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Purpose : To examine the imaging findings of mucinous breast carcinoma and to
evaluate the difference in these findings based on the histopathologic grade.

Materials and Methods : We retrospectively analyzed the imaging features according to
BI-RADS in 29 patients with surgically proven mucinous carcinoma. The
histopathologic grade was classified as well-differentiated, moderately-differentiated
and poorly-differentiated. Based on these criteria, the differences in imaging findings
were statistically analyzed.

Results : Mammography was available in 20 cases, which contained 17 mass lesions
(85%) and 3 cases of normal findings. On ultrasonography (27 cases), mucinous
carcinoma was observed as a mass with an oval shape (59.3%), a microlobulated
margin (55.6%) or an inhomogeneous isoechogenicity (74.1%). On MRI (21 cases),
mucinous carcinoma was commonly observed to have a lobular shape (76%), smooth
margin (86%) or heterogeneous contrast-enhancement (61.9%). On the kinetic curve,
there was a delayed wash-out pattern (52.3%). There were no significant differences
in the imaging findings for each histopathologic grade except that a well-
differentiated tumor had an abrupt interface.

Conclusion : A well-differentiated mucinous carcinoma tended to have an abrupt
interface on ultrasonography, as compared with the moderately-differentiated one.
Mucinous carcinoma showed a heterogeneous enhancement and a delayed washout
kinetic curve pattern on dynamic MRI.
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Introduction

Mucinous carcinoma is a relatively rare cancer that
accounts for approximately 1-7% of total cases of
primary breast cancer (1). On mammography,
mucinous carcinoma is often misdiagnosed as a benign
tumor that leads to a delayed diagnosis (1, 2). On
ultrasonography, mucinous carcinoma has an
isoechogenicity similar to that of adjacent adipose
tissue, which often limits detection (2).

To date, several studies have reported the
mammographic (1-14), ultrasonographic (2, 12-16) and
MRI findings (17-20) of mucinous carcinoma.
Mammography showed that mucinous carcinoma was
an oval or a lobular shaped mass with a circumscribed
margin and no calcification (1-14). And most of
mucinous carcinoma showed oval-shaped and
microlobulated mass with isoechogenecity on
ultrasonography (2, 13, 15). MRI showed mucinous
carcinoma was a mass with a lobular shape, a smooth
margin and a very high signal intensity on a T2-
weighted image (17, 18, 20). And most of them showed
heterogeneous (18, 20) or rim enhancement (17, 18, 20).

To our knowledge, there have been no studies that

Table 1. Mammographic Features of Mucinous Breast Cancer

describe these imaging findings simultaneously. We
evaluated the mammographic, ultrasonographic and
MRI findings of mucinous carcinoma and evaluated the
based on the
histopathologic grade of the carcinoma.

difference of these findings

Materials and Methods

Patient Group

The current study was conducted in 29 female
patients who were surgically diagnosed with mucinous
carcinoma between 2000 and 2008. The patients’ mean
age was 49.6 years (range, 34-82 years). Twenty-three
patients underwent wide excision, five underwent
modified radical mastectomy and one underwent
quadrantectomy. Tumor size, histopathologic grade and
immunohistochemical staining were referenced to the
histopathologic results on medical records. Tumor size
was defined as the length of the long diameter,
measured on surgical specimens. The Bloom-
Richardson grade was used as the histologic grade in
this study, which is scored on the degree of tubule
formation, the nuclear pleomorphism and the mitotic
grade comprises three
classifications: well-differentiated, moderately-

activity. Then, this

Mammography Well Differentiated (n= 13) Moderately Differentiated (n= 4) Total (n=17) P value
Shape of mass
round 0 0 0 0.744
oval 5 2 7 (41.1)
lobular 6 1 7(41.1)
irregular 2 1 3(17.6)
Margin
Circumscribed 8 2 10 (58.8) 0.682
Not Circumscribed 5 2 7 (41.1)
microlobulated 0 0 0
obscured 0 2 2 (29.4)
indistinct 5 0 5
spiculated 0 0 0
Calcifications
present 3 0 3(17.6) 0.290
absent 10 4 14 (82.2)
Density
hyperdense 2 1 3(17.6) 0.781
isodense 9 11 (64.7)
hypodense 2 1 3(17.6)

Note- Percentages are in parentheses
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differentiated and poorly-differentiated. We made
comparisons between the imaging and histopathologic
findings.

Radiological Acquisition

Of the 29 patients, mammography was available in
20 cases, ultrasonography was available in 27 cases and
MRI was available in 21 cases. Two radiologists who
had 4- and 7-years of experience in breast imaging,
evaluated the imaging with consensus interpretation
according to the lexicon of Breast Imaging Reporting
and Data System (BI-RADS), retrospectively.

Mammography was performed for the craniocaudal
and the mediolateral oblique views using a
Mammomat Nova 3000 (Siemens Medical Solutions,
Solna, Sweden) and a Hologic system (Lorad Selenia;
Danbury, U.S.A.). Images were analyzed for the
presence of a mass, the shape of a mass (round, oval,
lobular or irregular), the margin of a mass
(circumscribed, microlobulated, obscured, indistinct or
spiculated), the presence of calcification and the density
of a mass (hyperdense, isodense or hypodense).

Ultrasound was performed with a linear transducer
using a frequency of 5-12 MHz (HDI 3000 and HDI
5000, Advanced Technology Laboratories; Bothell, WA,
USA). Tumors were analyzed based on several
features: the shape of a mass (oval, round or irregular),
orientation (parallel or non-parallel), margin
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(circumscribed, indistinct, angular, microlobulated or
spiculated), lesion boundary (abrupt interface or
echogenic halo), echogenicity (anechoic, hyperechoic,
complex echo, hypoechoic or isoechoic), posterior echo
features (no posterior acoustic features, posterior
acoustic enhancement, posterior shadowing or
combined pattern), calcification and vascularity (not
present, present in lesion, immediately adjacent or
diffusely increased vascularity in surrounding tissue).
Tumor echogenicity was also evaluated as being either
homogeneous or inhomogeneous.

MR images were acquired with a 1.5T scanner
(Signa; GE Medical Systems, Milwaukee, WI, U.S.A.
and Achieva; Philips Medical system, Best, the
Netherlands) using a breast coil. MRI with the Signa
scanner was performed using the following sequences;
sagittal, fat-suppressed, fast spin-echo T2-weighted
imaging, and axial or sagittal, fat-suppressed, fat-spoiled
gradient-echo T1-weighted imaging (TR/TE=6.2/3.1,
flip angle of 10 o, 2.6 mm section thickness, and an
acquisition time of 1 min 31 minutes) obtained before
and 91, 182, 273, 364 and 455 sec after the rapid bolus
injection of 0.2 mmol/kg body weight of Gd-DPTA
(Magnevist, Schering, Berlin, Germany). MRI with the
Achieva scanner was performed using the following
sequences; sagittal, fat-suppressed, fast spin-echo T2-
weighted imaging and axial fat-suppressed, fat-spoiled
gradient-echo T1-weighted imaging obtained before

a b
Fig. 1. Left mucinous carcinoma in a 54-year-old woman.
(@) Mammogram showed a lobular, circumscribed, isodense mass without calcifications.
(o) Ultrasonography showed an oval, microlobulated, heterogeneously isoechoic mass with posterior enhancement and
abrupt interface.
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and 0, 91, 182, 273, 364 and 455 sec after the rapid region of interest (ROI) within the tumor. The ROI was

bolus injection of the same contrast agent. We analyzed manually placed on the area demonstrating the highest
the kinetic curve pattern (persistent, plateau or enhancement within each tumor.
washout) on delayed images. Kinetic curve was MRI images were analyzed for several tumor

obtained automatically after the manual placement of features: the shape of a mass (round, oval, lobular or
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W lobular mass with a smooth border.

(C) Axial contrast-enhanced T1-weighted image showed rim
enhancement.
~ (d) Kinetic curve showed the delayed washout pattern.
| (e) Mucinous carcinoma consisted of hypocellular areas
with large lakes filled with mucin and sparse clusters of
= tumor cells (black stars), and hypercellular areas with
crowded clusters of tumor cells in the mucin (black
arrowheads) (Hematoxylin-eosin; magnification X 40).




irregular), margin (smooth, irregular or spiculated),
mass enhancement (homogeneous, heterogeneous or
rim enhancement) and signal intensity of the mass on
T2-weighted images.

Results

The average size of mass was 2.3 cm (range: 0.8-7
cm). The histopathologic stage was identified in 93% of
cases (27 cases) as either T1 or T2. Lymph node
metastasis was surgically confirmed in 7% (2 cases). A
well-differentiated grade was observed in 79% (23
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cases), and a moderately-differentiated grade was
observed in 21% (six cases). No poorly-differentiated
grades were observed. On immunohistochemical
staining, there was a positive response to estrogen
receptor in 97% of cases (28 cases), a positive response
to progesterone receptor in 90% of cases (26 cases) and
a positive response to C-erbB2 in 14% of cases (4 cases).

Imaging Findings

The results of the mammographic findings are
summarized in Table 1.

3 of 20 cases showed normal findings. The mucinous

c d
Fig. 3. Left mucinous carcinoma in a 52-year-old woman.

(a) Ultrasonography showed an irregular, microlobulated and heterogeneously isoechoic mass with posterior-

enhancement and an echogenic halo (white arrowheads).

(b, c) Axial and sagittal contrast-enhanced T1-weighted image showed an oval, heterogeneously enhancing mass with

irregular margin.

(d) Mucin pools of variable sizes were separated by fibrous septae (black stars) and clusters of tumor cells floating in the

mucin pools (Hematoxylin-eosin; magnification X 40).
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carinomas commonly presented as a isodense mass
(64%) with oval (41%) or lobular shape (41%) and
circumscribed margin (59%) (Fig. 1).

The results of the ultrasonographic findings are
summarized in Table 2. All of mucinous carcinoma
showed a detectable mass. The most commonultra-
sonographic appearance of mucinous carcinomas was
inhomogenous isoechoic mass (74%) with oval (59%) or
irregular (41%) shape, microlobulated margin (56%)
and posterior acoustic enhancement (89%) (Figs. 1-3).
Most of them (93%) showed long axis of mass, parallel
to the skin axis, abrupt interface(67%) (Figs. 1, 2) and
the remaining 33% had an echogenic halo (Fig. 3).
Vascularity was noted within (38%) or adjacent to the
mass (24%).

The results of MRI findings are summarized in Table
3. On MRI, the mucinous carcinomas commonly
showed lobular shape (76%), smooth margin (86%) and
high signal intensity on T2-weighted images (100%)

Table 2. Ultrasonographic Features of Mucinous Carcinoma

(Fig. 2). After contrast enhancement, there were 13
cases (61.9%) of heterogeneous enhancement (Fig. 3)
and 6 cases (29%) of rim enhancement (Fig. 2). A
kinetic curve was obtained for 17 of 21 cases. These
curves revealed that there were 11 cases (52.3%) with a
delayed wash-out pattern (Fig. 2).

Statistical Analysis

In accordance with the histopathologic grade based
on the Bloom-Richardson grade, all cases of mucinous
carcinoma had a well-differentiated or a moderately-
differentiated grade. In cases in which a well-
differentiated grade was observed (23 cases, 79%), the
mean age of the patients was 48.1 years. In cases in
which a moderately-differentiated grade was observed
(6 cases, 21%), the mean age of the patient was 55.8
years.

A mass was palpated in 17 of 29 patients (58.6%). In
12 cases (41.1%), the mass was detected at screening.

Ultrasonography Well differentiated (n=21) Moderately differentiated (n=6) Total (n=27) P value
Shape of mass
oval 12 4 16 (59.2) 0.675
round 0 0 0
irregular 9 2 11 (40.7)
Orientation
parallel 20 5 25 (92.5) 0.326
nonparallel 1 1 2(7.4)
Margin
Circumscribed 5 0 5(18.5) 0.185
Not Circumscribed 16 6 22 (81.4)
indistinct 5 2 7 (25.9)
angular/spiculated 0 0 0
microlobulated 11 4 15 (55.5)
Lesion boundary
abrupt interface 16 2 18 (66.6) 0.050*
echogenic halo 5 4 9 (33.3)
Echo pattern
anechoic/ Hypo 0 0 0 0.695
hyperechoic 2 0 2(7.4)
complex echo 2 1 3(11.1)
isoechoic (hetero) 15 5 20 (74.0)
isoechoic (homo) 2 0 2 (7.4)
Posterior acoustic
no 3 0 3(11.1) 0.326
enhancement 18 6 24 (88.8)
shadowing/combined 0 0 0

Note. - percentages are in parentheses.
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Table 3. MRI Features of Mucinous Carcinoma

Imaging Features of Mucinous Breast Carcinoma

MRI Well differentiated (n=16) Moderately differentiated (n=>5) Total (n=21) P value
Shape
round/oval 4 1 5(23.8) 0.849
lobular 12 4 16 (76.2)
irregular 0 0 0(0)
Margin
smooth 14 4 18 (85.7) 0.676
irregular 2 1 3(14.3)
spiculated 0 0 0 (0)
Enhancement
homogenous 2 0 2(9.5) 0.133
heterogenous 8 5 13 (61.9)
rim 6 0 6 (28.6)
Kinetic curve
not available 3 1 4(19.0) 0.539
persistent 1 0 1(4.7)
pleteau 3 2 5 (23.8)
washout 9 2 11 (52.3)

Note. - Percentages are in parentheses.

All 12 of these cases had a well-differentiated histologic
grade. Of 17 cases with a palpable mass, 11 had a well-
differentiated histologic grade, and the remaining 6 had
a moderately-differentiated grade. There was a
significant correlation between the presence of
symptoms and the histopathologic grade (p < 0.05).

There were no significant differences in the
mammographic, ultrasonographic and MRI findings
according to the histopathologic grade. On breast
ultrasound, however, the lesion boundary of a mass
with an abrupt interface was observed more
prevalently in cases with a well-differentiated grade
than those with a moderately-differentiated grade
(p=0.05).

Discussion

Mucinous carcinoma has a 10-year survival rate of
approximately 70-90%, with a better prognosis than
other carcinomas. It slowly grows and rarely shows
lymph node metastasis (1, 4.

The prevalence of mucinous carcinoma has a higher
correlation with age, and it commonly occurs in elderly
women (3). In the current study, the mean age of the
patients was 49.7 years (range 34-82 years), and the
proportion of women aged from 30 to 49 was 66% (19
cases). This population is younger than those in

previous reports, likely due to the dermographic
differences. Mucinous carcinoma is detected in
approximately 50% of cases with a palpable mass and
approximately 50% in asymptomatic cases (15). Also, in
the current study, 59% of patients had the chief
complaint of a palpable mass. In the remaining 41% of
patients, a lesion was incidentally identified during a
routine screening.

Histopathologically, mucinous carcinoma is a well-
differentiated or moderately-differentiated tumor (2,
21). The current study reports similar results. Most of
the previous studies have reported that mucinous
carcinoma could be classified into one of two histologic
types, pure or mixed type, based on the differences in
each types radiologic findings (1, 3-5, 7, 13, 14, 18, 20).
However, to our knowledge, there have been no
studies that have examined the differences between the
clinical characteristics and the radiological findings
depending on the histologic grade, as shown in our
study. Clinical findings depending on the histologic
grade showed a significant difference in the present
study. That is, it was noted that a well-differentiation
was associated with screen-detected mucinous
carcinoma, and a moderate differentiation was
associated with mucinous carcinoma with a palpable
mass (p<0.05). Imaging findings depending on the
histopathologic grade did not show a significant
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difference. On the ultrasound, however, a well-
differentiated mucinous carcinoma tended to have an
abrupt interface, as compared with the moderately-
differentiated one (p=0.05).

Mammography showed that mucinous carcinoma
was an oval or a lobular shaped mass with a
circumscribed margin and no calcification (1-14). In
our study, mammography showed that mucinous
carcinoma had almost no calcification (82.4%, 14
cases), and was oval or lobular shaped (82.2%, 14
cases) with a circumscribed margin (58.8%, 10 cases)
and isodensity (64.7%, 11 cases). These findings are in
agreement with the previous reports of mammography
of mucinous carcinoma.

On ultrasonography, most of the cases showed an
oval-shaped mass (59.2%, 16 cases) with a microlobu-
lated margin (56%, 15 cases). Lam et al. (13) reported
that mucinous carcinoma is observed to be an oval-
shaped and microlobulated mass (56.8%). This is in
agreement with results of the present study. In our
study, the echogenicity showed an inhomogenous
isoechogenicity (74%, 20 cases), a complex echogenicity
(11.1%, 3 cases), a homogeneous isoechogenicity (7.4%,
2 cases) and a hyperechogenicity (7.4%, 2 cases).

According to Dhillon et al. (2) 39% of lesions visible
by mammography were not identified on
ultrasonography. These authors noted that the mass
had an isoechogenicity, so it could not be differentiated
from the adjacent adipose tissue. Stavros et al. (15) also
reported that mucinous carcinoma was observed to be
a mass with isoechogenicity. In particular, according to
these authors, a small mucinous carcinoma of < 1.5
cm is observed to have an echogenicity that is
equivalent to that of adjacent adipose tissue. These
authors noted however, that the echogenicity was
slightly coarse and heterogeneous as compared with
the adjacent adipose tissue, which could be compared
to the "salt and pepper”. These results were in
agreement with the inhomogenous isoechogenicity that
was seen in our study. As compared with
histopathologic findings, the solid component with an
isoechogenicity corresponded to the malignant cells
floating on the mucous pool with a variable size. A
hyperechogenicity with a point or a linear shape
corresponded to the fibrous septa. Lam et al. (13)
concluded that the echogenicity of mucinous
carcinoma was observed to have a heteroechogenecity

(43.7%),
homogeneous echogenicity (12.5%) and a homogeneous

a complex echogenicity (37.5%), a

hypoechogenicity (6.5%). Compared to our study, the
proportion of a complex echogenicity was relatively
higher and that of a homogeneous isoechogenicity was
similar. Because a heteroechoic feature was not listed
in the lexicon of BI-RADS however, it could not be
compared with an inhomogenously isoechoic feature
seen in our study. According to Dihillon R et al. (2),
there was no complex echogenicity on ultrasonography
in 26 patients (28 cases) with mucinous carcinoma. The
proportion of the mucinous carcinoma with complex
echogenicity is also small in our study. When
correlated with histopathologic findings, the central
anechoic portion corresponded to a mucinous pool
with a relatively greater size. There were two cases of
hyperechoic mass. Presumably, this might be because
mixed cancer cells and mucin were scattered through
the ultrasonography (16).

In our study, the posterior acoustic enhancement was
present in 89% (24 cases) of cases of mucinous
carcinoma. This originated from the high water content
and the increased transmission of ultrasonography due
to the mucinous components. This concurrent presence
is easily observed in cases in which the mucinous
components are abundant in the tumor, and has been
reported to be the typical ultrasonographic findings of
mucinous carcinoma (13).

There have been few studies of MRI findings of
mucinous carcinoma (17-20). The common MRI
features of mucinous carcinoma are a mass with a
lobular shape, a smooth margin and a very high signal
intensity, on a T2-weighted image (17, 18, 20).
Mucinous carcinomas have previously showed
heterogeneous (18, 20) or rim enhancement (17, 18, 20).
Our study showed similar results, with lobular shape,
(76%, 16 cases), smooth margin (86%), 18 cases) and a
high signal intensity on T2-weighted images (100%).
Additionally, in our study, mucinous carcinoma
showed heterogeneous enhancement (61.9%, 13 cases),
and there were many cases in which a rim
enhancement was observed (28.6%, 6 cases). A
heterogeneous or rim enhancement is indicative of the
presence of malignant tumor, which has been reported
to be one of the typical radiological findings of
mucinous carcinoma (18, 20). It is widely known that
this heterogeneous enhancement originates from a
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mixture of two different histologic components, the
mucin pool and the tumor cell nest (18, 20). It is known
that the thick fibrous septum dividing the mucin pool
was not enhanced on MRI (20). Also, in our study, the
point or linear hyperechogenicity on ultrasonography
corresponded to a fibrous septum on histopathologic
findings, which was not well-enhanced (unlike the
tumor cells on MRI). This contributed to the
heterogeneous enhancement pattern. A rim
enhancement has been shown in cases with a viable
tumor cell nest in the margin and a necrotic or fibrotic
scar in the tumor center (22). However, in our study,
central non-enhancing areas corresponded to the large
mucin pool, which was shown as anechoic area on
ultrasonography.

In general, malignant masses show a delayed wash-
out pattern on the kinetic curves, but mucinous
carcinoma showed the delayed persistent enhancement,
which was thought to be typical findings of mucinous
carcinoma (17, 18, 20). In our study, there were 11
cases (65%) of a washout pattern, 5 cases (29%) of a
plateau pattern and 1 case of a persistent pattern. These
results were not in agreement with previous reports.
We selected the pure mucinous carcinoma and
manually placed region of interest (ROI)s on the area
demonstrating the highest enhancement within each
tumor. These might result in different results from
previsou studies. So, these results may be another
radiologic finding of mucinous carcinoma and suggest
of further studies with larger case numbers are
required.

Our study has some limitations. First, this was a
retrospective study which enrolled a small number of
patients. Second, some of the radiologic examinations
(mammography, ultrasonography and MRI) were not
available on the review. Third, the imaging findings of
each modality were not blindly interpreted by the two
radiologists.

In conclusion, only significant different imaging
finding depending on the histopathologic grade is that a
well-differentiated mucinous carcinoma tended to have
an abrupt interface on ultrasonography, as compared
with the moderately-differentiated one. Mucinous
carcinoma showed a heterogeneous enhancement and
a delayed washout kinetic curve pattern on dynamic
MRI.

Imaging Features of Mucinous Breast Carcinoma
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