
Introduction

Mucinous ovarian tumors (MOT) represent a spectrum

of neoplasias from benign to borderline and invasive le-

sions [1]. Among benign tumors, mucinous cystadenomas

account for 10-15% of all cases. Whereas, borderline mu-

cinous tumors comprise up to 67% of all ovarian borderline

lesions and mucinous cystadenocarcinomas account for

2.4% of all invasive epithelial ovarian cancers [2]. Studies

have shown that mucinous cystadenocarcinomas are char-

acterized by a stepwise development from well-established

precursor lesions, such as benign and borderline tumors,

and that typically present at early stage, are indolent, and

have a good prognosis [3, 4]. 

Ultrasound features of MOTs have been well described in

the literature. Typically, they are described as large multi-

locular cysts [5, 6]. However, when analyzing data from

large series assessing the role of ultrasound, using subjective

assessment by expert examiners, for the specific diagnosis

of ovarian tumors, it is surprising to observe that sensitivity

for benign mucinous cystadenomas is low [7, 8]. The pres-

ent authors wondered why is so difficult to achieve a correct

ultrasound diagnosis for this particular type of ovarian le-

sion. Therefore, the aim of this study was to explore whether

any clinical and ultrasound features could help for discrim-

inating benign, borderline, and invasive MOTs. 

Materials and Methods

This is a retrospective observational study performed at four

tertiary care university hospitals. Institutional Review Board ap-

proval was obtained from each institution. Due to the retrospec-

tive study design, patient informed consent was waived.

Eligible patients were all consecutive women with histologi-

cally confirmed diagnosis of a primary mucinous ovarian tumor

(benign, borderline or invasive) that underwent preoperative ul-

trasound characterization of the tumor from January 2001 to De-

cember 2014. Patients were identified through a database search

performed at all four hospitals.

Exclusion criteria were as follows: 1) Histologic diagnosis of

metastatic mucinous ovarian neoplasm (primary origin from pan-

creas, appendix, bowel, colon-rectum, stomach or biliary tract,

pseudomyxoma peritonei), 2) incomplete clinical or ultrasound

data, 3) time elapsed from ultrasound to surgery > four months,

and 4) evidence on ultrasound examination of intra-abdominal

spread of disease.
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Summary

Objective: To compare clinical and sonographic features of benign, borderline, and malignant invasive mucinous ovarian tumors

(MOTs). Materials and Methods: Retrospective observational multicenter study comprising 365 women (mean age: 46.1 years) with a

histologically confirmed benign, borderline or malignant invasive MOT. Clinical data (patient’s age, patient’s complaints), tumor mark-

ers (CA-125 and CA-19.9), and sonographic data (tumor size, bilaterality, morphology –unilocular, multilocular, unilocular-solid, mul-

tilocular-solid and solid-, and IOTA color score) were reviewed and compared among these three groups. Women with ultrasound

evidence on intra-abdominal disease spread were excluded. Results: Three hundred seventy-eight MOTs (14 women had bilateral le-

sions) were analyzed. Histologically, 287 tumors were benign, 51 were borderline, and 40 were malignant. No difference in patient’s

mean age was observed. Women with borderline or invasive tumors were less frequently asymptomatic. Tumors were larger in case of

invasive lesions. Borderline and invasive tumors showed solid components and exhibited IOTA color score 3 or 4, more frequently

than benign lesions (p < 0.001). However, the authors discovered that 16 out of 51 (31.4%) of borderline tumors and six out of 40

(15.0%) of invasive cancers had no solid components and a color score 1 or 2, and were considered as a benign lesion by the sonolo-

gist. On the other hand, 96 out of 287 (33.4%) benign mucinous cystadenoma exhibited solid components and/or a color score of 3 or

4. Conclusions: In spite of statistical differences, the authors observed significant overlapping in ultrasound features among benign, bor-

derline, and invasive ovarian mucinous tumors that renders a difficult accurate preoperative discrimination among these lesions.
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All women had undergone transvaginal or transrectal ultra-

sound prior to surgery for ovarian tumor characterization. In cases

of large tumors, transabdominal ultrasound was also performed.

Several ultrasound machines available on the market were used in

the different hospitals throughout the study period.

An extensive review of all clinical, ultrasound, and histologic

records from all patients identified through database search was

done. All principal investigators at each center (JLA, SG, MAP,

and NR) had a meeting before starting data collection in order to

agree which clinical and ultrasound variables should be retrieved

from databases. The consensus reached determined that the min-

imum data available for the patient to be included should be the

following: a) Clinical data – patient’s age, menopausal status, pa-

tient’s complaints, surgery performed within three months after

diagnosis, and CA-125 and CA-19.9 serum levels were also

recorded, if available. b) Ultrasound data – tumor largest size, de-

termined as the largest diameter obtained from the measurement

of tumor size in all three orthogonal planes, tumor type (unilocu-

lar, unilocular solid, multilocular, multilocular solid, solid; tumor

vascularization determined as per IOTA color score [9]; presence

of ascites and/or carcinomatosis (for exclusions). All ultrasound

data were retrieved from original reports. No re-review of images

or videoclips was performed. c) Histologic data – report must state

specific diagnosis of benign, borderline or invasive mucinous

ovarian tumor (this was used as a reference standard).

All ultrasound examinations had been performed or supervised

by expert examiners. In many histologic reports, the distinction

between intestinal-type and endocervical-type mucinous tumor

[10] was lacking. Therefore, the authors decided not to analyze

data according to this histological sub-classification. Borderline

and invasive carcinomas were staged according to FIGO classifi-

cation [11]. 

Categorical variables are presented as number and percentage.

The Kolmogorov-Smirnov test was used to assess data distribu-

tion for continuous variables. These variables are presented as

range and mean with standard deviation (SD) or median with in-

terquartile range (IQR) depending on data distribution. Categori-

cal variables were compared using chi-squared test. Continuous

variables were compared using one-way ANOVA with Bonfer-

roni post-hoc test or U-Mann-Whitney test for pair comparisons

where appropriated.Receiver operating characteristic (ROC)

curves for tumor size, CA-125 and CA-19.9 were plotted for as-

sessing the diagnostic performance of these variables for dis-

criminating between benign and borderline or invasive lesions.

Borderline and invasive lesions were considered as one group for

ROC analysis. The authors calculated sensitivity and specificity

for CA-125 and CA-19.9 using a cut-off of 35 UI/ml for both

tumor markers. A p value < 0.05 was considered as statistically

significant for all tests. All analyses were done using the SPSS

20.0 statistical package.

Results

Database search identified 397 eligible women. Fifty-two

women were excluded for non-ovarian mucinous tumor (n=7),

incomplete data (n=18), evidence of intra-abdominal spread

of disease (n=4) and > three months from ultrasound to surgery

(n=5). Therefore, 365 women were ultimately included.

Patients’ mean age was 46.1 (SD: 15.2) years, ranging

from 14 to 90 years. Two hundred thirty-seven (64.9%)

women were premenopausal and 128 (35.1%) were post-

menopausal.

Most women were asymptomatic (n=215, 58.9%). Sev-

enty-four (20.3%) women complained of pelvic/abdominal

pain, sixty-four (17.5%) women presented with abdominal

swelling, and 12 (3.3%) patients had uterine bleeding.

Fourteen (3.8%) women had bilateral mucinous tumors,

giving a total number of 378 masses assessed. Histologi-

cally, 287 (75.9%) tumors were benign mucinous cysts; 51

(13.5%) lesions were borderline mucinous tumors, and 40

(10.6%) were invasive mucinous cystadenocarcinomas.

Most borderline and invasive carcinomas were Stage I

(Table 1).

Clinical features of benign, borderline, and invasive le-

sions are shown in Table 2. The authors found that patients

with benign lesions were more frequently asymptomatic,

with lower values for CA-125 and CA19.9, and were

smaller than borderline and invasive tumors. They did not

observe differences in patient’s age, menopausal status, and

bilaterality.

CA-125 was available for 246 cases (169 benign tumors,

40 BOTs and 37 invasive tumors). CA-19.9 was available

for 119 cases (82 benign tumors, 24 borderline, and 13 in-

vasive tumors). Sensitivity and specificity for CA-125 and

CA-19.9 were 54.5% and 88.2%, and 48.6% and 92.7%, re-

spectively. ROC curves for tumor size, CA-125, and CA-

19.9 are shown in Figures 1 to 3. According to ROC analysis

for CA-125 and CA-19.9, it seems that 35 UI/ml cut-off was

not the best one. A better cut-off for CA-125 would be 14

UI/ml (sensitivity: 82% and specificity: 56%) and for CA-

19.9 it would be 11.7 UI/ml (sensitivity: 81% and speci-

ficity: 71%).

Ultrasound features regarding tumor type and vascular-

ization are shown in Table 3. Borderline and invasive tu-

mors showed solid components and exhibited IOTA color

score 3 or 4, more frequently than benign lesions. How-

ever, the authors discovered that 16 out of 51 (31.4%) bor-

derline tumors and six out of 40 (15.0%) invasive cancers

had no solid components and a color score 1 or 2, and were

considered as a benign lesions according to the examiner’s

subjective impression as stated in the original report (Fig-

ures 4 and 5). On the other hand, 96 out of 287 (33.4%) be-

nign mucinous cystadenoma exhibited solid components

and/or a color score of 3 or 4 (Figure 6).

Table 1. — Tumor stage distribution in borderline and in-
vasive lesions.

Borderline Invasive

Stage n % n %

Ia 37 75.5 18 48.6

Ib 3 6.1 3 8.1

Ic 9 18.4 7 18.8

IIb 0 0 3 8.1

IIIb 0 0 1 2.7

IIIc 0 0 1 2.7

Total 49* 100 37** 100

*Three bilateral, **Four bilateral.
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Table 2. — Clinical features of benign, borderline, and in-
vasive mucinous tumors.

Benign Borderline Invasive p value

Patient’s age 46.5 44.1 47.0 0.612

(years)* (14.8) (15.4) (17.3)

[15-90] [14-77] [19-84]

Asymptomatic 179 23 13 0.015 B vs. BOT

(63.7%) (47.9%) (36.1%) 0.001 B vs. I

0.001 BOT vs. I

CA-125 12.0 26.8 68.6 0.001 B vs. BOT

(UI/ml)

†

(13.9) (44.0) (115.1) 0.001 B vs. I

2-234.6 5-21811 5.1-3174 0.009 BOT vs. I

CA-19.9 6.0 33.1 27.3 0.001 B vs. BOT

(UI/ml)

‡

(10.9) (243.5) (120.2) 0.001 B vs. I

1-184 1-5888 1-6222 0.959 BOT vs. I

Bilateral 8 (2.8%) 2 (4.2%) 4 (11.1%) 0.052

Tumor size 7.3 (6.0) 9.9 (10.9) 11.5 (7.8) 0.067 B vs. BOT

(cm)

§

[1.5-47.0] [2.4-30.0] [2.5-53-0] 0.001 B vs. I

0.505 BOT vs. I

Tumor ≥ 10 cm 93 25 28 0.015 B vs. BOT

(32.4%) (49.0%) (70.0%) 0.005 B vs. I

0.019 BOT vs. I

*Mean, SD in parentheses, range in brackets.

†Median, IQR in parentheses, range in brackets. Data available from 336

women (237 B, 53 BOT and 46 I).

‡Median, IQR in parentheses, range in brackets. Data available from 175

women (124 B, 35 BOT and 16 I).

§ Median, IQR in parentheses, range in brackets.

Table 3. — Ultrasound characteristics of benign, border-
line and invasive mucinous tumors.

Benign Borderline Invasive Total

Unilocular

Color score 1 54 (18.8%) 2 (3.9%) 1 (2.5%) 57

Color score 2 44 (15.3%) 0 (0%) 1 (2.5%) 45

Color score 3 1 (0.3%) 0 1 (2.5%) 2

Color score 4 0 0 0 0

Multilocular

Color score 1 27 (9.2%) 4 (7.8%) 1 (2.5%) 32

Color score 2 66 (23%) 10 (19.6%) 3 (7.5%) 79

Color score 3 32 (11.1%) 5 (9.8%) 4 (10.0%) 41

Color score 4 1 (0.3%) 1 (2.0%) 0 (0%) 2

Unilocular solid

Color score 1 6 (2.1%) 1 (2.0%) 0 (0%) 9

Color score 2 19 (6.6%) 3 (5.9%) 2 (5.0%) 24

Color score 3 3 (1.0%) 5 (9.8%) 4 (10.0%) 12

Color score 4 0 (0%) 2 (3.9%) 1 (2.5%) 3

Multilocular solid

Color score 1 8 (2.8%) 0 (0%) 1 (2.5%) 9

Color score 2 11 (3.8%) 3 (5.9%) 1 (2.5%) 15

Color score 3 11 (3.8%) 7 (13.7%) 5 (12.5%) 23

Color score 4 3 (1.0%) 7 (13.7%) 11 (21.0%) 21

Solid

Color score 1 0 0 0 0

Color score 2 1 (0.3%) 1 (2.0%) 0 2

Color score 3 0 0 1 (2.5%) 1

Color score 4 0 0 3 (7.5%) 3

Total 287 51 40 378

Figure 1. — ROC curve for tumor size. Area under the curve was

0.644 (95% CI: 0.577-0.711).

Figure 2. — ROC curve for CA-125. Area under the curve was

0.777 (95% CI: 0.721-0.843).

Figure 3. — ROC curve for CA-19.9. Area under the curve was

0.808 (95% CI: 0.761-0.901).
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Discussion

In the present study the authors evaluated some clinical

and ultrasound features of benign, borderline, and invasive

mucinous tumors. Although these tumors, especially be-

nign lesions, are described as large multilocular masses [5,

6] as assessed by ultrasound, they discovered that the spec-

trum of findings is wide. Certainly, many of these lesions

are large (38.6% of cases in our series were tumors > ten

cm) and multilocular (40.7% of cases in this series). How-

ever, the presence of solid components is common, even in

benign lesions (21.6% of cases in this series). Additionally,

the present results show that color score assessment might

be misleading, since up to 17.7% of benign tumors may ex-

hibit moderate or abundant vascularization, but more im-

portantly, up to 47% of borderline tumors and 25% on

invasive carcinomas showed absent or scanty blood flow.

The main strengths of this study is the large series of cases

analyzed and that all centers participating in the study used a

same scanning protocol. However, it also has limitations. The

main limitation is the retrospective design. This made it im-

possible to collect some ultrasound data that could be of in-

terest, such as the number of locules, the echogenicity of

the locules’ content, and the size of the solid component in

many cases.

The value of color score analysis should be also taken with

caution in this study. The finding no flow or scanty vascu-

larization in many masses should be considered, taking into

account the large size of these masses that could explain a

loss of color signals from solid areas or septa far from the

transducer, due to the attenuation of the ultrasound beam.

Furthermore, because of lacking data, the authors could not

assess the collected variables according to different histo-

types of mucinous tumors (endocervical and intestinal),

what would have been interesting to do.

The authors decided to exclude those cases with clear

or highly suspicion of intra-abdominal spread of dis-

ease. This is an evident selection bias. However, they

do think that in these cases, the suspicion of malignancy

is high enough for clinical decision-making and the ul-

trasound features of the mass itself might be less rele-

vant. This bias may explain why most cases of

malignancy were in early stage.

Regarding the use of tumor markers for discriminating

between benign and borderline or invasive tumors, the au-

thors discovered that both CA-125 and Ca-19.9 had poor

diagnostic performance. Therefore, it seems that these

markers are poor predictors for malignancy, at least in ab-

Figure 4. — Transvaginal ultrasound showing a multilocular cyst

without apparent solid components. Histopathology revealed a

benign mucinous ovarian tumor.

Figure 5. — Transabdominal ultrasound showing a large multi-

locular cyst without apparent solid components. Histopathology

revealed an invasive mucinous ovarian carcinoma. Stage Ia.

Figure 6. — Transvaginal ultrasound showing a unilocular cyst

with a focal area with multiple small locules. Histopathology re-

vealed a borderline mucinous ovarian tumor. Stage Ia.
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sence of intra-abdominal spread.

The authors believe that the present data may be clini-

cally relevant because of they may explain why the spe-

cific diagnosis of benign mucinous cysts is difficult.

Additionally, the issue of the surgical approach for these

tumors is also important. Most of these tumors are large

and many of them show misleading ultrasound features,

either for benign lesions, appearing as questionable or for

malignant lesions appearing as benign ones. It is well

known that the risk of malignancy increases in large tu-

mors [13]. Certainly many borderline and invasive muci-

nous tumors are large lesions. However, benign mucinous

tumors are also large masses. 

Currently, laparoscopic surgery is considered the gold

standard for benign adnexal masses [14]. However, the

issue of tumor size is still under debate for this type of ap-

proach [15]. Some reports have shown that large masses

can be surgically treated by laparoscopic surgery [16, 17].

However, the risk of intraoperative rupture and spillage

is increased in large tumors [18] and, therefore, proper

case selection seems to be mandatory [19]. According to

the present data, this adequate selection seems to be dif-

ficult in case of mucinous tumors. 

The issue of intraoperative rupture is relevant in case of

mucinous lesions for two reasons: one is the risk of spread-

ing disease. It has been shown that the prognosis of Stage

I epithelial ovarian cancers worsens in case of intraopera-

tive rupture [20]; the second one is its relationship with

intra-abdominal recurrence, even in benign cystoadenomas

[21], although, the latter point is under debate [22]. Taking

into account the present data, it would seem reasonable to

recommend women with large multilocular tumors to be

referred to a gynecologic oncologist for management.

In summary, the authors have shown that although most

mucinous tumors are large and multilocular the spectrum of

findings is wide. Accurate discrimination between benign

lesions and borderline or invasive tumors is difficult and this

could have an impact on the choice of surgical approach.
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