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Preface

The purpose of the Breast MRI Teaching Atlas is to serve as a basic introduction to breast
MRI. This book is case based, emphasizing pertinent breast MRI findings and common indica-
tions for breast MRI. The chapters are broadly separated based on benign and malignant breast
pathology as well as commonly encountered breast MRI findings. Brief teaching points
accompany each case, highlighting the importance of the findings rather than long and exhaus-
tive discussion. The target audience for this book is medical students, residents, and breast
imaging fellows, with the intention of being readable over a short period of time to provide an
introduction to breast MRI. This book may also serve as a review for practicing general radi-
ologists and clinicians involved in the care of breast cancer patients including surgeons, oncol-
ogists, and obstetricians/gynecologists.
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2 1 Breast MRI Basics

1.1 History

Four patients with T1-weighted sequence findings (Figs. 1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 1.7, and 1.8).

Fig.1.1 Sagittal T1 fat-saturated pre-contrast image of the right breast

Fig.1.2 Sagittal T1 fat-saturated post-contrast image of the right breast (a) and corresponding T1 non—fat-saturated image (b)
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Fig.1.3 Sagittal T1 non—fat-saturated image of the left breast

Fig.1.4 Sagittal T1 non—fat-saturated image of the right breast (a) and corresponding T1 fat-saturated sequences (b)



1 Breast MRI Basics

1.1 T1-Weighted Sequence

Teaching Points Breast MRI should be performed on systems
with at least 1.5 Tesla magnet strength with a dedicated breast
coil. Usually, a pre-contrast T1-weighted gradient-echo
sequence without fat saturation is the first sequence performed
after the scout images. A Tl-weighted non—fat-saturated
sequence is obtained bilaterally, including axillae and chest
wall, to distinguish fat from water-based tissues. The pre-con-
trast T1-weighted sequence is typically used to assess the
amount of fibroglandular tissue and can be particularly helpful

Image Findings

»
'

Fig.1.5 Hemorrhagic or proteinaceous debris in ducts. Sagittal T1 fat-
saturated pre-contrast image of the right breast demonstrates several
linear hyperintensities (arrows) in a ductal distribution in the lower
breast, compatible with hemorrhagic or proteinaceous debris

Fig. 1.6 Fat necrosis. (a)
Sagittal T1 fat-saturated
post-contrast image of the right
breast demonstrates indetermi-
nate rim enhancement (arrows).
(b) The T1 non—fat-saturated
image shows central fat (arrow),
compatible with benign fat
necrosis

in documenting the presence of high-signal hemorrhagic or
proteinaceous fluid-filled, dilated ducts (Fig. 1.1). Radiologists
should be aware of these T1-hyperintense ducts, which can
cause potential misregistration artifact related to patient motion,
leading to an apparent suspicious linear nonmass enhancement
on post-contrast subtracted images. It is important to assess the
pre-contrast T1 sequence before evaluating the post-contrast
images. T1 non—fat-saturated images can be helpful in evaluat-
ing for fat necrosis by identifying central fat (Fig. 1.2). Biopsy
clip artifact and architectural distortion can be better seen on
the non—fat-saturated T1 sequence (Figs. 1.3 and 1.4).




1.1 T1-Weighted Sequence

Fig. 1.7 Architectural distortion. In a patient with prior lumpectomy,
the sagittal T1 non—fat-saturated image of the left breast illustrates
architectural distortion in the central breast (arrows) and associated
nipple retraction (arrowhead)

Fig. 1.8 Susceptibility artifact
from biopsy clip. The suscepti-
bility artifact from a biopsy clip
(arrow) is more prominent on the
T1 non—fat-saturated image of
the right breast (a) than on the
T1 fat-saturated sequences (b)
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1 Breast MRI Basics

1.2  History

Four patients illustrating the range of the amount of fibroglan-
dular tissue on breast MRI (Figs. 1.9, 1.10, 1.11, and 1.12).

1.2  Fibroglandular Tissue

Teaching Points At mammography, breast density is repre-
sented by the amount of fibroglandular tissue (FGT) in contrast
to fat measured in two-dimensional views that may not reflect an
accurate assessment. Breast MRI provides strong soft-tissue
contrast between FGT and fat, and a more accurate three-dimen-

sional coverage of the entire breast. Evaluation of the amount of
FGT is usually done on the T1-weighted sequences with and
without fat suppression. According to the American College of
Radiology (ACR) guidelines, the amount of FGT should be
described in the Breast MRI report using the BI-RADS® four
assessment categories of breast composition, which are defined
by the visually estimated content of FGT within the breasts.

The amount of fibroglandular tissue (breast density) has
been established as an independent risk factor associated
with the development of breast cancer, which is three to five
times higher in women with mammographically dense
breasts than in women with predominantly fatty breasts.



1.2 Fibroglandular Tissue

Fig. 1.9, 1.10, 1.11, and 1.12 Selected sagittal T1 post-contrast T1 pre-contrast image (c) right breast demonstrates heterogeneous
image (a) right breast demonstrates an almost entirely fatty breast (b)  fibroglandular tissue. Selected sagittal T1 post-contrast image (d)
right breast shows scattered fibroglandular tissue. Selected sagittal  left breast demonstrates extreme fibroglandular tissue
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1 Breast MRI Basics

1.3  History

Four patients illustrating the range of background parenchy-
mal enhancement seen on breast MRI (Figs. 1.13, 1.14, 1.15,
and 1.16).

1.3  Background Parenchymal Enhancement

Teaching Points The 5th edition of the ACR BI-RADS®
(Breast Imaging Reporting and Data System) Atlas recom-
mends that the amount of background parenchymal enhance-

ment (BPE) be categorized in the MRI report as “minimal,”
“mild,” “moderate,” or “marked” to describe the volume and
intensity of the BPE. Research into the association of BPE
and breast cancer risk indicates a likely increase in the risk for
breast cancer, which may be as high (3—4x) as the more-
established risk associated with mammographic dense
breasts.



1.3 Background Parenchymal Enhancement

Fig. 1.13, 1.14,1.15,and 1.16 Sagittal T1 post-contrast 3D maxi- mild background parenchymal enhancement (c¢) right breast demon-
mum intensity projection (MIP) image (a) left breast demonstrates mini-  strates moderate background parenchymal enhancement (d) right breast
mal background parenchymal enhancement (b) right breast demonstrates ~ demonstrates marked background parenchymal enhancement
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1.4  History

67-year-old woman with newly diagnosed right breast cancer (Figs. 1.17, 1.18, 1.19, and 1.20).

Fig.1.17 T1-weighted fat-saturated pre-contrast image (a) and three consecutive post-contrast images (b—d) demonstrate 1.5-cm, mildly irregu-
lar enhancing mass in the anterior upper right breast




1.4 History

1

Fig.1.18 Close-up evaluation
of the mass (a) demonstrates the
highest signal intensity of the
mass on the first post-contrast
image (b), with subsequent
decrease in signal intensity on
the delayed images (c, d). (e)
Computer-generated curve of the
signal intensity time course of
the mass. (f) The pattern of
washout is color-coded red
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Signal
Intensity

Time 0 Time 1 Time 2 Time 3

Fig.1.18 (continued)



1.4 Computer-Aided Detection

1.4  Computer-Aided Detection

Teaching Points In addition to the morphology assessment,
the enhancement kinetics pattern can be analyzed by obtain-
ing at least three post-contrast images. Typical breast tumor
demonstrates intense and rapid uptake of contrast owing to
increased angiogenesis and washout of contrast owing to
increased capillary permeability and shunting. A study by
Kuhl et al. (2005) showed kinetic analysis, specifically the
signal intensity time course, to be specific for malignancy.

Three types of signal intensity time course (Fig. 1.19) can
be identified:

e Type 1: Progressive
e Type 2: Plateau
e Type 3: Washout

When mixed enhancement is present, the worst curve is
reported (Fig. 1.20).

Of note, the morphology assessment should outweigh the
kinetics analysis in clinical decision making. Morphology
has higher specificity for malignancy.
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Breast MRI Basics

Image Findings

Fig.1.19 Examples of MRI
enhancement patterns. (a, b)
Type I curve: progressive
enhancement pattern. Continuous
increase in signal intensity on
subsequent post-contrast images.
Color-coded blue. (¢, d) Type II
curve: plateau pattern. Delayed
signal intensity is within 10 % of
the initial post-contrast signal
intensity. Color-coded yellow. (e,
f) Type III curve: washout
pattern. Relatively rapid uptake
and high initial signal intensity
followed by decreased enhance-
ment on delayed phases.
Color-coded red

Signal
Intensity

Signal
Intensity

Signal
Intensity




1.4 Computer-Aided Detection

Fig.1.20 (a, b) Two examples
of irregular masses
demonstrating mixed kinetics
curves. (¢) A type III washout
curve is reported as the most
suspicious enhancement pattern
shown by the mass

Signal
Intensity

15
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1.5 History
31-year-old with recent diagnosis of pregnancy-associated breast cancer (Fig. 1.21).

Fig.1.21 Lactational changes:
sagittal T2-weighted FSE
sequence of the contralateral
breast from a known cancer
demonstrates diffuse high signal
intensity involving all the
fibroglandular tissue
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1.5 T2-Weighted Sequence

Teaching Points In fat-saturated T2-weighted fast spin-
echo (FSE) sequences (spectrally selective radiofrequency
[RF] pulses), RF pulses are tailored to excite protons in a
particular resonant frequency range. This range can be
narrowed so that the RF pulse affects only water or only
fat—unlike STIR (below), in which all magnetization is
inverted. This technique is more effective at higher field
strengths, in which these resonant frequencies are more
separated. Good magnet (BO) homogeneity is required to
make this frequency-selective excitation effective.
Frequency-selective excitation is more effective over
smaller fields of view.

The short inversion time inversion recovery (STIR)
sequence is performed with short inversion times to elimi-
nate signal from adipose tissue. The advantage of STIR is
due to an increase in the relative signal intensity of fluid as
a result of the additive T1 and T2 contrast effect. STIR
images have greater contrast between fluid and other tissues
than fat-suppressed T2-weighted images. The disadvantage
of STIR sequences is that the images have relatively poor
signal-to-noise ratios. STIR is often preferred when spec-
trally selective techniques may not be ideal (large fields of

view, lower field strengths, areas of high magnetic
susceptibility).

Adequate fat suppression is important in either sequence to
differentiate true cystic from solid lesions. In addition,
T2-weighted signal hyperintensity in the same portion of the
lesion that appears enhanced on T1-weighted images is highly
suggestive of benign entities such as these examples (Fig. 1.22):

» Fibrocystic disease, cysts, fibroadenoma
* Lymph nodes

¢ Pleural effusion

¢ Debris in ducts, blood vessels

* Postsurgical seroma or abscess

* Implants, saline and silicone

e Lactational changes

T2 hyperintensity can be associated with malignancy,
however, as in these malignancy-associated T2-hyperintense
findings (Fig. 1.23):

e Mucinous carcinoma

* Central necrosis, especially triple negative tumors
e Mucinous and papillary cancers

e Edema, skin thickening, necrotic lymph nodes
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Image Findings

Fig.1.22 Examples of some
benign entities that are
T2-hyperintense

Blood vessel

—

Lymph node( .

g

™

)
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1.5 T2-Weighted Sequence

Fig.1.23 T2 hyperintensity can
be associated with malignancy.
Examples of some malignancy-
associated T2-hyperintense
findings

Central necrosis d’

within malignant
tumor

»

Edema and
skin thickening
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1.6  History

49-year-old with newly diagnosed left breast cancer.

1.6 3D Maximum Intensity Projection

Teaching Points A three-dimensional (3D) maximum
intensity projection (MIP) image can be constructed from
the post-contrast images. The generalized view of the

Image Findings

Fig.1.24 Post-contrast 3D
maximum intensity projection
(MIP) demonstrates irregular
masses involving the upper and
lower left breast (arrows) and the
chest wall, consistent with
multicentric disease

1 Breast MRI Basics

whole breast enables better delineation of locally advanced
disease including multifocal or multicentric disease and
tumors that involve the chest wall or skin, as illustrated in
Fig. 1.24.

In addition, recent studies suggest a potential role for 3D
MIP images in an abridged breast MRI protocol as a time-
efficient and cost-effective screening tool for detecting breast
cancer.
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1.7  History

67-year-old woman with newly diagnosed right breast malignancy (Figs. 1.25 and 1.26).

Fig. 1.25 (a) T1 post-contrast axial 3D MIP. (b) Selected axial T1 fat-saturated post-contrast image. (¢) Diffusion-weighted imaging (DWI)
(b=800). (d) Apparent diffusion coefficient (ADC) map
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1.7  Diffusion-Weighted Imaging

Teaching Points Diffusion-weighted imaging (DWI), an
MRI technique that was originally developed for liver imag-
ing, found its earliest widespread and accepted application in
neuroradiology, beginning in 1985. It has been further
applied to other areas of imaging, and the first diffusion-
weighted breast images were published in 1997.

The physical basis of DWI is the relative restriction of the
movement of water molecules in tissue. For example, the
motion of water molecules in tissue can be restricted by
intact cell membranes and increased cell density, so tissue
with increased cellularity and intact cell membranes, such as
breast cancer, will have more restricted diffusion than nor-
mal breast tissue or benign tumors with lower cellularity.
Within breast cancers, cancers with relatively decreased cel-
lularity, such as a mucinous carcinoma, will have less-
restricted diffusion than other cancers.

Areas of restricted diffusion will appear bright on DWI,
but because of the acquisition technique, the brightness may
be due to the artifact of “T2 shine-through,” so diffusion is
more accurately described using information from images
acquired at multiple b-values (a factor used to describe the
strength and timing of the gradients used in the diffusion-
weighted sequence). It is calculated and quantified by the
apparent diffusion coefficient (ADC), measured in mm?/s
(units of area per unit of time). The result is visually dis-
played in an “ADC map” in which lower ADC values have

darker pixels. The ADC of a region of interest is inversely
proportional to the cellularity of the tissue. A lower ADC
will correspond with higher tissue cellularity. Therefore, as
in this case, the enhancing cancer is bright on the diffusion-
weighted image and dark on the ADC map.

ADC values of tumors are dependent on technical factors
including the type of scanner and chosen b-values, patient
factors such as the ADC of the normal background breast
parenchyma, and the operator’s method of defining regions of
interest. This variation has hindered the establishment of
threshold values for what constitutes an ADC value consis-
tent with malignancy. One meta-analysis noted a range of rec-
ommended maximum cutoff values for malignancy from 0.9
to 1.76x 10~* mm?/s. Establishing standard protocols and cut-
off values will aid the acceptance and use of DWI in routine
clinical breast imaging. Awareness of false positive results
(such as atypical ductal hyperplasia and intraductal papillo-
mas) and false negative results (such as mucinous carcinoma
and some intraductal carcinomas) will also be important if
DWTI is incorporated into a standard breast MRI protocol.

DWI has mostly been studied as a technique to improve
upon the specificity of contrast-enhanced breast MRI in can-
cer detection, tumor characterization, and pre-therapy and
post-therapy evaluation. There is, however, increasing study
of its ability to support the use of unenhanced breast MRI in
the screening setting, where the potential risks and costs of
gadolinium administration are magnified in breast MRI
screening of high-risk women.
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Image Findings

Fig.1.26 Diffusion weighted imaging. (a) The 3D MIP image shows DWI (b=800) demonstrates high signal within the mass and the NME.
a mass (arrows) in the outer right breast with an associated linear non-  (d) The low ADC values (ADC=0.9 x 10~* mm?/s) are in the invasive
mass enhancement (NME) extending posteriorly (arrowheads). (b)  malignancy range. Additional biopsies confirmed multicentric invasive
These are better delineated on the selected T1 post-contrast image. (¢) and in situ disease
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26 2 Benign Findings

2.1 History

A 39-year-old woman undergoing high-risk screening breast MRI (Figs. 2.1 and 2.2).

Fig. 2.1 (a, b) Sequential axial T1-weighted fat-suppressed post-contrast images of both breasts. Sagittal T1-weighted fat-suppressed post-
contrast image (c), sagittal T1-weighted image (d), sagittal T2-weighted fat-suppressed image (e), and sagittal T1-weighted fat-suppressed image
(f) with computer-aided detection (CAD) enhancement kinetics color overlay, all of the right breast
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Fig.2.1 (continued)
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2 Benign Findings

2.1 Intramammary Lymph Node 1

Teaching Points Intramammary lymph nodes are separate
from axillary lymph nodes and are completely surrounded by
breast tissue, typically in the upper outer quadrant.
Approximately 5 % of patients undergoing mammography and
up to 28 % of breast specimens will exhibit these lymph nodes.
Characteristic features of a normal intramammary node include

Image Findings

Fig.2.2 Intramammary lymph
node. (a, b) Sequential axial
T1-weighted fat-suppressed
post-contrast images demonstrate
a homogeneously enhancing
mass (arrows) in the outer right
breast, which appears oval on
one slice and reniform on the
next. The reniform appearance is
characteristic of a lymph node.
(c) A sagittal T1-weighted
fat-suppressed post-contrast
image through the mass
highlights its homogeneous
enhancement and reniform shape
(arrow). The lymph node
(arrows) has low signal on the
T1-weighted image (d) and high
signal on the T2-weighted
fat-suppressed image (e). Its
central notch (arrowheads) is
isointense to fat on both
sequences. (f) CAD enhance-
ment kinetics analysis demon-
strates a color-coded mixed
progressive (yellow) and washout
(red) enhancement pattern

a fatty hilum, diameter less than 1 cm, and circumscribed mar-
gins. An intramammary lymph node may become abnormal
and lose its hilum or enlarge secondary to hyperplasia, meta-
static disease, or inflammation. A benign intramammary lymph
node demonstrates reniform morphology with a fatty hilum on
MRI. The cortex will be T1 hypointense and T2 hyperintense
with rapid, homogeneous enhancement; a type III washout
kinetic pattern can be seen, as demonstrated in this case.
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Fig.2.2 (continued)
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2.2  History

34-year-old women high-risk screening MRI (Fig. 2.2).

Fig.2.3 (a) T1-weighted fat-saturated post-contrast sagittal image of the right breast with CAD kinetic analysis (b). (¢) Post-contrast sagittal subtrac-
tion image. (d) Corresponding T2-weighted fat-saturated image. (e) T1-weighted sagittal image



2.2 Intramammary Lymph Node 2

2.2  Intramammary Lymph Node 2

Teaching Points Normal intramammary lymph nodes are usu-
ally seen as oval or reniform, smoothly marginated, fat-
containing masses. They are often seen adjacent to vessels
within the upper outer quadrant, although 28 % of intramam-
mary lymph nodes are found in other locations. They are usually

Image Findings

Fig.2.4 Intramammary lymph
node. (a) Sagittal T1-weighted
fat-saturated post-contrast image
of the right breast demonstrates a
4-mm focus of enhancement
(arrow) in the lower outer
anterior breast with a suspicious
washout enhancement pattern (b)
color-coded as red on CAD. (c¢)
On the subtraction image, the
morphology of the enhancement
appears reniform (arrow) with an
adjacent feeding vessel
(arrowhead). (d) A sagittal
T2-weighted fat-saturated image
demonstrates peripheral
hyperintensity (arrowhead), and
a sagittal T1-weighted image (e)
demonstrates central hyperinten-
sity (arrowhead), compatible
with a fatty hilum
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nonpalpable and are found incidentally on breast MRI, where
they appear hyperintense on T2-weighted images. They typi-
cally demonstrate homogenous enhancement with rapid initial
and washout delayed kinetics. Non—fat-saturated T1-weighted
images are usually helpful to confirm the presence of fat within
the hilum. Biopsy can be avoided if the mass demonstrates clas-
sic characteristics of a benign lymph node (Figs. 2.3 and 2.4).
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2.3  History

37-year-old women high-risk screening MRI (Figs. 2.5 and 2.6).

Fig.2.5 Sagittal T2-weighted fat-saturated image (a) and corresponding sagittal T1-weighted post-contrast subtraction image (b) of the right breast

Fig.2.6 Sagittal T2-weighted fat-saturated image (a) and corresponding sagittal T1-weighted fat-saturated pre-contrast image (b) of the left breast




2.3 Hemorrhagic and Inflamed Cyst

2.3  Hemorrhagic and Inflamed Cyst

Teaching Points Simple cysts result from dilatation and
effacement of the terminal duct lobular unit. They are com-
monly seen incidentally on MRI and follow fluid signal on all
sequences (appearing very hyperintense on T2-weighted images

Image Findings

Fig.2.7 Inflamed cyst. Sagittal
T2-weighted fat-saturated image
(a) and corresponding sagittal
T1-weighted post-contrast
subtraction image (b) of the right
breast demonstrate a T2
hyperintense round mass (arrow)
with rim enhancement (arrow-
head) in the upper central breast

Fig.2.8 Hemorrhagic/
proteinaceous cyst. Sagittal
T2-weighted fat-saturated image
(a) and corresponding sagittal
T1-weighted fat-saturated
pre-contrast image (b) demon-
strate a T1 and T2 hyperintense
lobular mass in the upper central
breast (arrows), compatible with
a hemorrhagic cyst. For
comparison, note the smaller,
more posterior non-hemorrhagic
cyst (arrowhead)
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and intermediate to hypointense on T1-weighted images). On
post-contrast images, cysts typically do not enhance, but the
periphery of the cyst may enhance if there is surrounding
inflammation. Not infrequently, cysts may have intermediate or
high signal on T1-weighted images owing to proteinaceous or
hemorrhagic contents (Figs. 2.5, 2.6, 2.7, and 2.8).
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2.4  History

38-year-old woman undergoing high-risk screening MRI (Figs. 2.9 and 2.10).

Fig.2.9 Sagittal
T2-weighted fat-
saturated image of the
left breast




2.4 Simple Cyst and Phase-Encoding Artifact

2.4 Simple Cyst and Phase-Encoding

Artifact

Teaching Points Phase-encoded motion artifact commonly
seen in breast imaging is due to physical movement of the
patient and manifests as ghosting in the direction of phase
encoding, which is usually in the direction of the short axis. The

Image Findings

Fig.2.10 Benign cyst
and ghosting artifact.
Sagittal T2-weighted
fat-saturated image of
the left breast shows a
benign T2 hyperintense
3 cm cyst in the central
breast. Ghosting artifact
is seen superior and
inferior to the cyst as
well as superior and
inferior to the separate
T2 hyperintense nipple
marker (arrows)
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spacing between the artifacts is related to the TR and frequency
of the motion. Unlike Gibbs or truncation artifacts, the motion
artifacts usually extend across the entire field of view. Possible
solutions to phase-encoded motion artifact include cardiac/
respiratory gating, switching phase and frequency encoding
directions, increasing the number of signal averages, and short-
ening the scan time when patient motion is causing the artifact.
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2,5 History

44-year-old women high risk screening MRI.

Fig.2.11 Sagittal T1-weighted fat-saturated post-contrast (a) and pre-contrast (b) images. (¢) Sagittal post-contrast subtraction



2.5 Dilated Duct
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2.5 Dilated Duct

Teaching Points Normal ducts usually are not well visual-
ized on breast MRI. In the setting of a chronic obstructive
process, however, they become dilated and present as high-
signal-intensity, branching tubular structures on T1-weighted

Image Findings

Fig.2.12 Benign dilated ducts.
(a) Sagittal T1-weighted
fat-saturated post-contrast image
of the left breast demonstrates
linear hyperintensity (arrows) in
the central middle third of the
breast, which could represent
non-mass enhancement. (b) The
pre-contrast sequence demon-
strates similar linear hyperinten-
sity (arrows). (¢) The sagittal
post-contrast subtraction image
demonstrates no enhancement in
this location. Findings are
consistent with proteinaceous or
hemorrhagic material in the
ducts

images and as hypointense structures on T2-weighted images
(owing to proteinaceous or hemorrhagic material). Dilated
ducts do not typically enhance, but enhancement of the duc-
tal wall may be seen because of underlying inflammation. It
is important to remember that assessment of enhancement
should not depend solely on the subtracted images, as mis-
registration artifact may occur (Figs. 2.11 and 2.12).
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2.6 History

36-year-old woman with BRCA I mutation undergoing high-risk screening breast MRI.

Fig.2.13 (a, b) Sagittal T2-weighted fat-saturated images of the right breast. No suspicious enhancement was present on post-contrast images
(not shown)
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Fig.2.14 Mediolateral oblique (MLO) (a) and craniocaudal (CC) mammographic (b) images of the right breast
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2 Benign Findings

2.6 Dilated Duct with Air

Teaching Points Signal void secondary to air can be seen
on MR images on TI- and T2-weighted sequences

Image Findings

Fig.2.15 Dilated duct with air.
(a) Magnified sagittal
T2-weighted fat-saturated MRI
image of the right breast shows
linear branching signal voids
within subareolar ducts (arrows),
representing air. (b) Magnified
CC mammographic image of the
right breast shows corresponding
linear branching lucencies
(arrows)

(Figs. 2.13, 2.14, and 2.15). The etiology in healthy patients
is unclear, but it is commonly iatrogenic (for example, fol-
lowing MRI-guided biopsy or ductography).
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2.7  History

44-year-old woman undergoing high-risk screening breast MRI (Figs. 2.16 and 2.17).

Fig.2.16 Sagittal T1-weighted fat-suppressed pre-contrast (a), post-contrast (b), and post-contrast subtraction (c) images
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2 Benign Findings

2.7 Dilated Duct with Hemorrhage/

Proteinaceous Debris

Teaching Points Normal ducts usually are not seen on MR
imaging, as they blend in with the background parenchyma.
In cases of inflammation, infection, or obstruction, however,
ducts filled with protein or blood will be visible on non-

Image Findings

Fig.2.17 Intraductal protein-
aceous/hemorrhagic material. (a)
Sagittal T1-weighted fat-sup-
pressed pre-contrast image
demonstrates segmentally
distributed linear high signal
(arrows) in the lower breast.
Although one could mistake the
high signal in this region on the
sagittal T1-weighted fat-sup-
pressed post-contrast image (b)
for enhancement, the post-con-
trast subtraction image (c) shows
that no enhancement is actually
present

enhanced TI1-weighted images as high-signal-intensity,
branching tubular structures without associated enhance-
ment. Therefore, subtraction images are very helpful when
pre-contrast images demonstrate a hyperintense ductal pat-
tern, to exclude abnormal enhancement. Otherwise, subtle
areas of ductal wall enhancement may be overlooked, and a
potential underlying carcinoma can be missed.
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Fig.2.19 Targeted second-look ultrasound image of the left breast



2.8 Fibroadenoma
2.8 Fibroadenoma

Teaching Points Fibroadenomas are frequently seen on
breast MRI and are best identified using morphologic fea-
tures, classically a smooth margin with hypointense internal
septa on T2-weighted images. Although less than 40% of

Image Findings

Fig.2.20 Fibroadenoma on
MRI. (a) Axial post-contrast
subtraction image shows a
homogeneously enhancing oval
mass (arrow) along the 8:00 axis
of the left breast. (b) The
nonenhancing internal septations
(arrows) are seen best on the
close-up image. (¢) CAD overlay
demonstrates a progressive
pattern of enhancement as
evidenced by blue color
assignment (arrow). Axial
T2-weighted fat-saturated
full-field (d) and close-up (e)
images demonstrate a corre-
sponding T2 hyperintense oval
mass (arrow) with T2 hypoin-
tense internal septae (arrows)
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fibroadenomas demonstrate nonenhancing internal septa-
tions, if present they can be predictive of benignity (>95 %).
MRI enhancement kinetics alone is neither specific nor sensi-
tive because of the overlap in enhancement characteristics
between benign and malignant lesions (Figs. 2.18, 2.19, 2.20,
and 2.21).
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Fig.2.21 Fibroadenoma on
ultrasound. Second-look
ultrasound was performed,
demonstrating an oval, circum-
scribed, hypoechoic mass
corresponding to the MRI mass
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2.9 History

17-year-old girl with bilateral breast masses (Figs. 2.22, 2.23, 2.24, and 2.25).

Fig.2.22 (a) Axial T1-weighted image. (b) Corresponding axial T2-weighted fat-saturated image. (¢) Corresponding axial post-contrast subtrac-
tion image

Fig.2.23 More superior axial T1-weighted fat-saturated post-contrast image with CAD kinetics analysis color overlay
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29 Juvenile Fibroadenomas

Teaching Points The patient underwent surgical excision of
these masses, yielding juvenile fibroadenomas. MRI features in
this case are typical for a fibroepithelial lesion, showing circum-
scribed masses with T1 hypointensity and T2 hyperintensity

Image Findings

Fig.2.24 Juvenile fibroad-
enoma. (a) Axial T1-weighted
image shows a large, 9.5-cm
circumscribed oval hypointense
mass occupying most of the left
breast. There are areas of linear
lower signal intensity (arrows)
within the mass, likely represent-
ing septations. A smaller 2.2-cm
right breast mass with similar
signal characteristics is noted. (b)
These masses show correspond-
ing T2 hyperintensity with areas
of linear higher signal intensity
(arrows) within the masses likely
representing septations. (¢) Axial
post-contrast subtraction image
shows intense homogeneous
enhancement of both masses with
central linear areas of non-
enhancement corresponding to
the T1 hypointense and T2
hyperintense septations

Fig.2.25 More superior axial
T1-weighted fat-saturated
post-contrast image with CAD
kinetics analysis shows a third
mass (4.3 cm, arrow) in the right
breast. Both masses demonstrate
a predominantly persistent
delayed enhancement pattern
color-coded as blue

2 Benign Findings

with nonenhancing septations. Juvenile or cellular fibroade-
noma is an uncommon histologic variant of fibroadenoma that
frequently undergoes markedly rapid growth. A fibroadenoma
over 5-10 cm in diameter is termed a giant fibroadenoma.
Approximately 10-25% of patients with juvenile fibroadeno-
mas have multiple or bilateral tumors at presentation.
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2.10 History

36-year-old with right breast palpable concern (Figs. 2.26, 2.27 and 2.28).

Fig.2.26 36 Years old women high risk screening MRI. Mammographic images of the right breast. CC (a) and MLO (b) views with correspond-
ing spot compression views (¢, d) in a region of palpable abnormality
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Fig.2.26 (continued)

Fig.2.27 A targeted right breast ultrasound




2.10 History

LNl

Fig.2.28 Sagittal MRI images of the right breast. T2-weighted fat-saturated image (a) and T1-weighted fat-saturated pre-contrast image (b) and
post-contrast image (¢). CAD enhancement kinetics overlay (d)
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2.10 Phyllodes Tumor

Teaching Points Phyllodes tumors are rare and constitute 0.3—
1.0% of all breast tumors. They have a high incidence of local
recurrence after surgery and potential for hematogenous metas-
tases. Because of their rapid growth, phyllodes tumors tend to
have circumscribed margins on mammography and sonogra-
phy, so it is difficult to distinguish them from fibroadenomas on

the basis of imaging. Large phyllodes tumors have a character-
istic morphologic appearance on breast MRI, including smooth
margins, internal cysts, and septations. They typically demon-
strate low T1-weighted signal intensity and appear somewhat
bright on T2-weighted images. Literature has shown that con-
trast enhancement pattern can be variable, so differentiation of
phyllodes tumors and fibroadenomas on breast MRI remains
unreliable (Figs. 2.26, 2.27, 2.28, 2.29, 2.30, and 2.31).



2.10 Phyllodes Tumor
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Image Findings

Fig.2.29 Phyllodes tumor on
mammography. Right CC (a)
and MLO (b) views with
corresponding spot
compression view (c¢) of the
region of palpable abnormality
(marked by a BB) demonstrate
extremely dense breast tissue
without underlying
abnormality
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Fig.2.30 Phyllodes tumor on
ultrasound. Image from a targeted
right breast ultrasound demonstrates a
circumscribed, round, homogeneous,
hypoechoic mass (between calipers)

Fig.2.31 Phyllodes tumor on sagittal
MRI images. T2-weighted fat-
saturated image (a) and T1-weighted
fat-saturated pre-contrast image (b)
and post-contrast image (c¢) demon-
strate a round, homogeneously
enhancing T1 isointense and T2
hyperintense mass (arrows). (d) CAD
demonstrates mixed enhancement
kinetics (arrow) with a predominant
washout pattern
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2.11 History

36-year-old woman with discordant biopsy result yielding mastitis (Figs. 2.32 and 2.33).

Fig.2.32 (a) Selected sagittal T1-weighted post-contrast fat-saturated  breast. (d) Selected axial T1-weighted post-contrast fat-saturated image
image of the left breast. (b) Corresponding CAD kinetics image. (¢) of the left axilla
Selected axial T1-weighted post-contrast fat-saturated image of the left
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2.11 Breast Abscess 1

Teaching Points Breast infection/abscess can result from
unresolved local infection, obstruction of the duct near the nip-
ple and acute, chronic or lactational mastitis. They are usually
palpable, often associated with erythema, edema, and indura-
tion or overlying skin and pain. Depending on the water con-
tent of the collection, MR T2-weighted signal may vary. The
overlying thickened skin may be intermediate or bright in sig-

Image Findings

Fig.2.33 Mastitis/abscess. (a)
Sagittal image of the left breast
shows irregular masses
(spiculated mass; arrow) and
rim-enhancing mass (arrow-
heads) in the upper breast. (b)
Corresponding suspicious
washout kinetics are present in
the CAD images. (c¢) Focal
nodular skin thickening is
present in the outer anterior left
breast (arrow) In the axilla,
enlarged lymph node is present
(arrow in d). Initial biopsy of the
findings in the upper breast
yielded inflammatory changes
without evidence of malignancy.
Following the MRI, surgical
excision was performed yielding
inflammatory changes without
evidence of carcinoma

2 Benign Findings

nal depending on the degree of edema. Post-contrast
T1-weighted images usually demonstrate a non-enhancing
central, round, or irregular mass surrounded by an early,
intensely enhancing rim. Abscess may be confused with malig-
nancy due to the enhancement kinetics of the rim and overlying
skin thickening, as illustrated in this case. In addition, focal
skin thickening and axillary lymphadopathy can also be pres-
ent. In case of persistent clinical concern with no resolution
with antibiotics, surgical management may be appropriate.
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2.12 History

42-year-old patient with recurrent mastitis (Figs. 2.34 and 2.35).

Fig.2.34 (a) Selected sagittal T2-weighted fat-suppressed image of the right breast. (b) Corresponding sagittal T1-weighted post-contrast fat-
suppressed image
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2.12 Breast Abscess 2

Teaching Points Breast infection/abscess can result from
unresolved local infection, iatrogenic in etiology, obstruction of
the duct near the nipple, and acute, chronic or lactational masti-
tis. Depending on the water content of the collection, MR

Image Findings

Fig.2.35 Breast mastitis/
abscess. (a) There is an irregular
T2-weighted hyperintense
collection (black arrowheads)
with a thick heterogeneous signal
rim (white arrowheads) and
thickening and edema of the
overlying skin (white arrow-
head). Multiple punctate signal
voids (black arrows) are present,
reflecting gas bubbles. (b)
Sagittal T1-weighted fat-sup-
pressed post-contrast image
demonstrates thick rim
enhancement (white arrows)

T2-weighted signal may vary but often is hyperintense. The
overlying thickened skin may be intermediate or bright in signal
depending on the degree of edema. Post-contrast T1-weighted
images usually demonstrate a non-enhancing central, round, or
irregular mass surrounded by an early, intensely enhancing rim.
All these features are illustrated in this case.
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2.13 History

36-year-old woman with a strong family history of breast cancer undergoing high-risk screening breast MRI (Figs. 2.36,
2.37,2.38, and 2.39)

Fig.2.36 (a) Sagittal post-contrast subtraction image of the left breast. (b) Corresponding sagittal T1-weighted fat-saturated post-contrast image
with CAD kinetics analysis color overlay
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Fig.2.37 Images from prior breast MRI performed at an outside institution provided for comparison. (a) Sagittal T1-weighted fat-saturated post-
contrast image of the left breast. (b) Corresponding sagittal T1-weighted non—fat-saturated pre-contrast image



2.13 Fat Necrosis 1
2.13 Fat Necrosis 1

Teaching Points Fat necrosis involves a cascade of cellular
events starting with tissue injury resulting in liquefaction
necrosis of fat cells, increased vascularization, and infiltration
of fibroblasts, lymphocytes, and histiocytes. Subsequently,
there is proliferation of foreign-body giant cells with fibrosis.
Fat necrosis may be replaced with scar or persist as an oil cyst
walled off by fibrous tissue. Fat necrosis of the breast is com-
monly seen secondary to breast procedures or surgery and
may be palpable. Mammographically, oils cysts manifest as a
thin rim of peripheral calcification creating the appearance of
lucent “bubbles.” Calcifications typically coarsen as fat necro-
sis evolves, but the imaging appearance of early fat necrosis
and malignancy can overlap, with an ill-defined, spiculated,

Image Findings

Fig.2.38 Evolving fat necrosis.
Sagittal post-contrast subtraction
image (a) and corresponding
CAD color overlay image (b)
show 1.2 cm of linear nonmass
enhancement in the retroareolar
left breast, with a persistent
delayed enhancement pattern
color-coded as blue. The finding
was considered indeterminate
and second-look ultrasound and
consideration of MRI-guided
biopsy were recommended
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mass-like area and calcifications that mimic ductal carcinoma
in situ (DCIS). Sonographically, the appearance of fat necrosis
varies from a well-defined hypoechoic mass (likely represent-
ing an oil cyst) to an irregular hypoechoic mass. It is important
to evaluate the sonographic images in the context of mammo-
graphic findings. On breast MRI, fat necrosis typically dem-
onstrates peripheral enhancement surrounding central fat, best
delineated on T1 non—fat-saturated images as illustrated in this
case. The appearance of evolving fat necrosis can vary, how-
ever, and comparison with prior imaging and correlation with
surgical history is important. When imaging features are inde-
terminate and clinical history is noncontributory, core biopsy
is appropriate. Fat necrosis can be a benign concordant finding
for most indeterminate MRI lesions and usually does not
require surgical excision.
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Fig.2.39 Outside MRI images
of the same region performed 12
months earlier demonstrate a
round, rim-enhancing mass in
the retroareolar left breast (a).
On the T1-weighted non—fat-
saturated image (b), central
macroscopic fat is evident,
consistent with benign fat
necrosis. Final assessment was
BI-RADS 2
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2.14 History

Palpable right axillary lump in a patient with prior bilateral mastectomies and transverse rectus abdominis myocutaneous
(TRAM) flap reconstructions (Figs. 2.40 and 2.41).

Fig.2.40 (a) Axial T1-weighted fat-suppressed post-contrast image of lower reconstructed breasts with CAD kinetics analysis color overlay. (b)
Corresponding axial T1-weighted non—fat-suppressed image
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2.14 Fat Necrosis 2

Teaching Points Large areas of fat necrosis can present
clinically as a palpable concern. A peripherally enhancing
lesion with central macroscopic fat is consistent with benign

Image Findings

fat necrosis. When these typical features are present, biopsy
or short-term follow-up is not warranted. Large areas of fat
necrosis are common in patients with extensive surgery such
as breast reduction or mastectomies with TRAM flap recon-
struction, as illustrated in this case.

Fig. 2.41 Fat necrosis. (a) Axial T1-weighted fat-suppressed post-
contrast image shows contiguous linear, heart-shaped enhancement
(arrowheads) in the posterior lower outer breast with a persistent
delayed enhancement pattern color-coded as blue. This area likely cor-
responds to the palpable concern. Enhancement of the TRAM (trans-

verse rectus abdominis myocutaneous) flap’s vascular pedicle is
incidentally noted in the medial posterior reconstructed breast (arrows).
(b) Corresponding axial T1-weighted non—fat-saturated image shows
central focal fat within the heart-shaped rim of enhancement (arrow),
consistent with benign fat necrosis
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2.15 History

High-risk screening breast MRI. No history of trauma or breast procedures (Figs. 2.42, 2.43, 2.44, and 2.45).

Fig.2.42 (a) Sagittal T1-weighted fat-saturated post-contrast image of the left breast with CAD kinetics analysis color overlay. (b) Corresponding
sagittal T1-weighted non—fat-saturated image
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Fig.2.43 Mediolateral (ML) mammographic magnification view of the left breast
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2.15 Fat Necrosis 3

Teaching Points Because of asymmetric enhancement involv-
ing only the anterior aspect of the focal fat and suspicious mam-
mographic calcifications, biopsy was recommended. The

Image Findings

Fig.2.44 (a) Sagittal
T1-weighted fat-saturated
post-contrast image shows a
1.5-cm area of irregular nonmass
enhancement in the posterior
lower outer left breast, which
partially demonstrates a
suspicious washout enhancement
pattern (arrow). (b) Sagittal
T1-weighted non—fat-saturated
image shows adjacent focal fat
(arrow) suggestive of fat
necrosis

A

Fig. 2.45 Mammographic ML magnification view shows coarse
heterogeneous calcifications correlating with the area of enhance-
ment on MRI (arrow heads)
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patient declined biopsy, and on subsequent breast MRIs there
was a gradual decrease in enhancement consistent with benign
fat necrosis. Not all patients with fat necrosis have a clinical his-
tory of trauma and all the typical imaging features, so when
uncertain, core biopsy can be appropriate management.
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2.16 History

High-risk screening breast MRI due to family history. Patient reports motor vehicle accident 6 months prior with significant
chest trauma (Figs. 2.46 and 2.47).

Fig. 2.46 (a) Sagittal T1-weighted fat-saturated post-contrast image of the right breast. (b) Corresponding sagittal T2-weighted fat-saturated
image
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2.16 Fat Necrosis 4

Teaching Points Fat necrosis has a variable appearance on
MRI, and clinical history is important for correct diagnosis.
The T1 dark and T2 dark foci in this case likely represent
blood products containing hemosiderin. Calcifications can

Image Findings

Fig.2.47 Fat necrosis. (a)
Sagittal T1-weighted fat-satu-
rated post-contrast image shows
intense nonmass enhancement
involving the visualized
parenchyma with several
nonenhancing, scattered T1 dark
foci (arrows) in the mid to
posterior right breast. (b),
Corresponding sagittal
T2-weighted fat-saturated image
shows that these foci (arrows)
demonstrate marked T2
hypointensity. These dark foci
persisted on non—fat-saturated
images. A subsequent mammo-
gram (not shown) showed no
visible calcifications

have a similar appearance on MRI but were not present on
mammogram. The patient was managed conservatively with
a short-term follow-up MRI, which showed a decrease in
nonmass enhancement, likely indicating evolving fat necro-
sis with persistent dark foci.
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2.17 History

34 year-old female, high-risk screening breast MRI (Figs. 2.48 and 2.49).

Fig. 2.48 Sagittal T2-weighted fat-saturated image (a), sagittal post-contrast subtraction image (b), and T1-weighted post-contrast image with
CAD overlay (c)
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2.17 Fibrocystic Change

Teaching Points Fibrocystic change (FCC) is a common
benign condition, most often bilateral, that affects more than
50 % of women. Fibrocystic parenchyma, like normal paren-
chyma, has a variable imaging appearance dependent on the
water and collagen content of the tissues. It may present as a
discrete mass or an asymmetry mimicking tumor, in which

Image Findings

Fig.2.49 Fibrocystic change.
This sagittal T2-weighted
fat-saturated image (a) and
post-contrast subtraction image
(b) demonstrate a mildly
T2-hyperintense round mass
(arrows) with progressive
enhancement on CAD analysis
(¢). No sonographic correlate
was identified, and subsequent
MRI-guided core biopsy yielded
fibrocystic change

case both mammography and sonography are considered
unreliable. On breast MRI, fibrocystic change is usually dif-
ficult to distinguish from normal breast tissue on both
T2-weighted and Tl1-weighted noncontrast images
(Fig. 2.48). On dynamic contrast-enhanced images, however,
it usually demonstrates scattered foci of regional enhance-
ment with a progressive kinetic pattern (Fig. 2.49).
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2.18 History

36-year-old patient undergoing high-risk screening breast MRI (Figs. 2.50 and 2.51).

Fig.2.50 Sagittal post-contrast subtraction images of the right breast without (a) and with (b) CAD color overlay
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2.18 Stromal Fibrosis and Sclerosing
Adenosis

Teaching Points Sclerosing adenosis (SA) and stromal
fibrosis (SF) are benign entities known to mimic malig-
nancy on clinical examination and radiologic imaging. SA
is present in 12 % of benign surgical biopsies. It demon-
strates increased numbers of distorted lobules usually
accompanied by stromal fibrosis. Mammographically, SA
typically presents as amorphous and pleomorphic calcifica-
tions, but it does not present distinctive features on con-
trast-enhanced MRI. Lesions may demonstrate ductal

Image Findings

Fig.2.51 Sclerosing adenosis
and stromal fibrosis. Sagittal
post-contrast subtraction images
without (a) and with (b) CAD
color overlay demonstrate two
irregular masses (arrows) in the
central right breast with mixed
enhancement kinetics. No
sonographic correlate was
identified
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enhancement or a homogeneously enhancing oval or round
mass with lobulated or angular margins showing rapid early
enhancement and delayed persistent or washout kinetics.

SF, on the other hand, is defined as proliferation of fibrous
tissue replacing normal connective tissue and causing oblit-
eration and atrophy of mammary ducts and lobules. SF has a
more variable mammographic and sonographic appearance.
The most prevalent MRI features are round or oval shape,
irregular or spiculated margins, rapid or medium rate of ini-
tial contrast uptake, and plateau or washout curves.

No further treatment is required for either diagnosis if the
pathology is concordant with the imaging findings.
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2.19 History

A 39-year-old woman undergoing high-risk screening breast MRI (Figs. 2.52, 2.53, 2.54 and 2.55).

Fig. 2.52 (a) Sagittal T1-weighted fat-saturated image of the left breast. (b) Corresponding sagittal T2-weighted fat-saturated image. (c)
Corresponding sagittal post-contrast subtraction image with CAD kinetics analysis color overlay
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Fig.2.53 (a) Second-look ultrasound image targeted to the MRI finding. (b) Lateromedial (LM) view from a post-biopsy left mammogram
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2.19 Pseudoangiomatous Stromal
Hyperplasia

Teaching Points Pseudoangiomatous stromal hyperplasia
(PASH), a benign form of stromal (mesenchymal) over-
growth within breast tissue, typically affects women of
reproductive age. Clinically, PASH can present as a palpable
concern. On histology, it is characterized by the presence of
open, slit-like spaces in dense collagenous stroma that are
lined by a discontinuous layer of flat, spindle-shaped myofi-
broblasts with bland nuclei and contain complex, anastomos-
ing spaces that may be confused with an angiosarcoma.
PASH can be a focal microscopic incidental finding at breast
biopsy, or it can be nodular (tumor-like). Mammographically,

Image Findings

Fig.2.54 Pseudoangiomatous
stromal hyperplasia (PASH).
Sagittal T1-weighted fat-satu-
rated pre-contrast (a) and
post-contrast (b) subtracted
images demonstrate a 3.8-

cm T1-hypointense and mildly
T2-hyperintense irregular mass
(arrows) in the upper, slightly
outer, mid to posterior left breast.
(¢) The mass demonstrates mild
enhancement with a persistent
delayed enhancement pattern
color-coded as blue (arrow) on
the CAD color overlay

it commonly presents as a noncalcified, circumscribed or
partially circumscribed mass. Asymmetric breast tissue or no
imaging correlate has also been reported in cases of
PASH. Sonographically, it commonly presents as a circum-
scribed, oval, hypoechoic mass, sometimes with a cystic
component. Less commonly, ultrasound demonstrates a het-
erogeneously echogenic area with irregular or poorly defined
borders, as illustrated in this case. On MRI, it has variable T1
and T2 signal intensity; both mass and nonmass enhance-
ment have been reported, with persistent to plateau delayed
enhancement pattern. Nodular PASH can grow over time,
but it is not associated with malignancy and is not considered
a premalignant lesion. Surgical excision is recommended
only in discordant cases.
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Fig.2.55 (a) Targeted ultra-
sound of the left breast reveals a
corresponding 3.5-cm mixed
echogenic mass with indistinct
borders (arrows). (b) The mass
underwent ultrasound guided core
biopsy yielding PASH. The
post-biopsy mammogram shows a
large, low-density mass in the
upper outer left breast, with a
centrally placed biopsy clip
(arrow) corresponding to the
sonographic and MRI masses
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2.20 History

A 46-year-old woman with a palpable right breast lump and a negative mammographic and sonographic workup. MRI was
performed for further evaluation (Figs. 2.57 and 2.58).

Fig.2.56 Sagittal T1-weighted image (a), sagittal T2-weighted fat-suppressed image (b), and sagittal T1-weighted fat-suppressed post-contrast
image (c) of the right breast. (d) Axial T1-weighted fat-suppressed post-contrast image of both breasts
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2.20 Lipoma

Teaching Points Lipomas, one of the most common mesen-
chymal tumors, closely resemble fat and can occur in almost
any part of the body. In addition to fat, lipomas may contain
internal fibrous connective tissue. Lipomas are benign encapsu-
lated masses occurring in 2.1 per 100 people. Clinically, lipo-
mas are usually small and asymptomatic, but they may be large

Image Findings

Fig.2.57 (a) Sagittal
T1-weighted image of the right
breast shows an oval circum-
scribed mass (arrow) that is
isointense to fat. The fat-
suppressed images—the sagittal
T2-weighted fat-suppressed
image (b) and sagittal
T1-weighted fat-suppressed
post-contrast image (¢)—and the
axial T1-weighted fat-suppressed
post-contrast image (d) all show
the mass to be hypointense to the
breast fat (arrows). Post-contrast
images (c, d) show it to be
nonenhancing. Post-lumpectomy
changes are incidentally noted in
the left breast
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enough to present as a clinical mass or cause breast asymmetry
and enlargement. Diagnostic dilemmas can arise, as lipomas
may be difficult to appreciate in fatty breast tissue. Lipomas will
typically be radiolucent on radiography and mammography,
hyperechoic on ultrasound, and show fat attenuation on CT
scans. On MRI, lipomas will mirror the signal intensity of fat on
all pulse sequences and will not contrast enhance except for the
surrounding fibrous capsule, as illustrated in this case.
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2.21 History

A 32-year-old woman undergoing high-risk screening breast MRI (Figs. 2.59, 2.60, and 2.61).

Fig.2.58 (a—d) Sagittal post-contrast subtraction images of the right breast from early to late phases of enhancement

Fig.2.59 Axial T1-weighted fat-saturated post-contrast images in early (a) and delayed (b) phases of enhancement
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2.21 “Picture Frame” Background

Parenchymal Enhancement

Teaching Points “Picture frame” enhancement is a type of
background parenchymal enhancement (BPE) with preferen-
tial early enhancement of peripheral breast tissue with pro-
gressive centripetal and anterior enhancement. The term
“vascular inflow” is also used because this variable enhance-
ment of the breast parenchyma spatially and temporally is due
to the breast’s arterial supply entering peripherally through
branches and perforators of the internal thoracic artery, thora-
coacromial artery, lateral thoracic artery, and intercostal arter-
ies. Individual variation in anatomy and cardiovascular status
introduce further variation in this enhancement pattern.
“Picture frame” enhancement is often appreciated on the earli-
est contrast images at the superior and inferior periphery of the
breast on sagittal images or at the medial, lateral, and posterior
peripheral aspects of the breast on axial images.

Image Findings

Fig.2.60 Benign background
parenchymal enhancement:
“picture frame” variant. (a—d)
Sagittal post-contrast subtraction
images from early to delayed
phases of enhancement
demonstrate progressive
centripetal enhancement
(arrows) of the breast tissue from
the periphery to the center

Fig.2.61 Axial T1-weighted
fat-saturated post-contrast
images during the early (a) and
delayed (b) phases of enhance-
ment demonstrate progressive
centripetal enhancement

The fifth edition of the American College of Radiology
BI-RADS (Breast Imaging Reporting and Data System)
Atlas recommends that the amount of BPE should be catego-
rized in the MRI report as “minimal,” “mild,” “moderate,” or
“marked” to describe its volume and intensity. A note should
also be made of symmetry or asymmetry. The authors
acknowledge variations in distribution and morphology of
BPE, but they defer recommending description of these until
more data become available. Research into the association of
BPE with breast cancer risk or the effect of BPE on the per-
formance of MRI has generally focused on the amount of
BPE rather than its morphology or pattern. Any such addi-
tional reporting of the pattern of enhancement is considered
optional.

Enhancement that is clearly ascribable to BPE based on
the symmetry of the enhancement and the pattern of distribu-
tion, such as the “picture frame” enhancement in this case,
may be considered benign.
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2.22 History

29-year-old female undergoing high-risk screening breast
MRI (Figs. 2.59, 2.60, 2.61, and 2.62).

2.22 Regional Background Parenchymal
Enhancement

Teaching Points The fifth edition of the ACR BI-RADS
(Breast Imaging Reporting and Data System) Atlas recom-
mends that the amount of BPE be categorized in the MRI

Fig.2.62 (a) Selected sagittal
T1-weighted post-contrast
fat-saturated image. (b)
Asymmetric geographic regions
of background parenchymal
enhancement. Selected sagittal
image of the left breast
demonstrate large area of non—
mass enhancement involving the
lower breast (arrows), likely
representing asymmetric
background parenchymal
enhancement

2 Benign Findings

report as “minimal,” “mild,” “moderate,” and “marked” to
describe the volume and intensity of the BPE. A note should
also be made about symmetry or asymmetry. This case illus-
trates BPE asymmetrically involving the lower breast. The
authors acknowledge variations in distribution and morphol-
ogy of BPE but they defer recommending description of
these until more data become available. Research into the
association of BPE with breast cancer risk or the effect of
BPE on the performance of MRI has generally focused on
the amount of BPE rather than morphology or BPE pattern.
Any such additional reporting of the pattern of enhancement
is considered optional.
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2.23 History

22-year-old woman undergoing high-risk screening MRI (Figs. 2.64 and 2.65).

Fig.2.63 (a) Selected axial T1-weighted post-contrast fat-saturated image of both breasts. (b) Corresponding CAD enhancement kinetics
image
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2.23 Focal Background Parenchymal
Enhancement

Teaching Points When BPE is present symmetrically involv-
ing both breasts, it is unlikely that the enhancement pattern will
lead to a false-positive imaging interpretation. However, when
BPE is more focal or asymmetric in distribution, it has been

Image Findings

Fig.2.64 Focal areas of background parenchymal enhancement in the
right breast. (a) Axial image demonstrates two focal areas of enhance-
ment involving the central and retroareolar right breast (arrows). (b)
The CAD analysis shows the partly washout kinetics involving the cen-
tral focal enhancement, which has an appearance of a mass. No corre-

associated with a higher likelihood of a BI-RADS 3 assessment
with recommendation for short-interval follow-up. If the
enhancement pattern is interpreted as focal NME or mass
enhancement rather than as BPE, then further evaluation is nec-
essary with a biopsy. Transient focal areas of BPE have been
reported to be a major factor in the cancellation of MR-guided
biopsy, as illustrated in this case.

sponding sonographic correlate was identified and, on the day of the
recommended MRI-guided biopsy, two focal areas of enhancement
were no longer present, likely indicating resolved background paren-
chymal enhancement
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2.24 History

A 40-year-old woman with a possible right breast mass identified on baseline screening mammogram. Breast MRI was per-
formed for further evaluation (Figs. 2.66, 2.67, 2.68, and 2.69).

Fig.2.65 Mammogram. Right CC view (a) and CC spot compression view (b). (¢) Cleavage view
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Fig.2.66 (a—d) Serial axial T1-weighted post-contrast images of both breasts from superior to inferior
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2.24 Sternalis

Teaching Points The sternalis muscle is a normal variant of
the chest wall musculature. It may be visible as a rounded or
irregular, flame-shaped asymmetry on the craniocaudal
mammogram along the sternal edge. Radiologist awareness

Image Findings

Fig.2.67 Sternalis muscle. (a)
Mammographic right CC view
demonstrates a 1.2-cm asymme-
try (arrow) in the far posterior
medial breast, which persists on
CC spot compression (b) and a
cleavage view (c). No corre-
sponding finding was present on
the MLO view (not shown)

of this entity enables recognition of this finding as benign on
the mammogram, but the appearance of the muscle can
mimic malignancy, as illustrated in this case. This benign
finding can be confirmed by the absence of a mass on ultra-
sound or on cross-sectional imaging such as CT or MR
imaging if necessary.
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Fig.2.68 (a—d) Serial axial
T1-weighted post-contrast
images from superior to inferior
show a wedge-shaped mass
(arrows) in the far posterior
medial right breast with minimal
enhancement and similar signal
characteristics to the adjacent
pectoralis musculature. This
represents a sternalis muscle
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2.25 History

A 48-year-old woman undergoing high-risk screening breast MRI (Figs. 2.70 and 2.71).

Fig. 2.69 (a, b) Selected sagittal T2-weighted fat-saturated images of the left breast. No suspicious enhancement is present on post-contrast
images (not shown)
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2.25 Pleural Effusion

Teaching Points A small amount of pleural fluid identified
on MRI is likely to be physiologic and usually does not war-
rant additional evaluation.

Image Findings

Fig.2.70 Pleural fluid. (a, b)
Sagittal T2-weighted fat-sup-
pressed images show linear high
signal intensity (arrows) along
the dependent aspect of the
thorax, consistent with trace
pleural fluid

2 Benign Findings
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2.26 History

46-year-old patient undergoing high-risk screening breast MRI (Figs. 2.72, 2.73, and 2.74).

Fig.2.71 (a, b) Sequential axial T1-weighted fat-suppressed post-contrast images

Fig.2.72 (a, b) Corresponding axial CT images performed the following day
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2.26 Round Atelectasis

Teaching Points Round atelectasis is an uncommon form
of peripheral lung collapse that can be associated with asbes-
tos exposure, exudative pleural effusions, prior cardiac sur-
gery, or pneumothorax; it also can be idiopathic. Round
atelectasis is usually asymptomatic, with minimal to no clin-
ical findings, and is most often seen incidentally in a healthy
patient or on long-term follow-up of an asbestos-exposed
patient. The typical imaging appearance is a peripheral
round, spindle-shaped, or wedge-shaped opacity with indis-
tinct, irregular borders on radiography. On CT, it will appear

Image Findings

Fig.2.73 Round atelectasis. (a,
b) Sequential axial T1-weighted
fat-suppressed post-contrast
images obtained with the patient
prone demonstrate an enhancing
oval mass (arrow) in the right
middle lobe. The mass demon-
strates a swirling or comet tail
appearance characteristic of
round atelectasis

Fig.2.74 (a, b) Corresponding
supine CT images obtained the
next day show resolution of the
round atelectasis with some
residual scarring (arrows)

as a peripheral round mass adjacent to thickened pleura.
Variable contrast enhancement is noted, and a classic “comet-
tail” sign may be appreciated, composed of swirling conflu-
ence of pulmonary vessels. On MRI, round atelectasis will
be T1 hyperintense to muscle, T1 hypointense to fat, and T2
isointense to hypointense to fat, with contrast enhancement
and a “comet-tail” sign similar to CT. This case illustrates
round atelectasis with “comet-tail” sign on MRI, likely sec-
ondary to a combination of prior scarring in the right middle
lobe and prone position. The finding resolved on CT per-
formed the next day with the patient positioned supine, and
only mild scarring was noted.
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2.27 History

50-year-old patient undergoing high-risk screening breast MRI (Figs. 2.75 and 2.76).

Fig.2.75 (a) Axial T2-weighted image of both breasts. (b) Sagittal T2-weighted image of the left breast. (¢) Axial T1-weighted fat-saturated
post-contrast image of both breasts. (d) Sagittal T1-weighted fat-saturated post-contrast image of the left breast
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2.27 Pericardial Cyst

Teaching Points When interpreting breast MRI, systematic
evaluation of other anatomic structures and organs within the
field of view is important. Incidental findings are not uncom-
mon: about one in five patients will have an extramammary
finding. Pericardial cysts are rare mediastinal cysts occurring
with an incidence of 1 in 100,000. Most are asymptomatic and

Image Findings

Fig.2.76 Pericardial cyst. Axial
(a) and sagittal (b) T2-weighted
images demonstrate a lobulated,
hyperintense structure (arrows)
adjacent to the heart. Axial (c)
and sagittal (d) T1-weighted
fat-saturated post-contrast
images demonstrate no
enhancement of this structure,
consistent with a cyst

arise in the anterior cardiophrenic angle, more frequently on
the right side. Mediastinal cystic lesions constitute about 3 %
of all benign extramammary findings on breast MRI (Niell
et al. 2015), for which no additional assessment is indicated.
Pericardial cyst, like any other mediastinal cyst, appears
thin-walled with classic cystic features of low signal inten-
sity on T1-weighted images (Fig. 2.75) and a homogenous,
hyperintense signal on T2-weighted images (Fig. 2.76).
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2.28 History

29-year-old patient undergoing high-risk screening breast MRI (Figs. 2.77 and 2.78).

Fig.2.77 Axial (a) and sagittal (b) localizing sequence images
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2.28 Gallstone

Teaching Points When interpreting breast MRI, systematic
evaluation of other anatomic structures and organs contained
within the field of view is important. Incidental findings are
not uncommon, with an extramammary finding in about one
in five patients.

Image Findings

Fig.2.78 Incidental gallstone.
Axial (a) and sagittal (b)
localizing images demonstrate a
hypointense round structure
(arrowheads) in the gallbladder,
characteristic of a gallstone

Gallstones are found in about 10 % of the general popula-
tion and are twice as common in women as men. They are
more prevalent with increasing age and are often detected
incidentally. According to a recent study by Niell et al., gall-
stones were found to represent approximately 2% of all
benign extramammary findings that required no additional
work-up. They are best appreciated on T2-weighted MR
images and localizing sequences (Figs. 2.77 and 2.78).
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3.1 History

Mammographically and sonographically occult low-grade DCIS on breast MRI (Figs. 3.1 and 3.2).

Fig.3.1 Sagittal T1-weighted fat-suppressed post-contrast images through the right breast (a) and axilla (b)
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3.1 Ductal Carcinoma In Situ (DCIS): Low for low-grade DCIS. Mammographically, low-grade DCIS
Grade presents as amorphous calcifications and is more likely than
high-grade DCIS to present as a mass or asymmetry. On MR

Teaching Points MRI is more sensitive than mammography imaging, nonmass enhancement is usually associated with all
in detection of all grades of DCIS, with greater sensitivity for ~grades of DCIS (60-81 % of cases). Low-grade DCIS typi-
detection of high-grade and intermediate-grade DCIS than cally has benign blood flow enhancement kinetics, but no
kinetic pattern has been demonstrated to predict DCIS grade.

Image Findings

Fig.3.2 (a) Sagittal
T1-weighted fat-suppressed
post-contrast image of the right
breast demonstrates a 1.2-cm
area of linear nonmass enhance-
ment (arrows) along the right
10:00 axis. (b) Sagittal
T1-weighted fat-suppressed
post-contrast image of the right
axilla shows no lymphadenopa-
thy. The findings were mammo-
graphically and sonographically
occult. MRI guided biopsy of the
nonmass enhancement yielded
low-grade ductal carcinoma in
situ (DCIS)
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3.2  History

32-year-old woman with high-grade DCIS for extent of disease evaluation (Figs. 3.3, 3.4, 3.5, 3.6, 3.7, 3.8, 3.9, and 3.10).

Fig.3.3 Mammogram. Craniocaudal (CC) (a) and mediolateral (ML) (b) magnification views of the right breast
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Fig.3.4 [Initial breast MRI. (a) Axial T1-weighted fat-suppressed post-contrast image of both breasts. (b, ¢) Sagittal T1-weighted fat-
suppressed post-contrast images of the right breast
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History: Same patient returns 11 months later after lost to follow up.

Fig.3.5 Follow-up breast MRI performed 11 months later. (a) Axial T1-weighted fat-suppressed post-contrast image of both breasts. (b, ¢)
Sagittal T1-weighted fat-suppressed post-contrast images of the right breast
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Fig.3.6 Coned-down axial PET image of the liver and coronal fused PET-CT image of the chest and upper abdomen
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3.2 DCIS:High Grade 1

Teaching Points DCIS is a heterogeneous disease varying
in clinical presentation, morphology, and behavior. The pub-
lished studies indicate that DCIS of all grades has the poten-
tial to progress to invasive ductal carcinoma, but high-grade
DCIS has been shown to progress more rapidly than lower-
grade lesions and is more likely to lead to metastatic disease

Image Findings

Fig.3.7 Mammogram. CC (a)
and ML (b) magnification views
of the right breast demonstrate
extensive suspicious pleomor-
phic calcifications (arrows)
involving the upper outer breast.
Stereotactic biopsy yielded
high-grade DCIS

with poor survival outcome. The MRI appearance of the
natural progression of high-grade DCIS is illustrated in this
case with dramatic increase in loco-regional disease with
parenchymal spread of tumor, skin involvement, and axillary
metastasis. Breast MRI is a sensitive modality for evaluating
interval change of malignancy not only in patients with suc-
cessful neoadjuvant therapy but also in cases of failed
treatment.
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Fig.3.8 Baseline breast MRI.
(a) Axial T1-weighted fat-sup-
pressed post-contrast image of
both breasts reveals extensive
nonmass enhancement (arrow-
heads) involving most of the
right breast. (b) Sagittal
T1-weighted fat-suppressed
post-contrast image of the right
breast shows extensive segmental
nonmass enhancement (arrow-
heads) in the upper right breast.
A breast biopsy clip artifact is
seen (arrow). (¢) Sagittal
T1-weighted fat-suppressed
post-contrast image of the right
breast shows extensive segmental
nonmass enhancement (arrow-
heads) in the upper right breast,
as well as two enlarged axillary
lymph nodes (arrows) suspicious
for metastasis
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Fig.3.9 Follow-up breast MRI
performed after 11 months of
nonconventional treatment. Axial
(a) and sagittal (b) T1-weighted
fat-suppressed post-contrast
images at the level of the biopsy
clip (white arrow) show
increased extensive nonmass
enhancement, now involving the
entire right breast with associ-
ated diffuse and nodular skin
thickening (arrowheads). (c)
Sagittal T1-weighted fat-sup-
pressed post-contrast image of
the right breast demonstrates
interval increase in enlarged
axillary lymph nodes (arrows),
which have a matted appearance
adjacent to the axillary
vasculature (arrowheads)

Fig.3.10 PET/CT evaluation Rty
shows several FDG-avid

irregular masses (teal circle) in

the liver, suspicious for hepatic
metastases

LYES00 1 Zhiee: U9

SUY LD L4.50



3.3 History 109

3.3  History

A 55-year-old woman with high-grade DCIS. Extent of disease evaluation (Figs. 3.11, 3.12, 3.13, and 3.14).

Fig.3.11 Mammogram. ML view (a), CC spot magnification view (b), and ML spot magnification views (¢, d) of the left breast



110 3 Breast Malignancy

Fig.3.12 (a, b) Sagittal post-contrast subtraction images of the left breast. High-grade DCIS with disease extent underestimated on
mammography
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3.3 DCIS:High Grade 2

Teaching Points Although mammography has been the
mainstay for diagnosis of DCIS, there is a tendency to under-
estimate the extent of disease, especially in patients without
microcalcifications or in those with dense breasts or breast
implants. MRI is more sensitive than mammography in
detecting pure DCIS. In many instances, MRI can reveal
early-stage breast cancers, including DCIS and DCIS with

small invasive carcinomas, that are mammographically,
sonographically, and clinically occult. However, no differ-
ences in MR morphologic or kinetic features have been
reported between low-grade and high-grade DCIS.

In our example, linearly distributed pleomorphic calcifi-
cations identified on mammography correspond to linear
nonmass enhancement on the T1-weighted post-contrast
images, a finding more likely to be associated with high-
grade DCIS.



112

3 Breast Malignancy

Image Findings

Fig.3.13 Mammogram. ML
view (a), CC spot magnification
view (b), and ML spot magnifi-
cation views (¢, d) show
pleomorphic calcifications in a
linear distribution in the lower
outer quadrant (arrows)
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Fig.3.14 (a) Sagittal post-
contrast subtraction image shows
linear nonmass enhancement
(black arrows) corresponding to
the pleomorphic calcifications on
mammography. Biopsy clip
artifact is seen (white arrow). (b)
An additional sagittal post-con-
trast subtraction image reveals
additional enhancement
extending towards the nipple
(arrowheads), for which there is
no mammographic correlate
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3.4  History

51-year-old woman with right nipple itchiness and erythema (Figs. 3.15, 3.16, 3.17, and 3.18).

Fig. 3.15 Axial MR images of both breasts. (a) T1-weighted. (b) T2-weighted fat-saturated. (¢) Post-contrast subtraction. (d) Corresponding
computer-aided detection (CAD) images
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Fig.3.16 Mammographic images of the right breast. Mediolateral oblique (MLO) view (a) and CC view (b) with corresponding retroareolar
spot magnification views (c, d)
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3.4 Paget’s Disease

Teaching Points Paget’s disease is a rare disease of the breast,
accounting for 1-3 % of all breast cancer cases. The disease is
characterized by involvement of the nipple-areolar complex
with malignant cells called Paget cells, manifested clinically by
nipple/areolar itching, erythema, scaly skin, bloody nipple dis-
charge, and nipple erosion, ulceration, or retraction. Diagnosis
is usually made by a full-thickness punch biopsy of the nipple-
areolar complex. Paget’s disease of the breast is nearly always a
sign of underlying breast malignancy, with most studies report-
ing the presence of a concurrent DCIS or invasive cancer in over
90 % of patients. Approximately 50 % of patients with Paget’s

Image Findings

Fig.3.17 Paget’s disease
with additional disease
detected on MRI. Axial
T1-weighted (a) and axial
T2-weighted fat-saturated
images (b) demonstrate T1
hypointensity and mild T2
hyperintensity of the right
nipple (arrow), as well as
marked retroareolar T2
hyperintensity (arrow). Axial
post-contrast subtraction (c)
with corresponding CAD
images (d) demonstrate
marked enhancement of the
nipple (arrow) with mixed
enhancement kinetics and
additional linear nonmass
enhancement posterior to the
nipple (arrowhead)

disease also present with an associated palpable mass in the
breast, 90% of whom are found to have invasive disease; a
lesion without a palpable mass is usually associated with
DCIS. On mammography, Paget’s disease can be seen as nip-
ple/areolar abnormalities such as skin thickening, malignant
calcifications, or discrete lesions involving the nipple-areolar
complex or breast parenchyma, but mammograms can appear
normal in up to 50 % of patients with Paget’s disease, so correla-
tion with clinical examination is critical. MR imaging is usually
performed to detect underlying occult malignancy. Common
MR findings of Paget’s disease include asymmetric nipple
enhancement and nodularity with or without associated features
of DCIS and invasive carcinoma.




3.4 Paget’s Disease 17

Fig.3.18 Paget’s disease on
mammography. Right MLO (a)
and CC (b) views with
corresponding retroareolar spot
magnification views (c, d)
demonstrate a suspicious group
of heterogeneous calcifications
(arrows), which yielded DCIS on
biopsy
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3.5 History

49-year-old woman undergoing high-risk screening MRI (Figs. 3.19 and 3.20).

Fig.3.19 Selected T1 post contrast fat-saturated image of the right breast
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3.5 DCIS: Micropaillary

Teaching Points Ductal carcinoma-in-situ may be classified
variably, taking into account architecture, nuclear pleomor-
phism, and the presence or absence of necrosis. Interest in
classification stems in large part from the desire to use patho-
logical features to help predict likelihood of recurrence, pro-
gression to invasive disease, and overall prognosis.

Micropapillary DCIS is an architectural subtype in which
small club-like protuberances project into dilated ducts.
Although some authors have associated micropapillary
DCIS with lower nuclear grade and indolence, the micropap-
illary subtype has also been considered conversely to have
negative implications for disease extent and prognosis, espe-
cially in more recent studies. It appears in several analyses as
an independent risk factor for tumor recurrence.

The mammographic and sonographic features of both
screen-detected and symptomatic DCIS have been well
described, with mammography being the primary modality
given its sensitivity for calcifications and sonography playing
an adjunctive but important role, particularly in symptomatic
patients and higher-grade disease. When used, MRI is the
most sensitive examination for DCIS, which most frequently

Image Findings

Fig.3.20 Micropapillary

DCIS. There is a 1.3 cm linear
non-mass enhancement in the
upper outer mid right breast.
This area underwent MRI-guided
biopsy, yielding micropapillary
DCIS

119

appears as non-mass enhancement, as illustrated in our case.
Some unique aspects of the imaging of micropapillary DCIS
have been revealed. Although most DCIS is detected mam-
mographically through the presence of suspicious calcifica-
tions, the histologic extent of the disease is frequently greater
than the extent of suspicious mammographic features. This
discrepancy has been shown to be more pronounced in the
architectural subtype of micropapillary DCIS. The imaging
characteristics of micropapillary DCIS on mammography,
sonography, and MRI were specifically reviewed by Lee et al.
in a study of 42 tumors which were composed predominantly
of micropapillary DCIS on pathology. Notably, the patient is
often asymptomatic despite what may turn out to be extensive
disease and, similarly, sonography is often negative.
Pleomorphic calcifications were the most common imaging
presentation. In this study, the infrequently used MRI showed
non-mass enhancement in a segmental or regional distribu-
tion similar to other types of DCIS. Importantly, MRI was the
only modality to accurately size the disease in the cases it was
used. Debate on the appropriate preoperative use of breast
MRI for both invasive or in-situ cancer is ongoing, but as the
recommendations become more refined, consideration may
be given to its use in the evaluation of micropapillary DCIS.
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3.6 History

67-year-old woman with newly diagnosed left breast IDC (Figs. 3.21, 3.22, 3.23, and 3.24).

Fig.3.22 (a) ADC. (b) DWI. DWI demonstrates high signal on 5=800 s/mm? corresponding to the non-mass enhancement representing



3.6 DCIS:DWI

121

3.6 DCIS: DWI
Teaching Points The application of DWI for DCIS has to
address several different questions including the following:
(1) Can DCIS be distinguished from normal breast tissue and
benign lesions? (2) Can DCIS be distinguished from invasive
malignancy? (3) Can DCIS grades be differentiated?
Studies of DWI have demonstrated a mean apparent diffu-
sion coefficient (ADC) value of DCIS that is intermediate
between normal breast tissue and invasive disease. In three of
these studies, the mean ADC of DCIS was shown to be 1.35—
1.50x 10~ mm?s, compared to the mean ADC of normal
breast tissue was 2.01-2.09 x 10~ mm?/s (sensitivity for DCIS
was 91 % with an ADC value of <1.81x 1073 mm?/s according
to one study). The mean ADC of invasive disease investigated
by two of these same authors was shown to be 1.2-1.29x 1073

Image Findings

mm?/s. Woodhams et al. directly compared DCIS and invasive
disease and found them statistical different. Concerns have
been raised concerning the overlap of ADC values in malig-
nant disease and benign lesions with potential false positives
or false negatives depending on the threshold chosen.

High-nuclear grade (HNG) DCIS is considered more
likely to progress to invasive cancer than lower-grade DCIS
(non-HNG DCIS), and is considered more clinically signifi-
cant. Using DWI to discriminate between grades of DCIS
has had mixed results. Although Lim et al. in 2011 demon-
strated statistically significant difference between the ADC
values of grades of DCIS, other studies have not replicated
that result. A 2012 study by Rahbar et al. did not demonstrate
significant differences in the ADCs of HNG versus non-
HNG DCIS. Further work is needed to determine the clini-
cally applicability of DWI for assessing DCIS.

Fig.3.23 (a) 3D MIP image demonstrates an 8 mm mass in the posterior left breast (arrow head) which underwent biopsy yielding IDC. (b) In
the right breast segmentally distributed non mass enhancement is present spanning 9 cm

Fig.3.24 (a) Low-grade DCIS. (b) ADC values are within the malignant range (1.35 % 10-3 mm?s), but higher than typical for invasive disease.
Two site MR-guided biopsy demonstrated low nuclear-grade DCIS
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3.7 History

42-year-old woman with recent diagnosis of left breast cancer. Breast MRI was performed to evaluate extent of disease
(Figs. 3.25, 3.26, 3.27, and 3.28).

Fig.3.25 (a) Axial T1-weighted fat-saturated image of both breasts. (b, ¢) Contiguous axial T2-weighted fat-saturated images of both breasts

Fig.3.26 (a) Axial T1-weighted fat-saturated post-contrast image of both breasts. (b) Corresponding axial post-contrast subtraction image
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3.7 Invasive Ductal Carcinoma, Papillary

Teaching Points Papillary carcinoma of the breast is a rare
type of invasive ductal carcinoma. It accounts for about 2 % of
all breast cancers and usually occurs in post-menopausal
women with an average age of 65 years. Clinically it can man-
ifest as a palpable mass or nipple discharge and occurs most
commonly in the retroareolar region. These lesions are classi-
fied as papillary DCIS, intracystic papillary carcinoma (ICPC)
with or without invasion, or solid papillary carcinoma (if no
cystic component is present). Invasive elements are typically
detected at the periphery of the lesion. Histologically, it is
characterized by a frond-like growth pattern on a fibrovascular
core lacking a myoepithelial layer. Mammographically, papil-
lary carcinoma can present as a round, oval, or lobulated mass,

Image Findings

Fig.3.27 Intracystic papillary
carcinoma with surrounding
DCIS. An axial T1-weighted
fat-suppressed image (a) and
axial T2-weighted fat-saturated
images (b, ¢) show a complex,
multicystic mass in the medial
left breast with a fluid-fluid level
(arrows) and T1- and
T2-hyperintense layers reflecting
hemorrhage (arrowheads).
Additional T2-hyperintense
cystic components are noted in
the far posterior medial breast
associated with a T1-hypointense
mass (arrowhead)

usually with a circumscribed margin. Sonographically, papil-
lary carcinoma presents as a complex, cystic solid mass with
posterior acoustic enhancement or as a hypoechoic solid mass.
Increased vascularity is often present. On MRI, intracystic
papillary carcinoma appears as complex, cystic solid mass or
multicystic masses with heterogeneous internal composition
with enhancing nodular masses and variable fluid content.
Hemorrhagic contents can be hyperintense on both T1- and
T2-weighted images and fluid-fluid levels may be seen, as
illustrated in this case. Serous contents can show T1 hypoin-
tensity and T2 hyperintensity. Post-contrast images can show
variable enhancement involving the cyst walls, septa, and
mural nodules. Patients with papillary carcinoma have a more
favorable prognosis than those with invasive ductal carci-
noma-not otherwise specified (NOS).

R

Fig. 3.28 (a) Axial Tl-weighted fat-saturated post-contrast image
shows a solid mass (arrowheads) within the posterior aspect of the mul-
ticystic mass. A clip artifact (arrow) within this solid component is
from a biopsy, which yielded papillary carcinoma. (b) Axial post-
contrast subtraction image reveals that the solid mass has mild enhance-
ment. In addition, diffuse adjacent enhancement (arrows) is present in

the central and outer breast, corresponding to an area of suspicious cal-
cifications on mammography. Stereotactic biopsy of the calcifications
yielded DCIS. The patient underwent left mastectomy, with final
pathology revealing intracystic papillary carcinoma and extensive
DCIS. No axillary lymph node metastases were present
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3.8 History

59-year-old woman with newly diagnosed left breast malignancy with axillary metastasis. Breast MRI was performed to
evaluate extent of disease (Figs. 3.29, 3.30, 3.31, 3.32, 3.33, 3.34, 3.35, 3.36, 3.37, 3.38, 3.39, and 3.40).

Loc: LI:ﬁ

Fig.3.29 (a) Sagittal T1-weighted fat-saturated post-contrast image of the mid left breast. (b) Corresponding sagittal T2-weighted fat-saturated
image

Fig.3.30 (a) Sagittal T1-weighted fat-saturated post-contrast image of the outer left breast. (b) Corresponding sagittal T2-weighted fat-satu-
rated image. (¢) Corresponding sagittal T1-weighted fat-saturated pre-contrast image
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Fig.3.32 Mammogram. Left breast CC view (a) and MLO view (b)
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Fig.3.33 Targeted ultrasound images of the left upper outer breast (a) and left axilla (b)
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Fig.3.34 (a) Axial localizer image. (b) Corresponding axial T1-weighted fat-saturated delayed post-contrast image
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3.8 Invasive Ductal Carcinoma, Mucinous

Teaching Points Mucinous carcinoma of the breast, a form
of invasive ductal carcinoma, is sometimes called colloid
carcinoma. The tumor is made up of abnormal cells within
pools of mucin, a key component in the slimy, slippery
mucus. It can histologically be divided into pure mucinous
breast cancer or mixed mucinous breast cancer. Mucinous
carcinoma is extremely rare in men and in women (2 % of all
breast cancers). It is more common after menopause, in the
60s or early 70s. Mammographically, the presence of mucin

Image Findings

Fig.3.35 Mucinous carcinoma.
(a) Sagittal T1-weighted
fat-saturated post-contrast image
demonstrates several large,
conglomerate, irregular masses
(arrows) occupying most of the
mid to anterior breast, with
central clip artifact (arrowhead)
from a biopsy that yielded
invasive ductal carcinoma with
mixed mucinous features. (b)
Sagittal T2-weighted fat-
saturated image shows these
masses to have homogeneous
high T2 signal, likely reflecting
both the water content of mucin
and areas of necrosis

3 Breast Malignancy

results in a low-density and well-defined lobular mass.
Sonographically, mixed cystic and solid components, poste-
rior acoustic enhancement, and micro-lobulated margins are
commonly seen. On MRI, they can have very high signal
intensity on T2-weighted images, as illustrated in this case,
because of the water component in mucin. Post-contrast
enhancement can be variable. Typically, a pure mucinous
subtype carries a better prognosis than invasive ductal carci-
noma NOS. Mixed mucinous carcinoma of the breast tends
to demonstrate more aggressive behavior than the pure sub-
type, as illustrated in this case with distant metastasis.

Fig.3.36 (a) Sagittal T1-weighted fat-saturated post-contrast image of the outer breast shows the irregular masses extending into the outer breast
and superficially to the skin (arrows). Posteriorly, enlarged low axillary lymph nodes are present, corresponding to the known metastases (arrows).
(b) Sagittal T2-weighted fat-saturated image shows the masses and axillary lymph nodes to have homogeneous T2 hyperintensity (arrows). Both
focal and diffuse skin enhancement and edema are present owing to the combination of direct skin invasion and secondary obstruction from axil-
lary adenopathy. (¢) Sagittal T1-weighted fat-saturated pre-contrast image shows subareolar linear branching high signal intensity (arrows), rep-
resenting mildly dilated ducts containing hemorrhagic or proteinaceous debris
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Fig.3.37 Sagittal T1-weighted
fat-saturated post-contrast image
(a) of the medial breast
demonstrates an enlarged left
internal mammary lymph node
(arrow) with peripheral
enhancement and diffuse high T2
signal (b) (arrow). The
peripheral enhancement pattern
suggests central necrosis. PET/
CT imaging (not shown)
demonstrated focal FDG uptake
involving the left internal
mammary lymph node,
suspicious for metastatic disease

Fig.3.38 CC (a) and MLO (b)
mammographic images show
large irregular masses occupying
most of the upper outer left
breast with associated diffuse
skin thickening, axillary
adenopathy, and cutaneous
extension of the low-density
mass involving the upper breast
(arrows)
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Fig.3.39 (a) Sonography
shows a partially imaged large
hypoechoic mass with irregular
margins in the upper outer left
breast, corresponding to the
known malignancy. Mild
posterior acoustic enhancement
is present (arrows). (b) Irregular
large hypoechoic lymph nodes
are sonographically evident in
the low axilla, corresponding to
the known metastatic disease

Fig.3.40 (a) Axial localizer
image shows T2 hyperintense
lesions in the right lower lobe of
the lung (arrows). (b)
Corresponding axial T1-weighted
fat-saturated post-contrast image
shows enhancement of these
lesions, suspicious for pulmonary
metastases. In addition, enlarged
left internal mammary and low
axillary lymph nodes are seen
(arrows). Subsequent biopsy
confirmed metastatic disease
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3.9 History

A 61-year-old woman with recently diagnosed left breast malignancy. Breast MRI was performed to evaluate extent of dis-
ease (Figs. 3.41, 3.42, 3.43, and 3.44).

Fig. 3.41 (a) Sagittal T1-weighted fat-saturated post-contrast image of the left breast. (b) Corresponding sagittal T2-weighted fat-saturated
image. (¢) Axial T1-weighted fat-saturated post-contrast image of both breasts. (d) Corresponding axial T2-weighted fat-saturated image
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Fig.3.42 Mammogram. CC image (a) and MLO image (b) of the left breast. CC spot compression image (¢) and MLO spot compression
image (d) of the left breast. (e) A targeted left breast ultrasound
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Fig.3.42 (continued)
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3.9 Invasive Ductal Carcinoma, Pure

Mucinous 1

Teaching Points Mucinous carcinoma of the breast is a
rare form of invasive ductal carcinoma. On mammography,
the presence of mucin results in a low-density and rela-
tively well-defined lobular mass. On sonography, a homo-
geneously hypoechoic mass is seen with posterior acoustic

Image Findings

Fig.3.43 Pure mucinous
carcinoma. Sagittal (a) and axial
(b) T1-weighted fat-saturated
post-contrast images show a
1.6-cm irregular mass (arrow) in
the retro-areolar left breast.
Corresponding axial post-
contrast (¢) and axial
T2-weighted fat-saturated (d)
images show the mass (arrow) to
have high T2 signal

enhancement. On MRI, the masses can have very high sig-
nal intensity on T2-weighted images. All these imaging
features are illustrated in this patient with a diagnosis of
pure mucinous carcinoma. The pure mucinous subtype
carries a better prognosis with a lower chance of axillary
metastasis. The patient underwent breast conservation
with final pathology of pure mucinous carcinoma, stage
TINO.
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Fig.3.44 CC (a) and MLO (b)
mammography images of the left
breast show a 1.5-cm partially
circumscribed irregular mass
(arrow) in the slightly medial
subareolar left breast, which
persists on spot compression
views (c, d). (e) Targeted left
breast ultrasound demonstrates a
corresponding 1.5-cm oval
circumscribed, homogeneously
hypoechoic mass with posterior
acoustic enhancement (arrows).
The patient underwent ultra-
sound-guided core biopsy,
yielding invasive ductal
carcinoma, mucinous type
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Fig.3.44 (continued)
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3.10 History

58-year-old woman with recently diagnosed left breast malignancy. Breast MRI was performed to evaluate extent of disease
(Figs. 3.45 and 3.46).

Fig.3.45 Sagittal post-contrast subtraction image of the left breast (a) with CAD color overlay (b). (¢) Corresponding sagittal T2-weighted fat-
saturated image
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3.10 Invasive Ductal Carcinoma, Pure enhancement is variable; a benign-appearing, persistent

Mucinous 2 enhancement pattern (as seen in this patient) may occur.

The pure mucinous subtype carries a better prognosis than

Teaching Points Mucinous carcinoma of the breast is a invasive ductal carcinoma NOS, with a lower chance of

rare form of invasive ductal carcinoma. On MRI, these axillary metastasis. The patient underwent breast conserva-

tumors can have very high signal intensity on T2-weighted tion, with final pathology yielding pure mucinous carci-
images, as illustrated in this case. In addition, post-contrast noma, stage TINO.

Image Findings

Fig.3.46 Pure mucinous carcinoma. Sagittal post-contrast subtraction image (a) shows a 1.3-cm irregular mass (arrow) along the 12:00 axis of
the left breast, demonstrating persistent enhancement color-coded as blue on CAD (b). (¢) Corresponding sagittal T2-weighted fat-saturated image
shows the T2-hyperintense mass (arrow) to be larger than the area of enhancement. The patient underwent ultrasound-guided core biopsy yielding
invasive ductal carcinoma, mucinous type
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3.11 History

Extent of disease evaluation (Figs. 3.47, 3.48, 3.49, and 3.50).
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Fig.3.47 Sagittal MRI images of the right breast. T1-weighted fat-saturated post-contrast image (a) and CAD color overlay on a post-contrast
subtraction image (b)

Fig.3.48 Sagittal MRI images of the right breast obtained 12 months later: a T2-weighted fat-saturated image (a), post-contrast subtraction image
(b), and post-contrast subtraction image with CAD color overlay (c)
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3.11 Invasive Ductal Carcinoma, Tubular

Carcinoma

Teaching Points Tubular carcinoma of the breast is a well-
differentiated form of invasive ductal carcinoma. It typically
occurs in younger women (middle to late 40s) and tends to
have a more favorable prognosis than other breast cancers.
Pure tubular carcinoma is rare and accounts for less than 2 %
of all breast cancers. The diagnosis of tubular carcinoma

Image Findings

Fig.3.49 Initial MRI images
obtained in a patient with
tubular carcinoma detected on
high-risk screening MRI
follow-up. (a) Sagittal
T1-weighted fat-saturated
post-contrast image shows a
focus of enhancement along the
posterior right 12:00 axis
(arrow). (b) CAD enhancement
kinetic analysis demonstrates a
mixed pattern (arrow), with
predominantly progressive and
plateau kinetics

Fig.3.50 12-month follow-up MRI images demonstrating tubular car-
cinoma. (a) Sagittal T2-weighted fat-saturated image of the right breast
shows minimal T2 hyperintensity (arrow) in the posterior breast. (b)
Sagittal post-contrast subtraction image shows interval enlargement of
the previously seen enhancing focus, which is now a heterogeneously

3 Breast Malignancy

requires a minimum percentage of tubular elements ranging
from 75 to 90 %.

Tubular carcinoma is often detected as a small, spiculated
mass on screening mammography, usually less than 1 cm,
but it may be discovered as a palpable mass. The spiculations
correspond to reactive stroma extending from the neoplasm.
On MRI, tubular carcinoma appears similar to invasive duc-
tal carcinoma NOS, with a variable kinetic enhancement
pattern.

enhancing, irregular, spiculated mass (arrow) in the posterior right
breast. (¢) CAD enhancement kinetics analysis shows a mixed enhance-
ment pattern, predominantly washout (arrow), suspicious for malig-
nancy. Biopsy yielded tubular carcinoma
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3.12 History

46-year-old woman with newly diagnosed left breast malignancy. Breast MRI was performed to evaluate extent of disease
(Figs. 3.51, 3.52, 3.53, 3.54, 3.55, and 3.56).

Fig. 3.51 (a) Axial T1-weighted image of both breasts. (b) Corresponding axial T2-weighted fat-saturated image. (¢) Corresponding axial
T1-weighted fat-saturated post-contrast image with CAD kinetic analysis color overlay. (d) Axial post-contrast 3D maximum intensity projection
(MIP) image
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Fig.3.52 Mammogram. CC view
(a) and MLO view (b) of the left
breast. CC (¢) and MLO (d) spot
compression views of the left breast
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Fig.3.53 Targeted left breast ultrasound image
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3.12 Invasive Ductal Carcinoma, Medullary

Carcinoma

Teaching Points Medullary carcinoma of the breast is a
rare type of invasive ductal carcinoma that accounts for
about 3% of all breast cancers. This tumor can occur in
younger women, including 10 % of cases in women under
35 years. On histology, medullary carcinomas have been
classified as either typical or atypical. Atypical medullary
carcinomas are now classified as invasive ductal carcinomas
with medullary features. Patients with medullary carcinoma
have a more favorable prognosis than those with atypical
medullary carcinoma and nonmedullary carcinoma. The
morphologic features of medullary carcinomas and fibroad-
enomas can overlap. Mammographically, medullary carci-

Image Findings

3 Breast Malignancy

noma is a round, ovoid, or lobular mass with ill-defined or
circumscribed margins. On ultrasound, the mass can be
either homogeneously hypoechoic or hypoechoic with mild
heterogeneity. Posterior acoustic enhancement may be pres-
ent. On MRI, medullary carcinomas appear as masses with
an oval or lobular shape and circumscribed margins. The
tumors are isointense or hypointense on T1-weighted
images and isointense or hyperintense on T2-weighted
images relative to the surrounding breast tissue. Kinetics
curves demonstrate a rapid initial increase in enhancement
and a washout or plateau delayed enhancement pattern.
Many of the imaging features typical for medullary carci-
noma were present in our case. The patient underwent breast
conservation with final pathology showing typical medul-
lary carcinoma, stage T2, NO.

Fig.3.54 Medullary carcinoma. Axial T1-weighted image (a) and fat-saturated T2-weighted image (b) demonstrate a 2.6-cm,
T1-hypointense and T2-hyperintense round mass (arrow) in the posterior upper outer breast with central clip artifact from a biopsy, which
yielded malignancy. (¢) Corresponding axial T1-weighted fat-saturated post-contrast image with CAD kinetic analysis shows rapid uptake of
contrast with delayed washout color-coded as red. (d) Axial post-contrast 3D MIP image shows the unifocal mass in the left breast. No other

suspicious enhancement is present in ether breast or axilla
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Fig.3.55 (a, b) Mammography
(spot compression views) shows
a 2.5-cm partially obscured
round mass (arrows) in the upper
outer left breast

Fig.3.56 Targeted ultrasound
of the 2:00 axis of the left breast
shows a partially circumscribed,
round mass with some irregular
margins and marked posterior
acoustic enhancement (arrows),
corresponding to the mammo-
graphic and MRI masses. The
patient underwent ultrasound-
guided core biopsy yielding
medullary carcinoma
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3.13 History

A 64-year-old woman with newly diagnosed left breast malignancy. Breast MRI was performed to evaluate extent of disease
(Figs. 3.57, 3.58, 3.59, 3.60, and 3.61).
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Fig.3.57 Screening mammogram. Left (a) and right (b) MLO views. Left (¢) and right (d) CC views
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Fig.3.58 Prior screening mammogram for comparison. Left MLO (a) and CC (b) views
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Fig. 3.59 (a) Axial T1-weighted image of both breasts. (b) Corresponding axial T2-weighted fat-saturated image. (¢) Axial T1-weighted fat-
saturated post-contrast image with (d) CAD kinetic analysis color overlay. (e, f) Contiguous sagittal T1-weighted fat-saturated post-contrast sub-
tracted images of the outer left breast
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3.13 Invasive Lobular Carcinoma 1

Teaching Points Breast MRI is commonly performed for
extent of disease evaluation and preoperative planning, but
its routine preoperative use is controversial because the long-
term benefits for patient survival outcome are unclear, espe-
cially in the setting of adjuvant chemotherapy and radiation
therapy. Breast MRI may be most important in patients who
are relying only on surgery for their treatment. For patients
with invasive lobular carcinoma (ILC), there is literature

supporting preoperative MRI for better estimation of disease
and additional findings, especially in patients with dense

Image Findings

Fig.3.60 Invasive lobular
carcinoma (ILC). There is a new
focal asymmetry in the upper
outer posterior left breast
(arrow), spanning 4 cm on the
mammographic MLO view (a)
and CC view (b). The focal
asymmetry persisted on the spot
compression views (not shown),
but no definite sonographic
correlate was reported. The focal
asymmetry underwent stereotac-
tic biopsy yielding ILC

(o NTT N

breasts. This patient underwent wide excision yielding
8.2 cm of disease with negative margins on final pathology.
In this case, the breast MRI gave a more accurate estimation
of disease than the mammogram. It is important to note that
breast MRI can over-estimate disease extent owing to
enhancement of tissue surrounding the tumor related to
edema, inflammation, and desmoplastic reaction. The ILC in
this case demonstrated a persistent, benign-appearing
delayed enhancement pattern. This case illustrates the impor-
tance of utilizing morphology as the most important feature
to be analyzed, as the kinetic enhancement pattern can be
misleading.
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Fig.3.61 Axial T1-weighted
(a) and fat-saturated
T2-weighted (b) images
demonstrate a T1-hypointense
and T2-mildly hyperintense
irregular region (arrows) in the
upper outer left breast, spanning
at least 7.8 cm. Localizing clip
artifact is seen within the medial
aspect of this region (arrowhead
on a), which yielded ILC at
biopsy. Incidentally noted is
curvilinear T2 hyperintensity
(arrowheads on b) along the
anterior right thorax, consistent
with trace pleural fluid. (¢) There
is irregular nonmass enhance-
ment (arrows) on the axial
T1-weighted fat-saturated
post-contrast image in the upper
outer left breast. (d) Persistent
enhancement is denoted by the
color blue (arrow). (e, f) Sagittal
T1-weighted fat-saturated
post-contrast images further
illustrate the disease extent
(arrows)

3 Breast Malignancy
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3.14 History

A 49-year-old woman with newly diagnosed right breast malignancy. Breast MRI was performed to evaluate extent of dis-
ease (Figs. 3.62, 3.63, 3.64, 3.65, 3.66, 3.67, 3.68, and 3.69).

Fig.3.62 Mammogram. Left (a) and
right (b) MLO views. Left (¢) and right
(d) CC views
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Fig.3.63 Targeted ultrasound
image of the right breast
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Fig.3.64 Sagittal post-contrast subtraction images of the medial right breast (a), central right breast (b), and lateral right breast (c, d)
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Fig.3.65 Targeted ultrasound images of the upper outer right breast (a) and retroareolar right breast (b)
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3.14 Invasive Lobular Carcinoma 2

Teaching Points Preoperative breast MRI can detect addi-
tional sites of disease in the ipsilateral breast in 20-30 % of
cases and in the contralateral breast in 5% of cases, espe-
cially in patients with invasive lobular cancer and dense
breasts, as illustrated in this case. Such findings impact

Image Findings

clinical management. It is important to note that pathology
confirmation is needed to document multicentric disease
despite the suspicious appearance of additional findings on
MRI. Sonographic features of certain malignancies can be
subtle, and breast MRI can help to direct ultrasound for
localization of the finding, as shown in this case.

Fig.3.66 Multicentric invasive lobular carcinoma. Mammography shows a focal asymmetry in the far posterior inferior and slightly medial right
breast on MLO (a) and CC (b) views (arrows). The focal asymmetry persisted on spot compression views (not shown), and ultrasound was
performed for further evaluation. The MLO view (a) also showed an asymmetry (arrowhead) in the upper right breast without a definite correlate
on the CC view, and no sonographic correlate was reported. (¢) An asymmetry (arrow) is noted in the posterior lower left breast without a definite
correlate on the CC view. The appearance was similar to prior mammograms, and the finding was considered benign
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Fig.3.67 Targeted right breast
ultrasound demonstrates a
2.5-cm irregular hypoechoic
mass along the 5:00 axis
corresponding to the mammo-
graphic focal asymmetry. This
mass underwent biopsy yielding
ILC

Fig.3.68 Sagittal T1-weighted
post-contrast subtraction images
of the right breast demonstrate a
3.1-cm irregular mass (a,
arrows) in the posterior 5:00 axis
of the right breast with central
localizing clip artifact (arrow-
head), which yielded malignancy
on biopsy. Additional suspicious
enhancement is noted in the
retroareolar right breast (b,
arrows) and along the 10:00-
10:30 axis (¢ and d, arrows)

3 Breast Malignancy
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Fig.3.68 (continued)

Fig. 3.69 Second-look ultrasound was performed for the additional
MRI findings. (a) Targeted ultrasound of the upper outer right breast
shows two adjacent mildly hypoechoic masses (arrows) likely corre-
sponding to the areas of 10:00-10:30 MRI enhancement (and, in retro-
spect, to the mammographic asymmetry). (b) Targeted ultrasound of

the retroareolar right breast demonstrates a hypoechoic mass (arrow)
likely corresponding to the subareolar MRI enhancement. The 10:00
mass underwent ultrasound-guided biopsy yielding ILC. This proved
multicentric disease, and the patient underwent mastectomy rather than
lumpectomy
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3.15 History

56-year-old patient newly diagnosed with breast cancer undergoing breast MRI extent of disease evaluation (Figs. 3.70, 3.71,
3.72, and 3.73).

Fig. 3.70 (a) Sagittal T1-weighted fat-suppressed image of the left  (d) Sagittal post-contrast subtraction image of the left breast with CAD
breast. (b) Sagittal post-contrast subtraction image of the left breast. (¢)  color overlay
Axial T1-weighted fat-suppressed post-contrast image of both breasts.
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Fig.3.71 Mammogram. (a) MLO spot compression view of the left breast. Post-biopsy ML view (b) and exaggerated lateral craniocaudal
(XCCL) view (c) of the left breast
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3.15 Invasive Lobular Carcinoma 3

Teaching Points Patient underwent mastectomy, which dem-
onstrated the largest contiguous involvement of cancer to be
5.8 cm.

Invasive lobular carcinoma (ILC) is the second most com-
mon histologic type of breast carcinoma, accounting for
approximately 10-15% of all invasive breast cancers. Its
mammographic manifestations may vary and can be vague,
such as architectural distortion or asymmetry. Higher false-

Image Findings

Fig.3.72 (a) Sagittal T1
fat-suppressed pre-contrast
image of the left breast
demonstrates a dominant
T1-intermediate region (arrows)
with central clip artifact
(arrowhead), as well as a more
posterior T1-intermediate focus
(arrow) with central clip artifact
(arrowhead). Sagittal (b) and
axial (¢) T1 fat-suppressed
post-contrast subtraction images
demonstrate a large area of
nonmass enhancement (arrows)
spanning at least 6 cm with
central clip artifact (arrowhead)
in the 3:00 axis of the left breast;
a biopsy yielded ILC. Also seen
on the sagittal view (b), 2 cm
posterior to the index lesion, is a
0.7-cm irregular enhancing mass
(arrow) with central clip artifact
(arrowhead), which also yielded
ILC. No suspicious lymph node
was present. (d) CAD enhance-
ment kinetics analysis demon-
strates washout as the worst
curve

3 Breast Malignancy

negative rates (up to 19 %) are reported for ILC than for other
invasive cancers at mammography, because ILC is often dif-
ficult to diagnose mammographically and therefore disease
extent may be underestimated.

Conversely, MR imaging tumor size correlates well with
pathologic size of ILC. MR has additional value in patients with
ILC, as otherwise-occult tumor foci are demonstrated in approx-
imately one third of patients, changing management in 28 %.
Detection of unsuspected contralateral carcinomas with MRI is
seen in 7 % of patients with ILC, also impacting patient care.
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Fig.3.73 Mammogram of same
patient. (a) Spot compression SLMLO
MLO view of the left breast
demonstrates an indistinct,
mildly hyperdense irregular mass
(arrows) at 2-3:00 mid left
breast, spanning 3.5 cm, and a
0.7-cm small irregular mass
(arrowhead) in the far posterior
2-3:00 axis. Post-biopsy ML (b)
and XCCL (c¢) views of both of
these areas (arrows) with clip
placement (arrowheads) yielded
ILC
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3.16 History

A 44-year-old woman undergoing breast MRI to evaluate extent of disease (Figs. 3.74, 3.75, 3.76, and 3.77).

Fig.3.74 (a, ¢) Axial post-contrast subtraction images of both breasts. (b, d) Sagittalt T1-weighted fat-suppressed post-contrast images of the left
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Fig.3.75 Mammogram. CC (a),
MLO (b), CC spot magnification
(¢), and ML spot magnification
(d) views of the left breast
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3.16  Nipple/Peri-areolar Involvement 1 less than 2 cm from the nipple or larger than 2 cm are signifi-

cantly associated with nipple-areolar complex (NAC)
Teaching Points MR imaging has been shown to affect involvement. Preoperative MR imaging can be performed to
clinical management in 50 % of patients with ILC, leading to  evaluate disease near the NAC and determine the patient’s
changes in surgical management in 28 % of cases. Tumors eligibility for nipple-sparing mastectomy.

Image Findings

Fig.3.76 Invasive lobular
carcinoma involving the nipple.
Axial post-contrast subtraction
(a) and sagittal (b) T1-weighted
fat-suppressed post-contrast
images demonstrate a
heterogeneously enhancing
irregular mass (arrows) in the
central left breast, extending to
and involving the thickened,
enhancing nipple-areolar
complex (arrows). An axial
post-contrast subtraction image
(c) and a sagittal T1-weighted
fat-suppressed post-contrast
image (d) at a different level
show to greater effect the
heterogeneously enhancing
spiculated mass (arrows) with
additional satellite lesions
(arrowheads) superior and
inferior to it. Note the suboptimal
positioning of the patient on the
sagittal images, with infolding of
the inframammary fold and
incomplete fat suppression
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Fig.3.77 CC (a), MLO (b), CC
spot magnification (¢), and ML
magnification (d) mammographic
views of the left breast demonstrate
an irregular, spiculated mass
(arrows) in the slightly lateral left
breast, with associated architectural
distortion and pleomorphic
calcifications. Biopsy yielded ILC
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3.17 History

Extent of disease evaluation (Figs. 3.78, 3.79, 3.80, 3.81, 3.82, and 3.83).

Fig.3.78 (a) Axial post-contrast subtraction image of both breasts. (b, ¢) Sagittal post-contrast subtraction images of the left breast
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Fig.3.79 Mammographic images of the left
breast. CC (a), MLO (b), and spot compression
CC (¢) and ML views (d)
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Fig.3.80 Grayscale (a) and color Doppler (b) images from a targeted left breast ultrasound
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3.17 Nipple/Peri-areolar Involvement 2 helpful in identifying clinically occult tumor involvement of

the NAC. Shorter MRI-measured distance from the NAC,
Teaching Points MR imaging has been shown to affect larger tumor size, subareolar/central location (as illustrated
clinical management in up to 50 % of patients with ILC, in this case), and unilateral enhancement of the nipple with
leading to changes in surgical management in 28 % of cases. ~ continuous enhancement from the index lesion are correlated
Several published studies indicate that preoperative MRI is ~ with increased risk of NAC involvement.

Image Findings

Fig.3.81 MRI performed to
evaluate disease extent in a
patient with newly diagnosed left
breast invasive lobular
carcinoma. Axial post-contrast
subtraction image (a) of both
breasts and sagittal post-contrast
subtraction images (b and ¢) of
the left breast demonstrate a
heterogeneously enhancing,
irregular, spiculated retroareolar
left breast mass (arrows) with
extension to the nipple
(arrowheads)
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Fig.3.82 Corresponding mammogram.
Left CC (a) and MLO (b) views demon-
strate an irregular, indistinct, hyperdense
mass (arrows) in the retroareolar region
with extension to the retracted nipple
(arrowhead). Spot compression CC (¢) and
ML (d) views better depict the tumor
extension (arrows) to the retracted nipple
(arrowhead)
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Fig.3.83 Corresponding
ultrasound. Grayscale (a) and
color Doppler (b) images
demonstrate a taller-than-wide,
irregular, indistinct mass with
posterior acoustic shadowing in
the retroareolar left breast.
Internal vascularity is noted
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3.18 History

56-year-old woman undergoing breast MRI to evaluate extent of disease (Figs. 3.84 and 3.85).

Nb Views: 12

#
-

Rétation: 15

Fig. 3.84 Sagittal T1-weighted fat-suppressed pre-contrast image (a) and post-contrast image (b) of the right breast. (c¢) Sagittal T1-weighted
fat-suppressed post-contrast image with CAD color overlay. (d) Sagittal post-contrast MIP image of the right breast
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3.18 Nipple/Peri-areolar Involvement 3

Teaching Points The nipple may be involved by cancer via
extension of underlying invasive ductal carcinoma, by ductal
carcinoma in situ (DCIS), or by Paget cells within the epider-
mis. According to histopathologic examination of the nipple
in mastectomy specimens, the prevalence of clinically occult
nipple involvement by cancer is higher than previously

Image Findings

Fig.3.85 Sagittal T1-weighted
fat-suppressed pre-contrast image
(a) and post-contrast image (b)
of the right breast demonstrate a
heterogeneously enhancing,
irregular T1-isointense retroareo-
lar mass (arrows) involving the
nipple. (¢) CAD enhancement
kinetics analysis demonstrates a
mixed enhancement pattern. (d)
Post-contrast 3D MIP image
shows the enhancing retroareolar
mass (arrows) involving the
nipple

thought. Therefore, it is important to rule out occult carci-
noma within the nipple-areolar complex (NAC) in patients
undergoing nipple-sparing mastectomy.

Greater MRI-measured tumor size and shorter distance
from the NAC are correlated with increased risk of NAC
involvement. Preoperative MRI is useful to predict extent of
disease, including occult nipple invasion.

Nb Views: 12

_

Rétation: 15
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3.19 History

Extent of disease evaluation (Figs. 3.86 and 3.87).

Fig.3.86 Sagittal MRI images of the left breast. (a) T1-weighted fat-saturated. (b—d) Post-contrast subtraction at three locations
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Teaching Points MRI evaluation of breast carcinoma prior
to surgical treatment may be useful in both mastectomy and
breast conservation candidates, to define the relationship of
the tumor to the fascia and possible extension into the pec-
toralis major and chest wall. Tumor invasion of the pectora-
lis muscle is either infiltrative or mass-like and should be
easily distinguishable from baseline muscle enhancement.

Image Findings

Fig.3.87 Left breast cancer
with pectoralis muscle
involvement. (a) Sagittal
T1-weighted fat-saturated image
demonstrates an irregular mass
(arrows) abutting the pectoralis
major muscle (arrowheads). Skin
thickening is noted (arrowheads).
(b—d) Selected sagittal post-
contrast subtraction images
demonstrate irregular,
homogeneously and
heterogeneously enhancing
masses (arrows) in the posterior
third of the breast, some of which
abut the expanded, enhancing
pectoralis major muscle
(arrowheads)

175

Obliteration of the fat plane between tumor and muscle
alone does not indicate muscle involvement; there must be
associated focal muscle enhancement.

The patient with tumor extension into the chest wall is
usually considered stage T4 according to TNM classifica-
tion and stage IIIB, which requires chest wall resection.
Invasion of the pectoralis major muscle alone does not affect
staging and may require only muscle resection at the time of
surgery.
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3.20 History

58-year-old woman with chest pain.

Fig.3.88 Sagittal MRI images of the left breast. Post-contrast subtraction image (a) with corresponding CAD color overlay (b). (¢) Post-contrast
subtraction image through the right axilla. (d) T1-weighted fat-saturated post-contrast image with CAD color overlay
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3.20 ChestWall Involvement

Teaching Points Teaching points: companion case to 3.17 (Figs. 3.88 and 3.89).

Image Findings

Fig.3.89 Bilateral breast MRI
was performed on a patient with
a history of left breast
malignancy with worsening left
chest pain 5 years after
lumpectomy. (a) Sagittal
post-contrast subtraction image
of the left breast shows a highly
suspicious, heterogeneously
enhancing mass (arrows) in the
posterior left breast involving the
chest wall (arrowheads) and
possibly the pleura. (b) CAD
kinetic enhancement analysis
demonstrates a mixed pattern
with central washout. (¢) Sagittal
post-contrast subtraction image
through the right axilla shows an
abnormally enlarged lymph node
(arrows) with predominant
washout kinetics on CAD
enhancement kinetics analysis
(d), suspicious for metastasis.
Biopsy of the left chest wall mass
and contralateral axillary lymph
node yielded recurrent invasive
ductal carcinoma with metastasis
to the contralateral lymph node
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3.21 History

38-year-old with palpable left breast lump (Figs. 3.90, 3.91, 3.92, 3.93, 3.94, and 3.95).
Fig.3.90 Mammogram. Bilateral MLO (a, b) and CC

views (¢, d). Left spot compression CC (e) and MLO
(f) views
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Fig.3.90 (continued)
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Fig.3.91 Ultrasound. (a) Color Doppler image of the outer left breast. (b) Grayscale image of the left axilla



180 3 Breast Malignancy

Fig. 3.92 (a) Axial Tl-weighted fat-saturated post-contrast image of both breasts. Selected sagittal T1-weighted fat-saturated post-contrast
images of the outer left breast (b, ¢) and of the axilla (d)
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3.21 Dense Breast

Teaching Points There is literature support for preoperative
breast MRI in patients with extremely dense and heteroge-
neously dense breasts and newly diagnosed breast carci-
noma. As illustrated in this case, the extent of disease can be
better delineated on MRI than in the mammogram in the set-

Image Findings

Fig.3.93 Extensive
malignancy better appreciated
on MRI in a patient with
dense parenchyma. A vague
asymmetry is present
underlying the palpable
marker (triangle) in the upper
outer left breast, better
delineated on the CC spot
compression view (a, arrows)
than on the MLO spot
compression view (b, arrows)

Fig.3.94 (a) Targeted ultrasound of the upper outer left breast shows
vague hypoechoic areas (arrows) with increased vascularity likely cor-
responding to the mammographic finding. (b) Abnormal left axillary
lymph nodes were also identified. A representative area in the left breast
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ting of dense breasts. In addition, the sonographic findings in
this case were vague, limiting the measurement of disease
extent. The mastectomy specimen in this case confirmed the
extent of disease best delineated by the breast MRI. It is
important to note that breast MRI can also overestimate dis-
ease because of nontumoral enhancement of the surrounding
tissue from inflammation and edema.

and an axillary lymph node underwent ultrasound-guided biopsy yield-
ing invasive ductal carcinoma not otherwise specified, with axillary
metastasis
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Fig.3.95 (a) Axial T1-weighted
fat-saturated post-contrast image
shows a large irregular mass
(arrows) in the outer mid to
posterior left breast spanning

4.2 cm in transverse dimension.
Localizing clip artifact
(arrowhead) is noted in the outer
aspect of the mass. (b, ¢) The
mass (arrows) spans 7.2 cm in
anteroposterior (AP) dimension
and 9.8 cm in CC dimension on
the sagittal T1-weighted
fat-saturated post-contrast
images. Localizing clip artifact
(arrowhead) is noted in the upper
aspect of the mass. No adjacent
pectoralis muscle enhancement is
present to suggest involvement.
(d) Two enlarged axillary lymph
nodes (arrows) are present on a
sagittal T1-weighted fat-saturated
post-contrast image, one of
which (inferior) likely
corresponds to the known
metastatic disease. No suspicious
finding was present in the
contralateral breast (not shown).
The patient underwent left
mastectomy, with final pathology
showing 9.3 cm of disease and
three positive axillary lymph
nodes
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3.22 History

32-year-old postpartum woman with a right breast palpable concern (Figs. 3.96, 3.97, 3.98, 3.99, 3.100, and 3.101).

Fig.3.96 Mammographic images of the right breast. MLO view (a) and CC view (b) with corresponding spot compression views (c, d)
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Fig.3.97 Images from a targeted right breast ultrasound. Grayscale image (a) and color Doppler image (b) of the right breast. Grayscale
image (c) and color Doppler image (d) of the right axilla

Fig. 3.98 Sagittal MR images of the right breast. T2-weighted fat-saturated image (a) and selected T1-weighted fat-saturated post-contrast
images (b, ¢)
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3.22 Pregnancy-Associated Breast Cancer

Teaching Points Pregnancy-associated breast carcinoma
(PABC) is a rare occurrence, with an estimated frequency of
2.3 cases per 100,000 deliveries; it represents up to 3 % of all
breast malignancies. A breast cancer diagnosis during preg-
nancy is challenging for the patient and clinician because it
involves both the mother and the fetus. The hormone-induced
changes that occur in breast tissue during pregnancy and lacta-
tion is a major cause of delayed diagnosis of PABC, resulting
in poorer outcome. Given its high sensitivity compared with
mammography and the lack of radiation, ultrasound is usually
the initial imaging test in symptomatic pregnant or lactating

women. However, mammography almost always should be
performed as an adjunct to ultrasound in the setting of suspi-
cious sonographic findings, to evaluate for additional features
of malignancy such as microcalcifications. The radiologic fea-
tures of PABC are similar to those of non-PABC. MR imaging
in pregnant women should not be used routinely, although
there is no known adverse effect of MRI on the fetus.

In lactating women, the breast parenchyma shows diffuse
increased signal intensity on the T2-weighted images due to
water in milk. Following contrast administration, lactational
parenchyma demonstrates an initial rapid enhancement and a
subsequent early plateau of enhancement. Tumors can be
well visualized on the T2W sequence is these patients.
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Image Findings

Fig.3.99 Invasive ductal
carcinoma (IDC) in a pregnant
patient on mammography. MLO
(a), CC (b), and spot
compression (¢, d) views of the
right breast demonstrate an
obscured mass in the medial right
breast (arrows)
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Fig.3.100 IDC on ultrasound
in a post-partum patient.
Grayscale (a) and color Doppler
(b) evaluation of the right breast
demonstrates an irregular,
hypoechoic mass with internal
vascularity corresponding to the
mammographic and palpable
abnormality. (¢, d) Prominent
lymph nodes (arrows) with
thickened cortices were
identified in the axilla on
grayscale and color Doppler
images. Biopsy was performed
on the mass and lymph node
under ultrasound, yielding
invasive ductal carcinoma (IDC),
NOS, poorly differentiated with
axillary metastasis

Fig.3.101 IDC in a pregnant patient, with MRI performed for extent —demonstrate enlarged right axillary lymph nodes (arrowheads on b) and
of disease evaluation. (a) Sagittal T2-weighted fat-saturated image an irregular round necrotic mass (arrows on ¢) corresponding to the
demonstrates marked hyperintensity of the glandular tissue related to  known malignancy, with washout kinetics on CAD analysis (not shown)
lactation. (b, ¢) Sagittal T1-weighted fat-saturated post-contrast images



188 3 Breast Malignancy

3.23 History

66-year-old woman with newly diagnosed left axillary metastatic disease with unknown primary. Mammogram and ultra-
sound evaluation were negative (Figs. 3.102 and 3.103).

: Row)

I (Auto)
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Fig. 3.102 (a) Sagittal T2-weighted fat-saturated image of the left breast. (b) Corresponding sagittal T1-weighted fat-saturated image. (c)
Corresponding sagittal post-contrast subtraction image with CAD kinetics analysis color overlay (d)




3.23 Axillary Nodal Metastasis from Carcinoma of Unknown Primary 1 189

3.23 Axillary Nodal Metastasis can detect an otherwise mammographically and sonographi-
from Carcinoma of Unknown cally occult breast cancer in over 60% of patients; this
Primary 1 detection is therefore an accepted clinical indication for

breast MRI. Routine application of breast MRI in occult
Teaching Points Breast MRI is the most sensitive imaging breast cancer can impact clinical management, including
modality for the detection of otherwise occult breast cancer the possibility of breast-conserving surgery.
in patients with malignant axillary adenopathy. Breast MRI

Image Findings

Fig.3.103 Metastatic axillary
lymph nodes with occult primary
malignancy. (a) Sagittal
T2-weighted fat-suppressed
image of the left breast shows
several T2-hyperintense enlarged
axillary lymph nodes (arrows)
corresponding to the known
malignancy. (b) Sagittal
post-contrast subtraction image
shows a 1.2-cm irregular
enhancing mass in the mid left
breast, suspicious for
malignancy. Subsequent
MRI-guided biopsy yielded
invasive ductal carcinoma
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3.24 History

55-year-old patient with axillary lymph node metastasis of unknown primary malignancy (Figs. 3.104, 3.105, 3.106, 3.107,
and 3.108).

Fig.3.105 Screening mammogram, 3 years prior. MLO view of
the right breast

Fig.3.104 Screening mammogram. MLO view of the right breast
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Fig.3.106 Axial post-contrast subtraction images (a, b) and an axial post-contrast 3D MIP image (c) of both breasts
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3.24 Axillary Nodal Metastasis can detect an otherwise mammographically and sonographi-
from Carcinoma of Unknown cally occult breast cancer in over 60 % of patients. Utilization
Primary 2 of breast MRI to evaluate for occult breast cancer can impact

clinical management, including the possibility of breast-
Teaching Points Breast MRI is the most sensitive imaging conserving surgery, and therefore is one of the generally
modality for the detection of clinically occult breast cancer —accepted clinical indications for breast MRI.
in patients with malignant axillary adenopathy. Breast MRI

Image Findings

Fig.3.107 Mammographically
occult breast cancer presenting
with axillary adenopathy. The
MLO view of the right breast (a)
demonstrates new enlarged
axillary lymph nodes (arrows).
Otherwise the mammogram was
interpreted to be negative. The
axillary lymph node underwent
ultrasound evaluation, and
subsequent biopsy yielded
metastatic invasive ductal
carcinoma (b)




3.24 Axillary Nodal Metastasis from Carcinoma of Unknown Primary 2 193

Fig.3.108 Axial post-contrast
subtraction images (a, b) and an
axial post-contrast 3D MIP
image (c) show a
heterogeneously enhancing
irregular mass (arrowheads) in
the central right breast with
axillary lymphadenopathy
(arrows). The irregular mass in
the central right breast underwent
biopsy yielding invasive ductal
carcinoma. Slightly increased
density with distortion can be
seen in the central right breast on
retrospective review of the
mammogram
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3.25 History

Extent of disease evaluation (Figs. 3.109 and 3.110).

Fig. 3.109 Axial MRI images of both breasts. Post-contrast subtraction image (a) and corresponding image with CAD color overlay (b).
T1-weighted fat-saturated post-contrast image (¢) and corresponding image with CAD color overlay (d)



3.25 N2 Status

3.25 N2 Status

Teaching Points Lymph node status and tumor size are the
most important prognostic indicators. Appropriate evaluation
of regional lymph node status (N) is important for staging,
treatment planning, and prognosis.

According to the seventh edition of the American Joint
Committee on Cancer (AJCC) TNM classification, metasta-

Image Findings

Fig.3.110 Breast MRI was
performed for extent of disease
evaluation in a patient with
recently diagnosed right breast
cancer. A post-contrast axial
subtraction image (a)
demonstrates an enhancing,
irregular spiculated mass in the
posterior right breast (arrows)
with central washout on CAD
enhancement kinetics analysis
(b). This corresponds to the
known malignancy. (¢) A more
inferior T1-weighted fat-
saturated post-contrast image
shows a prominent right internal
mammary lymph node (arrow)
with mixed enhancement kinetics
on CAD analysis (d).
Subsequently, the right internal
mammary lymph node was
identified on ultrasound, and
fine-needle aspiration (FNA) was
performed, yielding
adenocarcinoma, compatible with
breast cancer metastasis

195

ses to fewer than four nonmatted, moveable level I or level 11
nodes is considered N1 disease. N2 disease, as we see in our
case example, is defined as involvement of the ipsilateral
internal mammary node in the absence of axillary metasta-
ses. This usually occurs in cases of deep or medial breast
tumors and may occur in 1-5% of breast cancers; it can
impact radiation treatment planning.
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3.26 History

Extent of disease evaluation (Figs. 3.111, 3.112, 3.113, and 3.114).

Fig.3.111 Axial MR images of both breasts. (a—¢) Multiple post-contrast subtraction images at different levels. (d) T2-weighted fat-saturated
image



3.26 History 197

Fig.3.112 Axial PET/CT images. (a—c) CT and fused PET/CT images at three levels
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3.26 N3 Status

Teaching Points Breast MRI can identify abnormal
internal mammary lymph nodes that can impact clinical
staging and radiation therapy planning (i.e., a wide field
of irradiation). The N3 category, which includes metasta-
ses to level III (infraclavicular) and supraclavicular nodal
stations, is subdivided into subcategories N3a, N3b, and
N3c. N3a includes metastases in the ipsilateral infracla-

Image Findings

vicular nodes with or without level I-II axillary involve-
ment; N3b, ipsilateral internal mammary lymph node
metastases with level I-II axillary nodal involvement; and
N3c, ipsilateral supraclavicular lymph node involvement
with or without level I-II axillary involvement.

In this case, the patient had a presumed metastatic internal
mammary lymph node in addition to level I and II axillary
lymph node involvement consistent with category N3b.

Fig.3.113 Breast MRI performed for extent of disease evaluation in a
patient with newly diagnosed left breast invasive ductal carcinoma. (a)
Axial post-contrast subtraction image shows an irregular 3.5-cm heter-
ogeneously enhancing left breast mass (arrows) with central clip arti-
fact (arrowhead), which yielded invasive ductal carcinoma on biopsy.
(b) A more superior axial post-contrast subtraction image shows a

Fig.3.114 Corresponding axial
CT and fused PET/CT images
show the hypermetabolic index
left breast mass (a, green circle),
the malignant left axillary lymph
node (b, green circle) and the
hypermetabolic left internal
mammary lymph node (¢, green
circle)

mildly enlarged left axillary lymph node (arrow), which underwent
FNA yielding metastasis. (¢) An axial post-contrast subtraction image
at another level shows a 1.9-cm heterogeneously enhancing left internal
mammary lymph node, with areas of hyperintensity on the T2-weighted
fat-saturated image (d) consistent with necrosis
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3.27 History

Extent of disease evaluation (Figs. 3.115, 3.116, 3.117, 3.118, 3.119, and 3.120).

Fig. 3.115 (a) Sagittal post-contrast subtraction image of the left breast. (b) Axial T1-weighted fat-saturated post-contrast image. (¢) Axial
T2-weighted fat-saturated image

Fig.3.116 Mammographic CC (a) and MLO (b) views of the left breast. (¢) Targeted ultrasound image of the left breast




3 Breast Malignancy

-, e

BeTiPE R S

3
=
E|
= |
E |
-
E
|
£

Fig.3.117 PET/CT images. (a) Axial CT and fused PET/CT images of the left breast. (b) Coronal PET MIP of the thorax and upper abdomen
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3.27 Stage 3C

Teaching Points Two patterns of pectoralis muscle involve-
ment by breast carcinoma have been noted: (1) an infiltrative
enhancement pattern with preservation of muscular architec-
ture, and (2) a mass-like enhancement that expands the pec-
toralis major muscle with loss of muscle striations. As

Image Findings

Fig.3.118 MRI performed to
evaluate extent of disease in a
patient with newly diagnosed left
breast invasive ductal carcinoma.
Sagittal post-contrast subtraction
image of the left breast (a), axial
T1-weighted fat-saturated
post-contrast image of both
breasts (b), and axial
T2-weighted fat-saturated image
(¢) of both breasts demonstrate a
mildly T2-hyperintense,
heterogeneously enhancing,
irregular, spiculated mass
(arrows) extending anteriorly to
the skin surface with nipple
retraction and posteriorly to the
pectoralis muscle and chest wall
(arrowheads). This was staged as
T4c according to the TNM
classification system

Fig.3.119 Corresponding left
mammogram and ultrasound
images. CC (a) and MLO (b)
views demonstrate an irregular,
spiculated, dense mass (arrows)
in the central left breast with
associated architectural
distortion. (c) Left breast
ultrasound shows a shadowing
irregular hypoechoic mass
(calipers) corresponding to the
mass shown on MRI and
mammography

discussed earlier, invasion of the pectoralis major muscle
alone does not affect staging and may require only muscle
resection at the time of surgery. In this case, however, the
spiculated mass extends posteriorly into the pectoralis mus-
cles and the chest wall. Given the positive ipsilateral supra-
clavicular lymph node, the final stage was IIIC which is a
nonoperable with N3c classification.
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Fig.3.120 Corresponding PET/
CT images. (a) Axial CT and
fused PET/CT images
corroborate the findings with a
large hypermetabolic left breast
mass (teal circle) shown
involving the underlying
pectoralis major muscle. (b)
Coronal PET MIP image shows
both the hypermetabolic left
breast mass (arrow) and a
hypermetabolic ipsilateral
supraclavicular lymph node
(arrowhead). This was classified
as N3c

3 Breast Malignancy
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3.28 History

42-year-old MRI extent of disease evaluation.

Fig.3.122 (a) Axial localizer image from MRI. (b) Axial CT image
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3.28 Stage 4, Liver Metastasis

Teaching Points Approximately 4 % of patients with
breast cancer will have distant metastases at the time of
presentation. Breast MRI localizer images with a large
field of view can sometimes indicate possible distant
metastasis, as illustrated in this case, prompting additional

Fig.3.124 Axial MRI localizer
image (a) and corresponding
axial CT image (b) demonstrate
metastatic lesions within the
liver (arrows)

Fig.3.123 MRI and CT performed to evaluate for extent of disease in
a patient with biopsy-proven right breast invasive ductal carcinoma. (a,
b) Sagittal post-contrast subtraction images demonstrate an irregular,
heterogeneously enhancing mass (arrows) with central necrosis.

3 Breast Malignancy

dedicated imaging and confirmation biopsy. The most
common sites of distant metastasis for breast cancer are
bone, lung, brain, and liver. Regardless of tumor size and
nodal status, the presence of distant metastases at the time
of diagnosis indicates stage IV disease which has a 5-year
survival rate of approximately 22 % (Figs. 3.121, 3.122,
3.123, and 3.124).

Enlarged axillary lymph nodes (arrowheads on B) are noted. (¢) CAD
enhancement kinetics analysis demonstrates a predominant washout
pattern within the mass
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3.29 History

Extent of disease evaluation (Figs. 3.125, 3.126, 3.127, and 3.128).

a

Fig.3.125 Full-field (a) and magnified (b) sagittal localizer images from a breast MRI

POST CHEST

Fig.3.126 Anterior (a) and lateral (b) Tc99m-MDP bone scan delayed images
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3.29 Stage 4,Osseous Metastasis

Teaching Points MR localizing images of the breast, per-
formed in the axial, coronal, and sagittal planes, are done to
evaluate for optimal positioning and to ensure full coverage
of both breasts and axillae. Portions of the lungs, mediasti-
num, chest wall, spine, and upper abdomen can be visualized
and evaluated on these images. A large spectrum of abnor-

Image Findings

Fig.3.127 Incidental T8
vertebral compression fracture
detected on breast MRI localizer
images. Full-field (a) and
magnified (b) sagittal localizer
images from a breast MRI
demonstrate loss of height of the
T8 vertebral body (arrows)

Fig.3.128 Incidental T8
vertebral compression fracture on
bone scan. Anterior (a) and
lateral (b) Tc99m-MDP bone
scan delayed images demonstrate
increased radiotracer uptake in
T8 (arrows) correlating with the
MRI finding, compatible with
acute or subacute fracture

' e 2
POST CHEST

malities may be seen, from benign pleural effusion, with no
effect on the clinical management, to extensive metastatic
involvement of lymph nodes, bone, or organs, which has sig-
nificant impact on diagnostic workup and disease manage-
ment. This case is an example of a high-risk screening MRI
with a T8 compression fracture on the localizing scout
images, confirmed to be pathologic on subsequent biopsy.
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3.30 History

32-year-old woman with biopsy-proven malignancy undergoing breast MRI to evaluate disease extent (Figs. 3.129, 3.130,
3.131, 3.132, 3.133, 3.134, 3.135, and 3.136).

Fig.3.130 (a) Axial T1-weighted fat-suppressed post-contrast image of the more inferior breasts. (b) Coned-down, magnified axial T1-weighted
fat-suppressed post-contrast image of the finding. (c, d) Axial T1-weighted and T2-weighted fat-suppressed images of the finding
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Fig.3.132 Mammogram. CC (a) and MLO (b) spot compression views of the right breast performed in an area of palpable abnormality as
part of an initial diagnostic workup
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3.30 HER2 (ErbB2) Cancer

Teaching Points Multicentric disease (MCD) is defined as
two or more tumor areas in different quadrants of the same
breast. Studies have reported the ability of MRI to identify
additional cancer sites that otherwise would have remained
undetected on the basis of clinical assessment and conven-
tional imaging, thereby changing surgical planning. Data sug-
gest that MCD may be more common in patients with certain
molecular subtypes (luminal B and human epidermal growth

Image Findings

209

factor receptor 2 [HER2]). Immunohistochemical staining
can be used as a substitute to categorize molecular subtypes.
The illustrated case of IDC was found to be positive for HER2
and estrogen receptor (ER) but negative for progesterone
receptor (PR), corresponding to luminal B tumor.

Itis important for the radiologist to review the pre-contrast
non—fat-saturated T1-weighted images for the presence of
fat within rim-enhancing lesions to help differentiate fat
necrosis from malignant lesions.

Fig. 3.133 Multicentric invasive ductal carcinoma (HER2+, ER+,

PR-). (a) Axial T1-weighted fat-suppressed post-contrast image of

both breasts demonstrates a 2.3-cm heterogeneously enhancing irregu-
lar mass (arrows) along the 5:00 axis of the right breast, representing

Fig.3.134 (a) Axial
T1-weighted fat-suppressed
post-contrast image of the more
inferior breasts demonstrates an
additional 1-cm, rim-enhancing
round mass (arrow) along the
8:00 axis of the right breast. (b)
Coned-down magnified axial
T1-weighted fat-suppressed
post-contrast image of the mass
highlights the rim enhancement.
(¢) T1-weighted fat-suppressed
image of the mass highlights the
lack of central T1 high signal, to
indicate fat necrosis. (d)
T2-weighted fat-suppressed
image of the mass highlights the
T2 high signal

known invasive ductal carcinoma. (b) Axial T2-weighted fat-suppressed
image shows areas of T2 hyperintensity (arrows) within the mass, rep-
resenting necrosis
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Fig. 3.135 Second-look ultrasound to evaluate for the 5:00 mass
(known malignancy) and 8:00 mass (newly identified on MRI). (a)
Grayscale image of the right 8:00 axis demonstrates an irregular
hypoechoic mass with angular margins and echogenic halo (arrows),

Fig.3.136 Initial diagnostic
right breast mammogram. CC (a)
and MLO (b) spot compression
views performed in an area of
palpable abnormality
demonstrate vague nodular
asymmetries (arrows) that
partially efface. Ultrasound and
MRI findings are more diagnostic

corresponding to the unsuspected MRI mass. Ultrasound-guided core
biopsy yielded IDC. (b) Grayscale image of the right 5:00 axis demon-
strates a deceptively circumscribed mass corresponding to the known
malignancy
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3.31 History

Extent of disease evaluation (Figs. 3.137, 3.138, 3.139, 3.140, 3.141, and 3.142).

Fig.3.137 MLO (a) and MLO spot (b) compression mammographic views of the left breast
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Fig.3.138 Sagittal MRI images of the left breast. T1-weighted fat-saturated (a), T2-weighted fat-saturated (b), T1-weighted fat-saturated post-
contrast (¢), and corresponding image with CAD color overlay (d). (e) T1-weighted fat-saturated post-contrast image through the left axilla
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Fig.3.139 Targeted ultrasound images of the left breast (a) and left axilla (b)
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3.31 Triple-Negative (Basal) Cancer

Teaching Points Triple-negative breast cancer is a distinct
subgroup of breast cancer that is negative for estrogen receptor
(ER), progesterone receptor (PR), and HER2, accounting for

11-20 % of all breast cancers. It is used as immunohistochem-
istry (IHC) substitute for basal molecular subtype. Patients

Image Findings

Fig.3.140 Triple-negative
infiltrating ductal carcinoma
(IDC) on mammography. Left
MLO view (a) demonstrates an
obscured oval mass (arrows) at
the superior aspect of the breast,
middle depth; the mass is seen
better on spot compression (b)

with triple-negative tumors have poorer clinical outcomes,
with higher rates of recurrence and distant metastasis.
Sonographically, triple-negative tumors can mimic a
benign fibroadenoma or a complicated cyst. On MR imag-
ing, these tumors usually present as a unifocal necrotic mass
with heterogeneous rim enhancement and central T2 hyper-
intensity consistent with central necrosis, as in this case.
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Fig.3.141 Triple-negative IDC
on MRI. (a) Sagittal
T1-weighted fat-saturated image
shows an oval lobulated
heterogeneous mass (arrows) in
the superior aspect of the breast.
(b) Corresponding T2-weighted
fat-saturated image shows T2
isointensity and central T2
hyperintensity. Metallic artifact
from a biopsy clip is best
appreciated on the T1 image. (¢)
Sagittal T1-weighted fat-satu-
rated post-contrast image shows
thick, heterogeneous rim
enhancement (arrows) with
inferocentral nonenhancement
corresponding to the T2
hyperintensity, signifying central
necrosis. (d) CAD analysis
demonstrates mixed enhance-
ment kinetics with a predomi-
nant washout pattern in the
viable portions of the tumor and
nonenhancement in the central
necrotic portion. (e) Sagittal
T1-weighted fat-saturated
post-contrast image of the left
axilla shows axillary lymphade-
nopathy (arrows)
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Fig.3.141 (continued)

Fig.3.142 Triple-negative IDC
on ultrasound. (a) Targeted
ultrasound of the left breast mass
shows an oval, hypoechoic mass
with a central anechoic region
(arrow), correlating with the
central necrosis on MRI. (b)
Targeted ultrasound of the left
axilla shows an abnormal lymph
node with irregular cortical
thickening
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3.32 History

48-year-old woman with newly diagnosed right breast invasive ductal carcinoma NOS with axillary metastasis. Breast MRI
was performed to evaluate extent of disease.

Fig.3.143 Axial T1-weighted fat-saturated pre-contrast (a) and post-contrast (b) images of the lower breasts with CAD kinetic analysis color
overlay (c)

Fig.3.144 Axial post-contrast subtraction image at the level of the Fig.3.145 Axial T1-weighted fat-saturated post-contrast image at the
axillae level of the nipples with CAD kinetic analysis color overlay
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History: Same patient status post neoadjuvant chemotherapy.

Fig.3.146 Axial T1-weighted fat-suppressed pre-contrast (a) and post-contrast (b) images of the lower breasts with CAD kinetic analysis color
overlay (c)

Fig. 3.148 Axial post-contrast subtraction image at the level of the

Fig.3.147 Axial T1-weighted fat-saturated post-contrast image at the nipples with CAD kinetic analysis color overlay

level of the axillae
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3.32 Neoadjuvant Therapy 1

Teaching Points Baseline images (Figs. 3.143, 3.144, and
3.145).

Images obtained 4 months later (Figs. 3.146, 3.147, and
3.148).

Partial treatment response of invasive ductal carcinoma
following neoadjuvant chemotherapy (Figs. 3.149, 3.150,
3.151, 3.152, 3.153, and 3.154).

In patients undergoing neoadjuvant therapy, breast
MRI provides better correlation with final surgical pathol-
ogy than physical examination, mammography, or sonog-
raphy. This clinical scenario is therefore one of the
accepted indications for breast MRI evaluation, but MRI
may overestimate (6 %) or underestimate (23 %) residual
disease.

The Response Evaluation Criteria In Solid Tumors
(RECIST) guideline for tumor response lists several levels:

Image Findings
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e Complete Response (CR): Disappearance of all target lesions

e Partial Response (PR): Atleast a 30 % decrease in the sum
of the longest diameter (LD) of target lesions

e Stable Disease (SD): Neither sufficient shrinkage to qual-
ify for PR nor sufficient increase to qualify for PD

* Progressive Disease (PD): At least a 20 % increase in the
sum of the LD of target lesions

The patient in our case demonstrates partial response to
neoadjuvant therapy and on final surgical pathology showed a
1.9-cm residual tumor and two positive axillary lymph nodes.
Neoadjuvant treatment can be effective in reducing locally
advanced tumor, and in certain cases breast conservation (rather
than mastectomy) can become a surgical treatment option.

In patients with a good response, in addition to tumor size
reduction, a change in enhancement pattern (to persistent
from washout) and overall decreased background parenchy-
mal enhancement have been noted, as illustrated in this case.

Fig. 3.149 Baseline axial T1-weighted fat-saturated post-contrast
image (a) demonstrates a 3.1-cm round, enhancing mass (arrow) with
suspicious delayed washout color-coded red on CAD color overlay (b).

Fig.3.150 Axial post-contrast subtraction image shows an ipsilateral
irregular, enlarged axillary lymph node (arrow) corresponding to
known metastatic disease at baseline

An arrowhead identifies central clip artifact from a biopsy, which
yielded malignancy. No other suspicious finding was noted in either
breast

Fig.3.151 Axial T1-weighted fat-saturated post-contrast image with
CAD kinetic analysis shows marked background parenchymal enhance-
ment at baseline
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Fig.3.152 (a) Following neoadjuvant chemotherapy, the axial T1-weighted fat-saturated post-contrast image shows a decrease in the known right
breast malignancy, with a residual 1.5-cm area of less distinct nonmass enhancement (arrow). (b) Corresponding CAD color overlay shows a
persistent delayed enhancement pattern color-coded blue. Findings are consistent with a partial response to chemotherapy

Fig. 3.154 Axial post-contrast subtraction image with CAD color
overlay shows a marked decrease in background parenchymal enhance-
ment (arrows) following neoadjuvant chemotherapy

Fig.3.153 Axial T1-weighted fat-saturated post-contrast image dem-
onstrates interval resolution of right axillary lymphadenopathy
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3.33 History

41-year-old woman for follow-up MRI status after neoadjuvant therapy (Figs. 3.155, 3.156, 3.157, and 3.158).

Fig.3.155 [Initial sagittal MR images of the left breast. (a) Post-contrast subtraction image. (b) T1-weighted fat-saturated post-contrast image
with CAD overlay

Fig.3.156 Follow-up sagittal MRI images of the left breast performed 5 months after the initial exam. (a) Post-contrast subtraction image. (b)
T1-weighted fat-saturated post-contrast iamge with CAD overlay
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3.33 Neoadjuvant Therapy 2

Teaching Points In patients undergoing neoadjuvant ther-
apy, breast MRI provides better correlation with final surgi-
cal pathology than physical examination, mammography, or
sonography. Neoadjuvant therapy is one of the accepted indi-
cations for breast MRI evaluation, but MRI may overesti-
mate or underestimate residual disease in approximately

Image Findings

Fig.3.157 MRI of newly
diagnosed left breast invasive
ductal carcinoma with axillary
lymph node metastases. (a)
Sagittal post-contrast subtraction
image of the left breast
demonstrates segmental nonmass
enhancement (arrows) measur-
ing up to 6.2 cm in the upper left
breast with associated localizing
clip artifact (arrowhead) from a
biopsy, which yielded invasive
ductal carcinoma. (b) This area
is predominantly colored red on
the corresponding CAD
enhancement kinetics overlay,
indicating rapid uptake and
washout

3 Breast Malignancy

29 % of the patients. Neoadjuvant treatment can be effective
in reducing locally advanced tumor, and in certain cases
breast conservation can become a surgical treatment option,
rather than mastectomy. In patients with a good response, in
addition to the reduction in tumor size, a change in enhance-
ment pattern to persistent from washout and overall decreased
background parenchymal enhancement have been noted, as
illustrated in this case.

Fig. 3.158 5-month follow-up MRI after neoadjuvant chemotherapy.
(a) Sagittal post-contrast subtraction image of the left breast at the loca-
tion of the localizing clip (arrowhead) shows reduction of nonmass
enhancement (arrows), now measuring up to 2.8 cm. (b) The CAD
enhancement kinetics overlay now shows the area to be predominantly

blue, indicating mild uptake and progressive enhancement. Enlarged
axillary lymph nodes from known metastatic disease had also decreased
in size and resumed their normal morphology (not shown). Surgical
pathology at the time of lumpectomy showed residual tumor measuring
up to 2.5 cm and two positive axillary lymph nodes
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3.34 History

57-year-old woman with personal history of breast cancer undergoing screening MRI (Figs. 3.159 and 3.160).

Fig.3.159 (a) Sagittal T1-weighted fat-saturated post-contrast image of the left breast. Sagittal (b) and axial (¢) T1-weighted fat-saturated post-
contrast images of the right mastectomy site. (d) Axial post-contrast subtraction image of the right mastectomy site
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3.34 Post-Surgical Breast

Teaching Points Breast MRI is an adjunct imaging tool in
pre-surgical planning for the identification of mammographi-
cally occult additional disease and the evaluation of residual
disease in patients whose pathology specimens demonstrate
close or positive margins. In breast-conserving surgery, posi-
tive margins have been reported in 32—-63 % of cases of breast

Image Findings

Fig.3.160 Post-surgical scar.
Sagittal T1-weighted fat-
saturated post-contrast image (a)
of the left breast demonstrates
rim enhancement outlining the
surgical cavity (arrows) without
suspicious enhancement to
indicate recurrent disease. Note
the protruding inframammary
fold (arrowheads) secondary to
suboptimal coil positioning. (b,
¢) Sagittal and axial T1-weighted
fat-saturated post-contrast images
of the medial right mastectomy
site demonstrate an apparent
irregular mass (arrows). Note the
ghosting artifact of the left breast
(arrowheads in ¢). (d)
Corresponding axial post-
contrast subtraction image
demonstrates no significant
enhancement in this region,
consistent with benign
mastectomy scar (arrows)

cancer and are associated with increased long-term risk of can-
cer recurrence in the ipsilateral breast. The outcome of patients
with close margins at excision remains controversial, however.
This case illustrates normal expected appearance of the post-
surgical cavity without associated suspicious enhancement.
Screening MRI in patients with a personal history of cancer can
yield additional breast cancer detection, but this has not been
generally accepted as an indication for screening MRI.
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48-year-old woman status post lumpectomy with positive margin. Post-surgical evaluation breast MRI (Figs. 3.161 and
3.162).

Fig. 3.161 Axial MRI images of both breasts. (a) T2-weighted fat-saturated image. (b) T1-weighted fat-saturated image. (¢, d) Post-contrast
subtraction and corresponding CAD color overlay image
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3.35 Residual Disease 1

Teaching Points In breast-conserving surgery, positive
margins have been reported in 32—63 % of cases. Breast MRI

Image Findings

Fig.3.162 Residual disease.
Axial T2-weighted fat-saturated
image (a) and T1-weighted
fat-saturated pre-contrast image
(b) demonstrate a
T2-hyperintense and
T1-hypointense lumpectomy
cavity (arrows) in the retroareo-
lar left breast. (¢) Axial
post-contrast subtraction image
demonstrates a thin rim of
enhancement outlining the
lumpectomy cavity (arrows), as
well as irregular enhancing
masses (arrowheads) posterior
and medial to the lumpectomy
cavity with washout kinetics (d)
on CAD analysis

3 Breast Malignancy

has been shown to be helpful in identifying residual disease,
which can guide appropriate surgical management, as illus-
trated in this case. This patient underwent wide posterior re-
excision with subsequent negative margin on pathology.
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3.36 History

61-year-old woman status post lumpectomy with positive margin. Post-surgical evaluation breast MRI (Figs. 3.163 and
3.164).

Fig.3.163 Sagittal MR images of the left breast. (a) T2-weighted fat-  (e) T1-weighted fat-saturated post-contrast image of the more lateral
saturated image. (b) T1-weighted fat-saturated image. (¢) Post-contrast  aspect of the breast
subtraction image. (d) Corresponding image with CAD color overlay.
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3.36 Residual Disease 2 guide appropriate surgical management. This case illustrates

not only residual disease near the lumpectomy cavity but
Teaching Points Breast MRI has been shown to be helpful ~ also unsuspected additional ipsilateral disease that is occult
in identifying post-operative residual disease, which can on other imaging modalities.

Image Findings

Fig.3.164 Residual disease.
Sagittal T2-weighted fat-satu-
rated image (a) and T1-weighted
fat-saturated pre-contrast image
(b) demonstrate a
T2-hyperintense and
T1-isointense surgical cavity
(arrows) at the 12:00 axis of the
left breast. (¢) Sagittal post-
contrast subtraction image
demonstrates an oval enhancing
mass (arrow) along the posterior
inferior margin of the surgical
cavity with washout kinetics (d)
on CAD analysis, suspicious for
residual disease. In addition, a
sagittal T1-weighted fat-saturated
post-contrast image (e) of the
more lateral left breast demon-
strates a separate 0.8-cm
enhancing round mass (arrow)
along the far posterior 3:00 axis,
with ultrasound correlate (not
shown) and subsequent biopsy
yielding IDC. The patient
underwent mastectomy with
additional disease identified on
surgical pathology, including
areas corresponding to the
findings on MRI
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61-year-old woman after right mastectomy with TRAM reconstruction undergoing screening MRI (Figs. 3.165 and 3.166).

Fig.3.165 (a) Selected axial T1 pre-contrast non-fat saturated image. (b) Selected sagittal T1 post-contrast fat saturated image
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3.37 TRAM Recurrence

Teaching Points Transverse rectus abdominis muscle
(TRAM) flap reconstruction is the most common reconstruc-
tion with a low (2—4 %) incidence of local tumor recurrence,
therefore, routine MRI screening is not typically warranted
in asymptomatic patients with a history of breast cancer and
myocutaneous flap. With the increasing use of breast MRI

Image Findings

for high-risk screening in patients with a personal history of
breast cancer, the reconstructed side should be included in
the evaluation with particular attention to the contact zone.
In the case above, recurrent invasive ductal carcinoma was
detected along the contact zone between the TRAM flap and
the native breast tissue incidentally detected on a routine
high-risk screening MRI of the breast in an asymptomatic
patient with a history of breast cancer.

Fig. 3.166 TRAM flap cancer recurrence. (a) Selected axial image demonstrates a right TRAM flap reconstruction with a vascular pedicle
(arrow). (b) Sagittal image of the right reconstructed breast demonstrates a new 5 mm mass in the upper breast (arrow) along a linear tissue plane
separating the TRAM flap from native tissue. This mass was identified on ultrasound and subsequent biopsy yielded IDC. Incidental unresolved

long standing post-surgical seroma is noted in the upper posterior breast
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3.38 History

63-year-old with newly diagnosed left breast cancer (Figs. 3.167, 3.168, and 3.169).

Fig.3.167 (a) ML view (mammogram) of the left breast. (b) Multifocal IDC; preoperative MRI for surgical planning. There is a 1.8 cm irregular
dense mass (arrow) in the upper mid left breast, which underwent biopsy yielding invasive ductal carcinoma

Fig.3.168 (a) Selected sagittal T1 post-contrast
MRI image of the left breast. (b) Corresponding
MRI image demonstrates 1.8 cm irregular
enhancing mass (arrowheads) in the upper mid
breast. Additional 7 mm irregular mass (arrow) is
noted 1 cm superior to the index mass suspicious
for multifocal disease
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3.38 Pre-operative Planning

Teaching Points Pre-operative breast MRI can identify
10-30% of additional cancers that are mammographically
occult. Multifocal disease is defined as additional cancer(s)

Image Findings

Fig.3.169 (a) Ml view
(mammogram) of the left breast
from preoperative needle
localization. (b) Superior
approach was used for pre-opera-
tive wire placement to include
the additional area of enhance-
ment (arrowhead) identified on
MRI and the tip of the wire at the
known cancer (arrow). Surgical
pathology yielded 1.9 cm IDC
and additional 0.9 IDC, likely
corresponding to the imaging
findings

3 Breast Malignancy

occurring within the same quadrant, usually in close proxim-
ity to the index mass. These patients can still undergo breast
conservation. Breast MRI can be helpful in pre-operative
planning to include the additional areas of concern as illus-
trated in this case.
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3.39 History

33-year-old patient undergoing MRI-guided biopsy (Figs. 3.170 and 3.171).

Fig.3.170 (a) Sagittal image of the peripheral left breast at the level  the level of the superficial breast and at the level of the biopsy target
of the localizing grid. (b) Sagittal T1 post-contrast subtracted image at  during the biopsy
the level of the biopsy target. (c—e) Sagittal T1 post-contrast image at
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3.39 MRI-Guided Biopsy

Teaching Points MRI-guided core biopsy technique has
evolved over the past years. Currently, the most widely used
system utilizes a vacuum-assisted devise and a localizing
grid. Biopsy in this case was performed with a commercially
available 9-gauge vacuum-assisted MRI-compatible biopsy
system (ATEC Breast Biopsy System; Suros Surgical
Systems, Indianapolis, IN). A vitamin E marker is taped on
the skin of the breast/grid and its position is marked on a
transparency diagram for localizing purposes. Post-contrast
images are reviewed and a cursor is placed over the targeted
lesion on the monitor. The x-axis and y-axis coordinates of
the target were calculated on the basis of the spatial relation-

Image Findings

Fig.3.171 MRI guided core
biopsy. (a) Sagittal image of the
peripheral breast demonstrates
the grid (arrowheads) and
vitamin E marker (arrow) used as
a fiducial marker. (b) Post-
contrast image demonstrates a

5 mm mass (arrow) in the
posterior upper breast. (¢) Select
sagittal image demonstrates a
round signal void (arrow)
corresponding to the obturator
entering the superficial breast. (d)
Sagittal image at the level of the
targeted mass (arrow) shows
appropriate adjacent position of
the obturator tip (arrowhead). (e)
Post-biopsy sagittal image
demonstrates non-visualization
of the targeted enhancement at
the same level denoted by the
obturator tip with the presence of
a layering hemorrhage (arrows)
with an air fluid level
(arrowhead)

ship between the lesion, vitamin E marker, and grid lines. The
z-axis (depth) of the lesion was determined by calculating the
distance between the lesion and the skin surface. The obtura-
tor is placed inside the white introducer, and the depth stop is
set to the calculated depth. The tip of the obturator, which is
visualized as a round signal void, is placed in close proximity
to the targeted lesion. The tip of the obturator marks the cen-
ter of the biopsy collection device. After tissue sampling is
complete, the device is removed, the obturator reinserted, and
post-biopsy MRI is performed to determine if the appropriate
area underwent biopsy, which is noted with an absent area of
enhancement and replacement with hematoma cavity. The
biopsy site is marked with a titanium clip and post-biopsy
MRI may be obtained to assess for clip deployment.
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45-year-old woman with newly diagnosed right breast ILC (Figs. 3.172 and 3.173).

Fig. 3.172 (a) Selected sagittal T1 post-contrast subtracted image of  post-contrast subtracted image of the right breast at the level of the
the right breast at the level of the known cancer. (b) Selected image of = known cancer with bracketing needles
the right breast at the level of the localizing grid. (c) Selected sagittal T'1
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3.40 MRI-Guided Wire Localization
Teaching Points MRI-guided needle localization including

bracketing as illustrated in this case can be performed quickly
and safely with commercially available equipment. This is

Image Findings

Fig.3.173 MR-guided needle bracketed localization of invasive lobu-
lar carcinoma best seen on MRI. (a) Sagittal T1 post-contrast subtrac-
tion image of the right breast demonstrating a 4 cm region of
heterogeneous non-mass enhancement in the upper breast (arrows)
likely corresponding to ILC. (b) Select sagittal image demonstrating

3 Breast Malignancy

most useful for localizing cancers best delineated on MRI
such as ILC. The positive predictive value of MRI-guided
needle localization was comparable to the mammographi-
cally guided needle localization.

the localizing grid (arrowheads) and susceptibility artifact from two
MR-compatible needles (arrows) used for bracketed needle localiza-
tion. (c) Select sagittal image demonstrates the needles (arrowhead)
bracketing the anterior and posterior extent of the non-mass enhance-
ment (arrows)
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240 4 High Risk

4.1 History

25-year-old patient with Cowden syndrome undergoing screening breast MRI (Figs. 4.1, 4.2, 4.3, and 4.4).

Fig. 4.1 Sagittal MRI images of the left breast. (a) T1-weighted fat-saturated image. (b) T2-weighted fat-saturated image. (¢) T1-weighted fat-
saturated post-contrast image, with corresponding computer-aided detection (CAD) kinetics analysis color overlay (d)
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Fig. 4.2 Sagittal post-contrast subtraction maximum intensity projection (MIP) images of the left breast (a) and right breast (b)
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4 High Risk

4.1 Cowden Syndrome

Teaching Points Cowden syndrome is an uncommon,
autosomal dominant disease in patients with the PTEN
gene mutation. It is characterized by multiple hamartomas
of the skin, mucous membranes, brain, breast, thyroid,
and gastrointestinal tract and increased susceptibility to
breast cancer. The lifetime risk for breast carcinoma in
patients with Cowden syndrome is estimated to be
25-50 %, compared with 12% in the general female
population.

Image Findings

Fig. 4.3 MRI performed for
multiple breast masses. A sagittal
T1-weighted fat-saturated image
(a) and a T2-weighted fat-
saturated image (b) of the left
breast demonstrate multiple
masses with T1 hypointensity
and T2 hyperintensity
(arrowhead) and T1
hypointensity and T2 minimal to
mild hyperintensity (arrows). A
T1-weighted fat-saturated
post-contrast image (c¢) shows
homogeneous enhancement in
these masses (arrows), with
persistent delayed enhancement
color-coded as blue on the CAD
overlay (d)

Patients with Cowden syndrome can have bilateral multi-
ple fibroadenomas, as illustrated in this case, which makes
breast cancer detection challenging. Fibroadenomas usually
enhance homogeneously, have associated T2 hyperintensity
and can demonstrate nonenhancing septations. The degree of
enhancement and T2 signal intensity can vary. The National
Comprehensive Cancer Network (NCCN) recommends breast
self-examination beginning at the age of 18 years and annual
screening with breast MRI and mammography starting
between 30 and 35 years of age and not earlier than 25 years.
After establishing a baseline, any change should prompt a
workup to exclude malignancy.
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Fig. 4.4 Sagittal post-contrast
subtraction MIP images of the
left breast (a) and right breast (b)
show multiple masses in both
breasts
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4.2  History

36-year-old woman with history of right breast cancer who underwent lumpectomy 3 years ago. Screening breast MRI
(Figs. 4.5 and 4.6).

Fig. 4.5 Sagittal MRI images of the right breast. (a) T1-weighted fat-saturated. (b) T2-weighted fat-sturated. (¢) Post-contrast subtraction with
CAD color overlay
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4.2  Personal History of Breast Cancer

Teaching Points Post-lumpectomy tumor recurrence rates
are about 1-2 % per year, usually discovered later than 18-24
months after treatment. Detection of treatment failure in
these women while still asymptomatic improves relative sur-
vival by 27-47 %.

The lumpectomy site is a common site of recurrence,
as illustrated in this case. Patients with recurrence fol-

Image Findings

Fig.4.6 Breast cancer
recurrence. Sagittal T1-weighted
pre-contrast (a) and T2-weighted
(b) images of the right breast
demonstrate post-radiation skin
thickening (arrowheads) and the
lumpectomy site (arrows), which
is heterogeneously T2
hyperintense. (c) Sagittal
T1-weighted FS post-contrast
image with CAD color overlay
demonstrates irregular thick rim
enhancement with washout
kinetics (red, arrows) and
adjacent background
parenchymal enhancement with
persistent kinetics (blue)

lowing initial treatment with lumpectomy and radiation
are usually treated with salvage mastectomy. Breast MRI
has a high sensitivity (94-100%) in the detection of
breast cancer. MRI screening of women with only a per-
sonal history of breast cancer was clinically valuable in
finding malignancies in 12 % of the patients in a study
published by Brennan et al. (2010), but personal history
is generally not an accepted indication for screening
breast MRI.
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4.3  History

33-year-old woman with BRCA I mutation undergoing high-risk screening mammogram and breast MRI (Figs. 4.7, 4.8, 4.9,
and 4.10).

Fig. 4.7 Craniocaudal (CC) mammographic view (a) and mediolateral oblique (MLO) mammographic view (b) of the left breast
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Fig. 4.8 Sagittal MR
images of the left
breast. T1-weighted
fat-saturated pre-con-
trast image (a) and
post-contrast image (b)
with CAD color overlay
(¢). (d) T2-weighted
fat-saturated image
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4.3 BRCA1 Mutation

Teaching Points Teaching points: see next companion
case.

Image Findings

Fig. 4.9 Screening mammo-
grams. CC view (a) and MLO
view (b) of the left breast
demonstrate heterogeneously
dense tissue. There is no
suspicious mass, architectural
distortion, or microcalcifications
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Fig.4.10 Screening breast
MRI. The sagittal T1-weighted
fat-saturated pre-contrast image
(a) and post-contrast image (b)
demonstrate a suspicious,
enhancing irregular mass in the
lower breast (arrow). CAD
analysis (¢) demonstrates
washout enhancement kinetics.
No mammographic correlate was
noted. The corresponding
T2-weighted fat-saturated image
(d) demonstrates no
T2-hyperintense correlate
(arrow)
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44  History

33-year-old BRCA2 mutation carrier undergoing screening breast MRI (Figs. 4.11 and 4.12).

Fig.4.11 Sagittal MR
images of the right
breast. T1-weighted
fat-saturated pre-con-
trast image (a) and
post-contrast image (b),
with corresponding
CAD color overlay
image (c). (d)
T2-weighted fat-satu-
rated image
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4.4  BRCA2 Mutation

Teaching Points Although there is no direct evidence that
screening with MRI will reduce mortality, it is thought that
early detection by using annual MRI surveillance, in addi-
tion to mammography, may be useful for high-risk women.
The American Cancer Society recommends that screening
MRI should be performed for women who are at high risk for
breast cancer, based on certain factors:

* Women with 20-25% or greater lifetime risk of breast
cancer, according to risk assessment tools that are based
mainly on family history

*  Women with known BRCAI or BRCA2 gene mutation

e Women with a first-degree relative with a BRCAI or
BRCA2 gene mutation who have not had genetic testing
themselves

* Women who had radiation therapy to the chest between
the ages of 10-30 years

¢ Women who have Li-Fraumeni syndrome, Cowden syn-
drome, or Bannayan-Riley-Ruvalcaba syndrome or have
first-degree relatives with one of these syndromes

BRCAI and BRCA2 are tumor-suppressor genes that play a
role in DNA repair; mutations in either gene are associated
with an autosomal dominant inherited form of breast and/or
ovarian cancer. The two cases illustrate high sensitivity of
breast MRI in detecting clinically favorable early breast
cancers in patients with high risk for breast cancer, includ-
ing patients with BRCAI and BRCA2 gene mutations. Lack
of a hyperintense T2 correlate should elevate the level of
suspicion, and biopsy should be performed in these high-
risk patients even without a corresponding sonographic
correlate.
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Image Findings

Fig.4.12 Mammographically
and sonographically occult
invasive ductal carcinoma (IDC).
Sagittal T1-weighted fat-satu-
rated pre-contrast image (a) and
post-contrast image (b) and
corresponding CAD color
overlay image (c¢) demonstrate a
homogeneously enhancing round
mass (arrow) with washout
kinetics. (d) No corresponding
T2 signal hyperintensity was
present. (Incidentally noted are
metal artifact (arrowhead) and
poor fat saturation (arrow) in the
axilla.) The mass was not
identified on second-look
ultrasound. MRI-guided biopsy
yielded IDC
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4.5 History

33-year-old patient undergoing high-risk screening breast MRI (Figs. 4.13 and 4.14).

Fig. 4.13 Axial T1-weighted fat-suppressed post-contrast image (a) and axial T2-weighted fat-suppressed image (b) of both breasts. Sagittal
post-contrast subtraction image of the left breast (¢) with CAD color overlay (d)
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4.5 Lobular Carcinoma In Situ (LCIS)

Teaching Points Lobular carcinoma in situ (LCIS) is a non-
invasive proliferation of lobular cells, a known risk factor for
future breast cancer development. Existing data suggest that
pleomorphic histology or large volumes of LCIS may be pre-
dictive of a more focally aggressive carcinoma. LCIS is usu-
ally an incidental finding at core biopsy, as it has no reliable

Image Findings

Fig.4.14 Axial T1-weighted
fat-suppressed post-contrast
image (a) demonstrates a 4-mm
focus of enhancement in the
posterior upper outer left breast
(arrow), which does not have a
correlate on the T2-weighted
fat-suppressed image (b). The
sagittal post-contrast subtraction
image (c) of the left breast
redemonstrates the 4-mm focus
of enhancement (arrow), which
shows a persistent delayed
enhancement pattern on CAD
analysis (d, blue color)

imaging features. The most common imaging features asso-
ciated with LCIS are grouped, amorphous calcifications on
mammography and focus or non—mass-like enhancement
with persistent enhancement kinetics on MRI. No specific
features have been identified sonographically. The current
management recommendation for LCIS diagnosed at core
biopsy usually is surgical excision of biopsy sites, particu-
larly those of pleomorphic type.
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4.6 History

41-year-old woman undergoing high-risk screening breast MRI (Figs. 4.15, 4.16, 4.17, and 4.18).

Fig.4.15 Sagittal post-contrast subtraction image (a), sagittal post-contrast 3D MIP image (b), and sagittal post-contrast subtraction image with
CAD color overlay (c¢) of the left breast. (d) Axial T1-weighted fat-suppressed post-contrast image of both breasts

Fig.4.16 Targeted ultrasound image of the left breast
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4.6 Radial Scar

Teaching Points Radial scar is a benign breast lesion char-
acterized by a central fibroelastic core with entrapped ducts
surrounded by cystic ducts and lobules showing a spectrum
of proliferative changes. They typically measure less than
1 cm and are usually called complex sclerosing lesions if
1 cm or greater. Radial scars are typically seen in women
younger than 50 years of age. The most common MR imag-
ing feature is nonmass enhancement, including linear or

Image Findings

Fig.4.17 Radial scar. A sagittal
post-contrast subtraction image
(a) and sagittal post-contrast 3D
MIP image (b) of the left breast
demonstrate an irregular
enhancing mass in the central
breast (arrows), with washout
enhancement kinetics on CAD
analysis (c). (d) The axial
T1-weighted fat-suppressed
post-contrast image
redemonstrates the irregular
enhancing mass (arrows) along
the lateral aspect of the left
breast, with associated
architectural distortion

Fig.4.18 Targeted ultrasound image of the left breast
demonstrates a corresponding ill-defined hypoechoic mass with
posterior acoustic shadowing. Both the core biopsy and
subsequent surgical excision yielded radial scar without atypia
or malignancy

4 High Risk

clumped distribution, with associated distortion and type 2
or 3 enhancement kinetics.

Radial scars are associated with an elevated risk for sub-
sequent development of breast cancer; many studies have
reported association with malignancy in up to 40 % of cases.
The current management recommendation is surgical
excision, but some published reviews suggest that excision
of radial scars should only be performed if associated with
atypia.




4.7 History

4.7  History

48-year-old patient undergoing high-risk screening MRI because of a personal history of breast cancer (Figs. 4.19 and 4.20).

Fig. 4.19 Sagittal T1-weighted image (a) and sagittal post-contrast subtraction image (b) through the lumpectomy bed. Sagittal post-contrast
subtraction image of the more lateral left breast (¢) with CAD analysis color overlay (d)
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4,7  Atypical Ductal Hyperplasia (ADH)

Teaching Points Atypical ductal hyperplasia (ADH) is the
most common high-risk lesion of the breast. It consists of
ductal proliferation that increases a woman’s lifetime risk of
developing ductal carcinoma. In 20-50 % of cases, depend-
ing on the needle gauge used for biopsy, ADH is upgraded
histologically to ductal carcinoma in situ (DCIS) or invasive
cancer at the time of surgical excision.

According to a review published in 2012 by Heller and
Moy, no studies showed specific predictive morphologic or

Image Findings

Fig.4.20 (a) Sagittal
T1-weighted image of the left
breast demonstrates surgical
alteration (arrows) in the central
left breast from prior
lumpectomy. (b) Sagittal
post-contrast subtraction image
demonstrate no suspicious
enhancement within the
lumpectomy bed. Sagittal
post-contrast subtraction image
without (¢) and with (d) CAD
color overlay demonstrates a
1.2-cm area of suspicious linear
nonmass enhancement (arrow)
lateral to the lumpectomy site,
with mixed enhancement
kinetics. No sonographic or
mammographic correlate was
identified. The area underwent
MRI-guided biopsy, which
yielded atypical ductal
hyperplasia (ADH)

4 High Risk

kinetic MRI characteristics for high-risk lesions. Moreover,
there were no imaging features that could reliably predict
subsequent upgrade to malignancy. The MRI appearance of
ADH is variable, ranging from a mass to linear nonmass
enhancement mimicking ductal carcinoma in situ (DCIS).

In our case example, ADH was diagnosed on breast MRI
in a patient with personal history of cancer. The American
Cancer Society recommendations, however, remain contro-
versial regarding performing yearly MRI screening for
patients with personal history of breast cancer, DCIS, or
high-risk lesions such as ADH, atypical lobular hyperplasia
(ALH), and lobular carcinoma in situ (LCIS).
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4.8 History

47-year-old woman undergoing high-risk screening breast MRI (Figs. 4.21 and 4.22).

Fig. 4.21 (a) Selected axial T1-post-contrast fat-saturated image. (b) Corresponding T1 pre-contrast non-fat saturated image. (c¢) Targeted
ultrasound image shows a 5-mm, round, hypoechoic mass with mildly irregular margin corresponding to the MRI mass
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4 High Risk

4.8 Papilloma

Teaching Points Papillary lesions are characterized patho-
logically by a fibrovascular core, lined by myoepithelial and
epithelial layers, extending from a duct wall into the lumen.
When symptomatic, patients present commonly with bloody
or clear nipple discharge with or without a palpable lump.
The benign papillary lesions include solitary intraductal pap-
illoma, multiple intraductal papillomas, and papilloma with
atypical hyperplasia. Solitary papillomas are usually ret-
roareolar as in this case whereas multiple papillomas are
usually peripheral. Papillomas with and without atypia are
associated with an increased risk of developing breast can-
cer, a risk considered to be higher with multiple papillomas
and atypia.

Mammographically, papillomas may be obscured in the
retroareolar breast tissue. If visualized in the retroareolar
breast, or if seen peripherally, the mass often appears round
or oval with circumscribed margins. A papilloma extending
throughout a duct may appear as a tubular shaped or even a
branching mass mammographically. Benign papillomas are
not infrequently associated with calcifications on mammog-
raphy. Galactography may demonstrate a filling defect in
the duct lumen. Sonographically, papillomas may be seen as
a mural-based mass surrounded by fluid within a dilated
duct. This mass can extend along a duct and branch as the
ducts divide. Its margins may be smooth or irregular within
the duct as surrounding fluid can highlight its frond-like

Image Findings

growth. Vascularity may be detectable within the stalk of
the papilloma. A papilloma that does not appear as an intra-
ductal mass may appear round or oval with circumscribed
margins. Multiple papillomas can be smaller and less well-
defined masses.

As on mammography and sonography, the appearance of
papillomas on MRI is variable and unreliably distinguished
from malignancy. Small papillomas may be occult on
MRI. When solitary, the masses are frequently oval, circum-
scribed, and homogeneously enhancing, located anteriorly
within the breast. It may be associated with a dilated duct or
have peri-lesional bright fluid on T2- and sometimes
T1-weighted sequences. However, some of its common fea-
tures are similar to malignancy including being hypointense
or isointense on T1- and T2-weighted images. Furthermore, it
can have irregular margins mimicking invasive cancer.
Diffusion-weighted imaging has not shown a statistically sig-
nificant difference between papillomas and malignancy. The
inability to reliably distinguish papillomas from malignancy
on MRI generally leads to a recommendation of biopsy
through MRI or ultrasound if visible sonographically.

Papillomas with atypia on biopsy are routinely surgically
excised. Management of papillomas without atypia diag-
nosed on core needle biopsy is the subject of ongoing debate
but commonly undergo excision at most academic centers.
Some studies lend support to observation for incidental or
benign and concordant asymptomatic solitary intraductal
papillomas.

Fig.4.22 Papilloma. (a) There is a 5-mm, round, enhancing mass present in the retroareolar right breast (arrow) with hypointensity on T1-weighted
pre-contrast image (b, arrow) and on T2 image (not shown). This underwent ultrasound-guided biopsy yielding papilloma. (¢) Targeted ultrasound
image shows a 5-mm round hypoechoic mass with mildly irregular margin corresponding to the MRI mass. This underwent ultrasound-guided

biopsy yielding papilloma
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4.9 History

36-year-old woman with spontaneous right nipple discharge (Figs. 4.23 and 4.24).

Fig. 4.23 (a) Selected sagittal T1-weighted post-contrast fat-saturated image of the right breast. (b) Corresponding sagittal T1-weighted post-
contrast subtracted image of the right breast



262

4 High Risk

4,9 Papillomatosis and ALH

Teaching Points Multiple papillomatosis occurs in approx-
imately 10% of cases of intraductal papillomas. It occurs
more commonly in younger patients and is usually periph-
eral in location as illustrated in our cases. Multiple
papillomatosis are more frequently associated with radial
scar, hyperplasia, atypia, sclerosing adenosis, and DCIS. Our
case was associated with atypical lobular hyperplasia (ALH).
The appearance of papillomas on MRI is variable and unreli-
ably distinguished from malignancy. Non-mass enhance-
ment pattern can be associated with multiple papillomas/
papillomatosis as illustrated in this case. It may be associated
with a dilated duct or have peri-lesional bright fluid on T2-
and sometimes T1-weighted sequences. The inability to reli-
ably distinguish papillomas from malignancy on MRI
generally leads to a recommendation of biopsy through MRI
or ultrasound if visible sonographically. Papillomas with
atypia on biopsy are routinely surgically excised. The
patients in this case underwent excision without evidence of

Image Findings

Fig. 4.24 Papillomatosis. (a, b)
There are multiple foci and small
linear non-mass enhancements in
the lower outer mid right breast
in segmental distribution
spanning 6 cm. This area
underwent MRI-guided biopsy,
yielding multiple papillomas and
an incidental focus of ALH

malignancy on the surgical specimen. Management of papil-
lomas without atypia diagnosed on core needle biopsy is the
subject of ongoing debate.

Atypical lobular hyperplasia (ALH) is a pre-malignant
lesion of the breast and is considered a part of borderline
breast disease. ALH represents a proliferation of monomor-
phic cells, which is morphologically identical to lobular car-
cinoma in situ (LCIS). ALH can be distinguished from LCIS
by a non-distended lobule or small lobular duct. LCIS is
characterized by distention. It is usually asymptomatic and
often found incidentally in a biopsy specimen obtained for
another lesion as illustrated in this case. When identified,
MRI features of ALH are often round or lobular with irregu-
lar margins and heterogeneous enhancement. ALH is typi-
cally small in size, measuring 1 cm or less. The treatment for
ALH alone is controversial. Some centers surgical excise
while others do not.
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5.1 History

49-year-old with history of desmoid tumor resection (Figs. 5.1 and 5.2).

Fig.5.1 Sagittal MR images of the left breast. (a) T1-weighted fat-saturated image. (b) T2-weighted fat-saturated image. (c) Post-contrast sub-
traction image. (d) T1-weighted fat-saturated post-contrast image with computer-aided detection (CAD) color overlay
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5.1 Desmoid Tumor

Teaching Points Desmoid tumor, also known as fibroma-
tosis of the breast, is a rare benign entity, accounting for
only 0.2 % of all breast tumors. It is characterized by low-
grade, uniform spindle-cell proliferation carrying no malig-
nant potential, but it has shown a significant risk for local
recurrence. Therefore, the current management of desmoid
tumors is wide excision with clear margins. The mammo-

Image Findings

Fig.5.2 Desmoid tumor local
recurrence. (a, b) Sagittal
T1-weighted fat-saturated
non-contrast image and
corresponding T2-weighted
fat-saturated image demonstrate
an oval, circumscribed T1- and
T2-hyperintense mass (arrows)
in the lower breast. (¢, d) Sagittal
post-contrast subtraction image
and corresponding CAD
enhancement kinetic analysis
demonstrate a circumscribed,
homogeneously enhancing mass
(arrows) with progressive
enhancement kinetics

graphic and sonographic features mimic those of malig-
nancy. On MR imaging, a desmoid tumor can appear as an
ill-defined or circumscribed mass with low to intermediate
signal intensity on the T1-weighted images and increased
signal on the T2-weighted images. Progressive enhance-
ment kinetics is usually seen on dynamic contrast imaging.
Although these imaging features are nonspecific, MRI can
be useful to show chest wall involvement important for sur-
gical planning.
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5.2  History

44-year-old with history of pheochromocytoma status post resection 4 years ago, with recent surveillance nuclear medicine
scan showing uptake in the left breast. Breast MRI was performed for further evaluation (Figs. 5.3 and 5.4).

Fig. 5.3 Sagittal MR images of the left breast. (a) T1-weighted fat-saturated image. (b) T2-weighted fat-saturated image. (c¢) T1-weighted fat-
saturated post-contrast image. (d) Corresponding CAD color overlay
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5.2 Pheochromocytoma

Teaching Points Pheochromocytomas are an uncommon
tumor of the adrenal gland. The tumors generally follow a
10 % rule:

e ~10% are extra-adrenal, as illustrated in this case
~10 % are bilateral

e ~10% are malignant

¢ ~10% are found in children

e ~10% are familial

Image Findings

Fig.5.4 Extra-adrenal
pheochromocytoma. Sagittal
T1-weighted fat-saturated
pre-contrast image (a) and
corresponding T2-weighted
fat-saturated image (b) of the left
breast demonstrate a
T1-isointense and
heterogeneously T2-hyperintense
subareolar mass (arrows). A
corresponding T1-weighted
fat-saturated post-contrast image
(c) demonstrates an intensely
homogeneously enhancing
2.9-cm irregular mass (arrow) in
the subareolar region, with
central washout pattern on CAD
kinetics analysis (d)

e ~10% are not associated with hypertension
e ~10% contain calcification

On MRI, pheochromocytoma has been described as an
intensely enhancing mass having characteristic high signal
intensity on T2-weighted imaging, typically heterogeneous
as illustrated in this case. This “light bulb bright” signal on
T2-weighted imaging is neither specific nor sensitive for
pheochromocytoma. A characteristic salt-and-pepper pattern
has also been described.
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5.3 History

Screening breast MRI (Figs. 5.5, 5.6, 5.7, and 5.8).

Fig. 5.5 Mammographic views of both
breasts. (a) Left craniocaudal (CC) view. (b)
Left mediolateral oblique (MLO) view. (c)
Right CC view. (d) Right MLO view
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Fig. 5.6 Sagittal MRI images of both breasts. (a—d) T1-weighted images. (e) T2-weighted fat-saturated image. (f, g) T1-weighted fat-saturated
pre-contrast and post-contrast images. (h) Image from g with CAD color overlay
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Fig. 5.6 (continued)
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5.3  Amyloidosis

Teaching Points Primary breast amyloidosis is rare, and
breast involvement is usually part of the systemic disease.
Similar to amyloid deposits elsewhere in the body, calcifica-
tions can develop in the breast. Mammographic features of
breast amyloidosis include irregular or circumscribed masses

Image Findings

Fig.5.7 Amyloidosis with associated dense
calcifications on mammography, limiting
assessment. Left CC (a) and MLO (b) images and
right CC (¢) and MLO (d) images demonstrate
bilateral dense calcifications

with coarse, dystrophic calcifications (Fig. 5.5). On MRI
examination, lesions generally demonstrate decreased T1 sig-
nal intensity with associated increased T2 signal corresponding
with edema and inflammation. Delayed progressive enhance-
ment pattern is usually noted on the post-contrast images. Core
biopsy is recommended in most cases of indeterminate find-
ings to confidently exclude co-existent malignancy.



274

5

Interesting Cases

Fig. 5.8 Amyloidosis on breast
MRI. (a—d) Selected sagittal
T1-weighted sequences
demonstrate large, conglomerate
hypointense areas (arrows)
corresponding to areas of dense
calcification on mammography.
(e) A sagittal T2-weighted
fat-saturated image demonstrates
corresponding hypointense areas
(arrows) with associated
peripheral T2 hyperintensity. (£,
g) Sagittal T1-weighted
fat-saturated pre-contrast and
post-contrast images demonstrate
mild T1 hyperintensity (arrows)
and heterogeneous rim enhance-
ment (arrows) corresponding to
the T2-hyperintense regions. No
focal suspicious enhancement
was identified. (h) CAD
enhancement kinetics analysis
(arrows) demonstrates a
predominantly progressive
pattern
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5.4  History

Extent of disease evaluation (Figs. 5.9 and 5.10).

Fig. 5.9 Sagittal MR images of the right breast. (a, b) T1-weighted fat-saturated images. (¢) T2-weighted fat-saturated image. (d) T1-weighted
fat-saturated post-contrast image. (e) Corresponding CAD color overlay image
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Fig. 5.9 (continued)
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5.4 Sarcoma

Teaching Points Angiosarcoma of the breast is a rare
malignancy of endovascular origin. It accounts for about
0.04 % of all malignant breast tumors and 8 % of breast sar-
comas. It usually affects younger women in their third and
fourth decade. Angiosarcoma of the breast tends to metas-
tasize hematogenously rather than lymphogenously, so
metastasis to axillary lymph nodes is very rare. The prog-
nosis of angiosarcoma is thought to depend on the histo-
logic grade, with higher-grade lesions more prone to
developing recurrence and demonstrating a lower survival
rate.

Misdiagnosis of angiosarcoma is not uncommon. It is
sometimes due to the variety of possible clinical presenta-

Image Findings

Fig.5.10 Sagittal T1-weighted
fat-saturated pre-contrast images
(a, b) and a sagittal T2-weighted
fat-saturated image (¢) demon-
strate irregular masses that are
heterogeneously T1-hypointense
to isointense and heteroge-
neously T2-hyperintense. These
masses also contain irregular
areas of T1 hyperintensity
(arrows) reflecting the hemor-
rhagic nature of the tumors and
their markedly heterogeneous
architecture. Cystic cavities
(arrowheads) representing
venous lakes are present on T2
images. Marked enhancement of
the masses (arrows) is noted on
the sagittal T1-weighted
fat-saturated post-contrast image
(d), and CAD analysis (e)
demonstrates washout enhance-
ment kinetics

tions, including mammographic and sonographic findings.
Identifying a mass on mammography is difficult because
angiosarcoma affects young women who have denser breast
tissue. Associated skin thickening and calcifications may be
seen. Ultrasound tends to be nonspecific and only seems to
have equivocal additional value if a mass is visible at
mammography.

On MRI, angiosarcomas are usually lobular-shaped
masses with indistinct borders. On T2-weighted images, the
periphery of the mass demonstrates a very bright signal that
likely represents the presence of vascular channels contain-
ing slow-flowing blood. Angiosarcomas enhance intensely
with washout kinetic features at dynamic imaging. Cystic
cavities representing venous lakes are characteristic features,
as seen in the example.
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Fig.5.10 (continued)
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5.5 History

49-year-old woman with family history of breast cancer for high-risk screening breast MRI. History of melanoma 2 years
ago status post resection (Figs. 5.11, 5.12, 5.13, and 5.14).

Loc: LS0.8, P73.6,

QEON: 200 %

Loc: LS0.8, P73

Fig.5.11 Sagittal MR images of the left breast. (a, b) Post-contrast subtraction images. (¢, d) T1-weighted fat-saturated images
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Fig.5.12 Grayscale (a) and color Doppler (b) targeted ultrasound images of the left breast
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5.5 Melanoma years after the primary tumor has been removed. Melanoma

is typically T1-hyperintense secondary to hemorrhage or
Teaching Points Although metastasis to the breast is rare, melanin, but it can be variable, as illustrated in this case.
melanoma is among the primary tumors most commonly These lesions are typically hypointense on T2-weighted
reported to metastasize to the breast; metastasis should be images. Post-contrast enhancement is typically heteroge-
suspected in patients with a prior history of melanoma even neous or peripheral rim enhancement.

Image Findings

Fig.5.13 Metastatic melanoma ]
to the left breast on breast ” Loc: L90.8, PT3.6,
MRI. The patient was status
post—surgical resection of a
melanoma, with findings in the
left breast seen incidentally on an
abdominal MRI and further
evaluated on a dedicated breast
MRI. (a, b) Selected sagittal
post-contrast subtraction images
of the left breast demonstrate
3-mm and 4-mm enhancing foci
(arrows) in the upper inner mid
left breast. (¢) The 3-mm
enhancing focus has a
T1-hyperintense correlate on the
T1-weighted fat-saturated
non-contrast image. (d) The
4-mm enhancing focus has no
corresponding signal abnormality Loc: L42.8,
on the T1-weighted fat-saturated
non-contrast image

Fig.5.14 Metastatic melanoma
on targeted left breast ultrasound.
Correlative grayscale (a) and color
Doppler (b) ultrasound images of
the left breast demonstrate two
irregular, hypoechoic masses with
internal vascularity, corresponding
to the breast MRI findings.
Ultrasound-guided core needle
biopsy yielded metastatic
melanoma at both sites
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5.6 History

Extent of disease evaluation (Figs. 5.15 and 5.16).

Fig.5.15 Sagittal MR
images of the left
breast. (a) T1-weighted
fat-saturated image. (b)
T2-weighted fat-satu-
rated image. (c)
T1-weighted fat-satu-
rated post-contrast
image. (d) Post-contrast
subtraction image. (e)
Image from d with
CAD color overlay. (f)
Post-contrast maximum
intensity projection
(MIP) image
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Fig.5.15 (continued)
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5.6 Lymphoma

Teaching Points Lymphoma of the breast is uncommon
and constitutes 0.04—0.5 % of malignant breast neoplasms.
The small amount of lymphoid tissue in the breast accounts
for the rarity of primary breast lymphoma when compared
with other organs. Differentiating primary from secondary
lymphoma remains challenging. The presence of breast tis-
sue in or adjacent to the lymphomatous infiltrate, the absence
of concurrent nodal disease (except for the ipsilateral axillary

Image Findings

Fig.5.16 Left breast lym-
phoma. The sagittal T1-weighted
fat-saturated image (a) and
T2-weighted fat-saturated image
(b) demonstrate T1-isointense to
mildly hypointense and
T2-isointense to hyperintense
masses throughout the breast
(arrows). A T1-weighted
fat-saturated post-contrast image
(¢), post-contrast subtraction
image (d), and CAD kinetic
analysis image (e) demonstrate
heterogeneously enhancing
irregular masses (arrows) with
progressive enhancement
kinetics. (f) A post-contrast MIP
demonstrates the multiple
enhancing, irregular masses
(arrows)

285

lymph nodes), and the absence of a history of lymphoma
involving other organs are suggestive of primary disease.
Mammographically, lymphoma typically presents as a
large, circumscribed or indistinctly marginated mass without
associated calcifications or architectural distortion. On ultra-
sound, it can be hypoechoic to nearly anechoic, mimicking a
cyst. On MR imaging, the mass is usually isointense to hypoin-
tense on T1-weighted imaging and isointense to hyperintense
on T2-weighted imaging, with progressive enhancing kinetics
on dynamic contrast imaging as seen in Figs. 5.15e and 5.16e.
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Fig.5.16 (continued)
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5.7 History

51-year-old with bilateral axillary enlarged lymph nodes (Figs. 5.17, 5.18, 5.19, and 5.20).

Fig. 5.18 Left breast post-contrast MIP from a breast MRI
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5.7 HIV Infection include sarcoidosis, rheumatoid arthritis, lymphoma (CLL),

and leukemia. Obtaining a thorough clinical history from
Teaching Points Multiple bilateral, enlarged axillary lymph  patients provides critical information to guide their manage-
nodes may be seen incidentally on screening mammogram, ment. In the absence of a systemic disease, biopsy or fine-
ultrasound, or MR in female patients infected with HIV. Other  needle aspiration (FNA) could be indicated to evaluate for
common causes of bilateral axillary lymphadenopathy —occult breast malignancy.

Image Findings

Fig.5.19 Bilateral lymphade-
nopathy secondary to HIV
infection. (a) Sagittal post-con-
trast subtraction image of the
right breast demonstrates
multiple, enlarged right axillary
lymph nodes (arrows). (b) CAD
kinetics analysis shows the
expected washout pattern
(arrows)

Fig.5.20 Left breast post-contrast MIP, also showing enlarged left
axillary lymph nodes
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6.1 History

39-year-old woman undergoing high-risk screening MRI.

Fig. 6.1 Sagittal T1-weighted fat-saturated post-contrast maximum intensity projection (MIP) image (a), sagittal T2-weighted fat-saturated
image (b), sagittal T1-weighted fat-saturated image (c), and axial T1-weighted fat-saturated image (d)
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6.1 Saline Rupture

Teaching Points Implant rupture is a well-known compli-
cation and is the main cause of implant removal. Most rup-
tures have no obvious traumatic origin, and rupture is
sometimes present in asymptomatic patients. MRI is gener-
ally accepted as the technique of choice for evaluating the
integrity of silicone implants, with a sensitivity of 70-94 %

Image Findings

Fig.6.2 Saline implant rupture.
(a) Sagittal T1-weighted
post-contrast MIP demonstrates
no suspicious enhancement. (b)
Sagittal T2-weighted fat-
saturated image demonstrates a
collapsed saline implant (arrows)
with surrounding T2
hyperintensity (arrowheads).
Sagittal (¢) and axial (d)
T1-weighted fat-saturated images
demonstrate corresponding T'1
hypointensity surrounding the
collapsed implant (arrows)

and a specificity of 85-100 %. Patients with saline implant
rupture usually report an obvious change in size with fluid
extrusion, for which breast MRI is not necessary for diagno-
sis. Saline implants follow fluid signal on all sequences and
have a valve to allow volume adjustment, which helps to
identify them on MRI. In our case example (Figs. 6.1 and
6.2), saline implant rupture with complete collapse was inci-
dentally found on a high-risk screening breast MRI.
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6.2  History

32-year-old woman status post motor vehicle accident. History of implant (Fig. 6.3).

Fig.6.3 (a—c) Axial T2-weighted fat-saturated MR images through both breasts
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6.2  Silicone Implant Rupture 1

Teaching Points MR imaging can diagnose silicone breast
implant rupture with a high sensitivity and specificity, with a
positive predictive value of about 99 %. Silicone implant
rupture is usually unnoticed by the patient because free sili-
cone is kept in place by the surrounding fibrous capsule,
which begins forming immediately after surgery as a natural
foreign body reaction.

Extracapsular silicone implant rupture is defined as rup-
ture of both the implant shell and the fibrous capsule, with
macroscopic silicone leakage extending beyond the fibrous

Image Findings

Fig.6.4 Left extracapsular
silicone implant rupture and right
silicone implant radial fold. (a,
b) Selected axial T2-weighted
fat-saturated images demonstrate
collapse of the left silicone
implant shell (white arrows) with
extravasation of silicone into the
fibrous capsule. The "linguini
sign" (black arrowheads in b) of
intracapsular rupture is evident.
Complex radial folds (black
arrow in b) are present involving
the right silicone implant shell
without evidence of right implant
rupture. (¢) On a more inferior
T2-weighted fat-saturated axial
image, there is extracapsular leak
of silicone (white arrows)
laterally into the soft tissue along
the left chest wall

capsule into surrounding tissues and rarely to distant body
regions (Fig. 6.4). Intracapsular rupture is defined as rupture
of the implant shell with an intact fibrous capsule. The “lin-
guine sign” (the presence of multiple curvilinear, low—
signal-intensity lines within the silicone implant) is

considered the most reliable MRI characteristic for intracap-
sular rupture and is often seen with extracapsular implant
ruptures.

Radial folds, which are considered to be normal variants,
are infoldings of the implant membrane into the silicone
implant. On MRI, they appear as blind-ending lines extend-
ing from the surface of the implant (Fig. 6.4c).
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6.3  History

41-year-old woman with recent chest trauma. History of implants (Figs. 6.5, 6.6, 6.7, and 6.8).

Fig.6.6 Axial T2-weighted water-saturated image (a) and sagittal T2-weighted image (b) of the left breast from an implant protocol breast MRI
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6.3 Double-Lumen Implant filled with saline surrounding a larger inner lumen of high—

signal-intensity silicone. A rupture diagnosis for a double-
Teaching Points Double-lumen implants are less com- lumen implant requires both membranes to be ruptured.
monly used. They typically have a fixed, smaller outer lumen

Image Findings

Fig.6.7 Intracapsular rupture of
right double-lumen implant. The
axial T2-weighted water-
saturated image (a) and the
sagittal T2-weighted image (b) of
the right breast demonstrate
multiple low-intensity curvilinear
lines (arrows) contained within
the fibrous capsule, representing
the collapsed implant shell
(“linguine sign”). There is no
extrusion of silicone beyond the
fibrous capsule, compatible with
an intra-capsular rupture

Fig.6.8 For comparison, the
corresponding axial T2-weighted
water-saturated image (a) and
sagittal T2-weighted image (b) of
the left breast demonstrate an
intact double-lumen implant
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6.4  History

51-year-old woman with possible silicone implant rupture (Figs. 6.9 and 6.10).

Fig.6.9 Sagittal T2-weighted water-suppressed image (a) and axial T2-weighted image (b) of the right breast. (¢) Axial T2-weighted image of
the left breast
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6.4  Silicone Implant Rupture 2

Teaching Points Occasionally, focal silicone gel leakage
may occur through a small defect in the implant shell. On
MRI, this appears as a focal silicone invagination between

Image Findings

Fig.6.10 Bilateral intracapsular
silicone implant rupture. The
sagittal T2-weighted water-
suppressed image (a) and axial
T2-weighted image (b) of the
right breast show a focus of
silicone gel trapped within a fold
of the implant shell, known as a

9 <

“noose sign,” “inverted teardrop

sign,” or “keyhole sign” (arrows).

(¢) An axial T2-weighted image
of the left breast shows low—
signal-intensity, curvilinear lines
(arrows) contained within the
fibrous capsule, representing the
collapsed implant shell. These

are signs of bilateral intracapsular

rupture

299

the implant shell and the fibrous capsule, referred to as a
“noose sign,” “inverted teardrop sign,” or “keyhole sign.”
Please note that the two membranes do not touch, allowing
differentiation between this finding and the teardrop sign

(not shown).
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6.5 History

Fig.6.11 Axial T2-weighted image (a) and axial T2-weighted fat-suppressed image (b) of both breasts. Sagittal T2-weighted image of the right
breast (c¢) and left breast (d). Sagittal water-suppressed short T1 inversion recovery (STIR) image (e) of the left breast
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Fig.6.11 (continued)
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6.5 Silicone Implant Rupture 3

Teaching Points 46-year-old woman undergoing breast MRI for evaluation of possible implant rupture (Figs. 6.11 and
6.12).

Image Findings

Fig.6.12 Intracapsular rupture
of left retroglandular silicone
implant. Axial T2-weighted
image of both breasts (a), axial
T2-weighted fat-suppressed
image of both breasts (b), and
sagittal T2-weighted images of
the right breast (c) and left breast
(d) demonstrate an intact right
retroglandular silicone implant
with radial fold (black
arrowhead). The left breast
implant has a collapsed implant
capsule with fluid and silicone
external to the collapsed implant
capsule, but contained within the
fibrous capsule (black
arrowheads). The multiple
low—signal-intensity lines (white
arrows) are from the collapsed
implant capsule, creating the
“linguine sign.” (e) Sagittal
water-suppressed STIR image of
the left breast (in which only
silicone is bright) demonstrates
no extracapsular silicone
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with air, 40, 41
with hemorrhage/proteinaceous debris, 42—-44
high-signal-intensity, 37
non-mass enhancement, 37

proteinaceous/hemorrhagic material in, 37

T1-weighted images, 36, 37
Double-lumen implant, 297, 298
Ductal carcinoma in situ (DCIS)

DWI, 121, 122

high grade 1, 106-108

high grade 2, 111-113

low grade, 101-105

micropaillary, 119

E
Extracapsular silicone implant rupture, 295

F
Fast spin-echo (FSE) sequences, 17
Fat necrosis 1
calcifications, 61
delayed enhancement pattern, 61
irregular hypoechoic mass, 61
linear nonmass enhancement, 61
peripheral enhancement with central fat, 60
rim-enhancing mass, 62
sagittal post-contrast subtraction image, 59

sagittal T1-weighted non—fat-saturated pre-contrast image, 60

Fat necrosis 2, 64

Fat necrosis 3
asymmetric enhancement, 67
irregular nonmass enhancement, 67
mammographic magnification, mediolateral, 66
sagittal T1-weighted fat-saturated image, 67
sagittal T1-weighted non—fat-saturated image, 67
washout enhancement pattern, 67

Fat necrosis 4, 69

Fibroadenoma
axial post-contrast subtraction image, 43, 45
CAD, 43, 45
juvenile, 48-51
morphological features, 45
on ultrasound, 44, 46

Fibrocystic change (FCC), 71

Fibroglandular tissue (FGT)
fatty breasts, 6
heterogeneous, 7
T1 post-contrast image, 7
T1 pre-contrast image, 7

Fibromatosis, 267, 268

Focal background parenchymal enhancement
enhancement, central and retroareolar, 84
mammogram, 85

G

Gallstone
incidental gallstone, 96
localizing sequences, 96
T2-weighted images, 96

Giant fibroadenoma, 48

H

Hemorrhage/proteinaceous debris, with dilated duct, 37, 42-44

Hemorrhagic and inflamed cyst
hyperintense lobular mass, 33
hyperintense round mass with rim enhancement, 33
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sagittal T1-weighted fat-saturated pre-contrast image, 33
sagittal T1-weighted post-contrast subtraction image, 32
sagittal T2-weighted fat-saturated image, 32, 33
HER2 (ErbB2) cancer
fat necrosis, 209
mammogram, 208
multicentric invasive ductal carcinoma with, 209
nodular asymmetries, 210
rim enhancing round mass, 209
T1-weighted image, 209
T2-weighted fat-suppressed image, 207
ultrasound, 208
High grade 1 DCIS
calcifications, 106
hepatic metastases, 108
lymph nodes enlargement, 107, 108
mammogram, CC, 102, 106
nodular skin thickening, 108
nonmass enhancement, 107
T1-weighted fat-suppressed post-contrast image,
103, 104
High grade 2 DCIS
biopsy clip artifac, 113
mammogram, 109, 112
nonmass enhancement, 113
pleomorphic calcifications, 112
sagittal post-contrast subtraction images, 110
High-nuclear grade (HNG) DCIS, 121
HIV infection
bilateral lymphadenopathy, 288
lymph nodes, 287, 288
sagittal post-contrast subtraction imag, 287

1
Implants, breast. See Breast implants
Incidental gallstone, 96
Infiltrating ductal carcinoma (IDC), triple-negative, 214
Intracapsular rupture, 295
Intracystic papillary carcinoma (ICPC), 123
Intraductal proteinaceous/hemorrhagic material, 42
Intramammary lymph node 1
characteristic features, 28
computer-aided detection, 26
fatty hilum, reniform morphology with, 28
homogeneous enhancement, 28
sagittal T1-weighted image, 26
sagittal T2-weighted image, 26
washout enhancement pattern, 28
washout kinetic pattern, 28
Intramammary lymph node 2
fatty hilum, with central hyperintensity, 31
peripheral hyperintensity, 31
reniform with feeding vessel, 31
T1-weighted fat-saturated image, 30
T1-weighted sagittal image, 30
T2-weighted fat-saturated image, 30
washout enhancement pattern, 31
Invasive ductal carcinoma
medullary carcinoma, 144, 145
mucinous, 128—-130
papillary, 123
pregnancy-associated breast cancer, 186
pure mucinous 1, 134-136
pure mucinous 2, 138
tubular carcinoma, 140

Invasive lobular carcinoma 1

focal asymmetry, 149

irregular nonmass enhancement, 150
mammogram, 146, 147

T1-weighted image, 148
T2-weighted fat-saturated image, 148

Invasive lobular carcinoma 2

irregular hypoechoic mass, 156, 157
irregular mass, 156

mammography, 151, 155

sagittal post contrast subtraction images, 153
ultrasound images, 152, 154

Invasive lobular carcinoma 3

central clip artifact, 160

enhancement kinetics analysis, 160

hyperdense irregular mass, 161

irregular mass, 161

mammogram, 159

sagittal post-contrast subtraction image, 158, 160
sagittal T1-weighted fat-suppressed image, 158

Inverted teardrop sign, 299

J

Juvenile fibroadenomas

K

axial T1-weighted image, 47, 48

CAD kinetics analysis, 48

delayed enhancement pattern, 48

T1-weighted fat-saturated post-contrast image, 47, 48

Keyhole sign, 299

L

Linguine sign, 295
Lipoma

mammogram, 77

oval circumscribed mass, 79
post-lumpectomy changes, 79

sagittal T1 and T2-weighted image, 78
ultrasound, 79

Liver metastasis

axial CT image, 203

invasive ductal carcinoma with, 204

kinetics analysis, 204

metastatic lesions with, 204

sagittal MRI post-contrast subtraction images, 203

Lobular carcinoma in situ (LCIS)

axial T1-weighted images, 253
delayed enhancement pattern, 254
T2-weighted fat-suppressed image, 253

Low grade 2 DCIS

lymphadenopathy, 101
nonmass enhancement, 101
sagittal T1-weighted fat-suppressed post-contrast images, 100

Lymph node status (N)

N2 status, 195
N3 status, 198
N3c status, 201, 202

Lymphadopathy, axillary, 56
Lymphoma

enhancement kinetics, 285
mammography, 285
sagittal MR images, 285
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M sagittal T1 post-contrast image, 233
Malignant findings vitamin E marker, 234

axillary nodal metastasis

from carcinoma of unknown primary 1, 189-191

from carcinoma of unknown primary 2,
192, 193
chest wall involvement, 177
dense breast, 181, 182
ductal carcinoma in situ (DCIS)
DWI, 121
high grade 1, 106-108
high grade 2, 111-113
low grade, 101
micropaillary, 119
HER?2 (ErbB2) cancer, 209, 210
invasive ductal carcinoma
medullary carcinoma, 144, 145
mucinous, 128—-130
papillary, 123
pure mucinous 1, 134-136
pure mucinous 2, 138
tubular carcinoma, 140
invasive lobular carcinoma 1, 149, 150
invasive lobular carcinoma 2, 155157
invasive lobular carcinoma 3, 160, 161
MRI-guided biopsy, 234
MRI-guided wire localization, 236
N2 status, 195
N3 status, 198
neoadjuvant therapy 1, 219, 220
neoadjuvant therapy 2, 222

nipple/peri-areolar involvement 1, 164, 165
nipple/peri-areolar involvement 2, 169-171

nipple/peri-areolar involvement 3, 173
Paget’s disease, 116, 117

pectoralis involvement, 175
pre-operative planning, 232

pregnancy-associated breast cancer, 185-187

residual disease 1, 226, 227

residual disease 2, 228, 229

stage 3c, 201, 202

stage 4

liver metastasis, 204
osseous metastasis, 206

TRAM recurrence, 230

triple-negative (basal) cancer, 214-216
Mastitis/abscess, 56. See also Breast abscess
Mediolateral oblique (MLO), 39
Medullary carcinoma

characteristic feature, 144

mammogram, 142, 145

3D MIP image, 141

T1-weighted image, 141

ultrasound image, 143, 145
Melanoma

grayscale images, 281

metastatic melanoma, 282

sagittal MR images, 280
Micropaillary DCIS, 119
Motion artifact, phase-encoded, 35
MRI enhancement patterns, 14
MRI-guided biopsy

clip deployment, 234

obturator tip, 234

post-biopsy sagittal image, 234

MRI-guided wire localization
invasive lobular carcinoma, 236
non-mass enhancement, 236
T1 post-contrast subtracted image, 235

Mucinous invasive ductal carcinoma
hypoechoic lymph node, 130
irregular masses, 128
lymph nodes enlargement, 128
mammogram, 125
metastatic diseas, 130
peripheral enhancement, 129
pure mucinous 1, 134-136
pure mucinous 2, 138

sagittal T1-weighted fat-saturated pre-contrast image, 124

skin enhancement and edema, 128
skin thickening, 129

T1-weighted fat-saturated post-contrast image, 124

T2-weighted fat-saturated image, 124
ultrasound images, 126

Multifocal disease, 232

Multiple papillomatosis, 262

N

N2 status, 195

N3 status
central clip artifact, 198
PET/CT images, 197, 198
T2-weighted fat-saturated image, 196

N3c status
hypermetabolic mass, 202
hypoechoic mass, 201
mammographic CC, 199
PET/CT images, 200

sagittal post-contrast subtraction image, 199
T1-weighted fat-saturated post-contrast image, 201

T2-weighted fat-saturated image, 201

National Comprehensive Cancer Network (NCCN), 242

Neoadjuvant therapy 1
axial post-contrast subtraction, 218
baseline images, 217
delayed enhancement pattern, 220
invasive ductal carcinoma, 219, 220
lymphadenopathy, 220
parenchymal enhancement, 219

T1-weighted fat-suppressed pre-contrast, 218

Neoadjuvant therapy 2
CAD overlay, 221
lymph node metastases, 222
nonmass enhancement, 222
post-contrast subtraction image, 221
Nipple/peri-areolar involvement 1
craniocaudal mammogram, 165
invasive lobular carcinoma in, 164
mammogram, 163
post-contrast subtraction images, 162

sagittal T1-weighted fat-suppressed post-contrast images, 162

Nipple/peri-areolar involvement 2
grayscale, 168
internal vascularity, 171
mammography, 167, 170
post-contrast subtraction image, 166

sagittal post-contrast subtraction images, 166
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Nipple/peri-areolar involvement 3, 172, 173
Noose sig, 299

(0]

Osseous metastasis
sagittal localizer images, 205
T8 vertebral compression fracture, 206
Tc99m-MDP bone scan, 221

P
PABC. See Pregnancy-associated breast cancer (PABC)
Paget’s disease
characteristic feature, 116
enhancement of nipple, 115
heterogeneous calcification, 117
mammography, 115
nipple/areolar abnormalities in, 116
T1-weighted image, 114, 115
T2-weighted fat-saturated image, 114, 115
Papillary invasive ductal carcinoma
calcifications, 123
multicystic mass, 123
post-contrast subtraction image, 122
T1-weighted fat-saturated image, 122
Papilloma
axial T1-post-contrast fat-saturated image, 259
enhancing mass, 260
hypoechoic mass, 260, 261
intraductal, 260
mammography and sonography, 260
solitary, 260
Papillomatosis and ALH, 262
Partial response (PR), 219
PASH. See Pseudoangiomatous stromal hyperplasia (PASH)
Pectoralis involvement
chest wall resection., 175
enhancing masses, 174, 175
post-contrast subtraction image, 175
sagittal MRI images, 174
skin thickening, 175
T1-weighted fat-saturated image, 174
tumor invasion, 174
Pericardial cyst
mediastinal cystic lesions, 94
T1-weighted images, 94
T2-weighted images, 95
Personal history of breast cancer
irregular thick rim enhancement, 245
lumpectomy site, 245
post-lumpectomy tumor, 245
sagittal MRI images, 244
skin thickening, 245
Phase-encoded motion artifact, 35
Pheochromocytomas
extra-adrenal, 269
10% rule, 269
sagittal MR images, 268
Phyllodes tumor
CAD enhancement kinetics, 51
contrast enhancement pattern, 52-54
vs. fibroadenomas, 52-54
mammography, 49, 53
palpable abnormality, 49, 53

round, homogeneous and hypoechoic mass, 54,
T2-weighted fat-saturated image, 51
ultrasound, 50
Picture frame background parenchymal enhancement
enhancement, late phases of, 81
progressive centripetal enhancement, 81
Pleural effusion, 90
Pre-operative planning
irregular mass, 231
mammogram, 231
needle localization, 232
wire placement, 232
Pregnancy-associated breast cancer (PABC)
CAD analysis, 187
grayscale image, 184, 187
invasive ductal carcinoma in, 186
mammographic images, 183
sagittal T2-weighted fat-saturated image, 187
T2-weighted fat-saturated image, 184
Progressive disease (PD), 219
Proteinaceous debris, with dilated duct, 37, 42-44
Pseudoangiomatous stromal hyperplasia (PASH)
mammogram, lateromedial, 75
mild enhancement, 76
sagittal T1-weighted fat-saturated image, 74

R
Radial scar
hypoechoic mas, 256
irregular enhancing mass, 256
sagittal post-contrast subtraction image, 255
ultrasound image, 255
washout enhancement kinetics, 256
Radiofrequency (RF) pulses, 17
Regional background parenchymal enhancement, 82-84
Residual disease 1, 226, 227
Residual disease 2, 228, 229
Response Evaluation Criteria In Solid Tumors (RECIST), 219
Round atelectasis
comet-tail sign, 92
contrast enhancement, 92
CT images, 92
peripheral round mass, 92
resolution by CT, 92

S
Saline rupture, 292-293
Sarcoma

clinical presentations, 278

sagittal MR images, 276, 277

T1 hyperintensity, 278

washout enhancement kinetics, 279
Sclerosing adenosis (SA), 73, 74
Short inversion time inversion recovery (STIR), 17
Signal intensity time course

mixed kinetics curves, 15

plateau pattern, 14

progressive, 14

washout pattern, 14, 15
Silicone implant rupture 1, 295, 296
Silicone implant rupture 2, 299-301
Silicone implant rupture 3, 302
Simple cyst and phase-encoding artifact, 35
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Stable disease (SD), 219
Stage 3c, 199-202
Stage 4
liver metastasis, 203, 204
osseous metastasis, 205, 206
Sternalis
mammography, 87
minimal enhancement, 88
sagittal T2-weighted fat-saturated images, 89
T1-weighted post-contrast images, 86, 88
Stromal fibrosis (SF), 73, 74

T
T1-weighted sequence
architectural distortion, 5
biopsy clip artifact, 5
fat necrosis
by central fat identification, 4, 5
rim enhancement, indeterminate, 4
fat-saturated image, 4, 5
hemorrhagic/proteinaceous fluid-filled ducts, 2, 4
non—fat-saturated image, 2
T2-weighted sequence
benign entities, 17, 18
malignancy-associated, 17, 18

3D maximum intensity projection (MIP)
background parenchymal enhancement, 8, 9
chest wall with multicentric disease, 20
irregular masses, 20
medullary carcinoma, 144

TRAM recurrence, 230

Transverse rectus abdominis myocutaneous (TRAM),

64

Triple-negative (basal) cancer
infiltrating ductal carcinoma, 214-216
irregular cortical thickening, 234
mammography, 214
T1-weighted fat-saturated, 212
T2-weighted fat-saturated, 212
ultrasound, 213

Tubular carcinoma
CAD enhancement kinetic analysis, 140,
post-contrast subtraction image, 139
sagittal post-contrast subtraction image, 140
T1-weighted fat-saturated image, 139
T2-weighted fat-saturated image, 139

W

Wire localization, MRI-guided. See MRI-guided wire localization
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