascular-
ity in a fashion similar to MRI [7-11].

Based on previous literature, CEDM has been
demonstrated to be more sensitive than mam-
mography for the detection of breast cancer. It
has also shown to have sensitivity comparable to
that of MRI at 96—-100% for breast cancer detec-
tion, with fewer false positive findings in the pre-
operative setting [12—14]. CEDM is becoming a
promising addition to current breast imaging
techniques due to its low cost, increasing avail-
ability and its ability to be used in women who
are contraindicated for MRI [15].
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In this chapter, we aim to review the imaging
features of the malignant breast lesions fre-
quently observed during our daily diagnostic
work-up and to describe their morphologic and
kinetic patterns, with particular mention of
CEDM manifestations in our single-institution
experience.

13.2 CEDM Malignant Findings

CEDM is an imaging modality which combines
digital mammography with intravenous injection
of iodinated contrast media to detect hypervascu-
larized lesions. The rationale behind this modal-
ity lies in the digital subtraction between two
images: one image containing information about
breast vascularization and the second about its
morphology. Based on the interaction between
X-rays and iodine, it is possible to distinguish
vascular structures, saturated by contrast agent,
by a “high-energy” image (above the k-edge of
iodine of 33 keV) and the morphological infor-
mation by a “low-energy” image (below the
33 keV energy). The subtraction of the two
images reveals the “hypervascularized” regions
of the mammary gland [16].

CEDM is typically performed as a second-
level technique for patients with suspicious focal
lesions, when conventional mammography and
additional ultrasound (US) examinations fail to
make a definitive diagnosis. It is particularly use-
ful in dense breasts or heterogeneously dense
breasts (BI-RADS grades C and D), where can-
cer detection is lowered due to reduced mammo-
graphic sensitivity [17].

The hypervascularized appearance of malig-
nant tumours has been emphasized since the first
work on contrast-enhanced mammography.
Breast cancers are usually characterized by an
intense enhancement with spiculated contours in
contrast-enhanced digital mammography, as
opposed to the rest of the mammary gland, which
is little or not at all enhanced. When breast can-
cer is clinically or radiologically suspected,
CEDM may be performed to detect additional

homo- or contralateral lesions, enhancing those
localizations not spontaneously visible by stan-
dard mammograms.

CEDM has been shown to have an excellent
correlation with MRI for evaluating the disease
extent, although current study results are still
based on limited sample sizes [18, 19].

CEDM is also useful in the setting of a second-
look examination by ultrasound, helping to iden-
tify additional lesions and to more easily decide
on those that require a biopsy.

13.3 Malignant Breast Neoplasms

13.3.1 Ductal Carcinoma In Situ
(DCIS)

DCIS is a non-invasive malignancy and a non-
obligate precursor to invasive cancer. It is charac-
terized by proliferation of malignant ductal
epithelial cells lining the terminal ductal-lobular
unit, without invasion through the basement
membrane, leading to a dilatation of the duct
itself [20].

The incidence of DCIS has risen dramati-
cally since the use of screening mammography
has strongly increased. According to the litera-
ture, multicentricity is observed in 8-33% of
cases. In a case series by Lagios et al. [21],
they reported that the likelihood of multicen-
tricity increased with tumour size and DCIS
lesions measuring over 2.5 cm in diameter
were multicentric 47% of the time. Similar
results were obtained by Dershaw et al. [22],
who observed that all cases of DCIS measuring
over 2.5 cm were characterized by multicentric
disease and were associated with an increased
risk of microinvasive components.

According to these data, it is easy to under-
stand why a correct pre-operative assessment of
the disease is mandatory, since it has been dem-
onstrated that patients with positive margins after
surgery, as well as patients with residual synchro-
nous foci of DCIS, have increased risk for
relapse. The frequency of local recurrence differs
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according to the nuclear grade of the lesion, the
presence and extent of necrosis or both [23, 24].

The traditional pathologic classification of
DCIS is based on the architectural pattern, includ-
ing cribriform, micropapillary, solid and comedo
subtypes. However, this architectural subtype is
not prognostic and is independent of the presence
of necrosis and the histologic grade. Other classi-
fication systems for DCIS have tried to be more
reproducible with a significant prognostic impact;
among these, the simplest and fittest is the Van
Nuys prognostic index system, which divides
DCIS into three groups, based on the size, nuclear
grade and presence or absence of comedo necro-
sis. Later, recommendations from the committee
of the Consensus Conference on the Classification
of DCIS identified three nuclear grades: low, high
and intermediate [25, 26].

This digression is essential to better under-
stand the kinetic behaviour of DCIS in CEDM
examinations, as explained thereafter.

13.3.1.1 DCIS Findings
— On mammography, approximately 80% of
DCIS lesions appear as a cluster of calcifica-
tions, which may be amorphous, coarse, het-
erogeneous or fine pleomorphic with a
clustered, linear or segmental distribution
[27]. The relationship between the histologic
grade of DCIS and mammographic calcifica-
tions has been a subject of several studies,
although only a few have shown a significant
correlation; owing to the considerable overlap
between the mammographic appearances of
the different histologic subtypes, the patho-
logic grading cannot be determined prospec-
tively with any accuracy on the basis of
imaging findings [27]. Fine linear and fine lin-
ear branching calcifications seen in a grouped
or segmental distribution are usually associ-
ated with higher-grade DCIS, whereas amor-
phous calcifications have been associated with
low-grade DCIS. A significant association
was found between fine pleomorphic or fine
linear branching calcifications and necrosis;
furthermore, a significant correlation was

encountered between round calcifications and
low-grade DCIS.

In 10% of cases, DCIS can also appear as a
mass at mammography, possibly related to two
different conditions: the opacity could be a direct
manifestation of an existing soft-tissue mass or
may be a result of periductal fibrosis or elastosis
producing an irregular or spiculated margin
around a non-mass lesion. Low-grade DCIS
appears as masses or asymmetries at imaging,
differently from high-grade lesions, which usu-
ally manifest as calcified abnormalities. In
7-13% of cases, DCIS may manifest as an archi-
tectural distortion [28].

— On US, DCIS is infrequently seen, appearing
as an intraductal, iso to hypoechoic, microl-
obulated soft tissue nodule with normal acous-
tic transmission. Sometimes, suspicious
calcifications can be seen, and in those cases,
a biopsy could also be performed based on US
findings.

— On MRI, The sensitivity of MRI for the
detection of DCIS has been shown to be
higher for high-grade and intermediate-
grade DCIS compared with low-grade DCIS
(98%, 91% and 80%, respectively) [29, 30].
This observation was also demonstrated by
Kuhl et al. [31], where they studied 89 cases
of high-grade DCIS, of which 43 (48%)
were missed by mammography but diag-
nosed by MRI alone. In contrast, MRI
detected 87 (98%) of these lesions; the two
cases missed by MRI were detected by mam-
mography. They concluded that MRI could
help improve the ability to diagnose DCIS,
especially those with high nuclear grade
type. Therefore, MRI is by far more sensi-
tive than mammography in the detection of
all grades of DCIS.

DCIS most commonly appears as an area of
non-mass enhancement (NME) (60-81%) and
less frequently as a mass (14—41%) or as a focus
(1-12%) 29, 30].
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DCIS may not be visible or hypointense on
pre-contrast T1-weighted images and on non-fat-
saturated or fat-saturated T2-weighted images
because it could be masked by the normal breast
parenchyma. DCIS may sometimes appear bright
on T2-weighted images because of ductal secre-
tions or necrosis.

In the MRI BIRADS lexicon, NME is defined
as an area of enhancement distinct from the sur-
rounding parenchyma, larger than a mass but
without space-occupying effect features. The
NME area shows stippled or patchy normal glan-
dular tissue or fat within its borders. It is often
not detected on pre-contrast images even when
correlated with post-contrast images, and follows
the distribution of glandular tissue. This imaging
entity was unique to MRI until the appearance of
CEDM and is usually not detected on mammog-
raphy and US. The features of NME have been
described extensively in Chapter 9 of this book.

Briefly, NME distribution descriptors include
symmetric or asymmetric enhancement of the
breast tissue. The BIRADS lexicon describes
NME distribution as focal, linear, linear branch-
ing, segmental, regional, multiple regions and
diffuse. NME internal enhancement descriptors
are homogeneous, heterogeneous, stippled,
clumped or clustered ring enhancement (a
recently introduced internal enhancement
descriptor).

Stippled enhancement refers to multiple, often
innumerable punctuate foci and is usually typical
of benign background parenchymal enhancement
or fibrocystic changes. Clumped enhancement
refers to cobblestone or beaded enhancement,
with occasional confluent areas, often suggesting
a DCIS in 60-80% of cases [32]. The term “clus-
tered ring enhancement” is a new internal
enhancement descriptor, describing “minute ring
enhancements”, mostly associated with ductal
carcinoma in situ and invasive cancers associated
with ductal carcinoma in situ. Tozaki and col-
leagues [33] described this pattern in 63% of
malignant lesions, compared with only 4% of
benign lesions; a wash-out kinetic pattern was
seen in 55% of malignant lesions with clustered

ring enhancement. Segmental distribution is the
most common pattern of contrast distribution in
DCIS (14-77% of cases) [34].

DCIS may appear as an enhancing mass in
14-34% of cases; focal enhancement, the least
common finding, is seen in 1-12% of cases. On
the other hand, the mixed forms of invasive and
DCIS lesions appear as an enhancing mass in
76% of cases [35].

High-grade DCIS more frequently manifests
as an enhancing mass than intermediate or low-
grade DCIS does. According to Heywang-
Ko&brunner [36], there is significant variability in
DCIS enhancement kinetics, with some lesions
showing delayed enhancement. Furthermore,
several studies have demonstrated that the quali-
tative enhancement patterns differ significantly
according to lesion type. Mass lesions more often
exhibit rapid uptake of contrast medium in the
initial phase and rapid wash-out compared with
non-mass lesions.

— On CEDM, detecting and staging DCIS is still
under debate: similar to MRI, CEDM is capa-
ble of detecting non-calcified DCIS, providing
a better tumour size assessment, in compari-
son with full-field digital mammography
(FFDM). Unlike MRI, CEDM can also spot
calcifications, which are seen as ‘“negative
contrast enhancement” artefacts, thus improv-
ing the diagnostic performance.

A recent study by Cheung et al. [37] focused
on screening patients referred for CEDM to
evaluate the presence of enhancement of areas
of suspicious calcifications. They found that
enhancement of areas with calcifications on
CEDM significantly improved the cancer pre-
diction rate, with a PPV of 46.15% for amor-
phous and 90% for pleomorphic calcifications
and that all these types of findings were charac-
terized by a high NPV of approximately 95%.
The authors concluded that the enhancement
detected in CEDM could be considered an adju-
vant tool for assessing the study of calcifica-
tions. Another study by Luczynska et al. [38],
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which compared the degree of enhancement on
CEDM with mammographic findings and histo-
pathological results, reported that 87.5% of
DCIS lesions (presenting as calcifications or a
mass with associated calcifications on FFDM)
showed weak enhancement, with no false-nega-
tive cases.

— In our preliminary experience with 157 malig-
nant lesions detected on CEDM, DCIS
accounted for 13%, and DCIS associated with
invasive elements accounted for 6%:; there was
no dominant pattern of presentation observed,
with mass, NME and ring enhancement all
manifesting with the same frequency for pure
DCIS, while the pattern associated with inva-
sive ductal carcinoma (IDC) presented itself
in 42% of cases as a mass, in 42% of cases as
NME and in 16% of cases as ring
enhancement.

The kinetics of enhancement was character-
ized by a delayed enhancement in the majority of
cases. A possible explanation for this finding may
rely on the relative lack of blood supply and the
diffusibility of contrast media to the ducts. As
addressed by Fallenberg et al. [39], the possible
explanation for this would be that the amount of
contrast reaching the tissue by diffusion is time
dependent. Therefore, longer time delays
between contrast injection and CEDM exposure
can result in stronger enhancement and better
visibility of DCIS (Figs. 13.1 and 13.2).

For DCIS associated with IDC, 58% of lesions
showed a progressive enhancement, and 42%
exhibited a prompt wash-out.

13.3.2 Invasive Ductal Carcinoma,
Not Otherwise Specified
(IDC NOS)

Invasive ductal carcinoma accounts for 65-80%
of breast cancers [40-42].

IDC is the most common invasive malignant
breast tumour. At gross analysis, it appears as a

solid mass, with various degrees of necrosis and
haemorrhage.

The morphologic patterns can have a wide
variation, depending on its clinical and biological
features.

13.3.2.1 IDC Findings

— On mammography, IDC usually appears as a
scirrhous, radiodense and irregular mass,
often associated with a stromal desmoplastic
reaction, responsible for spiculated margins;
when calcifications manifest, they generally
suggest an associated intraductal component.
Less frequently, invasive ductal carcinomas
are well defined, with a lobulated shape and
circumscribed margins.

— On US, the typical finding is an inhomoge-
neous and hypoechoic lesion with irregular
margins surrounded by a hyperechoic rim
with posterior shadowing and increased vas-
cularity on colour Doppler analysis.

— On MRI, owing to its high cellularity, IDC
appears as a hypointense lesion on
T2-weighted images. However, some of
them may manifest as a high signal intensity
on T2-weighted images because of the pres-
ence of necrosis, a finding suggesting a
poorly differentiated high-grade carcinoma;
extensive necrosis within an invasive breast
carcinoma may be indicative of a rapid
growth rate and an unfavourable prognosis
[36, 41].

The majority of IDCs follow the “90/90 rule”:
they enhance by 90% within the first 90 seconds
after contrast medium injection.

The kinetics of IDC is typical of a malig-
nant lesion, characterized by early enhance-
ment with rapid uptake of contrast medium
followed by wash-out (type III) in half of the
cases and by a plateau in 40% of cases (type
II). Just a few (5%) manifest a type I curve
with a mild and progressive enhancement, a
pattern reflecting a low-density lesion with
abundant fibrosis, as occurs in the scirrhous

type [36].
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Fig. 13.1 Pre-surgical staging in a patient with a segmental distribution of the calcifications (circles). (e, f)
BI-RADS 5 lesion in the mid-outer quadrant of the right ~CEDM recombined image in CC and MLO projection.
breast, already biopsied. (a, b) Low energy 2D images in ~ The examination demonstrates a faint non-mass enhance-
CC and MLO projections show a cluster of fine pleomor-  ment in the lower-outer quadrant of the right breast, track-
phic calcifications in a linear pattern of distribution ing along the distribution of the calcifications. Diagnosis:
(circles). (¢, d) 3D in CC and MLO projection demon-  The pathology was a ductal carcinoma in situ (DCIS)
strates a linear pattern of architectural distortion along the
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Fig. 13.2 Pre-surgical staging in a patient with a
BI-RADS 5 lesion in the central-outer quadrant of the left
breast. (a, b) Low energy 2D images in CC and MLO pro-
jections demonstrate a dense breast with reduced diagnos-
tic capability. However, there appears to be a lobulated
mass with spiculated margins and associated architectural

distortion (circles) at the lower outer quadrant. (c, d)
CEDM recombined image in CC projection and magnifi-
cation view of the lesion. The examination shows an
intensely enhancing malignant lesion with irregular bor-
ders, better depicted on the magnified view. Diagnosis:
The pathology was an invasive ductal carcinoma



192

J.Norietal.

— On CEDM, invasive ductal carcinoma may
present as a mass characterized by a prompt
intense enhancement with irregular and/or spic-
ulated margins [26]. Less frequently, IDC can
present as a round, regular mass or as a NME. It
often shows an early wash-out and thus is less
enhanced in the delayed images. Small foci of
enhancement, near the index lesion, should be
considered suspicious for satellite lesions in the
differential diagnosis of multicentric/multifo-
cal disease. If there are any new enhancing
lesions identified, we usually perform a second-
look US and also a second-look review of the
tomosynthesis images. This will be followed by
either an US or tomosynthesis guided biopsy if
they are visible. In addition, the association
with a NME or a linear enhancement (“‘comet
tail sign”’) may be suggestive of an associated in
situ component. Comparison with the contra-
lateral breast helps to differentiate between a
new lesion and normal bilateral parenchymal
background enhancement (BPE), especially in
cases with a severe BPE.

— In our experience, ductal invasive carcinoma
accounted for 50% of invasive carcinomas.
CEDM detected 71 tumours out of 74, with a
specificity of 96% and three false negative
results, due to severe background parenchy-
mal enhancement. IDC appeared as a mass
with spiculated and irregular margins in 96%
of cases and as NME in 4% of cases and dis-
played no ring enhancement. The IDC kinet-
ics reflects that of a highly vascularized lesion
with anarchic vessels, showing prompt wash-
out in 69% of cases, progressive enhancement
in 27% of cases and the absence of enhance-
ment in the remaining 4% of cases (Figs. 13.3,
13.4,13.5,13.6,13.7, 13.8, 13.9, and 13.10).

13.3.3 Subtypes of Invasive Ductal
Carcinoma

13.3.3.1 Mucinous Carcinoma
Mucinous carcinomas, known also as colloid car-
cinomas, account for 1-7% of all breast cancers

and have a better 5- to 10-year survival than the
usual infiltrating duct carcinoma. Histologically,
mucinous carcinoma is characterized by “large
amounts of extracellular epithelial mucus,
sufficient to be visible grossly, and recognizable
microscopically surrounding and within tumour
cells” [42].

Two subtypes of mucinous carcinoma may be
differentiated histologically: pure and mixed. Of
these two subtypes, pure mucinous carcinoma is
characterized by less aggressive growth and less fre-
quently metastasizes to axillary lymph nodes [42].

Mucinous Carcinoma Findings

— On mammography, mucinous carcinoma usu-
ally appears as a round and well-defined mass
with regular borders without calcifications.

— On US, mucinous carcinoma often displays
mixed echogenicity with solid and cystic com-
ponents. Posterior acoustic enhancement is
common. At times the lesion can be isoechoic
to breast tissue on ultrasound which can make
diagnosis difficult. Due to its high intrale-
sional mucinous component, it may not dem-
onstrate increased vascularity on colour
Doppler analysis. All these findings may make
it difficult to differentiate mucinous carci-
noma from inflamed cysts or benign lesions.

— On MRI, mucinous carcinoma appears as a
homogeneous and lobular mass. They are one
of the few cancers that are markedly hyperin-
tense on T2-weighted images, which relates
to the water component in mucin, and they
demonstrate a persistent enhancement pat-
tern on dynamic MRI images (including a
rim-like peripheral or heterogeneous internal
enhancement). Thus, mucinous carcinoma
has MRI features of both benignity and
malignancy (i.e. rim-like or heterogeneous
enhancement). The combination of these
MRI findings is useful for accurate diagnosis
of the tumour [43, 44].

— On CEDM, in our personal series, mucinous
tumours, which accounted for 4% of all can-
cers at our centre, manifested as a mass in all
the cases. The kinetics was typical for a malig-
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Fig. 13.3 Pre-surgical staging in a patient with a
BI-RADS 6 lesion in the upper-outer quadrant of the right
breast. (a, b) Low energy 2D images in CC and MLO pro-
jections show a subcentimeter opacity with spiculated
margins in the right upper-outer quadrant associated with
a small cluster of calcifications and a post vacuum assisted
biopsy (VAB) marker in situ (circle). (¢) CEDM recom-
bined image in CC projection. (d, €) CEDM recombined

image in the early and late phase in MLO projection. The
examination demonstrates an intensely enhancing mass
together with a non-mass linear enhancement, tracking
along the distribution of the calcifications. The lesion is
better delineated in the delayed MLO phase. Diagnosis:
The pathology was an invasive ductal carcinoma associ-
ated with a ductal carcinoma in situ component
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Fig. 13.4 Pre-surgical staging in a patient with a
BI-RADS 6 lesion in the upper-outer quadrant of the left
breast. (a, b) Low energy 2D images in CC and MLO pro-
jections demonstrated dense breast parenchyma with no
significant abnormality. (¢, d) 3D in CC and MLO projec-
tion demonstrates a suspicious opacity and architectural
distortion in the retro-areolar region (circle). (e, f) CEDM

recombined image in CC and MLO projection. (e!, e?)
Magnification views of the lesion in early and late phases.
The examination shows a suspicious intensely enhancing
mass with no significant wash-out seen in delayed images
(magnification views). Diagnosis: The pathology was an
invasive ductal ca
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Fig. 13.5 Pre-surgical staging in a patient with a palpa-
ble mass in the upper-outer quadrant of the left breast. (a,
b) Low energy 2D images in CC and MLO projections
show a dense breast, with an asymmetrical area of
increased density (with respect to the other side, not
shown) particularly in the left upper-outer quadrant. (c)

CEDM recombined image in CC projection. (d, e) CEDM
recombined image in the early and late phase in MLO
projection. The examination reveals an enhancing mass
with irregular borders and a non-enhancing necrotic core
(arrow) with wash-out in the delayed phase. Diagnosis:
The pathology was an invasive ductal carcinoma
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Fig. 13.6 Pre-surgical staging in a patient with a
BI-RADS 6 lesion in the central-outer quadrant of the
right breast. (a, b) Low energy 2D images in CC and
MLO projections show a highly suspicious mass with
irregular borders in the central-outer quadrant (arrows).
(¢, d) 3D in CC and MLO projections better depicts the
features of the suspected mass, and it also demonstrates
another new smaller lesion anterior to it (circle). (e, f)

CEDM recombined image in CC and MLO projection.
The examination shows an intensely enhancing malignant
lesion (arrow) with irregular borders in the upper outer
quadrant, and the other smaller lesion (circle) seen on 3D

also demonstrated a similar enhancement pattern.
Diagnosis: The pathology of both lesions was invasive
ductal carcinoma
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Fig. 13.7 Pre-surgical staging in a patient with a
BI-RADS 6 lesion in the lower-inner quadrant of the left
breast (arrow). (a, b) Low energy 2D images in CC and
MLO projections show a deep-seated suspicious opacity
in the lower inner quadrant. There is also a large opacity
with lobulated borders seen in the upper outer quadrant

(circle). (¢, d) CEDM recombined images in CC and
MLO projection. The examination shows an intensely
enhancing malignant lesion, with irregular borders
(arrow). The lesion in the upper-outer quadrant showed
no enhancement. Diagnosis: The pathology was an inva-
sive ductal carcinoma (arrow) and a fat lobule (circle)
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Fig. 13.8 Further evaluation of a patient with a palpable
mass in the retro-areolar area of the right breast. (a, b)
Low energy 2D images in CC and MLO projections show
an area of increased density in the retro-areolar region,
with at least two other masses further away in the outer
quadrant. (¢c) CEDM recombined image in CC projection.
(d, e) CEDM recombined image in the early and late

phase in MLO projection. The examination shows the
known lesion in the retroareolar region that demonstrates
enhancement in the early phase with wash-out in the late
phase; it also depicts two other lesions with the similar

kinetics of enhancement, indicating multifocality.
Diagnosis: The pathology was colloid tumour
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Fig. 13.9 Pre-surgical staging in a patient with a
BI-RADS 6 lesion in the central-upper quadrant of the
right breast. (a, b) Low energy 2D images in CC and
MLO projections show an asymmetrical area of increased
density (with respect to the other side, not shown) in the
central upper quadrant. (¢, d) CEDM recombined image
in the early and late phase in CC projection. (e) CEDM
recombined image in MLO projection. The examination
shows the known lesion presenting as a non-mass
enhancement with a clustered distribution demonstrating
progressive enhancement on the recombined CC views
(circles). Owing to the discordance between the mammo-
gram, US (not shown), and CEDM findings, the patient

underwent a MR examination. (a’—e’) Subtracted images
of the dynamic T1-weighted sequence on axial plane. MR
also demonstrated progressive enhancement kinetics, as
observed on CEDM examination. In the upper-central
quadrant of the right breast one can observe the lesions
(circles) associated with a clustered non-mass enhance-
ment also extending to the upper-inner quadrant. (e’)
STIR T2-weighted image on axial plane depicts an asym-
metric glandular distortion, with respect to the other side
(not shown). (f>) MIP reconstruction demonstrates the
angiogenic vessels (arrows) associated with the index
lesion. Diagnosis: The pathology was a colloid tumour
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Fig. 13.9 (continued)
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Fig. 13.10 Pre-surgical staging in a patient with a
BI-RADS 6 non-palpable lesion in the central-outer quad-
rant of the left breast. (a, b) Low energy 2D images in CC
and MLO projections show a highly suspicious mass with
irregular borders in the central-outer quadrant. (c, d)
CEDM recombined image in CC and MLO projections.
(e, f) Magnification views of the lesion in the early and

late phase. The examination shows an intensely enhanc-
ing mass demonstrating an early enhancement with no
wash-out, as demonstrated by the comparison between the
two phases, in the magnification views. The presence of a
cardiac pacemaker device was a contraindication for the
patient to undergo a MR examination. Diagnosis: The
pathology was a colloid infiltrative carcinoma
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nant lesion, with wash-out in 72% of cases; in
14% of cases, we observed an early and rapid
uptake of contrast medium with a subsequent
plateau phase, and in the remaining 14% of
cases, we observed a gradual and steady per-
sistent enhancement (Figs. 13.11, 13.12, and
13.13).

13.3.3.2 Papillary Carcinoma

Papillary carcinoma is a rare tumour, accounting
for 1-2% of breast cancers [45]. The histologic
hallmark of all papillary tumours, whether
benign or malignant, is arborization of the fibro-
vascular stroma supporting the epithelial compo-
nent. The cytomorphology is distinctive, with
the presence of single papillae and papillary
clusters. An absent myoepithelial layer distin-
guishes papillary carcinomas from benign papil-
lary lesions.

The tumour is described as an intracystic pap-
illary carcinoma in the presence of a cystic
component.

Papillary Carcinoma Findings

— On mammography, the features of papillary
carcinoma resemble those of medullary carci-
noma, with more peripherally located calcifi-
cations and a higher density.

— On US, papillary carcinoma usually appears
as a hypoechoic and solid mass, often with
posterior acoustic enhancement; alternatively,
they may present as complex cyst with solid
components within.

— On MRI, the characteristics have been
described as an intensely enhancing mass
with irregular or rounded borders and non-
enhancing internal septae. It is typically
heterogeneous, with multiple nodular
masses of intermediate signal intensity pro-

Fig. 13.11 Pre-surgical staging in a patient with a
BI-RADS 6 palpable lesion in the upper-outer quadrant of
the left breast. (a, b) Low energy 2D images in CC and
MLO projections show a suspicious mass with spiculated
borders in the upper-outer quadrant. (¢, d) CEDM recom-

bined image in CC and MLO projection demonstrates an
intensely enhancing mass with irregular borders, associ-
ated with non-enhancing necrotic areas within it.
Diagnosis: The pathology was a papillary carcinoma
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Fig. 13.12 Pre-surgical staging in a patient with a
BI-RADS 6 lesion in the upper-outer quadrant of the left
breast. (a, b) Low energy 2D images in CC and MLO pro-
jections show an area of architectural distortion in the
upper-outer quadrant with post biopsy markers in situ.

(c, d) CEDM recombined image examination in CC and
MLO projections demonstrates a small area of non-mass
enhancement with persistent to progressive enhancement
kinetics as seen on the MLO early and delayed phase.
Diagnosis: The pathology was a tubular carcinoma
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Fig. 13.13 Pre-surgical staging in a patient with a bined image in the early and late phase in MLO projec-
BI-RADS 6 non-palpable lesion in the upper-outer quad-  tion. The examination shows an intensely enhancing
rant of the left breast. (a, b) Low energy 2D images in CC ~ mass with spiculated borders, which is seen to demon-
and MLO projections show a suspicious mass with spicu-  strate a subtle wash-out in the late phase. Diagnosis: The
lated borders in the upper-outer quadrant. (¢) CEDM  pathology was a tubular carcinoma

recombined image in CC projection. (d, e) CEDM recom-
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jecting from the periphery into the lumen
[46, 47].

The signal intensity is also dependent on the
intracystic fluid composition:

e If serous, it will be hypointese on T1-weighted
images and hyperintense on T2-weighted
images.

e If there are haemorrhagic contents, it will be
hyperintense on both T1- and T2-weighted
images, and fluid-fluid levels may be seen on
T2-weighted images.

— On CEDM, papillary cancer accounted for
4% of all malignant lesions in our personal
series. The morphologic pattern of presen-
tation was a mass in 63% of cases, NME in
25% of cases and rim enhancement in the
remaining 12% of cases. The kinetics pat-
tern was characterized by a progressive
enhancement in 62% of cases and as an
early wash-out in 38% of cases (Fig. 13.14).

13.3.3.3 Tubular Carcinoma

Tubular carcinoma accounts for less than 2% of
all breast cancers and for approximately 20% of
cancers detected by mammography. It usually
affects women in their mid-to-late 40s, slightly
younger than for breast cancer in general. At
gross examination, tubular carcinoma appears
as a small, solid nodule with spiculated
borders.

Tubular Carcinoma Findings

— On mammography, tubular carcinoma often
presents as a small spiculated mass, associ-
ated with suspicious calcifications in half of
cases. Frequently, it manifests as a small
architectural distortion, increasing the diag-
nostic challenge with sclerosing adenosis
and radial scar.

— On US, tubular carcinoma typically mimics
IDC NOS (not otherwise specified), manifesting

as a hypoechoic solid mass with ill-defined
margins and posterior acoustic shadowing.

— On MRYI, it presents as a mass with the typical
kinetics of a malignant lesion.

— On CEDM, in our series, tubular carcinomas
accounted for 6% of breast cancers; the kinet-
ics pattern was characterized by a progressive
enhancement in 69% of cases and by wash-out
in 31% of cases. The morphology of enhance-
ment presented as a mass in 92% of cases and
as NME in 8% of cases (Figs. 13.15 and 13.16).

13.3.4 Invasive Lobular Carcinoma

Invasive lobular carcinoma (ILC) is the second
most common histologic type of breast cancer,
accounting for 10-15% of all invasive breast neo-
plasms [48]. Although ILC is associated with a
higher rate of multiplicity and bilaterality
(approximately 30%) than invasive ductal can-
cers at diagnosis, the overall survival rate for
patients with ILC is slightly higher than that for
patients with the usual types of invasive ductal
carcinomas.

Mammographically, ILC is very difficult to
diagnose because of its high rate of false negative
results (up to 19%), with a sensitivity ranging
from 57 to 81%; a possible explanation for this
behaviour can be found in its histological fea-
tures: in fact, tumour cells have the tendency to
infiltrate the stroma in a single-file arrangement
without formation of a mass or development of
associated fibrosis [49, 50]. Malignant cells may
surround acini or ducts, creating a characteristic
“bull’s-eye” pattern. The diffuse spread of neo-
plastic cells in ILC is also reflected by its unusual
metastatic pattern: ILC is far more likely to
metastasize to the peritoneum-retroperitoneum,
gastrointestinal tract, urogenital tract, leptomen-
inges and myocardium with respect to
IDC. Histological variants of ILC include signet
ring, alveolar, solid and pleomorphic types.
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Fig. 13.14 Pre-surgical staging in a patient with a pal-
pable BI-RADS 6 lesion in the central quadrants of the
right breast. (a, b) Low energy 2D images in CC and
MLO projections show a deep-seated suspicious mass
with spiculated borders in the central-outer quadrant
(circle). (¢, d) CEDM recombined image in the early and

late phase in CC projection. (¢) CEDM recombined image
in MLO projection. The examination shows the known
lesion as an area of non-mass enhancement in the lower-
inner quadrant (circle), demonstrating progressive
enhancement kinetics. Diagnosis: The pathology was an
infiltrative lobular carcinoma
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Fig. 13.15 Pre-surgical staging in a patient with a pal-
pable BI-RADS 6 lesion in the central-outer quadrant of
the left breast. (a, b) Low energy 2D images in CC and
MLO projections show a deep-seated suspicious mass
with spiculated borders in the central-outer quadrant
(circle). (¢) CEDM recombined image in CC projection.

(d, e) CEDM recombined image in the early and late
phase in MLO projection. The examination demonstrates
the known mass as an intensely enhancing lesion with
spiculated borders, showing progressive enhancement
kinetics. Diagnosis: The pathology was an infiltrative
lobular carcinoma
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Fig. 13.16 Pre-surgical staging in a patient with a
BI-RADS 6 lesion in the upper-outer quadrant of the left
breast. (a, b) Low energy 2D images in CC and MLO pro-
jections show a relatively dense breast parenchyma. (c)
CEDM recombined image in CC projection. (d, e) CEDM
recombined image in the early and late phase in MLO pro-
jection. The examination demonstrates two intensely
enhancing masses in the upper outer quadrant. However,

the second lesion is not visualised on the CC view in view
of the deep-seated location, which is among the limita-
tions of CEDM. These lesions are seen to demonstrate a
progressive enhancement. (f) MIP reconstruction on axial
plane depicts both the lesions (red arrows) well, including
the posteriorly located lesion, which was not seen on the
CC view of the recombined images. Diagnosis: The
pathology was an infiltrative lobular carcinoma
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13.3.4.1 Invasive Lobular Carcinoma

Findings

— On mammography, ILC commonly manifests

as an opacity (44-65% of cases), usually with
spiculated or ill-defined margins. Round
masses account for only 1-3% of cases.
Architectural distortion and subtly increased
asymmetric density are the other forms of
appearance, with a reported incidence of
10-34% and 1-14%, respectively [50]. For its
peculiar presentation, ILC’s diagnosis may be
very difficult, presenting often completely
negative mammography.

On US, the detection rate of ILC rises dra-
matically, ranging from 68 to 98% [51]; in
fact, it has been proven that US is superior to
mammography for identifying multicentric-
ity and multifocality and more accurately
reflects the size of a mass than does mam-
mography or clinical examination. US may
show a mass with hypoechoic and heteroge-
neous internal echoes, and posterior acoustic
shadowing in an area of clinically palpable
mass or mammographic asymmetric density
or abnormality. More specifically, classic
ILC tends to manifest as focal shadowing
without a significant mass, whereas the pleo-
morphic type typically manifests as a shad-
owing mass. Signet ring, alveolar and solid
subtypes are more likely to manifest as a
lobulated, well-circumscribed mass [51-53].
On MRI, the morphologic and kinetic appear-
ance of ILC is variable, reflecting its histologi-
cal features. To date, MRI has been shown to
be superior to mammography and US in
detecting multifocality and multicentricity
and is the most reliable technique in estimat-
ing tumour size [54]. The most common mani-

festation of ILC on MRI is a focal enhancing
mass with spiculated or ill-defined margins
(31-43% of cases). Additional manifestations
include a dominant lesion surrounded by mul-
tiple small enhancing foci, multiple small
enhancing foci with interconnecting enhanc-
ing strands, architectural distortions, diffuse
enhancement patterns resembling normal
glandular patterns and normal findings [54,
55]. A typical dynamic feature of ILC is the
tendency to demonstrate a delayed progres-
sive enhancement, with wash-out exhibited by
only a minority of lesions.

— On CEDM, the MRI Kkinetics are similar to
those observed in CEDM, in our experience;
ILC, which accounted for 12% of all
tumours, presented a delayed enhancement
in 72% of cases, whereas only 28% of ILCs
showed wash-out. An irregular mass was
observed in 83% of cases and NME in 17%
of cases. A possible explanation of this
behaviour may rely on the histologic ten-
dency of ILC to spread diffusely through the
breast stroma in a lipid-filled pattern without
exhibiting a nodular mass; thus, the enhanc-
ing portion may correspond to the normal
parenchyma, which manifests as progressive
enhancement.

Nevertheless, these data need further con-
firmation. In 28% of cases, CEDM detected an
unsuspected cancer in the contralateral breast,
proving the importance of functional imaging
in staging multicentric/multifocal tumour: of
these five new lesions, four were ILCs, and one
was a lobular intraepithelial neoplasia (LIN1)
(Figs. 13.17, 13.18, and 13.19).
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Fig. 13.17 Pre-surgical staging in a patient with a
BI-RADS 6 lesion in the upper-outer quadrant of the left
breast. (a) Low-energy 2D images in the CC projection
show a cluster of heterogeneous calcifications with a
regional distribution (white circle). (b, ¢) CEDM recom-
bined image in the early and late phase in the CC projec-
tion. The examination shows a rim-enhancing lesion at the

site of previous biopsy (blue arrow) in keeping with a
post-biopsy haematoma. There is an associated area of
non-mass enhancement seen posterior to it (white arrow),
and there are two retroareolar masses which demonstrate
wash-out in late images (blue circle). Diagnosis: The
pathology was ductal carcinoma in situ
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Fig. 13.18 Pre-surgical staging in a patient with a
BI-RADS 6 lesion in the lower-inner quadrant of the left
breast, already biopsied. (a, a’) Low-energy 2D images in
the CC projection demonstrating a very dense breast with
a suspicious cluster of fine pleomorphic cluster of calcifi-
cations (circle). (b, b") 3D in CC projection depicts the
calcifications and its distribution better (circle). (¢, d)

CEDM recombined image in the CC and MLO projec-
tions demonstrates an area of non-mass enhancement with
regional distribution in the lower-inner and central-inner
quadrants. The area of enhancement was much larger than
the focal distribution of calcifications seen on the non-
contrasted images. Diagnosis: The pathology was a multi-
centric invasive ductal carcinoma
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Fig. 13.19 A problem-solving case in a woman with
dense breast and discordances between mammogram
findings and histology results. (a, b) 2D FFDM low-
energy 2D images in the CC projection show the two post-
biopsy clips (circles), one at the lower-central quadrant
and one at the superior-central quadrant both of the left
breast. No obvious abnormalities are evident in the right
breast. The histologic result of the two biopsy sites was
B2, benign lesions, but the radiologic appearances of the
architectural distortion were highly suggestive for malig-
nancy. (¢, d) CEDM recombined image in the early phase
in CC projection shows a mild enhancement of the lesion

in the posteriorly biopsied site (blue circle) of the left
breast. (¢, ¢!) However, there was an intense non-mass
enhancement seen in the right breast in the central quad-
rant, which is better depicted in the magnified image. (e, f)
3D images were retrospectively reviewed after the CEDM
exam, which showed an area of distortion corresponding
to the enhancing site on recombined images. We later per-
formed a tomosynthesis-guided stereotactic biopsy on the
right breast. Diagnosis: The pathology of the right lesion
was a 10 mm multifocal ductal carcinoma in situ (DCIS),
while the left breast lesion (blue circle) was a 4.5 mm infil-
trating carcinoma
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