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Abstract

according to the BI-RADS-US lexicon.

Background: The aim of this study was to describe the sonographic features of pure mucinous carcinoma with
micropapillary pattern (MUMPC) and compare them with conventional pure mucinous breast carcinoma without
micropapillary architecture (CPMBC) and mixed mucinous breast carcinoma (MMBQ).

Methods: Eighty-eight patients (17 MUMPCs, 43 cPMBCs, and 28 MMBCs) were included in the study. Sonographic
features according to the Breast Imaging Reporting and Data System (BI-RADS) lexicon for ultrasound (US) were
recorded and analyzed for each patient. The age, sonographic lesion size, menstrual status, mass location, palpation,
tenderness, and axillary lymph node metastasis (LNM) were also analyzed.

Results: Most of the MUMPCs showed an irregular shape (82.4%, 14/17), a parallel orientation (94.1%, 16/17), a
non-circumscribed margin (88.2%, 15/17), and distal acoustic enhancement (88.2%, 15/17). Furthermore, MUMPC
had mixed cystic and solid components (35.3%, 6/17) and hypoechoic (29.4%, 5/17) and isoechoic (35.3%, 6/17)
structures, with calcification (29.4%, 5/17) and blood flow (41.2%, 7/17) within the tumor. The differences in
sonographic features were not found between the MUMPC and cPMBC and between the MUMPC and MMBC.
Moreover, there was no significant difference between the three groups based on age, menstrual status, mass
location, palpation, and tenderness (p > 0.05). Similar axillary LNMs were observed between MUMPC and cPMBC
(p > 0.05), but both MUMPC and cPMBC were statistically different from MMBC (p < 0.05), so as the lesion size.

Conclusions: At this particular stage, it is challenging to distinguish MUMPC from cPMBC and MMBC on ultrasound
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Background

Mucinous breast carcinoma (MBC) is a rare type of
breast tumor characterized by large amounts of extracel-
lular mucin. It accounts for about 1-7% of all the breast
neoplasms [1-3] and can be divided into two types: pure
mucinous breast carcinoma (PMBC) without other ma-
lignant components and mixed mucinous breast carcinoma
(MMBC) with non-mucinous component. The PMBC is
associated with a better prognosis and a lower rate of axil-
lary lymph node metastasis compared with other breast tu-
mors [4-7]. In contrast, invasive micropapillary carcinoma
(IMPC), which accounts for approximately 0.7-3% of
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invasive breast cancers, is a clinically aggressive variant of
invasive ductal cancer with a high frequency of lymph node
metastasis [7-9]. The micropapillary formations of IMPC
indicate potentially aggressive tumor behavior and in-
fluence the choice of therapy [7]. However, the extra-
cellular mucin and micropapillary can coexist within
the same tumor. Pure mucinous carcinoma with micro-
papillary pattern (MUMPC), which was first reported in
2002 by Ng [10], has both architectures with opposite
biological behavior [11]. Although, according to WHO
Classification of Tumours of the Breast (2012), MUMPC
does not classify as one of the breast cancer subtypes [12],
MUMPCs are associated with a younger age group and
frequent occurrence of nodal metastasis, which war-
rants special attention [4]. Barbashina et al. [11] have
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demonstrated that MUMPCs constitute a clinically ag-
gressive subset among tumors with mucinous morph-
ology and should be distinguished from conventional
pure mucinous carcinomas.

Up to the present time, there are only few studies on
MUMPC. To our knowledge, there is no medical litera-
ture describing the sonographic findings of MUMPC.
Therefore, we used ACR Breast Imaging Reporting and
Data System (BI-RADS) lexicon [13] for ultrasound (US)
to analyze the sonographic findings of MUMPC; the aim
of this study was to characterize the sonographic fea-
tures of MUMPC and to compare them with those from
conventional PMBC without micropapillary architecture
(cPMBC) and MMBC. Some clinical characteristics were
also compared.

Methods

Patients

A total of 114 patients diagnosed with MBC were re-
cruited at the Department of Ultrasound, West China
Hospital, between January 2012 and April 2017. Accord-
ing to the WHO Classification of Tumours of the Breast
(2012), PMBC has a mucinous component of more than
90%, while MMBC has a mucinous component of less
than 90% [12]. The lower limit of mucinous component
in MMBC is still not defined. Nevertheless, the majority
of MBC we examined had >50% of mucinous compo-
nent. Patients who underwent breast ultrasound and
surgical excision at our hospital were included in the re-
search. From 114 patients, 26 patients were excluded
from the study; 9 patients who did not have surgery per-
formed at our institute and 17 patients who were ex-
cluded from the study due to the loss of sonographic
images. At last, a total of 88 lesions in 88 patients
(87 women and 1 man) were identified within the study,
including 17 patients with MUMPC, 43 with ¢cPMBC,
and 28 with MMBC. All the cases were consecutive pa-
tients. All patients underwent clinical breast physical
exams before the ultrasonography. Furthermore, pa-
tients’ clinical characteristics were reviewed, including
age at diagnosis, menstrual status, mass status (location,
palpation, and tenderness), and personal/family history.
Our database was password protected, and the study
was approved by the Ethics Committee of West China
Hospital.

Ultrasonography

Breast ultrasonography was performed in all 88 lesions
with the linear array probe (5-15 MHz) supplemented
by the 1-5 MHz convex array probe, as needed, to pene-
trate lager mass (Philips iU22 and HDI 5000, Philips
Medical Systems, Bothell, WA, USA; HI VISION Preirus,
Hitachi Medical, Tokyo, Japan; Esaote MyLab 90, Esaote,
Genova, Italy; GE Logiq E9, General Electric Healthcare,
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Milwaukee, W1, USA). The patients were examined by US
at supine position with the arms raised over the head. Bi-
lateral breast scan was performed, and both gray-scale and
color images of the lesion were acquired. All the US
exams had been performed by experienced sonographers.
They were familiar with the results of the physical exam-
ination, but were blinded to the pathological findings.

The US findings were retrospectively analyzed by one
sonographer with more than 8 years of experience based
on the criteria from the ACR BI-RADS lexicon for US
[13]. The lesion size (maximum dimension), shape (regu-
lar, irregular), orientation (parallel, not parallel), margin
(circumscribed, non-circumscribed (indistinct, angular,
microlobulated, or spiculated)), echogenicity (anechoic,
hyperechoic, complex echogenicity (mixed cystic and
solid), hypoechoic, isoechoic, or heterogeneous), posterior
acoustic features (no features, enhancement, shadowing,
or combined pattern), and calcification (present, absent)
in tumor mass were all recorded. The vascularity (present,
absent) of the breast lesions was also retrospectively
reviewed; blood flow was divided into four grades based
on Adler et al. [14]: grade O: no blood flow; grade 1: small
amounts of flow (one or two punctate or short rod-like
color flow signals); grade 2: medium amounts of flow
(three or four punctate color flow signals or a longer
blood vessel which may be half of the mass dimension
long); grade 3: rich flow (more than four punctate color
flow signals or two longer blood vessels). The BI-RADS
classification of the tumors was done in the end.

Histopathology

Surgical removal of the breast lesion was performed in
all the cases, and the surgical pathologic reports, which
were confirmed by experienced pathologists at our hos-
pital, were consequently reviewed. The lymph node me-
tastasis (LNM) of homolateral axillary was also reviewed.
Nevertheless, the pathological findings of axillary lymph
nodes in eight patients (one MUMPC, five cPMBCs, and
two MMBCs) were not acquired.

Statistical analysis

All results were analyzed using the SPSS version 20.0
(Statistical Product and Service Solutions) for Windows
(Microsoft). Student’s ¢ test was used for comparisons of
the age at the time of diagnosis and for the sonographic
lesion size between the three groups. y” test (and Fisher’s
exact test, if necessary) was used to analyze the ultrasound
descriptors of the lesion shape, orientation, margin, echo-
genicity, posterior acoustic features, calcification, vascular-
ity, blood flow grade, and BI-RADS classification, as well
as menstrual status (premenopausal, postmenopausal),
mass location (right, left), palpation (palpable, nonpalp-
able), tenderness (positive, negative), and axillary LNM
(positive, negative) of the patients, in order to see if there
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were discrepancies between the three groups. P < 0.05 was
considered statistically significant.

Results

The non-mucinous component of 28 MMBCs included
invasive carcinoma of no special type (17 cases), invasive
carcinoma of no special type and invasive micropapillary
carcinoma (3 cases), solid papillary carcinoma (2 cases),
solid papillary carcinoma and carcinoma with neuroen-
docrine features (2 cases), invasive carcinoma of no spe-
cial type and encapsulated papillary carcinoma (1 case),
invasive micropapillary carcinoma (1 case), papillary car-
cinoma (1 case), and other invasive carcinoma (1 case).
All patients were Chinese, including 87 women and 1
man; the male patient was diagnosed with MUMPC. Ex-
cept for one case, patients had no family history of breast
cancer. One woman with ¢cPMBC ever suffered from
breast cancer before, while another one with cPMBC also
had non-mucinous breast carcinoma.

The mean age of patients with MUMPC, ¢cPMBC, and
MMBC was 53.7 years (range, 34—85 vyears; median
value, 52 years), 50.9 years (range, 28—83 years; median
value, 46 years), and 50.9 years (range, 28—81 years; me-
dian value, 48 years), respectively. Nevertheless, no signifi-
cant difference between MUMPC and cPMBC (p = 0.47),
between MUMPC and MMBC (p =0.55), and cPMBC
and MMBC (p = 0.99) was observed.

The clinical characteristics of the histologically proven
MUMPC, ¢cPMBC, and MMBC are compared in Table 1.
In the present study, the location of MUMPC on the left
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or right side was approximately equal. All the tumor
masses (100%, 17/17) were palpable, and most of them
(88.2%, 15/17) had no tenderness. There were no major
differences in the three groups. The differences in lymph
node metastasis rates among MUMPC, cPMBC, and
MMBC were statistically significant; the axillary LNM
was similar between MUMPC and ¢cPMBC (p = 0.246);
however, both MUMPC and ¢cPMBC were statistically
different from MMBC (p < 0.01 for both).

All the mucinous carcinomas presented as a mass on
ultrasound. The mean values of the maximum dimen-
sion (sonographic lesion size) in MUMPC, ¢PMBC, and
MMBC were 26 mm (range 11-51; median value, 23),
26 mm (range 10-50; median value, 23), and 35 mm
(range 12—-80; median value, 34), respectively. There was
no difference between MUMPC and ¢PMBC (p = 0.926).
Nevertheless, MUMPC (p = 0.045) and cPMBC (p = 0.006)
were different from MMBC.

The sonographic findings were summarized in Table 2.
Most of the MUMPCs had irregular shape (82.4%, 14/17),
parallel orientation (94.1%, 16/17), and non-circumscribed
margin (88.2%, 15/17) (Figs. 1 and 2). There was no differ-
ence between MUMPC, ¢cPMBC, and MMBC. The in-
ternal echoes of MUMPCs were mixed cystic and solid
(35.3%, 6/17), hypoechoic (29.4%, 5/17), and isoechoic
(35.3%, 6/17), and most of the posterior features were
enhancement (88.2%, 15/17) (Figs. 1 and 2). Up to
29.4% (5/17) of the MUMPC lesions showed calcifica-
tion (Fig. 2), while blood flow in the mass was identified
in only 7 of 17 (41.2%) lesions with grade 1. Finally,

Table 1 The clinical characteristics of the histologically proven MUMPC, cPMBC, and MMBC

Characteristics MUMPC cPMBC MMBC Total Significance

Menopausal status ¥ =0284, p=087
Premenopausal 9 26 18 87°
Postmenopausal 7 17 10

Mass location ¥ =0423, p=081
Right 8 20 1 88
Left 9 23 17

Palpation F=1.285p=1.00
Palpable 17 42 28 88
Nonpalpable 0 1 0

Tenderness X =2045 p=036
Positive 2 12 8 87°
Negative 15 30 20

LNM x° =25.884, p <0001
Positive 3 3 17 80°
Negative 13 35 9

F Fisher's exact test
“The man patient was excluded
POne of the masses was not palpable

“The pathological findings of axillary lymph nodes of eight patients were not acquired
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Table 2 Sonographic features of MUMPC, cPMBC, and MMBC
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Features MUMPC (n=17) cPMBC (n=43) MMBC (n=28) Significance

Shape ¥ =2562,p=0278
Regular 3 14 5
Irregular 14 29 23

Orientation F=1.801, p=0450
Parallel 16 42 28
Not parallel 1 1 0

Margin ¥ =2421, p=0307
Circumscribed 2 13 6
Non-circumscribed 15 30 22

Echogenicity F=18418, p=0.007
Hyperechoic 0 1 1
Complex echogenicity 6 14 7
Hypoechoic 5 5 15
Isoechoic 6 18 5
Heterogeneous 0 5 0

Posterior acoustic features F=10.588, p=0.037
No features 2 5 6
Enhancement 15 38 17
Shadowing 0 0 3
Combined pattern 0 0 2

Calcification X =14.889, p=0.001
Present 5 6 16
Absent 12 37 12
Vascularity X’ =7556, p=0023
Present 7 17 20
Absent 10 26 8

Blood flow grade F=10.866, p=0.045
0 10 26 8
1 7 15 15
2 0 0 3
3 0 2 2

BI-RADS category F=26427, p<0.001
3 2 9 0
4 13 31 12
5 2 3 16

F Fisher's exact test

76.5% (13/17) MUMPC masses were assessed as category
4 according to BI-RADS-US. There was no statistically
significant difference between MUMPC and c¢PMBC in
BI-RADS category (p =0.628), but the differences were
found between MUMPC and MMBC (p=0.002), the
same as between cPMBC and MMBC (p < 0.001).
Although the margin (circumscribed, non-circumscribed)
was not statistically significant among the three groups,
the angular and spiculated signs of the masses with

non-circumscribed margin were statistically different
(p <0.05). In addition, the ultrasound descriptors with
statistically significant differences were also further
compared, which included the non-circumscribed mar-
gin (angular, spiculated), echogenicity, posterior acous-
tic features, calcification, vascularity, and blood flow
grade. Finally, all the observed differences in the sono-
graphic descriptors were between cPMBC and MMBC
(p <0.05). All the non-circumscribed MUMPCs showed
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Fig. 1 Ultrasonographic findings of a MUMPC in a 41-year-old
patient with a palpable left breast tumor. US shows a 3.0 x 2.2 x
1.9 cm parallel, irregular, and non-circumscribed tumor with mixed
solid and cystic components and posterior acoustic accentuation
(BI-RADS 4B). No signal of blood flow was found in the mass

an indistinct margin, and most (93.3%, 14/15) showed
microlobulated border. Nonetheless, there were less
MUMPCs (26.7%, 4/15) with angular border and none
of them showed a spiculated margin.

Discussion

In the present study, we showed that there are no sig-
nificant differences in sonographic features between the
MUMPC and cPMBC and between the MUMPC and
MMBC. Nevertheless, there is a definite separation be-
tween cPMBC and MMBC in echogenicity, posterior
acoustic features, calcification, vascularity, and blood flow
grade. It seems that MUMPC shows the ultrasonic mani-
festations in between. Unfortunately, under the present
conditions, these features are indistinguishable according
to the BI-RADS-US.

Fig. 2 US image of a MUMPC in a 49-year-old patient with a palpable
left breast tumor. A solid, parallel, slightly lobulated, isoechoic tumor
with posterior acoustic accentuation and punctate calcification (arrow)
(BI-RADS 4B)
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Irregular shape can be found in most of the tumors. In
the present study, it was identified in 82.4% (14/17) of
MUMPC and 67.4% (29/43) of ¢cPMBC. In a different
study conducted by Kaoku, irregular shape was found in
90.9% (10/11) of PMBC [15]. Lam et al. [16] have sug-
gested that the irregular shape on sonography is associ-
ated with MBC having a less favorable histologic grade.

The nonparallel orientation is characteristic of pre-
sumed malignant breast tumors [17]. Nevertheless, in
the present study, only one case with MUMPC and one
case with cPMBC manifested this feature, while all the
MMBC masses were parallel. This feature appears to be
related with the size of the mass, as only 20% of malig-
nant nodules >2.0 cm in maximum diameter are taller
than wide [17].

Previous studies have shown that microlobulation, one
of the diagnostic features, could be seen in more MBCs
[15, 16]. According to Lam et al. [16], the presence of
cystic and solid components (37.5%, 12/32) and distal
enhancement (43.8%, 14/32) in MBC are important
sonographic features for diagnosis. In the present study,
MUMPCs were more common with indistinct (88.2%,
15/17) and microlobulated (82.4%, 14/17) margins, while
35.3% (6/17) of MUMPC lesions were mixed cystic and
solid, equal to isoechoic (35.3%, 6/17), and slightly above
hypoechoic (29.4%, 5/17). 88.2% (15/17) of MUMPCs
showed distal acoustic enhancement. The obtained re-
sults were higher than those reported by Lam et al
[16], but lower than those reported by (100%, 11/11)
Kaoku et al. [15].

Calcification is not a common feature of MBC [18].
Using mammography, Liu et al. have reported that the
calcification ratio of MBC is 26.1% (12/46). This was
consistent with our results, where ultrasound revealed
the calcification in less than one third of MUMPCs
(29.4%, 5/17).

MUMPC may have sparse color flow signals. In our
study, those signals were observed in 41.2% of MUMPC
lesions (7/17), and 39.5% of cPMBC masses (17/43),
while blood flow was found in 71.4% of MMBCs (20/28).
Thus, the vascularity may be related to the amount of
mucin in the MBC masses.

We found that the MUMPC descriptors did not show
any significant difference compared to the ¢cPMBCs or
MMBC s, except for the rate of nodal involvement, the
mean value of the maximum dimension, and BI-RADS
category of the tumor, in which the differences were
found between MUMPC and MMBC.

Lymph node metastasis is one of the key factors affect-
ing the prognosis in breast cancer patients. Previous
studies have reported that the rate of nodal involvement
in MUMPC is 20.0-42.9% [4, 7, 10, 11, 19, 20]. It is also
considered that the incidence of LNM in MUMPC is
higher compared to that in cPMBC [11, 20]. According
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to Liu et al. [20], this rate is nine times higher compared
to the incidence in ¢cPMBC. This suggests that MUMPC
is more aggressive than cPMBC. Nonetheless, our results
are not consistent with the previous studies. The LNMs
in our research were present in 18.8% (3/16) of MUMPC
patients, and there was no obvious difference in the rate
of LNM between the MUMPCs and cPMBCs (p > 0.05).
These results were in line with those reported by Kim et
al. [7]. In addition, Bal et al. [21] think that the micropa-
pillary pattern is not associated with aggressive or ben-
evolent behavior. Besides, our study revealed that the
differences in LNM ratio of MUMPC compared to
MMBC were significant (p <0.05). These results sug-
gested that MUMPC and ¢cPMBC were relatively indo-
lent compared with MMBC.

Liu et al. [20] have found that there was no difference
in the median tumor size between MUMPC and ¢cPMBC
(2.2 vs. 2.0 cm, p=0.213). Likewise, in our study, the
median size was 23 mm for both groups (MUMPC and
cPMBC), while the average size of MUMPC (26 mm)
was smaller compared to MMBC (35 mm), which was
higher compared to the mean size of MMBC (25 mm)
observed by Ranade et al. [4].

Most of the MUMPCs (76.5%, 13/17) and c¢PMBCs
(72.1%, 31/43) were assessed as category 4, while most
of MMBCs (57.1%, 16/28) were categorized as 5. These
results show that MMBC is more likely to be malignant.

The physical examination of MUMPC is often unre-
markable. In previous study, a palpable mass was identi-
fied in 87% MBC cases [18], while the tumor pain was
uncommon [22]. Our study was consistent with these
previous studies, since it revealed that MUMPC was no
different than cPMBC and MMBC.

Shet and Chinoy [19] have suggested that MUMPC
generally affects the younger women and that most pa-
tients are between 41 and 60 years. According to Kim et
al. [7], the mean age is 53.9 years. Our findings (mean
age, 53.7 years) were similar to these studies. Nonethe-
less, Barbashina et al. [11] have found that the median
age of the patients with MUMPC is 62 years and that
majority of patients are postmenopausal. In the present
study, the median age was 52 years and majority of pa-
tients were premenopausal (56.3%, 9/16). The observed
difference may stem from the difference in the samples
or races.

Our study has some limitations. First, this was a retro-
spective study. Since all the ultrasonic images included
were static with one single cross section, some charac-
teristics may not be presented on the image, which in
turn could affect the assessment. Second, the sample size
was small. MBC is a rare carcinoma, while MUMPC is
even more infrequent than MBC. Although, there were
88 patients in the study, there were only 17 persons with
MUMPC, and they were all Chinese. Also, 26 patients
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were excluded for the loss of information or performing
the operations in other institution. These circumstances
potentially had causal effect on outcomes. The future
study should include a large sample size, especially
MUMPC sample. Third, only one sonographer analyzed
the images, which can also cause the bias.

Conclusions

In conclusion, MUMPC commonly appears on sonog-
raphy as an irregular parallel mass with an indistinct
and/or microlobulated margin. The tumor may show
hypoechoic or isoechoic structure, complex lesion with
cystic and solid components, and posterior enhancement
with less calcification and inner vascularity. Although
the ultrasonic manifestations of MUMPC are in between
those of cPMBC and MMBC, there is no statistically sig-
nificant difference between the MUMPC and cPMBC
and between the MUMPC and MMBC. For this reason,
it is hard to distinguish MUMPC from the other two
subtypes on ultrasound according to the BI-RADS-US
lexicon. Larger sample size and experienced sonographers
are required for further analysis, as well as additional re-
search means such as contrast-enhanced ultrasonography
and ultrasound elastography.

Abbreviations

BI-RADS: Breast Imaging Reporting and Data System; cPMBC: Conventional
pure mucinous breast carcinoma without micropapillary architecture;

IMPC: Invasive micropapillary carcinoma; LNM: Lymph node metastasis;

MBC: Mucinous breast carcinoma; MMBC: Mixed mucinous breast carcinoma;
MUMPC: Mucinous carcinoma with micropapillary pattern; PMBC: Pure mucinous
breast carcinoma; US: Ultrasound

Funding
This study was supported by the National Natural Science Foundation of
China (Grant No. 81571694).

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Authors’ contributions

HZ carried out the studies, participated in collecting the data, and drafted

the manuscript. LQ performed the statistical analysis and participated in its
design. YP helped to draft the manuscript. All authors read and approved

the final manuscript.

Ethics approval and consent to participate

Our database was password protected, the study was approved by Ethics
Committee of West China Hospital, and all participants provided written
informed consent.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



Zhang et al. World Journal of Surgical Oncology (2018) 16:151

Received: 1 June 2018 Accepted: 17 July 2018
Published online: 24 July 2018

References

1.

20.

21.

22.

Di Saverio S, Gutierrez J, Avisar E. A retrospective review with long term
follow up of 11,400 cases of pure mucinous breast carcinoma. Breast Cancer
Res Treat. 2008;111:541-7.

Bae SY, Choi MY, Cho DH, Lee JE, Nam SJ, Yang JH. Mucinous carcinoma of
the breast in comparison with invasive ductal carcinoma: clinicopathologic
characteristics and prognosis. J Breast Cancer. 2011;14:308-13.

Okafuji T, Yabuuchi H, Sakai S, Soeda H, Matsuo Y, Inoue T, et al. MR
imaging features of pure mucinous carcinoma of the breast. Eur J Radiol.
2006;60:405-13.

Ranade A, Batra R, Sandhu G, Chitale RA, Balderacchi J. Clinicopathological
evaluation of 100 cases of mucinous carcinoma of breast with emphasis on
axillary staging and special reference to a micropapillary pattern. J Clin
Pathol. 2010,63:1043-7.

Dumitru A, Procop A, lliesiu A, Tampa M, Mitrache L, Costache M, et al.
Mucinous breast cancer: a review study of 5 year experience from a
hospital-based series of cases. Maedica (Buchar). 2015;10:14-8.

Barkley CR, Ligibel JA, Wong JS, Lipsitz S, Smith BL, Golshan M. Mucinous
breast carcinoma: a large contemporary series. Am J Surg. 2008;196:549-51.
Kim HJ, Park K, Kim JY, Kang G, Gwak G, Park I. Prognostic significance of a
micropapillary pattern in pure mucinous carcinoma of the breast:
comparative analysis with micropapillary carcinoma. J Pathol Transl Med.
2017;51:403-9.

Adrada B, Arribas E, Gilcrease M, Yang WT. Invasive micropapillary carcinoma
of the breast: mammographic, sonographic, and MRI features. AJR Am J
Roentgenol. 2009;193:W58-63.

Jones KN, Guimaraes LS, Reynolds CA, Ghosh K, Degnim AC, Glazebrook KN.
Invasive micropapillary carcinoma of the breast: imaging features with
clinical and pathologic correlation. AJR Am J Roentgenol. 2013;200:689-95.
Ng WK. Fine-needle aspiration cytology findings of an uncommon
micropapillary variant of pure mucinous carcinoma of the breast: review of
patients over an 8-year period. Cancer. 2002,96:280-8.

Barbashina V, Corben AD, Akram M, Vallejo C, Tan LK. Mucinous
micropapillary carcinoma of the breast: an aggressive counterpart to
conventional pure mucinous tumors. Hum Pathol. 2013;44:1577-85.

Lakhani SR, Ellis 10, Schnitt SJ. WHO classification of tumours of the breast. World
Health Organization classification of tumours, 4th edn. Lyon: IARC press; 2012.
Mendelson EB, Bohm-Vélez M, Berg WA. ACR BI-RADS® Ultrasound. In: ACR
BI-RADS® Atlas, Breast Imaging Reporting and Data System. Reston:
American College of Radiology; 2013.

Adler DD, Carson PL, Rubin JM, Quinn-Reid D. Doppler ultrasound color
flow imaging in the study of breast cancer: preliminary findings. Ultrasound
Med Biol. 1990;16:553-9.

Kaoku S, Konishi E, Fujimoto Y, Tohno E, Shiina T, Kondo K; et al.
Sonographic and pathologic image analysis of pure mucinous carcinoma of
the breast. Ultrasound Med Biol. 2013;39:1158-67.

Lam WW, Chu WC, Tse GM, Ma TK. Sonographic appearance of mucinous
carcinoma of the breast. AJR Am J Roentgenol. 2004;182:1069-74.

Rumack CM, Wilson SR, Charboneau JW, Levine D. Diagnostic Ultrasound.
4th ed, vol. 1. Philadelphia: Elsevier Mosby; 2011.

Liu H, Tan H, Cheng Y, Zhang X, Gu Y, Peng W. Imaging findings in mucinous
breast carcinoma and correlating factors. Eur J Radiol. 2011;80:706-12.

Shet T, Chinoy R. Presence of a micropapillary pattern in mucinous
carcinomas of the breast and its impact on the clinical behavior. Breast J.
2008;14:412-20.

Liu F, Yang M, Li Z, Guo X, Lin Y, Lang R, et al. Invasive micropapillary
mucinous carcinoma of the breast is associated with poor prognosis. Breast
Cancer Res Treat. 2015;151:443-51.

Bal A, Joshi K, Sharma SC, Das A, Verma A, Wig JD. Prognostic significance
of micropapillary pattern in pure mucinous carcinoma of the breast. Int J
Surg Pathol. 2008;16:251-6.

Hoda SA, Brogi E, Koerner FC, Rosen PP. Rosen's Breast Pathology. 4th ed.
Philadelphia: Lippincott Williams & Wilkins; 2014.

Page 7 of 7

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Patients
	Ultrasonography
	Histopathology
	Statistical analysis

	Results
	Discussion
	Conclusions
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	References

