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Abstract
Background  The purpose of this research is to study the sonographic and clinicopathologic characteristics that 
associate with axillary lymph node metastasis (ALNM) for pure mucinous carcinoma of breast (PMBC).

Methods  A total of 176 patients diagnosed as PMBC after surgery were included. According to the status of axillary 
lymph nodes, all patients were classified into ALNM group (n = 15) and non-ALNM group (n = 161). The clinical factors 
(patient age, tumor size, location), molecular biomarkers (ER, PR, HER2 and Ki-67) and sonographic features (shape, 
orientation, margin, echo pattern, posterior acoustic pattern and vascularity) between two groups were analyzed to 
unclose the clinicopathologic and ultrasonographic characteristics in PMBC with ALNM.

Results  The incidence of axillary lymph node metastasis was 8.5% in this study. Tumors located in the outer side 
of the breast (upper outer quadrant and lower outer quadrant) were more likely to have lymphatic metastasis, and 
the difference between the two group was significantly (86.7% vs. 60.3%, P = 0.043). ALNM not associated with age 
(P = 0.437). Although tumor size not associated with ALNM(P = 0.418), the tumor size in ALNM group (32.3 ± 32.7 mm) 
was bigger than non-ALNM group (25.2 ± 12.8 mm). All the tumors expressed progesterone receptor (PR) positively, 
and 90% of all expressed estrogen receptor (ER) positively, human epidermal growth factor receptor 2 (HER2) were 
positive in two cases of non-ALNM group. Ki-67 high expression was observed in 36 tumors in our study (20.5%), 
and it was higher in ALNM group than non-ALNM group (33.3% vs. 19.3%), but the difference wasn’t significantly 
(P = 0.338).

Conclusions  Tumor location is a significant factor for ALNM in PMBC. Outer side location is more easily for ALNM. 
With the bigger size and/or Ki-67 higher expression status, the lymphatic metastasis seems more likely to present.
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Background
Mucinous breast carcinoma (MBC) is a rare histo-
logic type accounting for 1–7% of all breast carcinomas. 
According to histological characteristics, MBC can be 
divided into pure mucinous breast carcinoma (PMBC) 
without other malignant components and mixed muci-
nous breast carcinoma (MMBC) with non-mucinous 
components [1]. MMBC often contains areas of infil-
trating ductal carcinoma (IDC) that are not surrounded 
by extracellular mucin, the imaging features and prog-
nosis of MMBC is similar to that for IDC. PMBC con-
sists aggregates of tumor cells surrounded by abundant 
pools of extracellular mucin. For this reason, PMBC usu-
ally grows more slowly and has a better prognosis [2–4]. 
PMBC is reported to have a low incidence of axillary 
lymph node metastasis (ALNM) as compared to MMBC, 
and the incidence of ALNM is 0–14% in PMBC [5, 6]. 
Axillary nodal involvement, although rare, was the most 
significant independent factor for the prognosis of PMBC 
[7, 8].

There are lots of studies focusing on risk factors for 
ALNM and tumor biological property in invasive breast 
cancers. Is that appropriate for the PMBC? To the best 
of our knowledge, only limited information was available 
concerning ALNM of PMBC because of its low incidence 
rate. In the present study, we investigated the association 
between sonographic/clinicopathological features and 
the ALNM in PMBC. Especially, we researched whether 
Ki-67 status is associated with the ALNM of PMBC, 
which was not mentioned in previous reports.

Patients and methods
Patients
With an intelligent search from the pathology records 
between January 2011 and January 2021, a total of 192 
female patients who were diagnosed as PMBC after the 
primary surgery were found at Fudan University Shang-
hai Cancer Center. All patients accepted ultrasound 
examinations for bilateral breast and axilla before the 
surgery. Patients with the following conditions were 
excluded: no stored images, coexisting other types of 
breast cancer, with breast cancer history and multiple 
tumors. Finally, 176 female PMBC patients were included 
for the assessment of clinicopathological data as well as 
ultrasound images and reports. Except for suspected 
axillary lymph node metastasis, imaging examinations 
showed no other areas lymph node metastasis or dis-
tant metastasis before surgery. According to the axillary 
lymph node metastasis or not, the patients were divided 
into two groups: ALNM group and non-ALNM group. 
The involvement of axillary lymph nodes was ascertained 
by intraoperative sentinel lymph node biopsy (SLNB) and 
postoperative paraffin pathologic analyses after axillary 
lymph node dissection (ALND). This retrospective study 

was conducted following the ethical principles of the 
Declaration of Helsinki and was approved by the Ethics 
Committee of Fudan University Shanghai Cancer Center 
(registration number: 2001213-2-NSFC).

Histopathology and immunohistochemistry analysis
All PMBC specimens obtained after surgery were rou-
tinely fixed in formalin, embedded with paraffin, and 
then subjected to hematoxylin-eosin staining. The micro-
scopic slices were checked by two dedicated pathologists. 
The diagnosis of PMBC was ascertained when every clus-
ter of tumor cell was partially or completely embedded 
within the extracellular mucus and the tumor displayed 
no other type of invasive carcinoma [9, 10].

Immunohistochemical status of each tumor sample was 
defined through immunohistochemical staining, includ-
ing estrogen receptor (ER), progesterone receptor (PR), 
human epidermal growth factor receptor 2 (HER 2) and 
Ki-67. ER, PR and Ki-67 expression were defined positive 
if ≥ 1% nuclei staining was seen. HER-2 status was classi-
fied as negative (0/1+), positive (3+) and borderline (2+). 
In tumor with 2 + scores, fluorescence in situ hybridiza-
tion (FISH) was performed to make a final determina-
tion. Ki-67 status was classified to low expression (<20%) 
and high expression (≥ 20%) .

Assessment for ultrasonographic features
Ultrasound images of PMBC patients were collected 
from the data backup server and were reviewed by two 
senior ultrasound physicians based on the Breast Imag-
ing Reporting and Data System (BI-RADS) lexicon [11].

The two-dimensional ultrasonographic features 
included:

a)	 tumor size (the maximum diameter).
b)	 location (outer side including the lower outer 

quadrant and upper outer quadrant; and inner side 
including the upper inner quadrant and lower inner 
quadrant).

c)	 orientation (parallel and not parallel).
d)	 shape (regular, irregular).
e)	 margin (well-defined and ill-defined).
f )	 echo pattern (solid echo, complex cystic and solid 

echo).
g)	 posterior acoustic echo (shadow or no change, 

enhancement).

The vascularity of breast lesion was also retrospectively 
reviewed. Tumor blood flow was divided into four grades 
based on Adler et al. [12]: 0: no blood flow; I: small 
amounts of flow (one or two punctate or short rod-like 
color flow signals); II: 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); III: rich 
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flow (more than four punctate color flow signals or two 
longer blood vessels).

During all assessments, the two examiners were mutu-
ally blinded to each other as well as the patients’ clini-
copathological data. Any discrepancies were resolved in 
consensus.

Statistical analysis
SPSS for Windows version 22.0 (SPSS Inc., Chicago 
IL, USA) was used for statistical analyses. Continu-
ous numerical data were presented as mean ± standard 
deviation (SD); while categorical data were presented as 
frequency (percentage, %). Independent samples t-test 
was used to compare continuous variables. Pearson’s chi-
square test or Fisher’s exact test was used for comparing 
categorical data. All tests were two-sided. Statistical sig-
nificance was defined as the two-tailed P value less than 
0.05.

Results
Demographics and clinicopathological data
The demographics, clinical and histopathological char-
acteristics of all PMBC patients were summarized in 
Table 1. The mean age at diagnosis was 56.7 years (range 
28 ~ 95). Sixty-one patients (34.7%) were pre-meno-
pausal and 115 (65.3%) patients were post-menopausal. 
ALNM not associated with age (P = 0.437). There were 
15 patients with positive axillary lymph nodes while the 
other 161 patients’ axillary lymph node were negative. 

The incidence of ALNM was 8.5%. All the PMBCs were 
positive for ER expression, and 90.9% of all were positive 
for PR expression. Only 2 cases (1.1%) showed HER2 pos-
itivity in all PMBC patients. Ki-67 were high expressed in 
36 tumors (20.5%), and it was higher in the ALNM group 
than non-ALNM group (33.3% vs. 19.3%), although the 
difference wasn’t significantly (P = 0.338).

Ultrasonographic features of PMBC categorized by ALNM
Sonographic features of the PMBC with and with-
out ALNM were shown in Table  2. Tumors located in 
the outer side of the breast (upper outer quadrant and 
lower outer quadrant) were more likely to have lym-
phatic metastasis, and the difference between the two 
group was significantly (86.7% vs. 60.3%, P = 0.043). The 
average tumor size was 25.8  mm (range 8 ~ 146  mm) 
in all cases. Although tumor size not associated with 
ALNM(P = 0.418), the tumor size in ALNM group 
(32.3 ± 32.7  mm) was bigger than non-ALNM group 
(25.2 ± 12.8  mm). In sonogram, most tumors present 
as irregular shape (89.2%), parallel orientation (83.0%), 
not-circumscribed margin (57.4%) and posterior acous-
tic enhancement (65.9%) (Fig. 1a and b). Complex cystic 
and solid echo pattern was present in 44 PMBC patients 
(25%) (Fig. 2a). Cystic component was existed in 40% of 
PMBC patients with ALNM, which was higher than that 
with no ALNM (23.6%). Tumor blood flow was grade 
II-III in most PMBC tumors (68.2%) (Fig.  2b). How-
ever, there is no association between these ultrasound 
parameters and axillary lymph node metastasis in PMBC 
(P = 0.917 for tumor shape, P = 0.140 for orientation, 
P = 0.447 for margin, P = 0.229 for posterior acoustic pat-
tern, P = 0.275 for echo pattern and P = 0.874 for blood 
flow level).

Discussion
PMBC is a rare type of breast malignancy and usually has 
an excellent overall prognosis. However, some analysis 
in recent years suggest that PMBC may not be a homo-
geneous tumor. On some occasions, PMBC pursues an 
aggressive clinical course, and lymph node metastasis or 
even distant organ metastasis can present [5, 13].

Lymph node status, as including in the TNM stage 
assessment, is important for surgery type choice, sys-
temic therapy, and assessing long-term prognosis in the 
common breast carcinoma [14, 15]. Axillary lymph node 
is the first site for lymph node metastasis, and most lym-
phatic vessels in the breast are draining to the axilla [16]. 
Although some previous studies declared that axillary 
lymph node staging in PMBC patients may not be neces-
sary because PMBC seems unlikely to metastasize [17]. 
It is speculated that the large amount of extracellular 
mucus has a defensive barrier effect on infiltration, and 
the mucus also hinders cancer cells metabolism, thereby 

Table 1  Clinical and histopathological characteristics of the 
PMBC with and without ALMN
Variables All 

(n = 176)
ALNM 
(n = 15)

Non-
ALNM 
(n = 161)

t/χ2 P 
value

Age (y) 56.7 ± 14.0 54.0 ± 14.0 57.0 ± 14.1 0.779 0.437
Menopausal status 1.044 0.307
  Post-meno-
pausal

115(65.3%) 8(53.3%) 107(66.5%)

  Premenopausal 61(34.7%) 7(46.7%) 54(33.5%)
ER - -
  Positive 176(100%) 15(100%) 161(100%)
  Negative 0(0) 0(0) 0(0)
PR 0.357 0.898
  Positive 160(90.9%) 13(86.7%) 147(91.3%)
  Negative 16(9.1%) 2(13.3%) 14(8.7%)
HER-2 0.188 1.000
  Positive 2(1.1%) 0(0) 2(1.2%)
  Negative 174(98.9%) 15(100%) 159(98.8%)
Ki-67 level 0.918 0.338
  Low(<20%) 140(79.5%) 10(66.7%) 130(80.7%)
  High (≥ 20%) 36(20.5%) 5(33.3%) 31(19.3%)
ALNM = axillary lymph node metastasis; non-ALNM = no axillary lymph node 
metastasis; ER = estrogen receptor; PR = progesterone receptor; HER-2 = human 
epidermal growth factor receptor 2
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reducing invasive biological behavior. More and more 
studies with large cohorts reported that lymph node 
metastasis is the most significant independent prognostic 
factor for PMBC. Previous studies have shown the nodal 
status is the strongest predictor of disease-specific sur-
vival and the majority of patients presenting with axillary 
metastases proceeded to develop distant metastases [18, 
19]. Saverio et al. [7] revealed a worse survival rate with 
a statistically highly significant difference between the 
node negative and node positive cases, and the difference 
was shown to be higher with longer follow up.

Compared with the common invasive ductal carcinoma 
of breast, PMBC is identified more frequently in elderly 

and post-menopausal women. In our series, 65.3% of the 
all patients were post-menopausal women. Lymph node 
metastasis is not correlation with the patients’ age as 
what happened in common breast carcinoma, although 
patient age may be a significant prognostic factor for sur-
vival [7].

Tumor size, which represents the T of TNM stage for 
breast cancer, is an important parameter used to evalu-
ate the patients’ prognosis and select suitable therapy. 
In the previous studies for common breast carcinoma, 
tumor size was documented as one of the most com-
mon predictors for axillary lymph node metastasis, and 
there had strictly linear relationship between them [5, 

Table 2  Ultrasonographic features of the PMBC with and without ALNM
Variables All(n = 176) ALNM (n = 15) Non-ALNM (n = 161) t/χ2 P-value
Size (mm) 25.8 ± 15.4 32.3 ± 32.7 25.2 ± 12.8 0.835 0.418
Location 4.086 0.043
  Outer side 110(62.5%) 13(86.7%) 97(60.2%)
  Inner side 66(37.5%) 2(13.3%) 64(39.8%)
Orientation 2.180 0.140
  Parallel 146(83%) 15(100%) 131(81.4%)
  No parallel 30(17%) 0(0) 30(18.6%)
Shape 0.290 0.917
  Regular 19(10.8%) 1(6.7%) 18(11.2%)
  Irregular 157(89.2%) 14(93.3%) 143(88.8%)
Margin 0.577 0.447
  circumscribed 75(42.6%) 5(33.3%) 70(43.5%)
  Not-circumscribed 101(57.4%) 10(66.7%) 91(56.5%)
Echo pattern 1.190 0.275
  Solid echo 132(75%) 9(60%) 123(76.4%)
  Complex cystic and solid echo 44(25%) 6(40%) 38(23.6%)
Posterior echoic 1.449 0.229
  Shadowing/Normal 60(34.1%) 3(20%) 57(35.4%)
  Enhancement 116(65.9%) 12(80%) 104(64.6%)
Blood flow level 0.201 0.874
  0-I 56(31.8%) 4(26.7%) 52(32.3%)
  II-III 120(68.2%) 11(73.3%) 109(67.7%)
ALNM = axillary lymph node metastasis; non-ALNM = no axillary lymph node metastasis; Outer side = lower outer quadrant and upper outer quadrant; Inner 
side = upper inner quadrant and lower inner quadrant

Fig. 1  Ultrasonography of a PMBC tumor with ALNM. (a) Ultrasonogram shows a heterogeneous tumor with irregular shape, circumscribed margin and 
posterior enhancement. (b) Metastatic lymph nodes in the armpit with heterogeneous thickening of cortex (white arrow)
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20]. When the tumor is larger, with an increased likeli-
hood of infiltration into the surrounding lymphatic ves-
sels, which considerably increases the risk of ALNM [21]. 
For PMBC, some authors found that the incidence of 
node positivity was directly related to tumor size [7, 22], 
other studies did not find any correlation between tumor 
size and the incidence of axillary nodal metastases [17, 
18, 23]. In our PMBC series, although there has a trend 
that tumor size in the ALNM group seems larger than 
that in no-ALNM group, it is not correlated with ALNM. 
This may be caused by the large amount of mucus which 
dilutes rumor cells, and the biological significance of size 
may mot equivalent to that of fibrous stromal tumors.

Some previous studies found common breast tumors 
with lateral-location were higher frequency of ALNM 
than medial-location ones [24, 25]. Our study showed 
that PMBC location in the outer side of breast (upper 
outer quadrants and lower outer quadrants) is more likely 
with positive axillary lymph nodes, which is accord-
ing with common breast tumor. This finding accordance 
with lymphatic drainage pathway of the breast: most of 
the lymph fluid of the outer side of the breast is drained 
through the lymphatic vessels of the pectoralis lateral 
margin major to the axillary lymph nodes, while part of 
the inner side of the breast lymph fluid flows through 
intercostal lymphatic vessels to parasternal lymph nodes.

In our study, all the PMBC are ER+, 90.9% of all are 
PR + and 2 patients (1.14%) in all are Her2-positivity, 
which are accordance with previous studies. Ki-67 were 
low expressed in major PMBCs, and only 20.5% of our 
series expressed high level. The Ki-67 protein is a nonhis-
tone nuclear protein encoded by the MKI-67 gene, and 
is exclusively related to cell proliferation [26]. Ki-67 is a 
well-established biomarker closely related to the develop-
ment, metastasis, and prognosis of various tumors. Rel-
evant research has shown that Ki-67 is an independent 
prognostic factor for breast carcinoma, and overexpres-
sion is associated with a poor prognosis for patient in the 
early stage [27–30]. For PMBCs, Pan et al. reported that 

high Ki-67 appeared as disease-free survival factor [5]. 
Moreover, many researchers have documented that Ki-67 
expression is associated with lymph node metastasis in 
common breast carcinoma [31–33]. In our PMBC series, 
20.5% of all PMBC were documented with high expres-
sion of Ki-67, while in ALNM and non-ALNM group it 
was 33.3% and 19.3% respectively. Although Ki-67 not 
associated with ALNM, there was a trend that the ALNM 
group had a higher Ki-67 express.

Compared with common invasive ductal carcinoma 
of breast, there have some obvious differences in sono-
graphic features of PMBC, such as circumscribed margin, 
regular shape and enhancement posterior echoic. Pre-
vious studies reported that some sonographic features, 
such as tumor shape, margin, internal echo and vascular-
ity, were significantly associated with ALNM [33, 34]. But 
the pathological type collected in previous studies were 
major in common invasive ductal carcinoma. For our 
PMBC series, they all not associated with ALNM. Con-
ventional ultrasound image seems limit in distinguishing 
PMBC axillary lymph node metastasis trending.

The limitations of this study should be mentioned. 
Firstly, this is a single-center analysis and the sample size 
is relatively small, especially for patients with ALNM. 
The bias is inevitable for this study due to the low inci-
dence rate of ALNM in PMBC cohorts. Further studies 
with larger cohorts are warranted. Secondly, this is a ret-
rospective analysis of still US images which may cause 
missing or misinterpreting information. Thirdly, the 
ultrasound parameters in this study are only obtained 
from conventional ultrasound. Some new technology, 
like radiomics and ultrasonic radio frequency signal anal-
ysis, will be performed to explore more.

Conclusion
Tumor location is a significant factor for axillary lym-
phatic metastasis in PMBC. Outer side location is more 
easily for axillary lymph node metastasis. With the big-
ger size and Ki-67 higher expression status, the lymphatic 

Fig. 2  Ultrasonography of a PMBC tumor without ALNM. (a) Ultrasonogram shows a tumor with microlobulated margin (black arrow), complex cystic 
(white arrow) and solid echo. (b) Color Doppler flow imaging shows high level of blood flow in the tumor
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metastasis seems more likely to present. Unlike inva-
sive ductal carcinoma, there is no association between 
conventional ultrasound image parameters and axillary 
lymph node metastasis in PMBC. More samples or new 
ultrasonic technology, like radiomics and ultrasonic radio 
frequency signal analysis, should be performed to explore 
more.
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