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Objective: To describe the sonographic features of pure mucinous carcinoma with micropapillary pattern (MUMPC) and compare
with different pathological type of mucinous breast carcinoma.

Methods: Subjects were retrospectively reviewed at Suzhou Municipal Hospital from January 2015 to June 2019. Sonographic
features of 49 cases (9 MUMPC, 19cPMBC, and 21 MMBC) pathologically confirmed MBC were recorded according to the Breast
Imaging Reporting and Data System (BI-RADS) lexicon. The differences in sonographic features among different type of mucinous
breast carcinoma were discussed, including clinical features and sonographic features, shape, lesion boundary, peripheral hyperechoic
ring, echo pattern, posterior acoustic feature, thickness peripheral hyperechoic area, and blood flow.

Results: All MUMPC had no lymph node metastasis (88.9%, 8/9), and most of the MUMPC showed no thickness peripheral
hyperechoic area (88.9%, 8/9) and blood flow (55.6%, 5/9) within the tumor. Furthermore, MUMPC had mixed cystic and solid
components (33.3%, 3/9) and solid echoic (66.7%, 6/9) structures, with regular shape (66.7%, 6/9) and peripheral hyperechoic ring
(66.7%, 6/9). Seven cases of the MUMPC showed circumscribed margin (77.8%, 7/9), and there was significant difference among the
three groups (p < 0.05). In addition, there were 7 cases (77.8%, 7/9) of MUMPC tumor <2cm, which was significantly different from
cPMBC (26.3%, 5/19) and MMBC (28.6%, 6/21) (p < 0.05). There was no significant difference in ultrasonographic features of MBC
with different sizes when stratified by tumor size (p > 0.05).

Conclusion: Most of the MUMPC showed a circumscribed margin, peripheral hyperechoic ring, and without lymph node metastasis
and thickness peripheral hyperechoic area. However, it is challenging to distinguish MUMPC from PMBC and MMBC on ultrasound.
Future research should focus on developing novel analysis methods for ultrasound imaging, conducting studies with larger sample
sizes and diverse population groups.
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Introduction

Mucinous breast carcinoma (MBC) is a comparatively rare specific carcinoma of breast featuring much extracellular
mucus and favorable prognosis.'* Moreover, MBC takes a proportion of 1-4% in all primary breast cancers approxi-
mately. Several factors can influence the prognosis of MBC, including age, stage of the disease, and specific histological
features. Although MBC is generally associated with a favorable prognosis, older age at diagnosis can be a negative
prognostic factor. Elderly patients may have comorbidities or age-related physiological changes that can impact treatment
decisions and overall outcomes. In the existing literature, MBC morbidity is rather high among the elderly, that is about
6-7%.> Pathologically, there are two subtypes of MBC according to the content of intratumoral mucus. One is pure
mucinous breast carcinoma (PMBC); and the other is mixed mucinous breast carcinoma (MMBC). While PMBC is
merely constituted by tumor cells producing mucus and the proportion taken by mucus components in the tumor is at
least 90%, mucus in MMBC takes a proportion of 50-90% and is also mixed with infiltrating ductal epithelium.*> As
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demonstrated in many studies, PMBC is an indolent tumor characterized by good prognosis and low axillary lymph node

7 and by contrast, MMBC exhibits distinct biological behavior from PMBC.® In recent years, it is

metastasis rate;
clarified in some research that some PMBC is as invasive as MMBC.%® For example, Ranade et al point out'® that
micropapillary structures can be observed in 60% PMBCs with axillary node positive and 14% PMBCs with axillary
node negative. This manifests that the micropapillary structure plays a critical role in progression of axillary node
metabasis. As early as 2002, a novel subtype of PMBC was reported by Ng'' for the first time; and it was named
mucinous carcinoma with micropapillary pattern, or MUMPC for short. However, MUMPC alignment is believed in
some literature to be similar to that of invasive micropapillary carcinoma; and MUMPC is more inclined to be associated
with biological behavior of infiltrating tumors, such as lymphatic metastasis and lymphovascular invasion. According to
Barbashina et al.'"> MUMPC is an invasive subtype in clinics of mucinous breast cancers and should be differentiated
from conventional pure mucinous breast carcinoma without micropapillary architecture (cPMBC). Micropapillary
patterns consist of small, finger-like projections of tumor cells floating within mucus pools. Micropapillary structures
have been associated with increased invasiveness, lymphatic metastasis, and poorer clinical outcomes in various types of
breast carcinoma. Understanding the significance of micropapillary patterns is essential for accurate diagnosis and
management of these tumors. Therefore, further investigation into the role and implications of micropapillary patterns
in mucinous breast carcinoma, particularly in MUMPC, is warranted for better characterization and treatment strategies.
To our knowledge, MUMPC is seldom explored at present, especially relevant literature describing its ultrasound findings.
Therefore, the Breast Imaging Reporting and Data System (BI-RADS) was utilized in this paper to carry out ultrasound
examinations on MUMPC, analyze ultrasound features of MUMPC, and then compare MUMPC with cPMBC or MMBC.

Methods
Participants

We retrospectively analyzed 872 patients with breast cancer who received relevant therapies at Suzhou Municipal
Hospital from January 2015 to June 2019. Based on the classification of breast neoplasms by the World Health
Organization (WHO), content of mucus in PMBC exceeds 90%, while that of MMBC is below 90%."> As for the
lower limit of mucus content in MMBC, it remains unsolved. The corresponding inclusion criteria are as follows: (1) the
performance status of Eastern Cooperative Oncology Group (ECOG) is 0 or 1; (2) the patients are histopathologically
diagnosed with MBC; (3) the patients should experience breast ultrasound and surgical excision; and (4) clinical
pathological and ultrasonic data of the patients should be complete. Regarding the exclusion criteria, they are: (1)
combined with distant metastasis; (2) being combined with other malignant tumors or a history of tumors; (3) bilateral
breast cancers; and (4) male. In strict accordance with the above inclusion and exclusion criteria, 49 patients were
incorporated at last, taking a proportion of 5.62% in the total number of patients with breast cancer, showing 49 lesions in
total. All of them are females aged 28~84 (mean: 57; and median: 56), including 9 cases with MUMPC and 21 cases with
MMBC. This study has been approved by the Ethics Committee of Suzhou Municipal Hospital; and the informed consent
has been gained from all patients.

Ultrasound Examinations

Forty-nine patients were all subjected to ultrasonography of breast cancer by using a linear array probe (5-15 MHz).
Ultrasound images were judged by a physician-in-charge uninformed of the corresponding pathological outcomes. More
particularly, results of ultrasound examinations were also retrospectively analyzed by a sonographer with at least 6 years
of experience based on standards specified in BI-RADS categories of image features. Sizes, shapes (regular/irregular),
edges (smooth and complete or not), halo signs (yes or no), posterior echo (no alterations, enhancement or attenuation),
internal echo (solid and cystic mixed echo, or solid hypoecho/isoecho), malignant halo (yes or no) and lymph node
metastasis were all recorded. Besides, vascularity (being present or not) of breast lesions was retrospectively analyzed.
By means of Adler’s semi-quantitative grading, blood flow conditions of lesions were classified into 4 grades: (1) Grade
0: No blood flow signals; (2) Grade 1: A few blood flow signals (characterized by 1 or 2 dotted/short rod-like color blood
flow signals); (3) Grade 2: Medium blood flows (characterized by 3 or 4 dotted color blood flow signals, or by longer
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blood flows, probably half of the corresponding lump in length); and (4) Grade 3: Abundant blood flows (characterized
by over 4 dotted color blood flow signals, or by two long blood flows).

Tissue Pathology
Breast lesions of all patients were surgically removed. For surgical pathological reports verified by well-experienced
pathologists of Suzhou Municipal Hospital, they were all reviewed together with pathological results of ipsilateral lymph
node metastasis (LNM).

Statistical Analysis

All outcomes are analyzed by SPSS 20.0 applicable to Windows (Microsoft). Both x” and Fisher’s precise tests were
performed to analyze shapes, edges, halo signs, posterior echo, internal echo, malignant halo, lymph node metastasis and
grades of blood flows. For contingency tables larger than 2x2, we use the Chi-squared test for comparison. When the
comparison results are statistically significant (P < 0.05), we then use Fisher’s exact test for pairwise comparisons. For
2x2 contingency tables, considering our sample size is not large, we use Fisher’s exact test for comparison. In the event
of P < 0.05, their differences are deemed to be statistically significant.

Results

The mean age of 49 patients with MBC is 57, including 9 cases with MUMPC (18.4%) 2982 years old (Mean: 53), 19
cases with PMBC (38.8%) 28—84 years old (Mean: 59), and 21 cases with MMBC (42.8%) 36—76 years old (Mean: 57).
Additional patient data including type of surgery are provided in Supplemental File 1.

Most MUMPC tumors presented with regular shapes (66.7%, 6/9). This was slightly distinct from the presentation of
PMBC and MMBC tumors, which had a larger proportion of irregular shapes. However, no statistically significant
difference was found in shape among the three subtypes (P > 0.05).

The edges of the MUMPC tumors were generally smooth and complete (77.8%, 7/9). In contrast, PMBC tumors
tended to have unsmooth and incomplete edges. A significant difference was observed in the edge smoothness and
completeness among the three subtypes (P < 0.05). However, when conducting pairwise comparisons, no significant
statistical differences were found between MUMPC and PMBC, or between MUMPC and MMBC. The differences
among the three groups are mainly caused by the differences between PMBC and MMBC (P < 0.05).

A halo sign was observed in 66.7% (6/9) of MUMPC cases. The presence of the halo sign varied slightly among the
three subtypes, but was not significantly different (P > 0.05). Figure 1 shows an example of a halo sign.

Figure 1 cPMBC, 34 years old, female. The patient was found to have a right breast lump after prosthetic implantation surgery. The size is |7%14mm, the shape is regular,
the edges are smooth, and there is no blood flow signal inside. It was misdiagnosed as fibroadenoma, and the ultrasound BI-RADS category is 3. A “halo sign” can be seen
around the lesion. The pathological diagnosis is pure mucinous carcinoma.
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The majority of MUMPC tumors showed posterior echo enhancement (77.8%, 7/9), in contrast to the posterior echo
behavior of PMBC and MMBC tumors. However, the difference was not statistically significant (P > 0.05). Figures 2 and 3
show examples of posterior echo enhancement.

MUMPC tumors were either solid-cystic mixed (33.3%, 3/9) or merely solid (66.7%, 6/9). In comparison, PMBC and
MMBC tumors showed variable internal echo patterns, but the difference was not statistically significant among the three
groups (P > 0.05). Figure 4 shows an example of solid-cystic mixed echo.

For the blood flows, most MUMPC tumors were characterized by blood flows at grade 0, while PMBC tumors
predominantly fell into grades 1 and 2. For MMBC, blood flows were relatively evenly distributed across grades 0 to 3.
However, overall, there was no significant difference in the blood flow profiles among the three groups (P > 0.05).

For all three groups, the majority of cases did not exhibit a malignant halo. No significant difference was observed in
the presence of a malignant halo among the three subtypes (P > 0.05). Figure 5 shows an example of malignant halo.

Rates of LNM were slightly lower in MUMPC (11.1%) and PMBC (5.3%) than in MMBC (19.1%). Despite this
observation, no statistically significant difference was found among the three subtypes (P > 0.05).

Small tumors (< 2cm) of MUMPC took a large proportion (77.8%, 7/9), which was statistically significantly different
from PMBC (26.3%) and MMBC (28.6%) by pairwise comparison (P < 0.05).

As for the variables of age, ER status, PR status, and HER2 status, there were generally no statistically significant
differences among these three groups (P > 0.05). The main comparisons among the three groups for these indicators have
been summarized in Table 1.

Figure 2 30 years old, female. A slightly hypoechoic area can be seen on the edge of the glandular layer in the direction of the | | o’clock C zone of the left breast. The shape
is regular; the edges are fairly smooth, there is minimal blood flow signal inside, and there is no “halo sign” around it.

Figure 3 MUMPC, 71 years old, female. The shape is fairly regular, the local edges are not smooth, it grows vertically, there are a few irregular fluidic dark areas inside, the
surrounding halo is incomplete with blood flow signal in the halo wall, and there is no blood flow signal inside.
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Figure 4 MUMPC, 69-year-old female patient, cystic-solid mixed echo pattern, regular shape, fairly smooth edges, enhanced posterior echo. Scattered small anechoic areas
can be seen inside with enhanced posterior echo, and a “halo sign” can be seen around it.

Figure 5 MMBC, 49-year-old female patient. An irregular hypoechoic lesion can be seen in the lower inner quadrant of the left breast. The edges are not smooth, with
visible “angular” features and a “malignant halo (note: indistinct border with halo)”. There is no “halo sign”, and the echo behind the mass is attenuated (has posterior
shadowing).

According to the tumor size, 49 MBCs are stratified to further explore the impacts of tumor sizes on ultrasonic
findings. It is thus demonstrated that ultrasonic manifestations of MBCs different in sizes have no obvious differences.
For details, please see Table 2.

Discussion
As rare invasive breast carcinoma of histological morphology, MUMPC takes a proportion of less than 1% in all of the
breast carcinoma.'*'> Composed of aggregates of micropapillary pattern, MUMPC is characterized by fan-shaped edges
and it floats in a mucus pool.” In 2002, MUMPC was described by Ng as a micropapillary subtype of PMBC."" Since
then, some researchers report that MUMPC incidence rates in PMBC remain at 12-35%.'%'*"'® The reasons why
MUMPC has a large range of incidence rates may be selection bias and different diagnosis standards. In this research, the
incidence rate of MUMPC was proved to be 32.8% (7/22), which falls into the above range.

Regarding most tumors, they can be observed to be irregular in shapes. Generally, such irregular shapes are deemed
as imaging features associated with clinical prognosis.'”'® In previous studies, microlobulation as one of the diagnostic
features was observed in more MBCs.'*?° Here, 66.7% (14/21) MMBCs and 33.3% (3/9) MUMPCs are irregularly
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Table | Ultrasonic Findings and Features of 49 MBC Subtypes

Ultrasonic Findings MUMPC (n=9) | PMBC (n=19) | MMBC (n=21) x2 P value
Shapes 2973 0.223
Regular 6 7 7
Irregular 3 12 14
Edges 10.105 0.005
Smooth and complete 7 17
Unsmooth and incomplete 2 2 12
Halo signs 5.599 0.066
Yes 6 13 7
No 3 6 14
Posterior echo 7415 0.102
No alterations | 8
Enhancement 7 10 7
Attenuation | |
Internal echo 3.972 0.140
Solid-cystic 3 8 3
Solid 6 I 18
Blood flows (Adler’s grading) 3.211 0.826
Grade 0 4 5 6
Grade | 2 6 5
Grade 2 | 6 5
Grade 3 2 2 5
Malignant halo 1.721 0.538
Yes | | 4
No 8 18 17
Lymph node 1.063 0.831
Yes | |
No 8 18 18
Sizes 7412 0.023
<2cm 7
>2cm 2 14 15
Age 3.335 0.206
<55 years 3 12
>55 years 6 7 13
ER status 2.780 0.355
Negative 0 0
Positive 9 19 19
PR status 0.815 0.706
Negative |
Positive 8 16 16
HER?2 status 2.396 0.343
Negative 4 4 4
Positive 5 15 17

Abbreviations: ER, Estrogen Receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor 2.

shaped (lobulated or polygonal). In a study made by Kaoku et al,® 90.9% (10/11) PMBCs show irregular shapes. In
opinions of Lam et al,'® shape irregularity found in an ultrasound examination is associated with poorly histologically
graded MBC.

PMBC and MMBC have diverse edge sonogram features. In this paper, the number of patients with cPMBC,
MUMPC or MMBC of unsmooth and incomplete edges takes a proportion of 10.5% (2/17), 22.2% (2/9) and 57.1%
(12/21), respectively. Clearly, the proportion occupied by MUMPC lies between that by cPMBC and MMBC. In another
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Table 2 Ultrasonic Findings of 49 MBCS Different in Sizes

Ultrasonic Findings <2cm (n=18) | >2cm (n=31) P value

Shapes
Regular 8 12 0.694
Irregular 10 19

Edges
Smooth and complete 12 17 0417
Unsmooth and incomplete 6 14

Halo signs 0.390
Yes Il 15
No 7 16

Posterior echo
No alterations 6 I 0.673*
Enhancement 8 16
Attenuation 4 4

Internal echo
Solid-cystic 3 I 0.281%*
Solid 15 20

Blood flows (Adler’s grading)
Grade 0 9 6 0.087"
Grade | 5 8
Grade 2 3 9
Grade 3 | 8

Malignant halo
Yes 3 3 0.789
No 15 28

Lymph node
Yes | 4 0.742
No 17 27

Notes: *Fisher’s exact test; *correction of continuity.

study made by WU et al, non-identifying edges in MUMPC and MMBC take a proportion higher than those in cPMBC
do." Generally, cPMBC and MUMPC are manifested as elliptical lumps with smooth and complete edges, while edges
of MMBC show corner angles or are crab-like. A possible reason is that dramatically malignant invasive breast
carcinoma components are present in MMBC. As tumor cells infiltrate into surrounding tissues, stromal reactions of
different degrees take place, forming angular or spiculated edges.?’

Both internal and posterior echo patterns are important ultrasonic imaging features.”*** The liquefaction ratio of
MBC is reported to be 9-35.3%.'*?* Concerning breast carcinoma of three types investigated here, solid hypoechoic/
isoechoic masses are dominant despite 28.6% (14/49) tumors showing fluid sonolucent areas. The above proportion is
rather close to that reported by Zhang et al'® that is 35.3%. In views of Lam et al,'” solid-cystic components (37.5%, 12/
32) and posterior echo enhancement (43.8%, 14/32) in MBC are both critical features obtained by relevant ultrasonic
diagnosis. For anechoic regions, they represent mucus with malignant floating cells, but not real cystic features. In this
study, most cPMBC and MUMPC show posterior echo enhancement, generating two proportions of 52.6% (10/19) and
77.8% (7/9), respectively; and for posterior echo attenuation, the proportions are calculated to be 5.3% (1/19) and 11.1%
(1/9). Moreover, 28.6% (6/21) lesions are manifested as posterior echo attenuation as far as MMBC is concerned. The
above phenomena are similar to those reported in literature'*?!, Regarding MUMPC, 77.8% (7/9) shows posterior echo
enhancement; and this proportion is above that proposed by Lam et al'® but below that raised by Kaoku et al (100%, 11/
11).%° It is also pointed out by Kaoku et al that the higher the content of cancer cells and stromal components in breast
carcinoma is, the higher the internal echo levels will be.?’ This explains why posterior echo enhancement of cPMBC is

Breast Cancer: Targets and Therapy 2023:15 https: 479

Dove!


https://www.dovepress.com
https://www.dovepress.com

Yang et al Dove

greater than MMBC (52.6% vs 33.3%). Furthermore, the posterior echo pattern is beneficial for distinguishing PMBC
from MMBC.

Color blood flow signals in tumor relate to vascularity. MBC is reported by Zhang et al'* to be blood supply deficient
in most cases. In this paper, cPMBC and MUMPC show a main feature of blood supply insufficiency, taking proportions
0f26.3% (5/19) and 57.1% (4/9), respectively. Moreover, 71.4% (15/21) patients with MMBC show abundant blood flow
signals in their lesions (color blood flows at Grade 1 or 3), which is 55.6% (5/9) for MUMPC. Sufficient blood supply in
MMBC may be attributed to the fact that the tumor contains much more malignant invasive components; and the reason
why MUMPC has a major manifestation of blood supply insufficiency may be that rich mucus accounts for a large
portion of the solid tumor in volume, which further leads to inadequate angiogenesis.

LNM is one of the key factors that influence prognosis of patients with breast carcinoma. Previously, LNM rates of
MUMPC range from 20.0% to 42.9%.%''21%25 I NM rates in MUMPC are also believed to be above those in
¢PMBC.'**> According to a study by Liu et al,> the LNM rate of MUMPC is 9 times greater than that of cPMBC,
signifying that MUMPC is more aggressive than cPMBC. In spite of this, results obtained from this study are proved to
be inconsistent with them. Here, no LNM is found in 88.9% cases with MUMPC, which may be attributed to a small
sample size in this study. However, LNM rate of MMBC is 14.3% (3/21), which is above that of cPMBC [ie, 5.6% (1/
18)] or MUMPC [ie, 11.1% (1/9)]. Such a result is similar to that reported in the literature®' 2¢ A possible reason is that
lots of mucus are present in cPMBC and MUMPC. Due to the lack of invasive components, their invasiveness is below
that of MMBC. In addition, histological grades here are believed to be associated with the state of axillary lymph nodes;
and LNM may be an important histological category of prognosis. Due to the existence of micropapillary structures,
MUMPC is considered as a subtype of mucinous carcinoma of micropapillary structure. Its biological behavior shows
high invasiveness and LNM rates.”*’ In the opinions of Bal et al,*® however, the micropapillary pattern is independent of
invasiveness or inert behavior. According to the above results, MUMPC and cPMBC, relative to MMBC, are compara-
tively inert.

As pointed out by Lin et al, the average tumor size is 3.2 cm (0.8-9.0 cm) when the diagnosis of MUMPC is
confirmed.?’ In this study, it is found that MUMPC with sizes no more than 2cm occupy a proportion of about 77.8%,
which is significantly above that of PMBC or MMBC. Actually, according to our statistical results, we identified edge
and size as two factors with significant differences. However, the factor of edge does not seem to serve as a characteristic
of MUMPC, as our pairwise comparison shows no significant difference in the edge characteristic between MUMPC and
either PMBC or MMBC. We can only assert that there is a significant difference in the edge characteristic between
cPMBC and MMBC. The variable of size carries characteristic significance for MUMPC because the majority of
MUMPC are small tumors (<2cm), while most cPMBC and MMBC are larger tumors (>2cm). Moreover, differences
in tumor sizes of such three pathological subtypes are of statistical significance (p = 0.014) as proved in a research
conducted by Wu Zhou et al.'* Proportions taken by PMBC and MMBC with sizes greater than 2cm are apparently
higher than that by MUMPC, which may be attributed to the facts that misdiagnosed rates of PMBC and MMBC are
above that of MUMPC and delayed diagnosis of PMBC and MMBC further leads to an increase in tumor sizes. Here,
ultrasonic manifestations are further verified to prove that tumor sizes have no influence on MBC.

Shet and Chinoy et al'® prove that MUMPC is generally developed among middle-aged and old women; and most
patients are 41-60 years old. As reported by Kim et al,® the mean age is 53.9, which remains consistent with our results

(mean age: 53). Barbashina et al'?

find that the median age of patients with MUMPC is 62 and most of them are suffering
postmenopausal status. In the present study, the median age is 56; and patients in postmenopausal status take a proportion
of 71.4% (5/7). As specified in the 2018 Expert Consensus on Breast Neoplasm Plastic Surgery and Breast
Reconstruction,’® age of patients is an important reference factor that affects high incidence rates of breast carcinoma.
Under the circumstance that newly developed solid nodes are observed in ultrasound images of the mammary gland
among middle-aged and old women, this requires close observation and meticulous diagnosis.

The significance of micropapillary patterns in breast cancer has indeed been studied. Available evidence suggests that
the presence of micropapillary patterns may indicate a more aggressive behavior of the tumor and poorer prognosis.*'
These findings align with our observations in the current study, where MUMPC was found to demonstrate an ultrasound
presentation of smaller tumors with smooth and complete edges, which might correlate to the histological representation
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of micropapillary structures. In comparing our results with previous findings, some differences arise. For instance, while

previous studies have suggested that MUMPC has a higher rate of lymph node metastasis (LNM),***

our study found no
such correlation. This discrepancy may be attributed to the small sample size in our study or potential differences in the
patient population. Nonetheless, these results suggest the complexity of the relationship between ultrasound character-
istics and the biological behavior of these tumors. We also note that both MUMPC and PMBC demonstrated a relative
insufficiency of blood supply, though not significant, possibly due to the presence of mucus, which takes up a significant
volume of the tumor. This blood supply insufficiency could lead to inadequate angiogenesis, contributing to the unique
ultrasound features of these tumors.

MMBC was characterized by relatively abundant blood flow signals. This might be attributable to the greater
proportion of malignant invasive components in MMBC, suggesting that the ultrasound manifestation of these tumors
could reflect their underlying biological behavior. The present study still has some defects. First, all ultrasound images
collected from a 2D cut surface are static in such a retrospective study, so that they may fail in presenting some features
and cannot be adequately and effectively assessed. Second, this is a retrospective designed, single-center study of a small
sample size. While MBC is a rare pathological subtype, MUMPC is even rarer. Although 49 patients are incorporated in
this study, there are only 9 cases attacked by MUMPC. However, this fact is an indication of the rarity of MUMPC and
reflects real-world clinical settings. Additionally, some patients are excluded because of information loss or surgeries in
other medical institutions, and some are excluded due to more advanced stages. This could have introduced some bias
and affected our study results to some extent. In the future, relevant studies should be made in a large sample size,
especially that of MUMPC. Finally, the interpretation of ultrasound images and the assessment of sonographic features
involve some degree of subjectivity. Although efforts were made to minimize bias by having an experienced sonographer
analyze the images, there may still be inherent subjectivity in the assessment process.

Conclusions

To sum up, MUMPC in an ultrasound examination is usually manifested as a lump characterized by small tumour,
smooth and complete edges, and irregular shapes in the present study. Regarding complicated lesions of MUMPC, they
may be in solid or solid-cystic structures, and of posterior echo enhancement and a few internal blood vessels. Although
ultrasound findings of MUMPC lie between those of cPMBC and MMBC, they may throw light on the histological
classification and prognosis as well. However, no significant statistical differences lie in MUMPC and cPMBC/MMBC.
For this reason, it is rather difficult to distinguish MUMPC from another two subtypes in line with BI-RADS. Future
research should focus on developing novel analysis methods for ultrasound imaging, including advanced techniques such
as contrast-enhanced ultrasound and ultrasound elastography. Additionally, conducting studies with larger sample sizes
and diverse population groups would enhance the generalizability of the findings and provide a more comprehensive
understanding of MUMPC. These efforts will contribute to improving diagnostic accuracy, treatment planning, and
prognostic assessment for patients with MUMPC.
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