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Objective: Previous studies have mostly discussed the clinical manifestations and
prognosis of mucinous breast carcinoma with a micropapillary pattern. The purposes of
this study were to investigate the sonographic features of pure mucinous breast
carcinoma with micropapillary pattern (MUMPC) and to identify the role of ultrasound in
the differential diagnosis between MUMPC and conventional pure mucinous breast
carcinoma (cPMBC).

Materials and Methods: We obtained written informed consent from all patients, and
the Ethics Committee of West China Hospital approved this retrospective study. The
study was conducted between May and August 2020. We enrolled 133 patients with 133
breast lesions confirmed as mucinous breast carcinoma (MBC) histopathologically
between January 2014 and January 2020.We retrospectively assessed sonographic
features (margin, shape, internal echogenicity, calcification, posterior acoustic feature,
invasive growth, blood flow grade, and rate of missed diagnosis) and clinical
characteristics (age, tumor size, tumor texture, initial symptom, and lymph node
metastasis). Bivariable analyses were performed using SPSS version 19.0.

Results: The 133 lesions included 11 MUMPCs, 65 cPMBCs, and 57 mixed MBCs
(MMBCs). There were significant differences in margin, shape, calcification, posterior
acoustic feature, invasive growth, rate of missed diagnosis, average tumor size, and
lymph node metastasis among the three groups (p < 0.05). The subsequent pairwise
comparisons showed that there were significant differences in lymph node metastasis,
margin, and invasive growth betweenMUMPC and cPMBC (p < 0.05). In patients aged >45
years, there was a significant difference in tumor size among the three groups (p = 0.045),
and paired comparison showed that the average tumor size in the cPMBC group was larger
than that in the MMBC group (p = 0.014).

Conclusion: MUMPC showed a non-circumscribed margin and invasive growth more
frequently than cPMBC did. Lymphatic metastasis was more likely to occur in MUMPC
than cPMBC. Ultrasound is helpful to distinguish MUMPC from cPMBC.
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INTRODUCTION

Mucinous breast carcinoma (MBC) is a relatively rare entity of breast
neoplasm with a characteristic of abundant extracellular mucin,
representing about 1%–4% of all the primary mammary
carcinomas and associated with a favorable prognosis (1, 2). In
elderly patients, a slightly higher incidence rate of 6%–7% has been
reported (3, 4). Pathologically, MBC is classified into two subtypes
according to the degree of cellularity: pureMBC (PMBC) andmixed
MBC(MMBC).PMBCconsists exclusivelyof tumorcells responsible
for mucoid production, and the mucoid component accounts for
>90% of the tumor. In MMBC, 50%–90% is mainly mucinous and
also admixed with an infiltrating ductal epithelial component (5).
Many investigations have shown that PMBC is an indolent tumor
linked with a favorable prognosis, whereas MMBC exhibits a
contrasting biological behavior (6, 7). In recent years, some
researchers have revealed that a small proportion of PMBCs
behaved as aggressively as MMBCs (8, 9). Ranade et al. found that
a micropapillary pattern was seen in 60% of lymph-node-positive
PMBCs and 14% of lymph-node-negative PMBCs, which indicated
that the micropapillary architecture played an important role in the
development of lymphnode disease (10). It appears to be particularly
important to understand mucinous breast carcinomas with
micropapillary pattern (MUMPCs) more profoundly. In this study,
we retrospectively investigated the sonographic features ofMUMPC
and identified the role of ultrasound in the differential diagnosis
between MUMPC and cPMBC.
MATERIALS AND METHODS

Patients and Lesions
The Ethics Committee of West China Hospital approved this
retrospective study, and written informed patient consent was
obtained. The study was conducted between May and August
2020. We enrolled 135 consecutive patients who underwent
surgery and were diagnosed histopathologically with MBC
between January 2014 and January 2020. Two cases were
excluded because one of them was male, and another had two
concurrent different types of left breast carcinoma. All patients
had undergone ultrasound examinations, and their medical
records were available.

Ultrasonic Imaging and Image Interpretation
Ultrasound examinations were performed using a Philips IU22
scanner (Philips Medical Solutions; Mountain View, CA, USA)
with a 5–12-MHz linear transducer and Logiq E9 (GE
Healthcare, Milwaukee, WI, USA) with a 5–15-MHz linear
transducer. The ultrasonic equipment was operated and
adjusted properly. We recorded the tumor size, location, and
sonographic features (margin, shape, internal echogenicity,
calcification, posterior acoustic feature, invasive growth,
and blood flow grade). The Adler semiquantitative analysis of
blood flow grading was performed to evaluate the intratumoral
blood supply. All ultrasound data were acquired from the Picture
Archiving and Communication System of the Department
of Ultrasound.
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All US images in the 133 patients were prospectively and
independently interpreted by two radiologists (W.Y.D. and T.Z.,
with 8 and 6 years of experience in breast US, respectively). They
had not performed the US examinations and were blinded to
clinical data and pathological findings. Initially, each reader
independently assessed the ultrasound parameters on each image.
Subsequently, the two readers jointly reviewed the images of which
they originally had different ideas and then reached an agreement
on the characterization of breast US findings in those cases.

Clinical Findings
We recorded patient age, tumor size, tumor texture, initial
symptoms, lymph node status, and pathological pattern. The
pathological pattern was based on the WHO Classification
Standards for breast cancer, 2012. All clinical data of patients
included were obtained from the Hospital Information System of
West China Hospital of Sichuan University.

Statistical Analysis
Statistical analysis was carried out using SPSS version 19.0
(IBM, Armonk, NY, USA) by a statistician with a Ph.D. from
Sichuan University. The continuous data included the age of
patients and tumor size. We verified whether the data were
normally distributed by the Shapiro–Wilk test. Data of normal
distribution were represented bymean ± standard deviation. Data
that were not normally distributed were represented by the
median and interquartile range (IQR). The statistical techniques
used for analysis were one-way analysis of variance (ANOVA),
chi-squared test or Fisher’s exact test, Kruskal–Wallis test, and
Kappa test. Pairwise comparisons of the statistically significant
differences among the three groups were conducted using
the Student–Newman–Keuls q test for continuous variable
or Bonferroni correction for categorical variable. The k statistic
was used to determine the interobserver agreement for various US
parameters. We regarded the interobserver agreement as slight
when k was less than 0.21, fair when k ranged from 0.21 to 0.40,
moderate when k ranged from 0.41 to 0.60, substantial when
k varied from 0.61 to 0.80, and almost perfect when k was
greater than 0.81. A two-tailed p-value <0.05 was considered
statistically significant.
RESULTS

The 133 lesions consisted of 11 MUMPCs, 65 cPMBCs, and 57
MMBCs. Compared with cPMBC, non-circumscribed margin
(Figure 1), irregular shape (Figure 2), invasive growth (Figure 3),
and lymph node metastasis occurred more frequently in MUMPC
(100% vs. 58.5%, 100% vs. 67.7%, 100% vs. 58.5%, 72.7% vs. 24.6%,
respectively, p < 0.05, Table 1). Irregular shape, microcalcification
(Figure 4), invasive growth, and lymph node metastasis occurred
more frequently inMMBC(89.5% vs. 67.7%,50.9% vs. 26.2%,78.9%
vs. 58.5%, and 57.9% vs. 24.6%, respectively, p < 0.05, Table 2).
Posterior acoustic enhancement (Figure 5) and missed diagnosis
(33.3% vs. 58.5%and1.8% vs. 18.5%, respectively,p<0.05)were less
frequent in MMBC. In patients aged >45 years, the difference in
tumor size among the three groups was significant (p = 0.045).
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Paired comparisons showed that the difference in tumor size
between cPMBC and MMBC was statistically significant (p =
0.014, Figure 6).
DISCUSSION

MUMPC is a rare histological form of infiltrating breast
carcinoma with estrogen receptor (ER) positivity, which
Frontiers in Oncology | www.frontiersin.org 3
accounts for <1% of breast cancers (8). MUMPC consists of
micropapillary clusters of tumor cells with scalloped edges
floating in stromal mucin (10). Compared with PMBC,
MUMPC has a higher rate of lymph node metastasis and an
outcome intermediate between that of mucinous carcinoma and
micropapillary carcinoma (MPC) (11). MUMPC was described
as a micropapillary variant of PMBC by Ng in 2002 (12). After
that, a few researchers revealed that the incidence of MUMPC
in PMBC was 12%–35% (8, 12, 13). The wide range may be
FIGURE 2 | Case 1: A 37-year-old woman with mucinous breast carcinoma with micropapillary pattern (MUMPC) presented with a hypoechoic mass (1.7 × 1.5 ×
1.4 cm) in the left breast. The lesion had a non-circumscribed margin, irregular shape, and enhanced posterior echo (white arrow).
FIGURE 1 | Case 2: A 55-year-old woman with MMBC presented with a hypoechoic mass (1.9 × 1.6 × 1.5cm) in the right breast. The mass presented with a
non-circumscribed margin (white arrow).
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ascribed to sampling bias and different diagnostic criteria. In the
present study, the incidence was 14%, which accorded with
previous studies.

In the present study, a non-circumscribed margin was
significantly more likely to be found in MUMPC than in cPMBC
(100% vs. 58.5%). In another study conducted by Zhang et al., the
difference in margin was not significant (circumscribed vs.
non-circumscribed) (14). The cause may be that interobserver
agreement for tumor margin is low compared with shape,
orientation, and echo pattern (15, 16). Therefore, misinterpretation
of margin status may lead to a significant difference between the
two groups.

The irregular shape is often considered to be an imaging feature
associated with clinical prognosis. Lam et al. showed that irregular
shapeon sonographic imagingmight be an indicator of unfavorable
Frontiers in Oncology | www.frontiersin.org 4
prognosis (17). Shet and Chinoy showed that the micropapillary
subtype of mucinous cancer affected patient survival via its
propensity for lymph node metastasis, depending on the amount
of mucin within the tumor, irregularity of the tumor border, and
tumor stage (13). In our study, irregular shape (lobulated or
polygonal) could be identified in 100% of MUMPC and 67.7% of
cPMBC, and the difference between the two groups was significant.
In the study of Kaoku et al., the irregular shape was found in 90.9%
(10/11) of PMBCs (18), which was higher than in our study. This
may have been because the sample size in their study was smaller,
and the samplingbiasmayhave led to the lower irregular shape ratio
in our study.

Calcification in breast tumors is commonly considered to be an
important basis of diagnostic imaging. In general, coarse calcification
is indicative of benign tumors, while microcalcification is associated
TABLE 1 | Clinical characteristics of MUMPC, cPMBC and MMBC.

Parameters MUMPC (n = 11) cPMBC (n = 65) MMBC (n = 57) p value

Average age 53.73 ± 16.30 51.80 ± 15.56 52.61 ± 12.86 0.900a

Average size (cm) 2.65 ± 1.20A,B 2.88 ± 1.41A 2.21 ± 1.04B 0.014a

Soft 0 10 (15.4) 3 (5.3) 0.121b

Initial symptom 0.376b

Nipple discharge 1 (9.1) 2 (3.1) 2 (3.5)
Palpable mass 10 (90.0) 60 (92.3) 55 (96.5)
Asymptomatic 0 3 (4.6) 0

Lymph node status 0.003b

Negative 3 (27.3)B 49 (75.4)A 33 (57.9)A,B

Positive 8 (72.7)B 16 (24.6)A 24 (42.1)A,B
October 2021 | Volume 11 | Article
Except where indicated, data are numbers of patients, with percentages in parentheses. Paired comparisons were conducted according to Bonferroni correction or Student–Newman–
Keuls q test. If the superscript uppercase letters (A,B) of any two groups do not consist of the same letter, the difference between the two groups is considered to be significant.
aData were analyzed by one-way ANVOA.
bData were analyzed by Fisher’s exact test.
FIGURE 3 | Case 1: A 37-year-old woman with MUMPC presented with a hypoechoic mass (1.7 × 1.5 × 1.4 cm) in the left breast. Subcutaneous and retromammary
fat layers were both infiltrated (white and dotted arrow).
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with malignant tumors. The study of Li et al. showed that malignant
calcifications were associated with clinical or pathologic features
of poor prognosis (19). In our study, the occurrence of
microcalcification in cPMBC was lower than that in MUMPC and
MMBC (26.2% vs. 54.5% and 50.9%, respectively). The difference
in microcalcification between cPMBC and MMBC was significant.
This result is consistent with the report of Liu et al. that calcification
was rare in PMBC (20). This phenomenon may be related to
the proportion of cancer cells and stroma within the tumor. PMBC
consists of abundant mucin, so calcification occurs less frequently
in PMBC.

Internal and posterior echo patterns are both crucial imaging
features. We found that most of the tumors in the three groups
were hypoechoic or isoechoic. Kaoku et al. reported that the
percentage was 100% (11/11), and they also reported that the
Frontiers in Oncology | www.frontiersin.org 5
more cancer cells and stroma were contained within the tumor,
the higher the level of internal echo (18), which explains why
the proportion of lesions with posterior acoustic enhancement
was higher in cPMBC than in MMBC(58.5% vs. 33.3%).
The posterior acoustic pattern is certainly beneficial for
distinguishing PMBC from MMBC, but the contrary is the
case for MUMPC and cPMBC.

The color flow signal on sonography within the tumor
is related to vascularity. In our study, 27.3% (3/11) of MUMPC
presented with rich intralesional vascularization (color flow
grade II or III), compared with 15.4% in PMBC and 14% in
MMBC. The difference among the three groups was not
significant. The blood supply of MBC was not rich. Abundant
mucin occupied a large part of the gross tumor volume, which
demonstrated the insufficiency of vascularization.
TABLE 2 | Sonographic features of the MUMPC, cPMBC, and MMBC.

Parameters k coefficient MUMPC (n = 11) cPMBC (n = 65) MMBC (n = 57) p-value

Non-circumscribed 0.83 11 (100)A 38 (58.5)B 44 (77.2)A,B 0.004a

Irregular shape 0.85 11 (100)A,B 44 (67.7)B 51 (89.5)A 0.002a

Hypoechoic/isoechoic 0.87 9 (81.8) 54 (83.1) 47 (82.5) >0.999
Microcalcification 0.95 6 (54.5)A,B 17 (26.2)B 29 (50.9)A 0.012a

Posterior acoustic enhancement 0.85 3 (27.3)A,B 38 (58.5)B 19 (33.3)A 0.010a

Invasive growthb 0.89 11 (100)A 38 (58.5)B 45 (78.9)A 0.003a

Abundant blood flowc 0.97 3 (27.3) 10 (15.4) 14 (24.6) 0.105d

Missed diagnosis 1 (9.1)A,B 12 (18.5)B 1 (1.8)A 0.006a
Octobe
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Except where indicated, data are numbers of patients, with percentages in parentheses. Paired comparisons were conducted according to Bonferroni correction or Student–Newman–
Keuls q test. If the superscript uppercase letters (A,B) of any two groups do not consist of the same letter, the difference between the two groups is considered to be significant.
aData were analyzed by Fisher’s exact test.
bSubcutaneous or/and retromammary fat layer were infiltrated.
cAdler blood flow grading II or III.
dData were analyzed by the Kruskal–Wallis test.
FIGURE 4 | Case 2: A 55-year-old woman with mixed mucinous breast carcinoma (MMBC) presented with a hypoechoic mass (1.9 × 1.6 × 1.5cm) in the right breast.
The mass presented with an irregular shape and some punctate calcifications (white arrow).
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In addition to the sonographic features concerning malignant
tumors, we also discussed and compared some clinical and
demographic features such as age, tumor size, initial symptom,
and lymph node status. In a previous study conducted by
Kim et al., the mean age of patients with MUMPC was 53.9
years (9). Shet et al. reported that most patients with MUMPC
were older than 41 years but younger than 60 years (13). In our
study, the mean age of patients with MUMPC was 52.9 years,
which is consistent with the study of Kim et al. (9).
Frontiers in Oncology | www.frontiersin.org 6
In terms of tumor size, Lin et al. showed that the mean tumor
size in MUMPC at diagnosis was 3.2 cm (range 0.8–9.0 cm) (21).
In our study, the mean tumor size was 2.57 cm, which was in
accordance with Lin et al. The difference in tumor size among the
three pathological subtypes was significant (p = 0.014), and
paired comparisons showed there was a significant difference
between cPMBC and MMBC. We considered that age may be a
confounding factor that may conceal the real correlation between
tumor size and pathological type. In patients aged >45 years, the
FIGURE 6 | Case 3: A 49-year-old woman with cPMBC presented with a hypoechoic mass (1.7 × 1.4 × 1.3 cm) in the right breast. The lesion presented with linear
blood flow signal by color Doppler mode.
FIGURE 5 | Case 3: A 49-year-old woman with conventional pure mucinous breast carcinoma (cPMBC) presented with a hypoechoic mass (1.7 × 1.4 × 1.3 cm) in
the right breast. The lesion presented with a circumscribed margin (dotted arrow), irregular shape, and enhanced posterior echo (white arrow).
October 2021 | Volume 11 | Article 644180
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difference in tumor size among MUMPC, cPMBC, and MMBC
was significant, and the mean tumor size in cPMBC was
significantly larger than that in MMBC (Figure 7). The cause
may be that the rate of missed diagnosis in cPMBC was larger
than that in MMBC, and delayed diagnosis of cPMBC led to
larger tumor size. In patients aged <45 years, the difference in
tumor size between cPMBC and MMBC was not significant. This
may be because patients aged <45 years seemed to be more
health-conscious. They might choose to receive minimally
invasive surgery to remove those benign-appearing lesions that
were subsequently confirmed to be cPMBC pathologically. For
patients aged >45 years, especially those who were elderly and
poor, minimally invasive surgery was not widely accepted.
Therefore, benign-appearing cPMBCs might be misdiagnosed
and cancer diagnosis is delayed.

Lymph node status is a key factor affecting the prognosis of
breast cancer. Previous studies showed that the metastatic lymph
node ratio of MUMPC was 20%–42.9% (8–10, 12, 13). Liu et al.
suggested that in MUMPC, lymphatic involvement was more
frequent than in PMBC (22). Nevertheless, the lymphatic
metastasis ratio of MUMPC was similar to that of MMBC (9).
Our results were in line with previous studies, in which
lymphatic metastasis was more likely in MUMPC than cPMBC
(72.7% vs. 24.6%). The difference between MUMPC and MMBC
was not significant (72.7% vs. 57.9%). The micropapillary pattern
could harm the prognosis of PMBC.

We also noted that most MBC patients came to the hospital
with a palpable breast mass as the initial symptom. There were
only five cases of MBC with nipple discharge. Likewise, in a
previous study conducted by Lee et al., 87% of MBC cases had a
palpable mass (16). The abovementioned phenomena indicated
that there were no specific signs and symptoms related to MBC,
and age-appropriate follow-up ultrasound examination is still an
effective method to detect MBC.
Frontiers in Oncology | www.frontiersin.org 7
Our study had several limitations. First, all ultrasound images
were two-dimensional, which might be deficient in carrying out
an adequate and valid assessment. Second, this was a single-center
study, and the sample size was not very large. MBC is a rare
pathological subtype, and the MUMPC is even more infrequent
than MBC. There were only 11 MUMPCs in this study. A future
study should include a large sample size, especially of MUMPC.
CONCLUSION

MUMPC commonly manifests as an irregular and parallel lesion
on ultrasonography with a non-circumscribed or microlobulated
margin, little microcalcification, and vascularity. It mainly
manifests as a hypoechoic mass, with some complex lesions
with cystic and solid components. Local infiltrative growth and
regional lymphatic involvement are often seen in MUMPC with
a lower misdiagnosis rate. Ultrasound is helpful to distinguish
MUMPC from cPMBC.
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FIGURE 7 | Distribution of tumor size in different pathological subtypes in different age groups.
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