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Abstract: Objective: To explore the clinicopathologic features and differential diagnosis of breast primary mucinous 
cystadenocarcinoma (MCA). Methods: Pathological characteristics and immunophenotype of one case of MCA were 
analyzed. Literature was reviewed. Results: Grossly, the area of the tumor cut surface was gelationous. Microscop-
cally, the tumor was composed of variably sized cystic spaces lined by mucus-rich tumor cells with single columnar, 
stratified appearance and papillary formation. The degree of cytologic atypia varied from region to region. The tumor 
cells were positive for CK7, GATA3, negative for CK20, ER, PR and HER2. Most peripheral myoepithelial cells were 
negative for P63 and SMMHC. Conclusions: MCA is a rare primary breast cancer and strikingly similar to ovarian, 
pancreatic and gastrointestinal counterparts. The diagnosis cannot be made until the metastatic lesion is ruled out. 
On the other hand, the biologic behavior of MCA is reportedly favorable despite a high proliferation index and triple 
negative biomarker status. Therefore, the role of adjuvant chemotherapy or radiation is questionable.
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Introduction

Primary mucinous cystadenocarcinoma (MCA) 
is a rare malignant tumor of the breast. In the 
third edition “Pathology and Genetics of Breast 
and Female Reproductive Organs” (2003 edi-
tion, WHO) [1], it was defined as a malignant 
tumor formed by intracellular mucin-rich co- 
lumnar cells lining the wall of the cyst, similar  
to the mucinous cystadenocarcinoma of ovary 
or pancreas. At present, less than 30 cases 
have been reported and most of them are ca- 
se reports. We reviewed the clinicopathologic 
features, histomorphology, immunophenotype, 
and other data of breast primary MCA, com-
bined with literature review and discussion, 
aiming to improve the judgment of the features 
of this type of tumor, and provide a theoretical 
basis for the choice of treatment.

Materials and methods

Clinical materials

By collecting the external inspection and con-
sultation pathologic archives from January 

2009 to June 2019 in The Department of 
Pathology, Affiliated Hospital of Qingdao Uni- 
versity, we obtained 1 case of MCA and re- 
viewed all the sections.

Methods

We use EnVision two-step approach and spe-
cial stain methods of PAS and mucicarmine 
staining, then observed by light microscopy. 
The primary antibodies we used include CK7, 
CK20, GATA3, Mammaglobin, P63, SMMHC, 
ER, PR, HER2, Ki-67, E-cad, CDX-2, CA19-9, 
TTF-1, WT-1 and CA125. The results of immu- 
nohistochemical staining were determined by 
diaminobenzidine, and the positive expression 
was brownish yellow. GATA3, P63, ER, PR, 
Ki-67, TTF-1 and WT-1 were located in the 
nucleus, and others were located in the cyto-
plasm. The results of HER2 staining were 
referred to the “Guidelines for Detection of 
HER2 in Breast Cancer (2019 Edition)” [2].

Results

Clinical materials: A 66-year-old post-meno-
pausal women was admitted to the hospital 
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after her right breast lump was found two 
months later. In the outpatient examination, a 
35×25 mm lump with hard texture and unclear 
boundaries was touched in the upper inner 
quadrant of the right breast. Ultrasonography 
demonstrated a 12-point hypoechoic mass in 
the right breast with multiple hypoechoic nod-
ules around it, and the border was unclear 
(Figure 1A). BI-RAD classification is 5. The 
mammography showed a high-density shadow 
in the upper quadrant of the right breast, and 
the edge was rough, measuring about 32 
mm×23 mm in dimension (MLO position) (Fig- 
ure 1B). Gynecological ultrasonography show- 
ed no abnormalities in the uterus and bilateral 
attachments. Malignant tumor of breast was 
diagnosed based on the intraoperative frozen 
section. Then radical mastectomy was perfor- 
med. After 13 months of follow-up, the patient 
was still alive.

Pathological findings: Gross inspection reve- 
aled an unclear boundary tumor with gray and 
crisp cut surface, measuring approximately 
25×25×20 mm. Some areas are jelly-like and 
shiny (Figure 2). Microscopically, the tumor is 
composed of variably sized cystic cavities lined 
by columnar cells and filled with hemorrhagic 
mucin (Figure 3A). Some cavities are lined by 
monolayer high mild columner cells with basally 
placed nuclei and abundant intracytoplasmic 
mucus (Figure 3B). In some areas, multi-lay-
ered cells display complex, branching, papillary 
processes, protruding into the cystic cavity 
(Figure 3C). Some tumor cells have reduced 
intracellular mucus, increased atypia, cytoplas-
mic eosinophilia (Figure 3D) and pathologic 
mitosis (Figure 3E). A small amount of mucus 
overflows into the stroma, forming a mucus 
lake with the nested or papillary cell clusters 
floating there (Figure 3F). Common ductal car-
cinoma in situ (DCIS) were observed around the 
main lesion. No cancer metastasis was found 
in the ipsilateral axillary lymph nodes (0/17).

Special staining and immunohistochemistry: 
Special staining showed that the mucus inside 
and outside the tumor cells was positive for 
PAS and mucicarmine (Figure 4A). Immuno- 
histochemistry showed that tumor cells were 
positive for CK7, GATA3 (Figure 4B, 4C), Mam- 
maglobin, and negative for CK20 (Figure 4D). 
The lateral myoepithelial cells of the tumor  
wall were positive for a small part of the small 
wall of P63 and SMMHC, and most of the wall 
was negative (Figure 4E, 4F). ER, PR, HER2, 
CA19-9, CDX-2, TTF-1, CA125, WT-1 were nega-
tive in tumor cells. The positive rate of Ki-67 
was about 60%. Including areas with mild cell 

Figure 1. A. Ultrasonography demonstrated a hypoechoic mass in the right breast with multiple hypoechoic nodules 
around it, and the border was unclear. B. The mammography showed a high-density shadow in the upper quadrant 
of the right breast, and the edge was rough, measuring about 32 mm×23 mm in dimension (MLO position).

Figure 2. Gross inspection revealed an unclear 
boundary tumor with gray and crisp cut surface, 
measuring approximately 25×25×20 mm. Some ar-
eas are jelly-like and shiny.
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morphology, the Ki-67 positive rate was also 
higher.

Discussion

Breast primary MCA is a rare malignant tumor 
that bears a striking resemblance to MCAs of 
the ovarian, pancreatic and/or gastrointesti- 
nal mucinous cystadenocarcinoma. In 1998, 
Koening and Tavassoli reported four cases of 
breast primary MCA firstly. Since then, 22 ca- 
ses of histologic morphology and immunohis- 
tochemical features of primary mammary MCA 
were reported [3-22]. In 2003, the third edition 
of WHO “Pathology and Genetics of Breast and 
Female Reproductive Organ Tumors” classified 
it as a carcinoma of the breast that can pro-
duce mucus, including mucinous carcinoma 
(colloidal carcinoma), columnar cell mucinous 
carcinoma, and signet ring cell carcinoma. Due 
to the limited number of MCA cases, the fourth 

different degrees of atypia. Some cells are  
rich in mucus with the nucleus located in the 
basal part. Some cells have reduced mucus, 
enhanced cytosolic eosinophilic, and increa- 
sed nuclear atypia. In addition, 3 of these 4 
cases showed local squamous cell carcinoma 
differentiation, 1 case spilled mucin substance 
into the stroma, 2 cases contained common 
DCIS components, and 1 case contained high-
grade sarcomatoid components.

The morphological characteristics of breast 
MCA in subsequent reports are similar to tho- 
se reported by Koening and Tavassoli [4-22], 
which are characterized by abundant intracel-
lular mucus and extracellular mucus in the cen-
ter of the cyst. In some cases (11 cases), mu- 
coid secretion spill into the surrounding stroma 
forming a mucus lake in which there were sin-
gle or small clusters of tumor cells floating, 
similar to breast mucinous carcinoma (gelati-

Figure 3. A. Microscopically, the tumor showed variably sized cystic cavi-
ties lined by columnar cells and filled with hemorrhagic mucin (HE ×40). B. 
Some cavities are lined by monolayer high mild columnar cells with basally 
placed nuclei and abundant intracytoplasmic mucus (HE ×100). C. The cells 
in some regions were hyperplastic and protruded into the capsule cavity, 
forming a complex branching nipple (HE ×200). D. Some tumor cells have 
reduced mucus, increased atypia, and cytoplasmic eosinophilia (HE ×200). 
E. Pathological mitosis can be seen (HE ×400). F. A small amount of mucus 
overflows into the stroma, forming a mucus lake with the nested or papillary 
cell clusters floating there (HE ×100).

edition “Pathology and Gene- 
tics of Breast and Female Re- 
productive Organs (2012 edi-
tion, WHO)” did not classify it 
by name, and only reserved 
the cancer of mucus and the 
cancer with differentiation of 
signet cells.

At present, there are only 26 
cases of breast primary MCA 
have been published from 
1998, and the clinicopatho- 
logic characteristics are sum-
marized in Table 1. They rang- 
ed in age from 49-96 years  
old. Almost all of them are 
postmenopausal women. The 
first reported of four breast  
primary MCAs are morphologi-
cally expressed as cystic cavi-
ties with unequal size and 
unevenly distribution [3]. The 
cystic cavities were lined with 
mild columnar mucous cells 
lacking of myoepithelial mark-
ers. Koening and Tavassoli 
described it as the subtype of 
low-grade invasive ductal car-
cinoma. In some areas, the 
cells proliferate and stratify 
forming cell clusters into the 
cystic cavity or a papillary 
structure. Cells can express 
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nous carcinoma). Common DCIS (with or with-
out mucus) was seen in some cases (14 ca- 
ses), and 6 of them showed cystic dilatation 
catheters lined by a monolayer or stratified  
high columnar mucous cells in varying degrees 
of cell dysplasia. These capsules may be ac- 
companied by or without myoepithelium. The 
case in this paper also has the above morpho-
logic and immunophenotypic characteristics. 
Chen et al believed that these DCIS originated 
from the mucinous metaplasia of epithelial 
cells of common DCIS [7], and it was named as 
the in situ carcinoma form of MCA.

Immunohistochemical results showed that 
most of the cases (including the current case) 
were negative for ER, PR and HER2 [3, 5, 7-11, 
13-17, 19-22], and only 3 cases was positive 
(FISH was also positive) in HER2 [12, 18, 20], 
and 1 case (case 10) was positive for ER [10]. 
Interestingly, the positive rate of Ki-67 in most 
tumor cells including areas with mild cells was 
higher, ranging from 20.5% to 90% [7, 9]. It is 
about 60% in this case. This suggests that 
most of the tumor cells of MCA are in a high 

the prognosis of primary breast MCA is better, 
but further long-term follow-up studies of more 
cases are still needed.

Breast MCA is rare with similar morphology  
to ovarian, pancreatic, and/or gastrointestinal 
counterparts. But ovarian MCA is also a malig-
nant tumor in women of this age [23]. There- 
fore, in the diagnosis of primary breast MCA, 
the ovary, pancreas and gastrointestinal tract 
should be excluded first by combing with medi-
cal history, clinical manifestations and imaging 
examination. Since the breast is not an early 
metastatic site of mucinous cystadenocarcino-
ma in ovary, the patient should have clinical 
manifestations of the primary lesion and other 
metastatic sites before the metastatic lesion 
appears in the breast. In addition, CK7 and 
CK20 immunohistochemical detection can as- 
sist diagnosis [24]: most ovarian, pancreatic 
mucinous carcinoma is positive for CK7, CK20; 
gastrointestinal tumors are negative for CK7 
and positive for CK20. No evidence of ovarian 
cancer was found in all patients in Table 1, ex- 
cept a small number of tumor cells were posi-
tive for CK20 in case 8 [7], and the remaining 

Figure 4. A. Special staining showed positive mucus inside and outside tu-
mor cells (Mucicarmine staining ×100). B, C. CK7 and GATA3 was positive in 
tumor cells (EnVision ×100). D. CK20 was negative in tumor cells (EnVision 
×100). E, F. Most of the lateral myoepithelial cells of cystic cavities were 
negative for P63 and SMMHC (EnVision ×100).

proliferative state, regardless 
of the degree of atypia of the 
cells.

Although Ki-67 showed a high 
index of proliferation, and its 
tumor cells showed a triple 
negative expression in ER, PR, 
HER2. But the prognosis of 
MCA was better. All cases we- 
re followed up from 6 months 
to 9 years (Table 1), of which 
only case 1 (9 years follow- 
up), case 7 (46 months follow-
up), and case 23 (14 months 
follow-up) died of other diseas-
es [5, 6, 19]. Case 26 (8 years 
of follow-up) patients with local 
recurrence, suggested that 
this kind of tumors may be at 
risk of long-term local recur-
rence [22]. The risk of lymph 
node metastasis was low with 
only 4 cases of ipsilateral axil-
lary lymph node metastasis [3, 
5, 14, 21] and 1 case of isolat-
ed tumor cells (ITC) were seen 
in the lymph nodes [22]. All of 
the above results suggest that 
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tumor cells were CK7-positive and CK20-neg- 
ative, so was the case in this article. At the 
same time, in most cases (including this case), 
ductal carcinoma in situ (general DCIS) is pres-
ent around the MCA lesion, and the case of 
MCA in situ is seen in this case. This supports 
that the tumor is primary to the mammary 
gland.

Secondly, in some cases, mucus overflows into 
the interstitial and forms a mucus lake. When 
there is a lack of floating cell clusters, it is still 
necessary to distinguish from mucinous cyst-
like lesions. The mucinous cyst-like lesions are 
lined with flat, cuboid or low columnar epitheli-
um, with a mild morphology and no mucus in 
the cytoplasm, while the epithelium of the MCA 
cyst wall is a high columnar cell rich in mucus. 
In addition, some cases in Table 1 and the case 
in this article can be seen the cluster of clus-
tered or micropapillary cancer cells floating in 
the spilled mucus lake, the cytoplasmic mucus 
is reduced, Similar to primary mucinous carci-

noma (gelatinous cancer) of the breast [4, 6, 
11-13, 16, 22]. However, the latter is more 
common in the breast, and the ER and PR of 
tumor cells are mostly positive.

Finally, MCA still needs to be differentiated 
from cystic hypersecretory cancer of the bre- 
ast. Both of them contain cystic cavities with 
high cystic expansion, but both of MCA cells 
and cysts contain mucus that is positive for 
PSA and mucicarmine, while the capsule high-
secretion cancer has no intracellular mucus, 
and the cystic cavity contains red-stained, 
homogeneous secretions, similar to glial thy-
roid follicles, and the colloid-like secretions do 
not contain cancer cells, or only contain a small 
number of macrophages.

Because this type of tumor is extremally rare, 
its tissue occurrence and biologic behavior are 
still uncertain. Some scholars have proposed 
the hypothesis of catheter epithelial mucus 
metaplasia. Lee and Chaung believe that the 

Table 1. Clinicopathologic analysis of breast primary mucinous cystadenocarcinoma

Case Age 
(years)

Size 
(mm) DCIS MCA 

in situ
Mucus spillover 

into stroma
lymphatic 

metastasis ER PR HER2 CK7 CK20 Follow-up Relapse

1 79 60 + + + - - - - + - DOD, 9 years -

2 54 190 - - - + - - - + - ANED, 24 months -

3 67 23 + - + - - - - + - ANED, 22 months -

4 49 85 + + - - - - - + - ANED, 11 months -

5 61 8 - - - - - - - + - NA NA

6 74 100 + - + - - - - + - ANED, 24 months -

7 96 20 - - - + - - - + - DOD, 46 months -

8 65 30 + + - - - - - + + ANED, 8 months -

9 51 40 - - - - - - NA + - NA NA

10 52 100 - - + - + - - - - ANED, 24 months -

11 55 25 + - - - - - - + - ANED, 6 months -

12 61 30 - - - - - - - + - ANED, 6 months -

13 73 45 + - + - - - + + - NA NA

14 55 30 + - + - - - - + - NA NA

15 65 30 + + + + - - - + - ANED, 6 months -

16 41 70 + + - - - - - + - ANED, 24 months -

17 52 65 - - - - - - - + - ANED, 12 months -

18 59 9 + - - - - - - + - ANED, 3 months -

19 62 56 - - - - - - - + - ANED, 5 months -

20 55 20 + - - - - - + + - ANED, 10 months -

21 59 20 - - - - - - + NA NA NA NA

22 50 22 - - - - - - - NA NA NA NA

23 91 75 + - - - - - - + - DOD, 14 months -

24 63 16 - - - + - - - + - ANED, 48 months -

25 68 62 + - + - - - - + - ANED, 3 months -

26 51 20 + - + ITC - - - + - ANED, 8 years +

27 66 25 + + + - - - - + - ANED, 10 months -
MCA in situ, mucinous cystadenocarcinoma in situ; DOD, died of other diseases; ANED, alive with no evidence of disease; NA, not available; ITC, isolated tumor cells.
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accumulation of mucus in the intraductal pa- 
pillary carcinoma with mucous epithelial meta-
plasia and extracellular mucus leads to cystic 
expansion of the lumen, loss of myoepithelium 
and adjacent interstitial infiltration, leading to 
MCA eventually [9]. However, this hypothesis 
does not explain the biologic behavior of MCA, 
which has a basal-like molecular phenotype  
but a good prognosis. Similarly, Chen et al pro-
posed the theory of mucinous metaplasia of 
conventional DCIS cancer cells and mucinous 
cyst-like lesions with epithelial malignant tr- 
ansformation does not receive completely ap- 
provement [7].

The limited number of cases limits the recog- 
nition of MCA and the choices of treatment 
strategies. Most of the previously reported 
cases underwent partial or radical mamme- 
ctomy, and receive chemotherapy and radio-
therapy [21]. However, follow-up results indi-
cate that the prognosis of patients with MCA is 
good. So, the significance of neoadjuvant che-
motherapy or radiotherapy remains question-
able. Moreover, the triple-negative immuno- 
phenotype and high proliferation index of MCA 
may lead to false perceptions or overtreat- 
ment with unnecessary chemotherapy and 
radiotherapy in some patients.

In conclusion, MCA is an extremely rare variant 
of the primary breast carcinomas. It is similar  
to ovary and pancreas counterparts in mor- 
phology. In diagnosis, it is necessary to com-
bine clinical and imaging examinations to ex- 
clude the abnormalities in other organs firstly. 
In addition, MCA’s high proliferative index and 
triple-negative immunophenotype are not fully 
consistent with its better prognostic biologic 
behavior. There are still doubts about the choi- 
ce of treatment strategies such as neoadju- 
vant chemotherapy or radiotherapy. To solve 
this problem, more cases need to be accumu-
lated for further investigation and discussion.
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