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Role of magnetic resonance imaging in the differentiation of 
mucinous ovarian carcinoma and mucinous borderline  
ovarian tumors
Ebru Hasbay1* , Gökşen Görgülü2 , Muzaffer Sanci2 , Birsen Gizem Özamrak3 

INTRODUCTION
Mucinous ovarian neoplasms constitute 10–15% of epithe-
lial ovarian neoplasms1. mucinous cystadenomas constitute 
80% of ovarian mucinous neoplasms, while MBOTs and 
MOCs constitute about 16–17% and 3–4% of them, respec-
tively1. Borderline tumors were first described as semi-malig-
nant mass lesions2. They are histopathologically malignant 
but do not show invasive features, and their clinical course 
is quiescent3. Mucinous neoplasms can appear morpholog-
ically as giant multicystic masses. Therefore, magnetic res-
onance imaging (MRI) findings may be similar between 
these three subtypes4.

Mucinous-derived lesions can show multiloculations. The for-
mation of different signals in T1- and T2-weighted sequences 
of such loculations is described as “stained glass appearance.” 

This finding is accepted as one of the characteristic MRI find-
ings of mucinous neoplasms5,6.

According to the generally accepted view, a contrasting 
solid component or thick septa in a cystic mass in epithelial 
ovarian tumors is considered significant for malignancy7-10. 
In addition, in previous studies on mucinous neoplasms, hon-
eycomb-shaped loculations, T1 hyperintense, T2 hypointense 
intracystic signal, thick septa, and a cyst wall thicker than 5 
mm were observed significantly more frequently in MBOTs 
than MOCs7-10.

As most of the patients with MBOT are young, fertility-spar-
ing surgery can be considered in this patient group. However, 
in patients with carcinoma, the main treatment is surgery and 
adjuvant or neoadjuvant chemotherapy11. Therefore, we aimed 
to describe, compare, and find differences in MRI findings 
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SUMMARY
OBJECTIVE: This study was carried out to investigate the differentiation of mucinous borderline ovarian tumor from mucinous ovarian carcinoma 

using magnetic resonance imaging.

METHODS: We evaluated 77 women patients who underwent abdominal magnetic resonance imaging due to pelvic mass. magnetic resonance imaging 

was reviewed by an experienced radiologist. A total of 70 women patients were included in the study. The magnetic resonance imaging features were 

retrospectively evaluated and compared between the two pathologies.

RESULTS: There was no difference between the two groups in terms of maximum tumor size. Age at diagnosis was 56.29±11.92 in the mucinous 

ovarian carcinoma group and 44.74±13.60 in the mucinous borderline ovarian tumor group (p<0.05). A significant difference was found between 

the two groups, and it was observed that mucinous borderline ovarian tumors appeared in the younger age group compared to mucinous ovarian 

carcinomas. Presence of ascites, peritoneal dissemination, lymphadenopathy, and mural nodules was found significantly more frequently in mucinous 

ovarian carcinomas than in mucinous borderline ovarian tumors. Honeycomb appearance was found more frequently in mucinous borderline ovarian 

tumor patients than in mucinous ovarian carcinoma patients.

CONCLUSION: magnetic resonance imaging findings of these two pathologies overlapped considerably. Compared with mucinous borderline ovarian 

tumors, mucinous ovarian carcinomas frequently had mural nodules larger than 5 mm, larger tumor size, peritoneal dissemination, and abnormal ascites.
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between MBOT and MOC in our patients to improve the 
precision of the preoperative diagnosis.

METHODS

Patients
In our retrospective study, 45 patients with MBOT and 32 
patients with MOC, diagnosed between February 2011 and 
September 2022, were included after approval from the eth-
ics committee of our hospital. Two patients with MBOT and 
three patients with MOC were excluded from the study because 
their MR images could not be accessed. Another two patients 
with MOC were also excluded because their MR images were 
of poor technical quality.

Magnetic resonance imaging technique
MRI examinations were performed with the standard proto-
col using a 1.5 T MRI system (Siemens Avanto, Siemens Aera, 
GE Optima360) with a pelvic phased-array coil. The protocol 
included sagittal, axial, and coronal T2-weighted images with-
out fat saturation, axial T2-weighted fat-saturated images, and 
axial T1-weighted fat-saturated gradient-echo images before 
and after intravenous contrast administration (Gadoteric acid, 
Dotarem®, Guerbet, Paris, 0.1 mmol/kg).

Image analysis
As MRI findings, among morphological features, tumor diam-
eter, T2 hypointense component, mural nodule (MN), number 
of septa, thick septa (5 mm), honeycomb appearance, stained 
glass appearance, presence of ascites, and peritoneal spread 
were evaluated.

A solid component adhering to the septa or cyst wall was 
described as a mural nodule, and the evaluation was made 
with T2 and/or contrast-enhanced images. The number of 
loculations was evaluated quantitatively as 1–10, 10–20, and 
20–30. Septa thickness of 5 mm and above was described 
as thick septa. The presence of multiple cysts, 5–10 mm 
in size and located in close proximity to each other, was 
evaluated as honeycomb appearance. Stained glass appear-
ance was evaluated according to the different signal forma-
tions of intralesional loculations in T1- and T2-weighted 
sequences. T2 hypointense cyst was considered isointense or 
slightly hyperintense on T2-weighted sequences when com-
pared to adjacent muscle tissue. While assessing the ascites, 
the presence of ascites exceeding the level of uterine fun-
dus and/or filling the pelvic cavity was evaluated as a posi-
tive finding, and fluid at the Douglas level was counted as 

physiological. All findings were reviewed by an experienced 
abdominal radiologist.

Statistical analysis
Statistical analyses were performed using SPSS 24.0 (IBM 
Corp., Armonk, NY, USA) program. Normality tests, skew-
ness-kurtosis values, and histogram graphs were used to deter-
mine whether the numerical variables were normally distrib-
uted. Student’s t-test was used to determine whether numerical 
variables differed significantly between groups, and the χ2 test 
was used to determine the differences between categorical 
variables between groups. Variables that differed between the 
two groups were included in the logistic regression analysis. 
The variables determining the differences between the groups 
were investigated with the logistic regression analysis applied 
with the “Enter” method. A p-value of <0.05 was considered 
significant in all statistical analyses.

RESULTS
In our study, 27 patients with MOC and 43 patients with MBOT 
were included. Age at the time of diagnosis was 56.29±11.92 
in the MOC group and 44.74±13.60 in the MBOT group 
(p<0.05). There was no significant difference between the two 
groups regarding maximum tumor size. The mean tumor size 
was 203.55+79.66 mm in the MOC group and 175.11+88.93 
in the MBOT group (p<0.180).

Categorical variables are summarized in Table 1. According 
to these findings, ascites, peritoneal carcinomatosis, lymphade-
nopathy (LAP), and mural nodules were observed significantly 
more frequently in MOCs than in MBOTs. In addition, honey-
comb appearance was more commonly seen in MBOT patients 
than in MOC patients. The number of loculi, the presence of 
the T2 hypointense component, and stained glass appearance 
were emphasized and studied in previous research. However, 
in our study, there was no significant difference between the 
groups regarding those parameters.

The variables that differed between these two groups were 
included in the logistic regression analysis afterward. We iden-
tified the variables that had a direct and independent effect on 
the determination of the groups. As shown in Table 2, “hon-
eycomb appearance” and “thick septa” have determined the 
difference between groups independently and directly. Beta 
value was positive in the presence of honeycomb sign and was 
negative in the presence of thick septa. This finding was inter-
preted as the “honeycomb sign” directly predicts the presence 
of MBOT and is considered to have diagnostic significance, 
while “thick septa” is found to predict the MOC group directly.
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DISCUSSION
As observed within the spectrum of mucinous neoplasms, 
MOCs can develop from MBOTs after going through multi-
ple stages of carcinogenesis12-14. Histopathologically, invasive 
carcinoma and areas showing borderline features can be simul-
taneously observed in the same mass. Intraoperative consulta-
tion/frozen results may not be definitive in terms of diagnosis 
due to the large size of mucinous tumors and heterogeneity in 
the epithelial ovarian tumors. Consequently, understaging has 
been observed in approximately one-third of mucinous ovar-
ian tumor cases15,16. Therefore, it is important to distinguish 
between MBOT and MOC preoperatively to determine the 
surgical approach.

In our study, the presence of ascites, MN>5 mm, perito-
neal involvement, thick septa>5 mm, and the presence of LAP 
were observed to be significantly higher in MOC cases than in 

MBOT cases (Figure 1). Honeycomb appearance was found to 
be more significant in the MBOT group. The aim was to iden-
tify the variables that have a direct and independent effect on 
determining the groups when the variables that differ between 
two groups are included in the logistic regression analysis. 
The results showed that “honeycomb appearance” and “thick 
septa” determine the difference between groups independently 
and directly (Table 2). Beta value was positive in the presence 
of honeycomb sign and was negative in the presence of thick 
septa. This finding was interpreted as the “honeycomb sign” 
directly predicts the presence of MBOT and is considered to 
have diagnostic significance, while “thick septa” is found to 
predict the MOC group directly (Figure 2).

In previous studies17,18, MBOT is shown to be encoun-
tered in a wide age group (13–88 years) and the mean age of 
the patients was 40–49 years, while the mean age in the MOC 

Table 1. Comparison of qualitative variables between groups.

*Chi-square test. MOC: mucinous ovarian carcinoma; MBOT: mucinous borderline ovarian tumor. Statistically significant values are indicated in bold.

Variables
MOC (n=27) MBOT (n=43) Statistical analysis*

n (%) n (%) χ2 p-value

Abnormal ascites 9 (33.3) 5 (11,6) 4.88 0.027

Peritoneal carcinomatosis 9 (33.3) 0 (0) 16.44 <0.0001

Mural nodule (>5 mm) 17 (63.0) 10 (23.3) 11.03 0.001

Honeycomb sign 10 (37.0) 32 (74.4) 9.65 0.002

Septa (>5 mm) 26 (96.3) 26 (61.9) 10.46 0.001

Stained glass appearance 7 (25.9) 15 (34.9) 0.61 0.432

T2 hypointense cyst 11 (40.7) 12 (27.9) 1.23 0.266

Loculi (10–20) 4 (14.8) 9 (20.9) 0.41 0.522

Loculi (20–30) 1 (3.7) 8 (18.6) 3.28 0.070

Loculi (>30) 22 (81.5) 26 (60.5) 3.39 0.065

Lymphadenopathy 5 (18.5) 0 (0) 8.57 0.003

Table 2. Results of logistic regression analysis.

Dependent variable encoding (0: MOC; 1: MBOT). Nagelkerke R2: 0.661. MOC: mucinous ovarian carcinoma; MBOT: mucinous borderline ovarian tumor. The bolded 
values show that the p value is stastically significant. The honeycomb sign and the septa are predictive features for the mucinous borderline tumors. 

B SE Exp (B) p-value 95%CI

Constant 2.397 1.066 10.985 0.025 –

Abnormal ascites 0.121 1.139 1.129 0.864 0.121–10.529

Peritoneal carcinomatosis -21.194 11405.94 0.000 0.999 0.000

Mural nodule (>5 mm) -0.335 0.850 0.715 0.694 0.135–3.787

Honeycomb sign 3.306 1.208 27.286 0.006 2.559–290.970

Septa -4.335 1.579 0.013 0.006 0.001–0.289

Lymphadenopathy -17.253 14704.46 0.000 0.999 0.000
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group was 53 years. Consistently, the MOC group has been 
observed to consist of older patients compared to the MBOT 
group in our study as well. Our results revealed no significant 
difference between MBOT and MOC cases in terms of tumor 
size, though Kaga et al.19 reported that tumor size in MOC 
cases was larger than in MBOT cases. In our experience, eval-
uating the tumor size alone may not be sufficient to distinguish 
carcinomas from borderline lesions, as all lesions within the 
spectrum of mucinous neoplasms (including cystadenomas) 
often present as large masses.

A solid component adhering to the septa or cyst wall 
was described as a mural nodule and evaluated accordingly. 
The presence of solid components may suggest malignancy 
as per the generally accepted view. In our study, the presence 
of MN was observed significantly more in the MOC group. 
However, a solid component was also detected in a substan-
tial number of MBOT cases. Yang et al.20 observed that the 
maximum size of the solid component is significantly larger 

in the MOC group when compared to the MBOT group. 
Upon reviewing the literature, we have come across a report 
of an MBOT case with a large solid component, published 
by Kozawa et al.21, pointing out that evaluating the solid 
component alone can make the differential diagnosis process 
harder. Hence, the necessity of evaluating all parameters and 
the importance of synthesizing all of the findings to make 
differential diagnoses have arisen.

Among other findings, the presence of thick septa and asci-
tes has been observed more in MOC cases than MBOT cases 
in our study. In Yang et al.’s20 study, the presence of ascites 
was observed to be significantly more frequent in carcinoma 
cases. Similar statistically significant results have been noted 
in our study, as nine of our MOC patients and five of our 
MBOT patients had ascites. However, in our present sample, 
peritoneal washing cytology specimens of both groups were 
hypocellular and were negative for malignancy. The large 
size of mucinous neoplasms may create pressure, resulting in 
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Figure 1. A 42-year-old woman with mucinous borderline tumor. (A) Axial T2-weighted image shows multilocular cystic tumor with stained glass 
appearance (arrow) and honeycomb sign (arrowhead). (B) T1-weighted image shows multilocular cystic tumor with stained glass appearance. 
(C) Contrast-enhanced T1-weighted image shows enhanced multiple thin septa.
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congestion findings on the peritoneum and possible devel-
opment of ascites.

Due to the proliferation rate of malignant tumor cells, 
MBOTs appear as masses with heterogeneous internal struc-
tures with thicker walls and septum, harboring more solid 
components (Figure 1).

There are some limitations to our study. First of all, our 
study is retrospective, and the number of patients with carci-
noma is low. It was difficult to detect the thickest septa during 
the measurement of “thick septa” because mucinous neoplasms 
are known to have a multiseptal appearance. As a result, the 
contribution of “apparent diffusion coefficient (ADC)” values 
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Figure 2. A 53-year-old woman with mucinous carcinoma. (A and B) Axial and sagittal T2-weighted image shows a gross multilocular cystic tumor 
with a mildly hyperintense mural nodule larger than 5 mm (arrow). (C) Diffusion-weighted image shows a hyperintense mural nodule (arrow). (D) 
Apparent diffusion coefficient (ADC) map shows a low ADC value. (E) T1-weighted image shows a hypointense mural nodule (arrow). (F) Contrast-
enhanced T1-weighted image shows a moderately enhanced mural nodule (arrow).
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to the diagnosis could not be examined either. We think that 
ADC measurement from the level of the septa or millimeter-sized 
mural nodule may be misleading, especially at these small sizes.

CONCLUSION
The MRI findings of MOCs and MBOTs are similar. MOCs tend 
to have larger tumor sizes and larger mural nodules, and the devel-
opment of ascites is observed to be more frequent. “Honeycomb 
sign” can be used as a specific MRI finding for MBOT cases.
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