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Abstract 

 

Objectives 

To evaluate the diagnostic performance of quantitative values and MRI findings for 

differentiating seromucinous borderline tumors (SMBT) from endometriosis-related 

malignant ovarian tumors (MT). 

Methods 

This retrospective study examined 19 lesions from SMBT and 84 lesions from MT. The 

following quantitative values were evaluated using receiver-operating characteristic 

analysis: overall and solid portion sizes, fluid signal intensity (SI), degree of 

contrast-enhancement, and mean and minimum apparent diffusion coefficient (ADC) 

values of the solid portion. Two radiologists independently evaluated four MRI findings 

characteristic to SMBT, fluid SI on T1-weighted image and SI of the solid portion on 

diffusion-weighted image. The diagnostic values of these findings and interobserver 

agreement were assessed. 

Results 

For diagnosing SMBT, the mean ADC value of the solid portion showed the greatest 

area under the curve (0.860) (cutoff value: 1.31×10-3 mm2/s, sensitivity: 1.00, 

specificity: 0.61). The T2-weighted image (T2WI) high SI solid portion was the most 

useful finding, with high specificity and interobserver agreement (sensitivity, 0.58; 

specificity, 0.95–0.96, kappa=0.96), followed by T2WI low SI core (sensitivity, 

0.48–0.63; specificity, 0.98, kappa=0.68). 
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Conclusion 

Mean ADC value of the solid portion, T2WI high SI solid portion, and T2WI low SI 

core were useful for differentiating SMBT from MT.
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Key points 

SMBT is a newly categorized ovarian tumor often associated with endometriosis. 

Differentiation of SMBT from endometriosis-related malignant ovarian tumor is 

clinically important. 

Diagnostic performances of quantitative values and MRI findings were evaluated. 

Mean ADC value of the solid portion was the most useful value. 

“T2WI high SI solid portion” was the most useful MRI finding. 

 

Abbreviations and acronyms 

MMBT: Müllerian mucinous borderline tumor 

MEBT: Müllerian mixed epithelial borderline tumor 

SMBT: Seromucinous borderline tumor 

CCC: Clear cell carcinoma 

EC: Endometrioid carcinoma 

DWI: Diffusion-weighted image 

ADC: Apparent diffusion coefficient 

SI: Signal intensity 
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Introduction 

Seromucinous borderline tumor (SMBT) is a newly categorized tumor in the 

2014 revised WHO classification of tumors of the female reproductive organs [1]. 

Tumors previously diagnosed as endocervical-like mucinous borderline 

tumor/Müllerian mucinous borderline tumor (MMBT) and Müllerian mixed epithelial 

borderline tumor (MEBT) are now categorized as SMBT. Like other subtypes of 

ovarian borderline tumor, SMBT is probably a precursor lesion of malignant tumor, 

though seromucinous carcinoma is very rare [2]. Reportedly, about 30–70% of SMBT 

are associated with endometriosis [3,4]. Along with clear cell carcinoma (CCC) and 

endometrioid carcinoma (EC), which are malignant tumors often arising from 

endometriotic cyst, SMBT is thought to be an endometriosis-related ovarian neoplasm. 

On average, about 8–59% of CCC and 9–42% of EC were reported to be associated 

with endometriosis [5]. These endometriosis-related ovarian neoplasms are now 

attracting attention because they show common molecular genetic changes such as 

inactivating mutation of the ARID1A tumor suppressor gene [6,7]. Although precise 

differentiation of SMBT from CCC and EC is often difficult preoperatively, these 

tumors show entirely different clinical features. More than 80% of SMBT are described 

as stage I, for which even advanced stage or recurrent SMBT patients had a good 

prognosis [8,9]. In addition, SMBT is described as occurring in young women (average 

36–49 years old) [8,9]. Therefore, conservative surgery can be regarded as an option for 

pre-menopausal women, especially those of reproductive age who desire to preserve 

fertility [10-12]. However, CCC and EC are associated with a poorer prognosis [13,14]. 
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Consequently, in principle, staging laparotomy is recommended for patients with CCC 

and EC, even at an early stage. Regarding surgical management, lymphadenectomy is 

not indicated for patients of borderline tumors because the recurrence and survival rates 

for patients with positive or negative lymph nodes are similar. In contrast, systemic 

pelvic and para-aortic lymph node dissection is generally recommended for patients of 

ovarian cancer [11]. For these reasons, the preoperative differentiation of SMBT from 

CCC and EC is clinically very important. Although potentially useful MR imaging 

findings with radiologic–pathologic correlation for diagnosing SMBT have been 

reported, their actual diagnostic values have not been evaluated [15,16]. No report of 

the literature describes a study conducted to assess the differentiation of 

endometriosis-related ovarian neoplasms. 

The objective of this study was to present MRI findings and quantitative values 

that are expected to be useful for differentiating SMBT from malignant tumors arising 

from endometriotic cyst and to determine their diagnostic value. 
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Materials and Methods 

Our institutional review board approved this single-center retrospective study. 

The requirement for written informed consent was waived. 

 

Patients 

Pathological and radiological records collected at our institute between January 

2000 and October 2015 were searched for ovarian SMBT, CCC, and EC. Results 

revealed 25 SMBT patients, among whom 6 patients had bilateral lesions. Patients 

without preoperative MRI (n=2), those without pathological evidence of endometriosis 

(n=4), those with lesions too small overall to detect on MRI (2 lesions), and those 

without detailed clinical records (n=3) were excluded from the study. Also, 88 CCC 

patients were identified. Those without preoperative MRI (n=15), those without 

pathological evidence of endometriosis (n=16), those without detailed clinical records 

(n=3), and those presenting recurrent lesions (n=4) were all excluded. One patient with 

coexistent lesions of SMBT and CCC was also excluded. In addition, 52 EC patients 

were identified, among whom 4 patients presented bilateral lesions. Patients without 

preoperative MRI (n=5), those without pathological evidence of endometriosis (n=12), 

and those presenting poor image quality (n=1) were excluded. Three patients with 

coexistent lesion of SMBT and EC were also excluded. This study examined 16 SMBT 

patients (19 lesions), 49 CCC patients (49 lesions), and 31 EC patients (35 lesions).  
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When statistical analysis on MR imaging findings and quantitative values was 

performed, CCC and EC were both classified as malignant tumor. 

 

MRI protocol 

For this study, MRI was performed using a 1.5-T unit (Symphony or Avanto; 

Siemens Health Care, Erlagen, Germany, Signa; General Electric Medical Systems, 

Milwaukee, WI, U.S.A.) or a 3.0-T unit (Trio, Skyra; Siemens Health Care, Erlagen, 

Germany) using a phased-array coil. Before MR examination, 20 mg of butyl 

scopolamine (Buscopan; Nippon Boehringer Ingelheim, Tokyo, Japan) was 

administered intramuscularly before acquisition. Our routine MR images were sagittal 

T1-wighted image (T1WI), T2-weighted image (T2WI), and diffusion-weighted image 

(DWI), axial T1WI with fat suppression and T2WI, sagittal and axial contrast-enhanced 

T1WI with or without fat suppression. Contrast-enhanced T1WI was obtained upon 

administration of the gadolinium contrast agent (Magnevist; Bayer Yakuhin, Ltd., Osaka, 

Japan) at a dose of 0.2 mmol/kg intravenously. The imaging parameters are presented in 

Table 1. Selected b values of each patient had some variation: b=1000 s/mm2, b=0 and 

1000 s/mm2, b=0, 500, and 1000 s/mm2, and b=0, 100, 500, 1000 s/mm2. When at least 

two b values were referred, apparent diffusion coefficient (ADC) values were calculated. 

Contrast-enhanced MR images were obtained in 14 of 16 SMBT patients (17 of 19 

lesions), 47 of 49 CCC patients (47 of 49 lesions), and 31 of 31 EC patients (35 of 35 

lesions). DWI was obtained in 13 of 16 SMBT patients (15 of 19 lesions), 43 of 49 CCC 

patients (43 of 49 lesions), and 28 of 31 EC patients (31 of 35 lesions). The ADC map 



 8 

was referenced for 12 of 16 SMBT patients (15 of 19 lesions), 40 of 49 CCC patients 

(40 of 49 lesions), and 24 of 31 EC patients (26 of 35 lesions). 

 

Clinical characteristics 

One board-certified radiologist (Y.K.) with 9 years of experience in 

gynecological radiology searched the clinical records for patients’ clinical information 

including pathology reports. We investigated the number (percentage) of patients who 

exhibited increased concentrations of CEA (≥5.0 ng/ml), CA19-9 (≥37.0 U/ml), and 

CA125 (≥35.0 U/ml). Bilaterality of the tumor and the presence of endometrial lesions 

were also examined in the pathology report. 

 

Quantitative analysis 

The same radiologist (Y.K.) performed the quantitative evaluation of each 

tumor and determined the following parameters: overall and solid portion sizes of the 

tumor, signal intensity (SI) on T1WI of the iliopsoas muscle, and fluid in the cystic 

portion of the tumor when the tumor comprised both solid and cystic portions, SI of the 

solid portion on pre- and post-contrast-enhanced T1WI, and mean and minimum ADC 

values of the solid portion. The overall size was defined as the maximal diameter of the 

tumor, whereas the solid portion size was defined as the height of the solid portion, 

starting from the tumor wall. All image analyses were performed using the clinical 

workstation (Centricity RA1000; GE Healthcare, Barrington, IL). 

For the measurement of SI and ADC values, polygonal regions of interest 
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(ROI) were placed on the entire solid portion manually to cover as large an area as 

possible while avoiding areas such as intratumoral cysts, hemorrhages, and necroses, 

referring to other sequences such as T2WI and contrast and non-contrast enhanced 

T1WI. When a given tumor presented multiple solid nodules, the largest nodule was 

examined. The SI ratio was calculated as follows: fluid SI ratio = fluid SI in the cystic 

portion of the tumor/SI of the iliopsoas muscle; contrast-enhancement SI ratio = SI of 

the solid portion on post-contrast enhanced T1WI/SI of the solid portion on pre-contrast 

enhanced T1WI 

Qualitative analysis 

Two board-certified radiologists with 9 years (Y.M.) and 7 years (K.K.) of 

experience in gynecological radiology independently reviewed all images. They were 

blind to the pathological diagnosis of each tumor. The following four imaging findings 

were assessed in terms of their presence (positive) or absence (negative): (1) nodule in 

cyst appearance, (2) papillary solid nodule, (3) T2WI high SI solid portion, and (4) 

T2WI low SI core. “Nodule in cyst appearance” was defined as positive in cases where 

the tumor was composed of a cyst and mural nodule. When both readers positively 

scored a tumor as “nodule in cyst appearance,” the fluid SI ratio described above and 

fluid SI on T1WI described later were evaluated. “Papillary solid nodule” was scored as 

present when the tumor showed a minute papillary contour on the surface. “T2WI high 

SI solid portion” was scored positive when the tumor presented a high SI solid portion 

equal to water or subcutaneous fat. “T2WI low SI core” was scored positive when the 

intratumoral low intensity solid portion was equal to that of the skeletal muscle on 
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T2WI. Both readers made an effort not to consider intratumoral hemorrhage as a “T2WI 

low SI core” by referring to other images such as T1WI with or without contrast 

medium. Representative MR images accompanying the imaging findings above and the 

corresponding pathological findings are presented in Figure 1. The sensitivity, 

specificity, positive likelihood ratio, and negative likelihood ratio of each image finding 

were calculated for both readers. The two readers classified fluid SI on T1WI as bright 

(similar to subcutaneous fat), intermediate (intermediate SI between bright and low), or 

low (similar to water). The two readers also classified the SI of the solid portion of the 

tumor on DWI as high (similar to nerve root), moderate (similar to small intestine), or 

low (similar to background signal). Sensitivity and specificity were calculated with SI 

on DWI using two criteria: (1) tumors of low SI on DWI were diagnosed as SMBT and 

(2) tumors of low and moderate SI were diagnosed as SMBT. Representative MR 

images of SMBT and malignant tumor on DWI and ADC maps are presented in Figure 

2. 

 

Statistical analysis 

Statistical analyses were performed using a commercially available software 

package (Medcalc ver. 12.3.0; MedCalc Software, Ostend, Belgium) and EZR (Saitama 

Medical Center, Jichi Medical University, Saitama, Japan), a graphical user interface for 

R (The R Foundation for Statistical Computing, Vienna, Austria) [17]. One-way 

analysis of variance with post hoc Bonferroni test was applied to compare the age 

between groups. The frequency of patients with elevated tumor markers, occurrence of 
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bilateral ovarian tumors and coexistent uterine endometrial cancers, each imaging 

finding, fluid SI on T1WI, and SI of the solid portion on DWI were analyzed using 

Fisher’s two-sided exact test. Mann–Whitney U tests were applied to compare 

non-normally distributed continuous variables between the SMBT and malignant tumor 

groups. Receiver-operating characteristic (ROC) curves were calculated for MR 

quantitative values. The ROC curve was used to calculate the area under the curve 

(AUC) and to ascertain the optimal cutoff value for diagnosing SMBT, defined as the 

value providing the largest sum of sensitivity and specificity. The degree of 

interobserver agreement was calculated using kappa statistics in the evaluation of 

imaging findings and the weighted kappa statistics for the assessment of fluid SI on 

T1WI and SI of the solid portion on DWI. A kappa value of 0.21–0.40 was inferred as 

fair agreement, 0.41–0.60 moderate agreement, 0.61–0.80 substantial agreement, and 

0.81–1.00 excellent agreement [18]. All p-values < 0.05 were considered statistically 

significant. 

 

Results 

Clinical characteristics 

Age, frequency of patients with elevated tumor markers, bilateral tumor 

occurrence, and coexistence of uterine endometrial carcinoma in each pathological 

group are presented in Table 2. EC patients were significantly younger than the CCC 

patients were (p=0.007). No other significant difference was found between the other 

groups. When comparison between SMBT and malignant tumor was performed, no 
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significant difference was found in age (p=0.69). Regarding tumor markers, no 

significant difference was found between the groups. Bilateral ovarian tumors occurred 

in SMBT and EC, respectively, at frequencies of 19% and 13%. No significant 

difference was found when comparing SMBT vs. EC, or SMBT vs. malignant tumor 

(p=1.00 and p=0.088, respectively). Coexistent uterine endometrial carcinoma was 

found only in the EC patients (42%). Significant difference was found between EC and 

the other types of tumors (p<0.001). 

 

Quantitative evaluation 

The results of the quantitative evaluation of SMBT and malignant tumors are 

presented in Table 3. The overall and solid portion sizes of SMBT were both 

significantly smaller than malignant tumor (p=0.014 and p=0.003, respectively). The 

fluid SI ratio was calculated for 19/19 lesions of SMBT and for 73/84 lesions of 

malignant tumor. The fluid SI ratio of SMBT was significantly higher than that of a 

malignant tumor (p=0.031). No significant difference was found in the 

contrast-enhancement ratio between the two groups (p=0.076). Mean and minimum 

ADC values of solid portion of SMBT were both higher than those of malignant tumors 

(p<0.001 and p=0.026, respectively). The minimum size of ROI on the solid portion 

was 25 mm2 for SMBT and 83 mm2 for a malignant tumor. 

 

ROC analysis 

The mean ADC value achieved the highest AUC (0.860), followed by solid 
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portion size (AUC=0.718), minimum ADC value (AUC=0.685), overall size 

(AUC=0.681), fluid SI ratio (AUC=0.660), and contrast-enhancement ratio 

(AUC=0.638) (Fig. 3). The cutoff value, sensitivity and specificity of each parameter 

were the following: mean ADC value [10-3 mm2/s] (1.31, 1.00, 0.61), solid portion size 

[cm] (2.10, 0.74, 0.66), minimum ADC value [10-3 mm2/s] (1.03, 0.67, 0.86), overall 

size [cm] (6.80, 0.63, 0.75), fluid SI ratio (2.07, 0.68, 0.65), and contrast-enhancement 

ratio (1.84, 0.77, 0.57). 

 

Qualitative evaluation 

Results of the evaluation of MR imaging findings are presented in Table 4. No 

significant difference was found for “nodule in cyst appearance”. “Papillary solid 

nodule”, “T2WI high SI solid portion,” and “T2WI low SI core” were frequently found 

in SMBT at a significant level (p<0.001, all findings for both readers). Interobserver 

agreement was excellent in relation to “nodule in cyst appearance” and “T2WI high SI 

solid portion” (kappa=0.81 and 0.96, respectively), moderate in relation to “papillary 

solid nodule” (kappa=0.54), and substantial in relation to “T2WI low SI core” 

(kappa=0.68). Table 5 presents the respective sensitivity, specificity, positive likelihood 

ratio, and negative likelihood ratio of these findings. Fluid SI of SMBT on T1WI were 

the following: low, 4 (21%) and 4 (21%); intermediate, 6 (32%) and 4 (21%); high, 9 

(47%) and 11 (58%), respectively, for readers 1 and 2. Those of the malignant tumor 

were the following: low, 25 (34%) and 24 (33%); intermediate, 23 (32%) and 27 (37%); 

bright, 25 (34%) and 22 (30%), respectively, for the readers. No significant difference 
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was found between the two groups (p=0.50 and 0.10 for readers 1 and 2, respectively). 

Interobserver agreement was substantial (kappa=0.76). SI of the solid portion of SMBT 

on DWI were the following: low, 4 (27%) and 7 (47%); moderate, 6 (40%) and 4 

(27%); high, 5 (33%) and 4 (27%) for readers 1 and 2. Those of malignant tumor were 

the following: low, 1 (1.3%); moderate, 7 (9.3%); high 66 (88%) for both readers. A 

significant difference was found for SI on DWI between the two groups (p<0.001 for 

both readers). When tumors of low SI on DWI were diagnosed as SMBT, sensitivity and 

specificity with 95% confidence interval were 0.27 (0.078–0.55) and 0.99 (0.93–1.00) 

for reader 1, and 0.47 (0.21–0.73) and 0.99 (0.93–1.00) for reader 2. When tumors of 

low and moderate SI were diagnosed as SMBT, the sensitivity and specificity were 0.67 

(0.38–0.88) and 0.89 (0.80–0.95) respectively for reader 1, and 0.73 (0.45–0.92) and 

0.89 (0.80–0.95) respectively for reader 2. Interobserver agreement was substantial 

(kappa=0.78). 
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Discussion 

Our study assessed the diagnostic value of a set of quantitative values and MR 

imaging findings for the differentiation of SMBT from endometriosis-related malignant 

ovarian tumor. Among the quantitative values, the mean ADC value of the solid portion 

was the most useful quantitative value with high sensitivity for diagnosing SMBT. In 

relation to MR imaging findings, “T2WI high SI solid portion” and “T2WI low SI core” 

showed high specificity for the diagnosis of SMBT. The T2WI high SI solid portion 

particularly showed excellent interobserver agreement. 

Our results demonstrated that the mean ADC value of the solid portion was the 

most useful quantitative value. Indeed, the mean ADC value of SMBT was significantly 

higher than that of a malignant ovarian tumor. It achieved the highest AUC, high 

sensitivity, and moderate specificity. Although the minimum ADC value also showed 

significant difference between the two groups, it showed lower diagnostic performance 

than the mean ADC value. DWI can create image contrast depending on the difference 

of tissue molecular diffusion; it also permits quantitative evaluation using ADC values 

[19,20]. A reduced ADC value is related to the increased cellular density of tumors. 

Several reports of the literature have described that DWI and ADC values were useful 

for the differentiation of benign from malignant ovarian tumors [21-25]. Our results 

showed good agreement with those of earlier studies. The mean ADC value of the solid 

portion achieved high diagnostic performance attributable to the high cellularity of 
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malignant tumor and also to the edematous stromal nature of SMBT, which contributes 

to the high ADC value. The lower diagnostic performance of minimum ADC value is 

expected to be the result of a “T2-blackout effect” caused by the fibrous core of SMBT: 

a fibrous core exhibit low SI on a DWI with a low b value. It therefore has less SI to 

lose on images with higher b values, resulting in low ADC values [26]. Even when 

SMBT had a fibrous core, it usually occupied only a small area of the tumor. For that 

reason, it would probably have only a negligible effect on the mean ADC value. The 

solid portion size parameter revealed moderate diagnostic performance. Tanaka et al. 

reported that the sizes of both the overall cyst and mural nodules of an endometriotic 

cyst with malignant conditions were significantly larger than those of an endometriotic 

cyst with benign conditions [27]. In their research, a borderline tumor was categorized 

as an endometriotic cyst with malignant condition. They did not compare borderline and 

malignant tumors. 

Our study also revealed several MR imaging findings with high specificity for 

the diagnosis of SMBT: “papillary solid nodule,” “T2WI high SI solid portion,” and 

“T2WI low SI core.” These findings correspond to the gross papillary architecture, 

edematous stroma, and fibrous core of solid nodule, which are all pathological findings 

characteristic of SMBT [9,13]. “T2WI high SI solid portion” showed high specificity 

and excellent interobserver agreement. This was a simple finding, which, when present, 

was easily recognizable by both readers. Although the sensitivity might not be sufficient 

for the detection of all cases of SMBT, high specificity is expected to contribute to the 

consideration for conservative surgery. The “T2WI low SI core” showed high sensitivity 



 17 

and substantial interobserver agreement. The fibrous core was a minute structure even 

when present. It was sometimes difficult to recognize in cases of a small solid portion. 

This might explain the lower interobserver agreement than that of a “T2WI high SI 

solid portion.” “Papillary solid nodule” showed lower interobserver agreement than 

those of other findings, probably because recognition of the papillary architecture was 

difficult, especially in the case of small tumors as a result of the partial volume effect. 

As for SI on DWI, low SI on DWI is expected to be highly suggestive of 

SMBT, whereas moderate SI would indicate possibility of SMBT. Some SMBT 

exhibited high intensity on DWI, probably because of “T2 shine-through effect,” i.e., 

edematous stroma of SMBT presenting high SI on T2WI could have contributed to the 

high SI on DWI [28]. 

Our study has several limitations. First, this research was a retrospective study 

in which the SMBT patient sample size was small. A larger prospective study would be 

preferred, but such a study might be practically difficult to achieve because of the rare 

occurrence of SMBT. Secondly, the MRI machines and their respective acquired 

sequence parameters had some variation because we included patients for a long period 

of time. In addition to MR field strength (1.5T or 3.0T), the variation of b-values used 

in our study to calculate ADC values (b=0 and 1000 s/mm2, b=0, 500, and 1000 s/mm2, 

and b=0, 100, 500, 1000 s/mm2) might affect the ADC values. Another limitation of the 

ADC value was that the smaller ROI of the solid portion of SMBT compared to 

malignant tumor (minimum ROI for SMBT; 25 mm2 vs. malignant tumor; 83 mm2) 

might contribute to the higher ADC value of the solid portion of SMBT because of the 
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partial volume effect. As for the contrast enhancement of the tumors, we only analyzed 

contrast enhancement ratio, but not dynamic contrast enhanced (DCE) images. 

Thomassin-Naggara et al. demonstrated the utility of DCE MRI for distinguishing 

among benign, borderline, and malignant epithelial ovarian tumors [29]. Analyzing the 

time intensity curve of the solid portion is expected to be useful for differentiating 

SMBT from endometriosis-related malignant ovarian tumor. In addition, in some cases, 

DWI or contrast-enhanced images were not available. This was unavoidable, however, 

because long-term patients were included in the study because of the rare prevalence of 

SMBT. Finally, only patients who underwent MRI were enrolled, which might have led 

to a selection bias. 

In conclusion, this study demonstrated clinically useful quantitative values and 

MR imaging findings for the differentiation of SMBT from endometriosis-related 

malignant ovarian tumor. Regarding quantitative values, the mean ADC value of the 

solid portion of the tumor showed the best diagnostic performance and was associated 

with high sensitivity. Regarding imaging findings, “T2WI high SI solid portion” and 

“T2 low SI core” were regarded as useful findings with high specificity. Low SI of the 

solid portion of the tumor on DWI was also a useful finding, suggestive of SMBT. 

Combining quantitative values of high sensitivity with the MR imaging findings of high 

specificity for diagnosing SMBT is expected to be valuable in clinical practice. 
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Table 1: MR imaging parameters 

TR: repetition time 

TE: echo time 

FA: flip angle 

T1WI: T1-weighted image 

T2WI: T2-weighted image 

DWI: diffusion-weighted image 

CE-T1WI: contrast-enhanced T1-weighted image 

FSE: fast spin echo 

GE: gradient echo 

 

Table 2: Clinical features of each pathological group 

Data are presented as mean±standard deviation (min-max) for age, and n (%) for 

patients with elevated tumor markers, bilateral lesion, and coexistent uterine 

endometrial carcinoma 

SMBT: seromucinous borderline tumor 

CCC: clear cell carcinoma 

EC: endometrioid carcinoma 

 

Table 3: Results of MR quantitative evaluation 

Data are presented as median [interquartile range]. 
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The fluid SI ratio was calculated in 19/19 of SMBT and 73/84 of malignant tumor, 

contrast-enhancement ratio 17/19 of SMBT and 78/84 of malignant tumor, mean and 

minimum ADC value 15/19 of SMBT and 66/84 of malignant tumor. 

SMBT: seromucinous borderline tumor 

SI: signal intensity 

ADC: apparent diffusion coefficient 

 

Table 4: Results of the evaluation of MR imaging findings and interobserver agreement 

Data are n (%) for each imaging finding. 

Kappa value and 95% confidence interval are shown. 

T2WI: T2-weighted image 

SI: signal intensity 

 

Table 5: Summary of the sensitivity, specificity, positive likelihood ratio (PRL) and 

negative likelihood ratio (NRL) associated with the MR imaging findings 

Data are %[95% confidence interval]. 

Sen: sensitivity 

Spe: specificity 

T2WI: T2-weighted image 

SI: signal intensity 
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Figure 1: Representative MR appearance of seromucinous borderline tumor (SMBT) 

and its pathological findings. 

Axial T2-weighted image (a) shows an ovarian tumor composed of cyst and mural 

nodule. The papillary-shaped nodule consists of a peripheral high signal intensity 

portion (arrow) and central low signal intensity portion (arrowhead). Axial fat 

suppressed T1-weighted image (b) shows high signal intensity fluid in the cyst. Axial 

contrast-enhancement fat suppressed T1-weighted image (c) shows moderate papillary 

nodule enhancement. The photograph of the surgical specimen of the tumor (d) presents 

the minute papillary architecture of the solid portion. Histological section of the 

papillary nodule (e) shows edematous stroma (arrowhead) with a fibrous core (arrow), 

respectively corresponding to the high and low signal intensity portions of T2-weighted 

images. 

 

Figure 2: Representative MR images of seromucinous borderline tumor (SMBT) (a–c) 

and endometriosis-related malignant ovarian tumor (d–f) on diffusion-weighted image 

(DWI) and apparent diffusion coefficient (ADC) map. 

(a,d) Sagittal T2-weighted image shows a tumor composed of cyst and mural nodule. 

The SMBT nodule consists of a peripheral high signal intensity portion (a, arrow) and a 

central low signal intensity portion (a, arrowhead). On sagittal DWI (b,e), the nodule of 

SMBT shows low signal intensity. That of a malignant tumor shows high signal 

intensity. On the sagittal ADC map (c,f), the peripheral portion of the nodule (c, arrow) 
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of SMBT shows a high ADC value, while the central portion of the nodule (c, 

arrowhead) shows a low ADC value compared to the peripheral portion. The nodule of a 

malignant tumor shows a low ADC value. 

 

Figure 3: Receiver operating characteristic (ROC) curves of the quantitative values. 
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Table 2 

 

 SMBT (n=16) CCC (n=49) EC (n=31) p value 

Age 48.6 12.4 (24-66) 52.6 10.5 (32-75) 45.3 7.6 (34-58) 0.008 

CA19-9 elevation 10 (63%) 23 (47%) 11 (35%) 0.23 

CA125 elevation 10 (63%) 26 (60%) 23 (74%) 0.15 

CEA elevation 0 (0%) 3 (6%) 4 (13%) 0.27 

bilateral lesion 3 (19%) 0 (0%) 4 (13%) 0.005 

endometrial carcinoma 0 (0%) 0 (0%) 13 (42%) <0.001 
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Table 3 

 

 SMBT (n=19) Malignant tumor (n=84) p value 

overall size [cm] 6.7 [5.1-9.55] 10.05 [6.9-14.0] 0.014 

solid portion size [cm] 1.8 [0.9-2.5] 3.45 [1.9-5.63] 0.003 

fluid SI ratio 2.88 [1.71-3.41] 1.59 [1.14-2.71] 0.031 

contrast-enhancement ratio 1.72 [1.59-1.84] 1.98 [1.66-2.23] 0.076 

mean ADC value [10-3 mm2/s] 1.77 [1.48-1.88] 1.20 [1.04-1.40] <0.001 

minimum ADC value [10-3 mm2/s] 1.20 [0.73-1.33] 0.81 [0.65-0.925] 0.026 

 

 

 



 30 

Table 4 

 

 
SMBT (n=19) Malignant tumor (n=84) p value Kappa value 

MR imaging finding Reader 1 Reader 2 Reader 1 Reader 2 Reader 1 Reader 2 
 

nodule in cyst appearance 19 (100%) 19 (100%) 76 (90%) 75 (89%) 0.35 0.2 0.81 [0.60-1.00] 

papillary solid nodule 11 (58%) 13 (68%) 6 (7.1%) 17 (20%) <0.001 <0.001 0.54 [0.36-0.73] 

T2WI high SI solid portion 11 (58%) 11 (58%) 3 (3.6%) 4 (4.8%) <0.001 <0.001 0.96 [0.89-1.00] 

T2WI low SI core 9 (47%) 12 (63%) 2 (2.4%) 2 (2.4%) <0.001 <0.001 0.68 [0.46-0.90] 
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Table 5 

 

 

   Reader 1  Reader 2 

MR imaging finding Sen Spe PRL NRL Sen Spe PRL NRL 

nodule in cyst appearance 
100% 

[75-100] 

9% 

[4-18] 

1.11 

[1.03-1.19] 
0 

100% 

[75-100] 

11% 

[5-19] 

1.12 

[1.04-1.21] 
0 

papillary solid nodule 
58% 

[34-80] 

93% 

[85-97] 

8.11 

[3.43-19.18] 

0.45 

[0.27-0.77] 

68% 

[43-87] 

80% 

[70-88] 

3.38 

[2.00-5.70] 

0.40 

[0.20-0.77] 

T2WI high SI solid portion 
58% 

[34-80] 

96% 

[90-99] 

16.21 

[5.00-52.52] 

0.44 

[0.26-0.74] 

58% 

[34-80] 

95% 

[88-99] 

12.16 

[4.34-34.07] 

0.44 

[0.26-0.75] 

T2WI low SI core 
48% 

[24-71] 

98% 

[92-100] 

19.90 

[4.67-84.73] 

0.54 

[0.35-0.83] 

63% 

[38-84] 

98% 

[92-100] 

26.53 

[6.47-108.8] 

0.38 

[0.21-0.68] 
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Fig1a 

 

Fig1b 

 

Fig1c 
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Fig1d 

 

Fig1e 
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Fig2a 

 

Fib2b 
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Fig2c 

 

Fig2d 
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Fig2e 

 

Fig2f 
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Fig3 
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