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Mucinous Neoplasms of the 
Ovary: Radiologic-Pathologic 
Correlation

Mucinous neoplasms of the ovary account for 10%–15% of ovar-
ian neoplasms. They may be benign, borderline, or malignant. The 
large majority are benign or borderline, accounting for 80% and 
16%–17%, respectively. Mucinous neoplasms of the ovary most 
commonly affect women in their 20s to 40s. The clinical manifesta-
tion is nonspecific, but most mucinous ovarian neoplasms mani-
fest as large unilateral pelvic masses. At gross pathologic analysis, 
mucinous ovarian neoplasms appear as large multiloculated cystic 
masses. The contents of the cyst loculi vary on the basis of differ-
ences in internal mucin content. At histologic analysis, mucinous 
ovarian neoplasms are composed of multiple cysts lined by muci-
nous epithelium, often resembling gastrointestinal-type epithelium. 
Imaging evaluation most commonly includes US and/or MRI. The 
imaging findings parallel the gross pathologic features and include 
a large, unilateral, multiloculated cystic mass. The cyst loculi vary 
in echogenicity, attenuation, and signal intensity depending on the 
mucin content. Mucinous neoplasms of the ovary are staged sur-
gically using the FIGO (International Federation of Gynecology 
and Obstetrics) staging system. Primary treatment is surgical, with 
adjuvant chemotherapy considered in the uncommon case of mu-
cinous carcinoma with extraovarian disease. Since most mucinous 
ovarian neoplasms are benign or borderline, the overall prognosis is 
excellent.
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After completing this journal-based SA-CME 
activity, participants will be able to:

 ■ List the pathologic subtypes of muci-
nous ovarian neoplasms.

 ■ Describe the main pathologic features 
of mucinous ovarian neoplasms.

 ■ Recognize the imaging features of mu-
cinous ovarian neoplasms.

See rsna.org/learning-center-rg.

SA-CME LEARNING OBJECTIVES

Introduction
The ovary is affected by a diverse set of neoplastic and nonneoplastic 
conditions. The World Health Organization (WHO) classifies ovarian 
neoplasms into 13 distinct categories (Table 1). Epithelial tumors are 
the most common category and include a heterogeneous collection 
of neoplasms. The subtypes of epithelial neoplasms are serous, mu-
cinous, endometrioid, clear cell, Brenner, and seromucinous tumors 
and undifferentiated carcinoma (1).

Mucinous neoplasms of the ovary represent 10%–15% of ovarian 
neoplasms (2). Mucinous ovarian neoplasms are divided into benign, 
borderline, and malignant groups. Benign mucinous neoplasms 
include mucinous cystadenoma and mucinous adenofibroma and 
account for 80% of cases. Borderline tumors (mucinous borderline 
tumor/atypical proliferative mucinous tumor) are the next most 
common type, accounting for 16%–17% of cases. The remaining 
3%–4% of primary tumors are ovarian mucinous carcinomas (1,2). 
Metastatic mucinous tumors, particularly those of gastrointestinal 
or appendiceal origin, should be excluded when primary mucinous 
carcinoma of the ovary is considered (3).

In this article focused on radiologic-pathologic correlation, 
we use cases from the radiologic pathology archives of the AIRP 
(American Institute for Radiologic Pathology) to review important 
features of mucinous neoplasms of the ovary, including clinical 
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and CA-125. Levels of CA 19-9, CA-125, and 
carcinoembryonic antigen (CEA) may be used 
to identify the presence of tumor and may be 
followed postoperatively to assess treatment and 
recurrence (7,8).

Rarely, borderline mucinous tumors can 
manifest with pseudomyxoma peritonei, al-
though this entity is usually related to tumors 
of appendiceal origin. Pseudomyxoma peritonei 
involves widespread seeding of mucin-producing 
cells in the peritoneal cavity, leading to signifi-
cant accumulation of mucinous material. This 
can lead to bowel obstruction and tends to recur 
after treatment (9).

Staging and Treatment
As with all ovarian tumors, staging is surgical. 
However, mucinous tumors of the ovary are dis-
tinct from other epithelial ovarian tumors in that 
they are more likely than serous carcinomas to 
manifest at an early stage. Eighty-three percent of 
mucinous ovarian carcinomas are FIGO (Inter-
national Federation of Gynecology and Obstet-
rics) stage I at presentation, in contrast to 4% of 
serous carcinomas (10).

Surgical treatment of mucinous tumors con-
sists of intact removal of the involved adnexa. Oo-
phorectomy, as opposed to cystectomy, decreases 
the rate of local recurrence. Great care must be 
taken, as spillage of the cyst contents could in-
crease the risk of recurrence (11). The procedure 
is frequently done via laparotomy, given the large 
size of these tumors at presentation. However, in 
skilled hands, a minimally invasive approach is 
appropriate.

The remainder of the staging procedure 
depends on the pathologic diagnosis and if the 
patient desires future fertility. In benign tu-
mors, intact removal of the adnexa is sufficient. 
However, if a borderline tumor or carcinoma is 
suspected and fertility is desired, staging should 
also include pelvic and peritoneal washings, 
peritoneal biopsies, and an omentectomy. If the 
patient is postmenopausal, a total hysterectomy 
and bilateral salpingo-oophorectomy may be 
performed (4).

Lymphadenectomy is unnecessary during stag-
ing because mucinous tumors grossly confined to 
the ovary do not have occult lymph node metas-
tases (12). It was once thought that an appen-
dectomy should be performed when a mucinous 
tumor is suspected; however, this is no longer 
considered necessary if the appendix appears to 
be grossly normal and there is no pseudomyxoma 
peritonei (13).

After surgical resection, both benign and 
borderline tumors should be adequately treated. 
In one Gynecologic Oncology Group study, there 

manifestation, key pathologic features, multimo-
dality imaging findings, staging, and treatment 
and prognosis considerations.

Clinical Considerations

Epidemiology
Mucinous ovarian tumors affect a wide age 
range of patients. Benign mucinous cystadeno-
mas usually affect women in their 20s to 40s (4). 
Mucinous borderline tumor/atypical proliferative 
mucinous tumor has an average age at diagnosis of 
40–49 years. Similarly, the mean age at diagnosis 
of mucinous carcinoma is 45 years (1).

Clinical Manifestation
Mucinous tumors of the ovary frequently manifest 
with clinical signs and symptoms of a large unilat-
eral pelvic mass. The average size at presentation 
is 18 cm; however, these tumors can become very 
large and fill the entire abdominopelvic cavity (Fig 
1). The resultant signs and symptoms are often 
secondary to the large size of the mass and may 
include pain, abdominal or pelvic fullness, or a pal-
pable mass. The clinical signs and symptoms are 
nonspecific, but large size alone at physical exami-
nation is suggestive of a mucinous histologic type 
(5). This is important, as metastases to the ovary 
are more likely to be bilateral and smaller (6).

The most useful serum markers to iden-
tify mucinous ovarian carcinoma are CA 19-9 

TEACHING POINTS
 ■ Mucinous neoplasms of the ovary represent 10%–15% of 

ovarian neoplasms. Mucinous ovarian neoplasms are divided 
into benign, borderline, and malignant groups.

 ■ Mucinous tumors of the ovary frequently manifest with clini-
cal signs and symptoms of a large unilateral pelvic mass. The 
average size at presentation is 18 cm; however, these tumors 
can become very large and fill the entire abdominopelvic cav-
ity.

 ■ The US appearance of a mucinous ovarian neoplasm is a cys-
tic mass of varying complexity. Mucinous ovarian neoplasms 
are often large and may require transabdominal imaging to 
view the full extent of the mass. They tend to be multilocular, 
containing small cystic components or honeycomb-like loculi.

 ■ In the setting of a mucinous cystic neoplasm, MRI demon-
strates a large, unilateral, multiloculated cystic mass of vary-
ing complexity. The thickness of the cyst wall and septa and 
the presence of internal solid components or nodules are 
nicely demonstrated at postcontrast imaging, typically with 
T1-weighted fat-saturated sequences. The signal intensity of 
the contents of the cyst loculi varies on T1- and T2-weighted 
images, depending on their internal composition.

 ■ Staging of ovarian cancer, including mucinous ovarian neo-
plasms, is done using the FIGO system. FIGO staging is a sur-
gical staging system, but the prognosis of ovarian cancer is 
based on a combination of histologic type, radiographic find-
ings, and operative extent of the disease.
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The gross pathologic findings of mucinous 
cystadenoma are a large unilateral cystic mass 
with a smooth outer surface. The mass is unilat-
eral in approximately 95% of cases. The cyst is 
usually multilocular but can be unilocular. The 
mass ranges in size from a few centimeters to 
more than 30 cm, with a mean size of 10 cm (1). 
Grossly, adenofibromas are usually smaller and 
solid (1).

At histologic evaluation, mucinous cystad-
enomas are usually composed of multiple cysts 
and glands lined by simple nonstratified muci-
nous epithelium (Fig 2). The epithelium re-
sembles gastric mucosa or intestinal epithelium 
with goblet cells (Fig 3). Neuroendocrine and 
Paneth cells may also be present. Focal papillae 
may be present. The ovarian stroma adjacent to 
the epithelial lining of the cyst(s) may be cellular 
and contain regions of stromal luteinization. 
Small regions of mucin or mucin granulomas 
may be present in the stroma if cyst rupture has 
occurred.

In approximately 10% of cases, mucinous 
cystadenomas may coexist with a dermoid cyst 
or Brenner tumor (Fig 4). In cases of mucinous 
adenofibroma, the stroma will appear dense 
and fibrous (1). KRAS mutations are the most 
common genetic alteration in benign mucinous 
tumors and are present in 58% of cases (1,20).

Table 1: WHO Classification of Tumors of the 
Ovary

Epithelial tumors
 Serous tumors
 Mucinous tumors
 Endometrioid tumors
 Clear cell tumors
 Brenner tumors
 Seromucinous tumors
 Undifferentiated carcinoma
Mesenchymal tumors
Mixed epithelial and mesenchymal tumors
Sex cord–stromal tumors
Mixed sex cord–stromal tumors
Germ cell tumors
Monodermal teratoma and somatic-type tumors 

arising from a dermoid
Germ cell—sex cord–stromal tumors
Miscellaneous tumors
Mesothelial tumors
Soft-tissue tumors
Lymphoid and myeloid tumors
Secondary tumors

Source.—Reference 1.

were no recurrences in 156 patients with stage 
I mucinous borderline tumors (14). For higher-
stage borderline tumors, surgical resection of all 
visible disease still remains the best treatment (9). 
For mucinous carcinoma, surgical resection of all 
gross disease is critical.

Adjuvant chemotherapy can be considered 
in mucinous carcinoma for extraovarian dis-
ease. Typically, platinum-based chemotherapy 
in conjunction with a taxane is used. However, 
these tumors are not very chemosensitive, and 
many women with higher-stage tumors die of the 
disease.

Prognosis
Given the benign pathologic features of muci-
nous cystadenoma/adenofibroma, the prognosis 
of these tumors is excellent. Local recurrence can 
be minimized with oophorectomy as opposed to 
cystectomy (1). Mucinous borderline tumors also 
have an excellent prognosis, with overall survival 
of 98% at 5 years and 96% at 10 years (15). Only 
rare cases of malignant transformation have been 
described (9), but the current working hypothesis 
for the origin of ovarian mucinous carcinoma is 
multistep transformation from a borderline muci-
nous tumor (16).

Most mucinous carcinomas are confined to 
the ovary at the time of diagnosis, so the prog-
nosis is favorable. Those with stage I mucinous 
carcinoma have a 91% 5-year survival rate (5). 
Unfortunately, higher-stage mucinous tumors 
have a worse prognosis than their serous counter-
parts (17).

In a study by the Gynecologic Oncology 
Group, progression-free survival for patients 
with mucinous tumors after optimal debulking 
and chemotherapy with cisplatin and paclitaxel 
was 10.5 months compared with 16.9 months 
for women with serous tumors (18). Over-
all survival was 14.8 months for women with 
mucinous tumors compared with 45.2 months 
for those with serous cancers. This discrepancy 
is due to high rates of platinum resistance in 
mucinous carcinomas, rendering them less 
chemosensitive (19). Recurrent tumors have a 
similarly poor prognosis and also respond poorly 
to chemotherapy and radiation therapy (1).

Pathologic Features

Mucinous Cystadenoma/Adenofibroma
The WHO defines mucinous cystadenoma as a 
benign cystic tumor lined by mucinous gastro-
intestinal-type epithelium. In the uncommon 
situation when the tumor demonstrates promi-
nent fibrous stroma, the term adenofibroma is 
used (1).
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Figure 1. Bilateral mucinous cystadenoma in a 27-year-old woman with 1 year of weight gain and acute onset 
of abdominal pain. (a, b) Axial (a) and sagittal (b) contrast-enhanced CT images show a large cystic lesion 
(white *) with one thin septum arising from the left ovary. There is a smaller unilocular lesion in the right ovary 
(black * in b). (c) Gross photograph of the left ovarian lesion shows a smooth-walled cyst. (d) Photograph 
shows that the cyst was filled with over 7 L of serosanguineous fluid. (e) Photomicrograph of the left ovarian le-
sion shows simple mucinous cystic epithelium (arrow), characteristic of mucinous cystadenoma. (Hematoxylin-
eosin [H-E] stain; original magnification, 3200.)

Mucinous Borderline Tumor/Atypical 
Proliferative Mucinous Tumor
The WHO defines mucinous borderline tumor/
atypical proliferative mucinous tumor as com-
posed of mild to moderately atypical, gastroin-
testinal-type, mucin-containing epithelial cells 

that show proliferation greater than that seen in 
benign mucinous tumors, but without stromal 
invasion (1). The analogous term mucinous tumor 
of low malignant potential is not recommended by 
the WHO.

The gross pathologic findings of mucinous 
borderline tumor/atypical proliferative muci-
nous tumor are a large unilateral tumor with 
a smooth external surface. Tumor size ranges 
from several centimeters to 50 cm with a mean 
of 21.5 cm (21). They consist of small to large 
cysts containing mucin. The cyst walls are usu-
ally smooth but may be ulcerated or contain 
areas of solid growth. These lesions are often 
heterogeneous and may contain small foci of 
intraepithelial or invasive carcinoma (1).

The histologic findings of mucinous border-
line tumor/atypical proliferative mucinous tumor 
include a cystic lesion lined by gastrointestinal-
type epithelium. The epithelium often resembles 
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gastric-pyloric epithelium. Goblet cells, neu-
roendocrine cells, and Paneth cells may be 
present. The epithelium demonstrates varying 
degrees of stratification, tufting, and villous or 
slender filiform papillae (Fig 5).

The cytologic features include mild to mod-
erate nuclear enlargement and hyperchromasia, 
but without high-grade nuclear features (Fig 
6). For a tumor to be categorized as mucinous 
borderline tumor/atypical proliferative mucinous 
tumor, the proliferative areas must account for 
at least 10% of epithelial volume. Mitotic index 
is variable. As with the benign mucinous tumors, 
mucin granulomas and intrastromal mucin may 
be seen (1).

There is a subset of mucinous borderline tu-
mors/atypical proliferative mucinous tumors that 
demonstrate foci with marked nuclear atypia or 
confluent growth patterns such as cribriform 

glands confined to the epithelium. This subset 
has been termed mucinous borderline tumor/atypi-
cal proliferative mucinous tumor with intraepithelial 
carcinoma (1). Areas of confluent growth must 
be less than 5 mm2 to be considered intraepi-
thelial; larger areas of confluent proliferation are 
considered malignant.

Another subset of mucinous borderline 
tumors/atypical proliferative mucinous tumors 
show small foci of stromal invasion that measure 
less than 5 mm in greatest linear extent. This 
subset is termed mucinous borderline tumor/atypi-
cal proliferative mucinous tumor with microinvasion. 
The microinvasive areas may include single cells, 
glands, clusters, nests, or small foci of confluent 
glandular or cribiform growth displaying mild to 
moderate atypia (1). When the small foci of stro-
mal invasion show marked atypia, the pathologic 
diagnosis is microinvasive carcinoma (1,22).

Figure 2. Mucinous cystadenoma in a 42-year-old woman with abdominal bloating. (a, b) Sagittal (a) and 
coronal (b) T2-weighted MR images show a large cystic mass (*) with minimal complexity. (c) Intraoperative 
photograph shows a large cyst with a smooth outer surface (*). (d) High-power photomicrograph shows cysts 
(arrow) and glands (*) lined by simple nonstratified mucinous epithelium, typical of mucinous cystadenoma. 
(H-E stain.)
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Figure 3. Mucinous cystadenoma in a 38-year-old woman with dys-
menorrhea. (a) Sagittal transabdominal US image shows a cystic mass 
with multiple septa (*). (b) Axial contrast-enhanced CT image shows 
a cystic mass (white *) anterior to the uterus (black *). (c–e) Axial T2-
weighted (c), sagittal T2-weighted (d), and sagittal contrast-enhanced 
fat-saturated T1-weighted (e) images show a cystic mass anterior to the 
uterus with multiple septa (black * in c and d). Enhancement of the septa 
is seen (arrow in e). Note the incidental left ovarian endometrioma (arrow 
in c) and adenomyosis (white * in c and d). (f) Photograph of the gross 
pathologic specimen shows a multiloculated cystic mass. (g) High-power 
photomicrograph shows intestinal differentiation of the lining with gob-
let cells (arrow), typical of mucinous cystadenoma. (H-E stain.)

One or more mural nodules can be seen within 
mucinous borderline tumor/atypical prolifera-
tive mucinous tumor. The nodules are sharply 
demarcated from the mucinous epithelium and 
highly variable in size, from microscopic up to 10 
cm. Three types of mural nodules have been de-
scribed: reactive sarcoma-like nodules, anaplastic 
carcinoma, and sarcomatous nodules.

Reactive sarcoma-like nodules tend to be 
hemorrhagic, whereas neoplastic nodules are 
usually solid and white. Reactive sarcoma-like 
nodules contain a heterogeneous cell population 
including multinucleated giant cells, histiocytes, 
and mixed inflammatory cells in a background of 
atypical spindle cells. These nodules are benign, 
likely represent a response to hemorrhage or 
mucin, and do not affect prognosis (1,23). The 

neoplastic nodules are discussed in the mucinous 
carcinoma section.

As with benign mucinous tumors, KRAS mu-
tations are the most frequent genetic abnormality, 
occurring in 30%–75% of tumors (1,20).

Mucinous Carcinoma
The WHO defines mucinous carcinoma as a ma-
lignant tumor composed of gastrointestinal-type 
cells containing intracytoplasmic mucin (1).

At gross analysis, mucinous carcinomas are 
large unilateral masses with both solid and cystic 
components. In most cases, the tumor is confined 
to the ovary. Large tumors may result in rupture, 
spilling tumor and mucin into the peritoneal 
cavity (1) (Fig 7). If pseudomyxoma peritonei is 
detected intraoperatively without tumor rupture, 
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the most likely cause is an appendiceal mucinous 
neoplasm. Primary appendiceal mucinous neo-
plasms usually masquerade as unilateral primary 
ovarian mucinous borderline tumors with pseu-
domyxoma peritonei. The appendix can appear 
grossly normal, and the appendiceal primary 
tumor may be histologically subtle (24) (Fig 8).

At histologic evaluation, there is a continuum 
of architectural and cytologic atypia that includes 
benign, borderline, and carcinomatous elements. 
Two different types of invasion may be seen at 
microscopic evaluation of mucinous carcinomas: 
the confluent glandular/expansile invasive pat-
tern and the destructive stromal invasive pat-
tern. The confluent glandular/expansile invasive 
pattern shows marked glandular crowding with 
little intervening stroma. The destructive stromal 

Figure 4. Mucinous cystadenoma and Brenner tumor in a 54-year-old woman with a palpable adnexal lesion at physical 
examination. (a–c) Coronal T2-weighted fat-saturated (a), axial T2-weighted (b), and axial contrast-enhanced fat-saturated 
T1-weighted (c) images show a multiloculated cystic mass (*). Enhancing soft tissue along the periphery of the lesion (arrow 
in c) is not typical in an isolated mucinous cystadenoma. (d) Low-power photomicrograph shows goblet cells lining the cyst 
wall (arrow) of the mucinous cystadenoma and adjacent Brenner tumor (*). (H-E stain.)

invasive pattern shows irregular glands, nests, 
and single cells with malignant cytologic features 
infiltrating the stroma. The stroma may show 
desmoplastic changes.

The destructive stromal invasive pattern is 
the less common pattern. The presence of this 
pattern, especially in both ovaries, should prompt 
a search for an extraovarian primary mucinous 
neoplasm. High mitotic activity with abnormal 
mitotic figures is common in mucinous carci-
noma (1).

As with mucinous borderline tumor/atypical 
proliferative mucinous tumor, anaplastic carci-
noma or sarcomatous mural nodules may be seen. 
Mural nodules of anaplastic carcinoma show large 
rhabdoid cells with abundant eosinophilic cyto-
plasm, sarcomatoid spindle cells with a herring-
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bone pattern, and pleomorphic cells. Anaplastic 
carcinoma may invade the adjacent tissues and less 
commonly the vascular spaces. Sarcomatous mural 
nodules are malignant spindle cell proliferations 
that do not express epithelial markers but may be 
rhabdomyosarcoma, fibrosarcoma, undifferenti-
ated sarcoma, or mixed patterns.

There are reports of nodules with features of 
both anaplastic carcinoma and sarcoma. Reactiv-

ity to cytokeratin may help differentiate anaplas-
tic carcinoma nodules from sarcomatous nodules 
(1). Sarcomatous nodules have a poorer progno-
sis than anaplastic carcinoma nodules for stage 
IA disease.

The heterogeneous nature of mucinous carci-
noma, often coexisting with benign and border-
line mucinous elements, suggests that mucinous 
carcinoma develops in a stepwise fashion from 

Figure 5. Mucinous borderline tumor in a 63-year-old woman 
with minimal abdominal pain and urinary frequency. (a) Sagit-
tal US image shows a cystic mass (*) superior and anterior to 
the bladder (BL). (b–d) Sagittal T2-weighted (b), coronal T2-
weighted (c), and coronal contrast-enhanced fat-saturated T1-
weighted (d) images show a cystic mass (*) with minimal com-
plexity (arrow in c and d). (e) Photograph of the gross pathologic 
specimen shows a mass with minimal complexity (black arrow) 
filled with thick fluid (white arrow). (f) High-power photomicro-
graph shows epithelial proliferation, stratification, and atypia (*), 
consistent with mucinous borderline tumor. (H-E stain.)
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Figure 6. Mucinous borderline tumor in a 58-year-old 
woman with abdominal distention. (a–c) Sagittal gray-
scale (a), color Doppler (b), and spectral (c) US images 
show a cystic mass (* in a) with vascular flow (arrows in b 
and c). (d) Photograph of the gross pathologic specimen 
shows a multiloculated cystic mass. (e) Photomicrograph 
shows nuclear enlargement and hyperchromatic nuclei (ar-
row), seen in mucinous borderline tumors. (H-E stain; origi-
nal magnification, 320.)

and color or power Doppler techniques, as the 
imaging modality of choice in patients with signs 
and symptoms suggestive of an adnexal mass 
(26). US is useful in determining the anatomic 
origin of the adnexal mass. Gynecologic organ–
based adnexal masses may arise from the ovary, 
paraovarian tissues, or uterus. US also excels for 
determining the composition of a mass. Adnexal 
masses may be cystic, solid, or complex.

US is useful in diagnosis of common benign 
cystic adnexal masses, avoiding the need for surgi-
cal management. When characteristic imaging 
findings are present, US is excellent for diagnosing 
simple cysts, hemorrhagic cysts, endometriomas, 

benign mucinous cystadenoma to mucinous 
borderline tumor/atypical proliferative mucinous 
tumor and then to mucinous carcinoma (Fig 9). 
Less commonly, mucinous carcinoma may arise 
from teratoma or Brenner tumor (1).

As in benign and borderline mucinous ovarian 
tumors, the most common genetic alteration in 
mucinous carcinoma is a somatic KRAS muta-
tion (20). HER2 amplification is seen in 15%–
20% of mucinous carcinomas, often in tumors 
without KRAS mutations (1,25).

Imaging Findings
Imaging is important in detection, character-
ization, and follow-up of mucinous ovarian 
neoplasms.

Detection and Characterization
The American College of Radiology (ACR) 
appropriateness criteria recommend pelvic US, 
typically using transabdominal, transvaginal, 
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and mature cystic teratomas (27). Transvaginal US 
is highly sensitive for detection of malignant ad-
nexal masses, with reported sensitivity greater than 
90% (28,29). Transvaginal pelvic US with color 
Doppler imaging may also be used to distinguish 
benign from malignant disease, with reported sen-
sitivity of 99.1% and specificity of 85.9% (30).

The imaging findings of ovarian mucinous 
neoplasms reflect the findings at gross patho-
logic analysis. The US appearance of a mucinous 
ovarian neoplasm is a cystic mass of varying 
complexity (31–34) (Figs 3, 5). Mucinous ovar-
ian neoplasms are often large and may require 
transabdominal imaging to view the full extent of 
the mass (Fig 6). They tend to be multilocular, 
containing small cystic components or honey-
comb-like loculi (32) (Fig 10). The cysts tend to 
have smooth walls (34).

The echogenicity of the intralocular fluid 
varies on the basis of the mucinous elements of 
the cyst contents. Cysts filled with thick protein-
aceous mucin often demonstrate low-level echoes 
(34). Calcifications are rare but when present 
tend to be linear. Papillary projections into the 

cyst lumen are a rare finding (32). In the setting 
of cyst rupture, mucinous fluid may be seen in 
the abdomen and/or pelvis (32).

MRI may be used to further characterize a cys-
tic mass detected at US. The main reason for per-
forming MRI of a known cystic ovarian lesion is 
to fully image and evaluate a mass that is too large 
to be adequately imaged with US (34). MRI may 
also be useful in determining the site of origin (ie, 
ovarian vs uterine vs metastasis) and for further 
characterization of masses with indeterminate fea-
tures at US (33). MRI has sensitivity and specific-
ity greater than or equal to 94% for distinguishing 
benign from malignant disease in the setting of an 
indeterminate adnexal mass (35).

In the setting of a mucinous cystic neoplasm, 
MRI demonstrates a large, unilateral, multi-
loculated cystic mass of varying complexity (31) 
(Figs 2, 5). The thickness of the cyst wall and 
septa and the presence of internal solid com-
ponents or nodules are nicely demonstrated at 
postcontrast imaging, typically with T1-weighted 
fat-saturated sequences (Figs 3, 4). The signal 
intensity of the contents of the cyst loculi varies 

Figure 7. Mucinous cystadenocarcinoma in a 31-year-old woman with acute severe abdominal pain. (a) Axial con-
trast-enhanced CT image shows an enhancing mass in the right adnexa (black *). Note the normal left ovary (arrow) 
and ascites (white *). (b) Intraoperative photograph shows rupture of the tumor capsule (arrow), as can be seen 
with mucinous cystadenocarcinoma. (c) Photograph of the gross pathologic specimen shows a solid and cystic mass 
containing viscous material (arrow). (d) High-power photomicrograph shows back-to-back glands lined by malignant-
appearing cells with little or no intervening stroma (*), characteristic of the confluent glandular/expansile invasive pat-
tern seen in mucinous cystadenocarcinoma. (H-E stain.)



992 July-August 2019 radiographics.rsna.org

on T1- and T2-weighted images, depending on 
their internal composition (34). Thick mucinous 
material may increase the T1 signal intensity 
of the cyst contents and decrease the T2 signal 
intensity (31,32) (Fig 10).

CT is not recommended in initial evaluation 
of a suspected adnexal mass (26). In the setting 
of an indeterminate complex cystic mass, CT 
may be useful in confirming the diagnosis of a 
mature cystic teratoma by demonstrating inter-

Figure 8. Appendiceal mucinous adenocarcinoma mimicking an ovarian mucinous neoplasm in a 58-year-old woman with increas-
ing abdominal distention over the course of 1 year. (a, b) Sagittal gray-scale (a) and color Doppler (b) US images show a hetero-
geneous mass (* in a) in the midabdomen with internal flow (arrow in b). (c, d) Axial (c) and coronal (d) contrast-enhanced CT 
images show the extent of the cystic mass (white *) and areas suspicious for pseudomyxoma peritonei (black * in d). (e) Photograph 
of the gross pathologic specimen shows the cystic ovarian mass (*). (f) Photomicrograph shows mucin within glands (*). (H-E stain; 
original magnification, 3100.) (g) Photomicrograph shows positive CDX2 staining in the lining of the glands (arrow), which is spe-
cific for adenocarcinoma arising from the gastrointestinal tract. (Original magnification, 3100.)
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Figure 9. Borderline mucinous tumor arising from mucinous cystadenoma in a 41-year-old woman with abdominal distention. 
(a, b) Axial (a) and sagittal (b) contrast-enhanced CT images show a multiloculated cystic mass (black *). Note the ascites (white 
* in b). (c) Photograph of the gross pathologic specimen shows a multiloculated cystic mass. (d) Photomicrograph shows benign 
mucinous cystadenoma (arrow) and borderline mucinous cystadenoma (*). (H-E stain; original magnification, 34.)

nal macroscopic fat and coarse calcifications/
teeth (36). When a mucinous cystic neoplasm 
is imaged using CT, the imaging findings again 
include a large, unilateral, complex cystic mass 
(Figs 3, 9). The attenuation of the fluid within 
the cyst loculi is variable (34). The rare internal 
linear calcifications are well seen at CT (32).

Imaging findings have been reported that sug-
gest malignancy over benignity in the setting of 
an ovarian epithelial neoplasm. Features sugges-
tive of malignancy include a thick irregular wall, 
thick septa, papillary projections, and a large 
soft-tissue component with necrosis (32,34). An-
cillary findings of pelvic organ invasion; spread to 
the peritoneum, omentum, or mesentery; ascites; 
and adenopathy are also suggestive of malignancy 
(32). These findings apply to epithelial neoplasms 

as a whole and are not specific to the subset of 
epithelial neoplasms that are mucinous neo-
plasms. In fact, the large majority of mucinous 
ovarian neoplasms are benign (80%) or border-
line (16%–17%) at pathologic analysis (1).

Specifically, papillary projections are a feature 
more strongly associated with serous tumors 
rather than mucinous tumors. Ascites in the set-
ting of a mucinous tumor may represent pseudo-
myxoma peritonei rather than malignant ascites 
related to carcinomatosis (31,32). In the setting 
of pseudomyxoma peritonei and an ovarian mass, 
an appendiceal-origin mucinous tumor should be 
considered, even if the appendiceal tumor is not 
visible at imaging (24).

Staging/Treatment Planning
Staging of ovarian cancer, including mucinous 
ovarian neoplasms, is done using the FIGO sys-
tem (37). FIGO staging is a surgical staging sys-
tem, but the prognosis of ovarian cancer is based 
on a combination of histologic type, radiographic 
findings, and operative extent of the disease (37). 
Precise histopathologic diagnosis is a prerequisite 
for categorization and treatment of ovarian can-
cers, as different histologic types respond differ-
ently to treatment.

FIGO stage I disease includes tumor confined 
to the ovaries or fallopian tubes. Stage II disease 
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Figure 10. Mucinous borderline tumor in a 
55-year-old woman with increasing abdomi-
nal bloating and early satiety. (a, b) Sagittal 
US images show a cystic mass (white *) in 
the right adnexa. Note the size of the mass 
compared with the uterus (black * in a),  
(c–f) Sagittal (c) and axial (d) T2-weighted, ax-
ial fat-saturated T1-weighted (e), and axial con-
trast-enhanced fat-saturated T1-weighted (f)  
images show a multiloculated cystic mass (* 
in c and d) with high-signal-intensity cysts at 
T1-weighted imaging (* in e) and enhance-
ment (arrow in f). (g) Photomicrograph 
shows multiple cysts (*) filled with mucin, 
corresponding to the cysts seen at imaging. 
(H-E stain; original magnification, 32.)
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includes tumors that involve one or both ovaries 
with pelvic extension that remains below the pel-
vic brim. Stage III disease includes tumors that 
have spread to the peritoneum outside the pelvis 
and/or to retroperitoneal lymph nodes. Stage IV 
disease includes the presence of distant metasta-
ses other than to the peritoneum or a malignant 
pleural effusion (37).

Although advanced cross-sectional imaging, 
such as CT, is not specifically recommended by 
the FIGO staging system, it is a common practice 
in resource-rich countries such as the United 
States (Table 2) (38). Imaging with CT, fluorine 
18 (18F) fluorodeoxyglucose (FDG) PET/CT, 
and/or MRI may assist in initial treatment plan-
ning by allowing assessment of the resectability 
of tumors, the candidacy of patients for effective 
cytoreductive surgery, the need for neoadjuvant 
or postoperative chemotherapy if debulking is 
suboptimal, and the need for referral to a gyneco-
logic oncologist (38).

CT of the abdomen and pelvis with intrave-
nous and oral contrast material is the imaging 
modality of choice in initial staging of pretreat-
ment ovarian cancer (38) (Fig 7). CT is use-
ful for detecting metastases to the peritoneum, 
omentum, mesentery, liver, spleen, lymph nodes, 
and lungs (39,40). CT has been reported to 
be 94% accurate in staging of ovarian cancer 
(38,41). CT is limited in detection of small (<5 
mm) metastases, especially to the bowel surface, 
mesentery, and peritoneum (38). CT of the chest 
is useful for detecting pleural and pulmonary me-
tastases at initial staging (38). Although MRI has 
been shown to have equivalent accuracy to CT 
for staging ovarian cancer, MRI remains primar-
ily a problem-solving technique (38).

18F FDG PET/CT is a valuable tool for stag-
ing advanced ovarian cancer, with higher re-
ported accuracy than CT alone (38). Specifically, 
18F PET/CT may increase the rate of detection 
of small metastases, particularly to the perito-
neum or lymph nodes. These metastases may be 
too small to detect at CT but become apparent 
at PET/CT when metabolically active. Unfortu-
nately, false negatives have been reported with 
mucinous carcinoma (42).

Follow-up
The role of surveillance imaging in patients in 
clinical remission is unclear (38). The National 
Comprehensive Cancer Network (NCCN) guide-
lines for follow-up of patients with complete re-
sponse to primary chemotherapy include imaging 
as needed, using CT, 18F FDG PET/CT, MRI, or 
chest radiography (38,43).

In the setting of clinically suspected tumor re-
currence, CT with oral and intravenous contrast 
material is the imaging modality of choice (38). 
CT has reported sensitivity and specificity for 
tumor recurrence of 58%–84% and 59%–100%, 
respectively (38). The major limitation of CT is 
limited sensitivity for small (<5 mm) metastases 
to the mesentery, peritoneum, and bowel surface.

MRI is less accurate than CT or PET/CT for 
detecting recurrent ovarian cancer (38). MRI is 
mainly used to further assess inconclusive CT 
findings or when iodinated intravenous contrast 
material cannot be administered. 18F FDG PET/
CT shows at least comparable accuracy to that 
of CT for detection of ovarian cancer recurrence 
(44). Importantly, false-negative results may 
occur with PET/CT in the setting of mucinous 
carcinoma (38,42).

Table 2: CT, MRI, and Fluorine 18 (18F) PET/CT in the Setting of Ovarian Mucinous Carcinoma

Modality Strengths Limitations

CT May assist in initial treatment planning by allowing as-
sessment of the resectability of tumors, the candidacy 
of patients for effective cytoreductive surgery, and the 
need for neoadjuvant or postoperative chemotherapy 
if debulking is suboptimal

Detection of metastases to the peritoneum, omentum, 
mesentery, liver, spleen, lymph nodes, and lungs

Limited in detection of small (<5 mm) 
metastases, especially to bowel surface, 
mesentery, and peritoneum

MRI Similar value to that of CT in initial treatment planning Less widely available
More expensive than CT
Limited FOV compared with that of CT
Decreased sensitivity for metastases

18F PET/CT In general, increased rate of detection of small metasta-
ses (when FDG avid), particularly to peritoneum or 
lymph nodes

False negatives may occur in mucinous 
neoplasms

Note.—FDG = fluorodeoxyglucose, FOV = field of view.
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Conclusion
Mucinous ovarian neoplasms are an important 
subset of ovarian epithelial neoplasms. Mucinous 
ovarian neoplasms may be benign, borderline, 
or malignant at pathologic analysis, but the vast 
majority are benign or borderline. The imaging 
findings parallel the gross pathologic findings, 
which include a large unilateral cystic mass that 
is usually multilocular, with variable appear-
ance of the cyst fluid owing to differences in the 
mucin content. Mucinous ovarian neoplasms are 
staged and treated surgically and have a favorable 
prognosis.
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