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Invasive ductal carcinoma (IDC) and ductal carcinoma in situ account for about 85% of breast cancers. Unusual
breast neoplasms may be broadly divided into invasive lobular carcinoma (ILC), well-differentiated subtypes of
invasive ductal carcinoma, cancers of stromal origin, and metastatic neoplasms. We are not familiar to unusual
breast malignancies, and hesitate to interpret magnetic resonance imaging (MRI) findings of these tumors and cor-
relate with pathologic features. In this article, we will provide an overview of unusual, as well as a few rare, malig-
nant breast neoplasms and correlate multimodal breast imaging including MRI of these tumors with pathologic

features.
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Introduction

Most breast malignancies arise from epithelial elements
and are categorized as carcinomas. IDC not otherwise
specified (NOS) and ductal carcinoma in situ are com-
mon breast cancers and account for about 85% of breast
cancers (1). Unusual breast malignancies may be broadly
divided into ILC, well-differentiated subtypes of IDC,
cancers of stromal origin, and metastatic neoplasms (2).
Well-differentiated subtypes of IDC include mucinous
carcinoma, tubular carcinoma, medullary carcinoma,
papillary carcinoma, micropapillary carcinoma, apocrine
carcinoma and metaplastic carcinoma (Table 1).
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However, we are not familiar to these unusual breast
malignancies, and hesitate to interpret MRI findings of
these tumors and correlate with pathologic features. In
this article, we will provide an overview of unusual, as
well as a few rare, malignant breast neoplasms and cor-
relate multimodal breast imaging including MRI of
these tumors with pathologic features.

Invasive Lobular Carcinoma

Invasive lobular carcinoma is the second most com-
mon histologic type of breast carcinoma, accounting for
approximately 8% of all invasive breast cancers. ILC
has a characteristic histopathologic appearance consist-
ing of small, uniform tumor cells with round nuclei and
scanty cytoplasm arranged in a classic single-file pattern
and spread diffusely or between the collagen fibers of
the breast and produces little desmoplastic response (3).



Because of this infiltrative growth pattern, ILC is more
difficult to detect at clinical examination and mammog-
raphy than is IDC (4). The sensitivity of mammography
for the detection of ILC reportedly ranges between
57% and 81% (5) . On mammography (MG), ILC man-

Table 1. Diagram of WHO Classification of Breast Cancer
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ifests as a mass, usually with spiculated or ill-defined
margins, architectural distortions and asymmetries (5).
Calcifications are uncommon in ILC. On ultrasonogra-
phy (US), ILC manifests as a heterogeneous, hypoe-
choic mass with angular or ill-defined margins and pos-
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Fig. 1. A 70-year-old woman with invasive lobular carcinoma.

a. On US, an indistinct irregular shaped, hypoechoic mass with posterior shadowing
(arrows) is seen in right breast, palpable mass site.

b. On contrast-enhanced T1-weighted MR image, enhancing solitary mass (arrow-
heads) is seen in deep portion of right breast. The extent of mass on MRl is large, as b
compared with US.
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terior acoustic shadowing (69%) (Fig. 1a), focal shad-  ative rate in detecting ILC and has the highest accuracy

owing without a discrete mass (17%), lobulated, well-  in measuring the size of the ILC (8). MRI depicts more
circumscribed mass (14 %) (6). On MRI, ILC may mani- extensive disease than is suspected with conventional
fest as an enhancing solitary mass with irregular mar-  imaging (Fig. 1b) (9). Therefore, MRI could play a key
gins (Fig. 1b) , multiple enhancing lesions, or only en-  role in the pre-operative work-up for accurate tumor
hancing septa (7). Of the three imaging modalities in-  size determination (8).

cluding MG, US and MRI, MRI has the lowest false neg-

c d

Fig. 2. A 52-year-old woman with mucinous carcinoma.

a. Histopathologic examination demonstrates mucinous carcinoma consisting of floating islands of relatively bland tumor cell with collection
of lakes of excessive extracellular mucus (arrow) surrounding them (original magnification, X100; hematoxylin-eosin stain).

b. On MG (MLO view), an oval shaped, circumscribed isodense mass with internal amorphous microcalcifications (arrows) is seen in sub-
areolar area of right breast.

¢. On US, the mass (arrows) show heterogeneous in echogenicity and posterior acoustic enhancement.

d. On fat-saturated T2-weighted MR image, the mass (arrows) show bright high signal intensity.



Subtypes of Ductal Carcinoma

Mucinous Carcinoma

Mucinous carcinoma accounts for about 2% of breast
cancers (1). It is well-differentiated type of invasive ade-
nocarcinoma characterized by abundant accumulation
of extracellular epithelial mucus excreted by tumor cells
(Fig. 2a) (10). Mucinous carcinoma is classified into two
forms, pure and mixed. On MG, mucinous carcinoma
typically manifests as a low-density, relatively well-de-
fined or microlobulated oval or lobular mass (Fig. 2b)
because of the predominance of mucin (11). Monzawa
et al. (10) insisted that pure tumors had a smooth or ir-
regular margin, but all mixed tumors had irregular mar-
gins. On US, mucinous carcinomas are often heteroge-
neous in echogenicity (Fig. 2c) and may have mixed sol-
id and cystic components and posterior acoustic en-
hancement is common (11). On MRI, the presence of
very high signal intensity on fat-saturated T2-weighted
images was due to the abundant accumulation of mucus
(Fig. 2d) (12) and was a common MRI feature in both
forms of pure and mixed type of mucinous carcinoma
(10). The presence of an area exhibiting isointensity on
fat-saturated T2-weighted images and strong early en-

b

Fig. 3. A 28-year-old woman with tubular carcinoma.
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hancement imply the presence of a mixed mucinous tu-
mor (10).

Tubular Carcinoma

Tubular carcinoma accounts for about 1% of breast
cancers (1). The diagnosis of tubular carcinoma require
an excess of 75% tubular elements (13). Tubular carci-
noma typically occurs in a young population with more
favorable prognosis. On MG, tubular carcinomas are
usually identified as very small (< 1 cm) mass with cen-
tral densities and spiculated margins (Fig. 3a). Long
spicules, a feature that might be more typically associat-
ed with radial scars were seen in 53% of the tubular
carcinomas (13). Microcalcifications on have been de-
scribed in 8-19% of cases of tubular carcinoma on MG
(14, 15). On US, tubular carcinomas are usually seen as
hypoechoic masses with ill-defined margins and poste-
rior acoustic shadowing (Fig. 3b) (13). On MRI, solid
tubular carcinomas demonstrate as single or multiple
tubular like structures showing a “popcorn” appear-
ance with a non-homogenous enhancement pattern on
dynamic study (16).

Medullary Carcinomas
Medullary carcinomas account for fewer than 2% of

a. On MG (MLO view), a small speculated marginated, irregular shaped, isodense mass (arrows) is seen in left upper breast.
b. On US, a hypoechoic mass with spiculated margin (arrows) and posterior acoustic shadowing is seen.
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breast cancers (1). Medullary carcinomas a well circum-
scribed carcinoma composed of poorly differentiated
cells with scant stroma and prominent lymphoid infil-
tration at pathologic examination (17).

Grossly, medullary carcinoma is usually a large dis-
tinct mass with a circumscribed margin and firm consis-
tency and there can be cystic change within large le-
sions (18). Medullary carcinoma is a noncalcified mass
with an indistinct or a circumscribed border on MG and
a circumscribed mass with an inhomogeneous hypoe-
chogenicity on US (Fig. 4a) (19). On MRI, most
medullary carcinomas have an oval or lobular shape
and circumscribed margins, however, intense lympho-
cytic reactions or secondary nodules around the tumor
making a microlobulated contour (18). Jeong el al. (18)
reported 86% (thirteen of 15 masses) of medullary car-
cinoma showed rim enhancement with or without en-
hancing internal septations on contrast-enhanced MR
images. The variable degrees of internal enhancing sep-
tations (Fig. 4b) correlate with the nodular structure of
medullary carcinoma and the presence of fibroepithe-
lial septa on pathology. Peripheral fibrous capsules of
variable degrees seen on histopathology might have
been depicted as rim enhancement on contrast en-
hanced T1-weighted image (Fig. 4b) and a hypointense
rim on T2-weighted images. The morphologic features
of medullary carcinomas and fibroadenomas overlap

considerably, however, kinetic features in a time-signal
intensity curve of dynamic enhancement MR images
are useful for differential diagnosis. Fibroadenomas
show persistent pattern (20) and all medullary carcino-
mas showed early enhancement and a plateau or a
washout kinetic pattern (18).

Papillary Carcinoma

Papillary carcinoma accounts for about 1% of breast
cancers (1). They are most commonly detected in post-
menopausal women, arise in the retroareolar region in
almost 50% of patients and often manifests as an intra-
ductal or intracystic mass. On MG, shapes of papillary
carcinomas are usually round, oval, or lobulated and
margins are most commonly well-defined but may be
indistinct in areas of invasion (21). Microcalcifications
within the tumor are usually pleomorphic but may oc-
casionally be coarse or stippled in appearance (Fig. 5a)
(22). On US, papillary carcinomas can present as a hy-
poechoic solid mass or a complex cyst with septations
or mural-based papilliform nodularity (Fig. 5b) (22, 23).
On MRI, papillary carcinomas may appear as irregular
enhancing nodules or enhancing complex cysts (Fig. 5¢
and d) (24).

Micropapillary Carcinoma
Invasive micropapillary carcinoma is a rare, clinically

a
Fig. 4. A 27-year-old woman with medullary carcinoma.

b

a. On US, a circumscribed mass with inhomogeneous hypoechogenicity is seen.
b. On contrast-enhanced T1-weighted MR image, the mass (arrows) showed rim enhancement with enhancing internal septations (arrow-

heads).



aggressive variant of invasive ductal cancer and ac-
counts for 0.7% of breast cancer (25). This tumor is
characterized by pseudopapillary structures lacking a fi-
brovascular core and surrounded by clear, empty spaces
resembling lymphovascular channels (Fig. 6a), and a
high nuclear grade (25). The aggressiveness of invasive
micropapillary carcinoma is presumed to be related to
lymphotropism and massive axillary lymph node
metastasis is present at diagnosis in most cases (Fig. 6¢)
(26). On MG, they typically manifestate as a hyper-

C

Fig. 5. A 44-year-old woman with papillary carcinoma.
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dense, irregular mass with spiculated margins that is of-
ten associated with microcalcifications (27). On US,
they present as an irregularly shaped solid hypoechoic
mass with indistinct margins (Fig. 6b). On MRI, invasive
micropapillary carcinoma can present as both of mass
and non-mass-like enhancement with kinetic feature of
rapid initial increase and delayed washout or plateau
(27). The most common features of masses were irregu-
lar shapes and spiculated margins (Fig. 6d) and the dis-
tribution and internal enhancement pattern of non-

a. On MG (CC view), fine pleomorphic microcalcifications (arrowheads) are segmentally distributed in retroareolar area of left breast.
b. On US, a hypoechoic solid mass with internal cystic portions and microcalcifications (arrows) is seen in retroareolar area of left breast.
c. On fat-saturated T2-weighted MR image, a complex cystic mass containing multiple fluid content with extension along duct to nipple (ar-

rows) is seen.

d. On contrast-enhanced T1-weighted MR image, enhancement of walls of cystic mass and adjacent duct (arrows) is noted.
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mass-like enhancement are diffuse clumped or diffuse
stippled (27).

Apocrine Carcinoma

Apocrine carcinoma is a rare breast tumor and ac-
counts for 0.4% of breast carcinoma (28). It begins in
the milk duct of the breast and the cells of an apocrine
carcinoma resemble cells normally found in the sweat
glands in the underarm and groin area. It is suggested
that the normal ductal breast cells have undergone
metaplasia, to become more like apocrine cells.
Apocrine carcinomas are often “triple negative” and
are almost always positive for androgen receptor.
Clinical and mammographic features of apocrine carci-

N
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Fig. 6. A 51-year-old woman with micropapillary carcinoma.
a. Histopathologic examination demonstrates the formation of pseudopapillary structures lacking a fibrovascular core (arrow) by spaces
represent retraction artifact (arrowheads) (original magnification, X100; hematoxylin-eosin stain).

b. On US, an irregularly shaped solid hypoechoic mass with indistinct margin (arrows) is seen in left breast.

c. On fat-saturated T2-weighted MR image, multiple axillary lymph node metastases (arrowheads) are seen.

d. On contrast-enhanced T1-weighted MR image, huge irregular shaped, spiculated, heterogeneous enhancing mass (arrows) is seen in
left breast.

noma do not differ from those of IDC (29). On MG,
widespread, scattered, mixed type atypical calcifica-
tions of circular shape and benign appearance can be
seen in apocrine carcinomas (30). Sonographic charac-
teristics have not been detailed but they might be seen
as solid mass with spiculated or angular margin and
complex cyst containing solid components or thick sep-
ta (31, 32). In our case, apocrine carcinoma presents as
a lobular marginated, oval shaped, isodense mass on
mammography (Fig. 7a) and hypoechoic mass with cir-
cumscribed and partially indistinct margin on US (Fig.
7b). Hirose et al. (33) reported three cases of apocrine
carcinoma and insisted that the margins of apocrine car-
cinomas are not clear and the shapes of tumors are vari-



able, the signal intensities of three apocrine carcinomas
are low on the T2-weighted images (Fig. 7c) and they
show enhancement on post-enhanced studies. In our
case, mass show hypointense rim on T2-weighted image
(Fig. 7c) and rim enhancement with internal enhancing
septa on contrast enhanced T1-weighted image (Fig.
7d), similar to medullary carcinoma.

c
Fig. 7. A 42-year-old woman with apocrine carcinoma.
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Metaplastic Carcinomas

Metaplastic carcinomas account for fewer than 1%
(1). Metaplastic carcinomas are regarded as ductal carci-
nomas that undergo metaplasia into a nonglandular
growth. The Wargotz and Norris classification differen-
tiates metaplastic carcinomas into 5 subtypes: spindle
cell, squamous cell (Fig. 8a and b), carcinosarcoma, ma-
trix-producing, and metaplastic carcinoma with osteo-
clastic giant cells (34). They present as irregular or cir-

a. On MG (MLO view), a lobular marginated, oval shaped, isodense mass (arrowheads) is seen in left upper breast.

b. On US, a hypoechoic mass with circumscribed and partially indistinct margin is seen.

c¢. On fat-saturated T2-weighted MR image, the mass show isointense to normal breast tissue and has hypoechoic rim (arrowheads).

d. On contrast-enhanced T1-weighted MR image, the mass show rim enhancement (arrowheads) and internal enhancing septa (arrow)

are seen.
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cumscribed palpable masses with spiculated margin on
MG, solid irregular vs. mixed cystic and solid masses on
US (Fig. 8c), intermediate to increased T2 signal intensi-
ty and isointense or hypointense on T1-weighted image
(35). Solid and cystic components correlated with meta-
plastic carcinoma containing necrosis, hemorrhage, cys-
tic degeneration and matrix formation on pathology
(34) and the lesions with more cystic components were
associated with squamous component such as our case.

Malignant Neoplasms of Stromal Origin

Breast tumors may originate from the supporting tis-
sue of the breast, including fibromuscular tissue, blood
vessels, and lymph system. Malignant neoplasms of
stromal origin include phyllodes tumor, angiosarcoma,
osteosarcoma and adenoid cystic carcinoma.

Adenoid Cystic Carcinoma

Adenoid cystic carcinoma is a rare variant of adeno-
carcinoma that usually occurs in the major and minor
salivary glands but also has been observed in the breast.
It accounts for 0.1% of breast carcinoma (33) and is di-
agnosed predominantly in postmenopausal women.
They consist of a mixture of proliferative glandular tis-
sue and stromal or basement membrane elements (36).
Microcystic areas formed by coalescent spaces in the di-
lated glands are found in about 25% of tumors and
these spaces are large enough to be seen at gross exami-
nation (36). On MG, they present as benign-appearing
smooth or lobulated masses (37), irregular shaped indis-
tinct marginated masses (37, 38) or subtle architectural
distortion (39). On US, they can be seen as irregularly
shaped masses with angular, indistinct or microlobulat-
ed margins. They are either hypoechoic or heteroge-
neous in echotexture (Fig. 9a) (39). On MRI, they can

Fig. 8. A51-year-old woman with adenoid cystic carcinoma.

a. On US, an oval shaped, microlobulated marginated, heteroge-
neous echoic mass (arrows) is seen in left breast.

b. On contrast-enhanced T1-weighted MR image, an oval shaped,
smoothly marginated, heterogeneously enhancing mass (arrows)
show delayed persistent enhancement pattern.

c. On fat-saturated T2-weighted MR image, the mass is hyperin-
tense, correlating with microcystic areas of adenoid cystic carcino-
ma (arrows).
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Fig. 9. A 81-year-old woman with squamous cell
type metaplastic carcinoma.

a. On gross specimen, inner surface of cystic
mass shows multiple papillary projections (ar-
rowheads).

b. Histopathologic examination demonstrates
large pleomorphic cells with squamous differen-
tiation and keratin pearls (arrowheads) (original
magnification, X 100; hematoxylin-eosin stain).
¢. On US, an oval shaped, circumscribed mar-
ginated, cystic mass with surrounding
echogenic wall is seen. Echogenic wall (arrow-
heads) is well correlated with multiple papillary
projections of gross specimen.

be seen as a well-circumscribed, round mass with rapid
enhancement mass (Fig. 9b) (40) or irregular or spicu-
lated mass with suspicious enhancement kinetics (39).
On T2-weighted image, they present as isointense or
hyperintense (Fig. 9¢c) (39).

Metastatic Disease

Metastatic disease in the breast should be considered
when there is axillary adenopathy or multiple masses
are present other than benign fibrocystic changes. The
most common metastatic diseases in the breast are lym-
phoma; melanoma; rhabdomyosarcoma; lung, ovarian,
renal cell, or cervical carcinoma; and leukemia, in order
of frequency.

Conclusion

Unusual breast malignancies are a few, rare breast
neoplasms and include ILC, well-differentiated sub-
types of IDC, cancers of stromal origin, and metastatic
neoplasms. Breast MRI is recommendable imaging tech-
nique to understand their characteristics, assess the ex-
tent, and show good correlation with pathologic fea-
tures.
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