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 Background: The aim of this study was to determine multidetector computed tomography (MDCT) features and tumor mark-
ers for differentiating stage I serous borderline ovarian tumors (SBOTs) from stage I serous malignant ovarian 
tumors (SMOTs).

 Material/Methods: In total, 48 patients with stage I SBOTs and 54 patients with stage I SMOTs who underwent MDCT and tumor 
markers analysis were analyzed. MDCT features included location, shape, margins, texture, papillary projec-
tions, vascular abnormalities, size, and attenuation value. Tumor markers included serum cancer antigen 125 
(CA125), carbohydrate antigen 19-9 (CA19-9), carcinoembryonic antigen (CEA), and human epididymis protein 4 
(HE4). Parameters of clinical characteristic, MDCT features, and tumor markers were compared using a chi-
square test and Mann-Whitney U tests. A binary logistic regression analysis was performed to detect predic-
tors for SMOTs. A receiver operating characteristic (ROC) curve analysis was used to assess the potential diag-
nostic value of the quantitative parameters. Kappa and intraclass correlation coefficients were used to evaluate 
interobserver reproducibility for MDCT features.

 Results: Median ages between patients with SBOTs and SMOTs were significantly different. Compared with SBOTs, vas-
cular abnormalities were significantly more common in SMOTs. CA125, HE4, the maximum thickness of the 
wall, the maximum thickness of the septa, and the maximum diameter of the solid portions were significantly 
higher in patients with SMOTs. A binary logistic regression analysis revealed that age, vascular abnormalities, 
and the maximum diameter of the solid portion were independent factors of SMOTs. ROC analysis was used 
to assess the potential diagnostic value for predicting SMOTs. Moderate or good interobserver reproducibility 
for MDCT features were identified.

 Conclusions: Age, vascular abnormalities, and the maximum diameter of the solid portion were independent factors for dif-
ferentiating SBOTs from SMOTs. The combined analysis of age, vascular abnormalities, and the maximum di-
ameter of the solid portion may allow better differentiation between SBOTs and SMOTs.
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Background

Ovarian cancer is a common disease in women worldwide, 
and epithelial ovarian tumors that result from ovarian can-
cer account for 60% of all ovarian tumors [1,2]. Depending on 
histologic grade of differentiation and biologic behavior, epi-
thelial ovarian tumors are categorized as benign, borderline, 
and malignant. Depending on the different histological sourc-
es, epithelial ovarian tumors can be further divided into se-
rous tumors, mucinous tumors, endometrioid tumors, clear 
cell tumors, and Brenner tumors, with the serous type being 
the most common[3,4].

Benign epithelial tumors are mainly cystic, while borderline or 
malignant tumors often present as a solid-cystic mass or sol-
id mass. When presenting as a solid-cystic mass, it is vital to 
preoperatively distinguish borderline and malignant tumors. 
This is because stage I borderline tumors are usually treated 
by conservative fertility-sparing laparoscopic surgery in pa-
tients who desire fertility preservation, and require long-term 
follow-up [5,6]. Meanwhile, malignant ovarian tumors always 
require a comprehensive staging surgery and require postop-
erative chemotherapy [1].

Multidetector computed tomography (MDCT) has been widely 
used in the diagnosis and follow-up of ovarian tumors in re-
cent years, and it can provide clinically relevant information 
for various ovarian lesions and stage ovarian cancer, as well 
as evaluate surgical resectability [7–9]. However, when medi-
cal imaging methods were used to distinguish borderline and 
malignant tumors, previous studies focused on the shape of 
the tumor itself [10–12] or the tumor vascular changes [13], 
ignoring the combination of tumor morphology with tumor 
vascular changes.

Biomarkers, such as serum cancer antigen 125 (CA125), car-
bohydrate antigen 19-9 (CA19-9), carcinoembryonic antigen 
(CEA), and human epididymis protein 4 (HE4), all have po-
tential value in early-stage ovarian cancer detection. CA125 
is the most commonly used tumor biomarker for the diagno-
sis of ovarian tumors [14]. HE4 has advantages in monitoring 
the progression of ovarian cancer over CA125 [15–17]. Though 
usually used in the digestive tract tumors, CA19-9 and CEA are 
also elevated in ovarian cancer [18]. Currently, some studies 
tend to value only the differences between CA125 values for 
borderline and malignant tumors, and ignore the comprehen-
sive analysis of different tumor biomarkers, especially when 
combined with imaging features [19,20]. In addition, in a re-
cent study on differentiating ovarian metastases in colorectal 
cancer from primary ovarian cancer, the method of combin-
ing morphology and tumor markers has been reported to be 
useful [21]. Based on this background, the aim of our study 
was to retrospectively analyze the diagnostic ability of MDCT, 

emphasizing the tumor vascular changes and combining these 
with various tumor markers, in order to differentiate stage I 
serous borderline ovarian tumors (SBOTs) from stage I serous 
malignant ovarian tumors (SMOTs).

Material and Methods

Study population

The Institutional Research Board of our hospital approved this 
study. Informed consent was obtained from all patients and 
patients were informed of the possibility of a reaction to the 
MDCT contrast agent. Clinical and imaging data from consecu-
tive patients ultimately all diagnosed with SBOTs and SMOTs 
between December 2017 and December 2019 were collected. 
We initially collected data from 161 patients with SBOTs and 
267 patients with SMOTs. The inclusion criteria of this study 
were as follows: first, the diagnosis of stage I SBOTs or SMOTs 
was based on the surgical pathology according to International 
Federation of Gynecology and Obstetrics (FIGO) [22] and the 
2014 World Health Organization (WHO) classification of tu-
mors of female reproductive organs [23]; second, the imag-
ing demonstrated a solid-cystic tumor. The exclusion criteria 
were as follows: first, patients that had other diseases that 
could influence tumor marker levels, such as celiac or pelvic 
inflammation, were excluded; second, patients whose clini-
cal data were incomplete, such as absence of MDCT imaging 
or tumor markers, were excluded; third, those whose surgi-
cal pathology confirmed stage II–IV ovarian tumors were also 
excluded. Finally, we collected data from 48 patients (47.1%) 
with SBOTs and 54 patients (52.9%) with SMOTs. Clinical 
symptoms of the patients included abdominal distension, 
abdominal pain, increased abdominal size, accidentally-dis-
covered adnexal masses in a health examination, and abnor-
mal vaginal bleeding.

Multidetector computed tomography (MDCT) protocols

Contrast-enhanced pelvic CT scans were performed using 5 
different CT scanners: Aquilion ONE (Canon medical systems), 
Discovery CT750 HD (GE medical systems), Optima CT670 (GE 
medical systems), iCT 256 (PHILIPS), SOMATOM Definition 
Flash (SIEMENS). All examinations were performed after in-
travenous contrast (80–100 mL iohexol, 300 mg iodine/mL; 
Beijing Beilu Pharmaceutical, Beijing, China). The contrast agent 
was injected at the rate of 2.0–3.0 mL/s by using an automat-
ic power injector. Patients were scanned on MDCT scanners 
with the following parameters: 100 mAs; 120 kV; rotation time 
of 0.6 s; tube current of 600 mA; helical pitch of 0.984; thick-
ness of 1–1.2 mm. Each patient underwent 3-phase contrast-
enhanced CT examinations of the pelvic cavity. Arterial phase 
was performed a delay time of 13–17 s after abdominal aorta 
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attenuation reached 100 Hounsfield unit (Hu) using the track-
ing technique. Portal phase was performed 30 s after the arte-
rial phase. Equilibrium phase scanning was performed 180 s 
after the portal phase. The reformats in volume rendering and 
three dimensionally reconstructed images were acquired in 
all patients. All patients underwent surgery within 1 week af-
ter the MDCT scan.

Image analysis

Two board-certified radiologists with 7 and 9 years of expe-
rience in gynecologic radiology separately and independent-
ly viewed the imaging and recorded the following qualitative 
data: a) location, unilateral or bilateral; b) tumor shape, lobu-
lated or round/oval; c) margins, smooth or irregular; d) texture, 
predominantly cystic or predominantly solid; e) papillary pro-
jections, absent or present; f) papillary projections with papil-
lary surface, absent or present; g) discontinuous septa, absent 
or present; h) ascites, absent or present; and i) vascular abnor-
malities, absent or present. In patients with bilateral ovarian 
lesions, the MDCT feature was considered positive if at least 
one ovarian lesion was observed. Papillary projections were 
defined as solid structure into the cystic space growing from 
the cyst wall or septum. Discontinuous septa were defined as 
existing 2 or more interrupts of septa on cross-sectional image 
of the same level. Location, tumor shape, margins, texture, and 
ascites were evaluated on axial image. Vascular abnormalities 
were defined as existence at least one of the following con-
ditions: a)serpentine and, or chaotic course of vessels, mani-
festing distortion of the feeding artery with blurred boundar-
ies of its branches; b)presence of microaneurysms; c) presence 
of arterio-venous fistula [13]. Vascular abnormalities that ex-
ist in septa, papillary projection, or solid parts of the tumor 
are all considered positive with or without abnormal blood 
vessels outside the tumor. Vascular abnormalities are evalu-
ated on axial image with reference to maximal intensity pro-
jection (MIP) algorithm and volume rendering (VR) algorithm. 
Any discrepancies between the interpretations were resolved 
by discussion to obtain a consensus decision.

The quantitative data included tumor markers (CA125, CA19-9, 
CEA, and HE4), size (maximum thickness of wall, septa, and sol-
id component) and attenuation value. If the largest solid part 
was a papillary projection, it was considered as both a papil-
lary projection and solid portion of the mass. We selected the 
largest slice of the solid portion to measure the lesion attenu-
ation value. Two measurements were obtained, and mean at-
tenuation values were recorded. For both the qualitative and 
quantitative data, in cases of bilateral ovarian masses, if SBOTs 
and SMOTs were in the same case, the SMOT lesions were an-
alyzed. If the bilateral ovarian masses had the same pathol-
ogy results, the lesion with the features that tend indicated 
malignancy (a more solid texture) was analyzed.

Statistical analysis

Statistical analyses were performed using SPSS software (ver-
sion 23.0, SPSS, Inc., Chicago, IL, USA) for Windows. Qualitative 
variables were recorded as frequencies and percentages. 
Quantitative variables were presented as medians. The chi-
squared test or Fisher’s exact test was used to evaluate wheth-
er the qualitative variables were significantly different between 
SBOTs and SMOTs. Mann-Whitney U tests were used to com-
pare the differences between SBOTs or SMOTs in terms of the 
quantitative variables. A binary logistic regression analysis was 
used to detect significant independent predictors of SMOTs in 
terms of qualitative and quantitative variables that had signif-
icant differences, according to a univariate analysis. A receiv-
er operating characteristic (ROC) analysis was used to assess 
the relative potential diagnostic value in predicting SMOTs. 
Interobserver reproducibility for MDCT features was evaluat-
ed using the kappa statistic (k) for the qualitative variables 
and the intra-class correlation coefficient (ICC) for the quanti-
tative variables. P values were considered statistically signif-
icant when P<0.05.

Results

Clinical data of SBOTs and SMOTs

The clinical data are shown in Table 1. The median ages be-
tween patients with SBOTs and SMOTs were significantly dif-
ferent (42 versus 52 years, P<0.001). Patients with SMOTs had 
higher proportion of menopause compared with patients with 
SBOTs (51.9% versus 18.8%, P=0.001).

Comparison of qualitative data between SBOTs and SMOTs

The qualitative MDCT features of the patients with SBOTs and 
SMOTs are shown in Table 2. Vascular abnormalities (16.7% ver-
sus 66.7%, P<0.001) were significantly more common in patients 
with SMOTs, compared to patients with SBOTs (Figures 1–3).

Comparison of quantitative data between SBOTs and 
SMOTs

The quantitative data of patients with SBOTs and SMOTs are 
shown in Table 3. The levels of CA125 (130.3 versus 328.8 U/mL, 
P=0.005), HE4 (74.6 versus 123.3 pmol/L, P<0.001), the maxi-
mum thickness of the wall (2.6 versus 3.45 mm, P=0.001), the 
maximum thickness of the septa (2.6 versus 3.5 mm, P=0.002), 
and the maximum diameter of the solid portion (31.5 versus 
43.5 mm, P<0.001) in the SMOT patients were higher than that 
in the SBOT patients.
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Table 1. Clinical characteristics of SBOTs and SMOTs.

Characteristic SBOTs (n=48) SMOTs (n=54) P value

Age, years, median [range]  42.0 (29.3–46.8)*  52.0 (45–58)* <0.001

Menopause  18.8 (9/48)  51.9 (28/54) 0.001

Clinical symptoms and signs

Abdominal distension  12.5 (6/48)  33.3 (18/54) 0.013

Abdominal pain  14.6 (7/48)  25.9 (14/54) 0.157

Increased abdominal size  33.3 (16/48)  16.7 (9/54) 0.139

Accidentally discovered adnexal mass by health examination  33.3 (16/48)  20.4 (11/54) 0.004

Abnormal vaginal bleeding  6.3 (3/48)  3.7 (2/54) 0.664

Duration of symptom, days, median [range]  70.0 (21.8–340)*  82.5 (40–150)* 0.712

Combined with breast cancer  8.3 (4/48)  9.3 (5/54) 1.000

Family history of tumors  6.3 (3/48)  9.3 (5/54) 0.719

Data are shown as % (n/N).* Data are presented as the median (inter-quartile range). SBOTs – serous borderline ovarian tumors; 
SMOTs – serous malignant ovarian tumors.

Table 2. Comparison of qualitative MDCT features of SBOTs and SMOTs.

MDCT feature
% of patients

P value
SBOTs SMOTs

Location 0.083

Unilateral  45.8 (22/48)  63.0 (34/54)

Bilateral  54.2 (26/48)  37.0 (20/54)

Tumor shape 0.309

Lobulated  20.8 (10/48)  29.6 (16/54)

Round/oval  79.2 (38/48)  70.4 (38/54)

Margins 0.054

Smooth  83.3 (40/48)  66.7 (36/54)

Irregular  16.7 (8/48)  33.3 (18/54)

Texture 0.199

Predominantly cystic  87.5 (42/48)  77.8 (42/54)

Predominantly solid  12.5 (6/48)  22.2 (12/54)

Papillary projections  60.4 (29/48)  37.4 (20/54) 0.191

Papillary projections with papillary surface  12.5 (6/48)  3.7 (2/54) 0.143

Discontinuous septa  4.2 (2/48)  14.8 (8/54) 0.098

Ascites  35.4 (17/48)  50.0 (27/54) 0.138

Vascular abnormalities  16.7 (8/48)  66.7 (36/54) <0.001

All data are shown as % (n/N). SBOTs – serous borderline ovarian tumors; SMOTs – serous malignant ovarian tumors; 
MDCT – multidetector computed tomography.
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Figure 1.  (A) The enhanced axial multidetector computed tomography images of a 32-year-old female with SBOTs showed a solid-
cystic mass with thick wall and thick septa (arrow); however, with few vascular abnormalities in the endophytic part of the 
tumor. (B) The reformat in VR algorithm. Scant tiny vessels in the endophytic part of the tumor (arrow). SBOTs – serous 
borderline ovarian tumors; VR – volume rendering.

A B

Figure 2.  (A) The enhanced axial multidetector computed tomography images of a 65-year-old female with SMOTs showed a solid-cystic 
mass with relatively thick wall and thick septa, with serpentine and chaotic course of vessels and microaneurysms (arrow). 
(B, C) The reformat in MIP and VR algorithm. Serpentine and chaotic course of vessels and multiple microaneurysms in the 
solid parts of the tumor (arrow). SMOTs – serous malignant ovarian tumors; MIP – maximal intensity projection; VR – volume 
rendering.

A B C

Figure 3.  (A, B) Multidetector computed tomography arterial phase of a 67-year old woman with SMOT. The reformat in MIP and 
VR algorithm. Early venous outflow as an indirect sign of arteriovenous shunting in solid parts of the tumor (arrow). 
SMOT – serous malignant ovarian tumor; MIP – maximal intensity projection; VR – volume rendering.

A B
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Binary logistic regression analysis between SBOTs and 
SMOTs

Univariate and multivariate logistic regression analyses pre-
dicting SMOTs are shown in Table 4. In the univariate regres-
sion analysis, age (OR 1.098, P<0.001), the level of CA125 (OR 
1.002, P=0.007), the level of HE4 (OR 1.015, P=0.001), vascu-
lar abnormalities (OR 10.000, P<0.001), maximum thickness of 
the wall (OR 2.339, P=0.001), maximum thickness of the sep-
ta (OR 1.979, P=0.005), and maximum diameter of the sol-
id portion (OR 1.104, P<0.001) were identified as significant 

predictors for diagnosing SMOTs. In the multivariate logistic 
regression analysis, age (OR 1.089, P=0.014) vascular abnor-
malities (OR 11.12, P=0.001), and the maximum diameter of 
the solid portion (OR 1.069, P=0.045) were identified as sig-
nificant predictors for diagnosing SMOTs. The area under the 
ROC curves, sensitivities, specificities, and threshold values are 
shown in Table 5, and the combination of age, vascular ab-
normalities, and the maximum diameter of the solid portion 
had a high sensitivity (88.9%) and specificity (85.4%) and the 
highest AUC (0.939) (Figure 4).

Table 3. Comparison of quantitative measures of SBOTs and SMOTs.

Parameter SBOTs (n=48) SMOTs (n=54) P value

CA125 (U/mL)  130.3 (40.1–326.1)  328.8 (66.5–1270.5) 0.005

CA19-9 (U/mL)  15.9 (10.4–24.9)  18.3 (9.0–41.9) 0.573

CEA (ng/mL)  1.2 (0.5–1.8)  1.4 (0.9–2.3) 0.059

HE4 (pmol/L)  74.6 (64.1–95.1)  123.3 (73.4–255.8) <0.001

Arterial phases attenuation value (Hu)  54.5 (48.1–59.2)  53.6 (46.8–56.8) 0.163

Venous phases attenuation value (Hu)  60.1 (56.6–65.6)  57.5 (55.0–64.9) 0.056

Equilibrium phase attenuation value (Hu)  66.5 (61.5–73.5)  68.4 (59.4–68.9) 0.062

Size (mm)  79.1 (56.8–109.4)  80.9 (60.8–112.6) 0.580

Maximum thickness of wall (mm)  2.6 (1.8–3.6)  3.45 (2.8–3.8) 0.001

Maximum thickness of septa (mm)  2.6 (2.3–3.6)  3.5 (2.8–3.9) 0.002

Maximum diameter of solid component (mm)  31.5 (25.4–39.8)  43.5 (31.6–51.0) <0.001

Data are presented as the median (inter-quartile range). SBOTs – serous borderline ovarian tumors; SMOTs – serous malignant ovarian 
tumors; CA125 – serum cancer antigen 125; CA19-9 – carbohydrate antigen 19-9; CEA – carcinoembryonic antigen; HE4 – human 
epididymis protein 4.

Table 4. Predicting SMOTs by multivariate analysis of age, tumor markers and MDCT features.

Parameter Crude OR P value Adjusted OR P value

Age (years)  1.098 (1.051–1.148) <0.001  1.089 (1018–1.166) 0.014

CA125 (U/mL)  1.002 (1.000–1.003) 0.007  1.001 (0.999–1.003) 0.382

HE4 (pmol/L)  1.015 (1.006–1.024) 0.001  1.008 (0.996–1.021) 0.182

Texture  7.000 (2.866–17.094) <0.001  2.994 (0.770–11.642) 0.114

Vascular abnormalities  10.000 (3.880–25.773) <0.001  11.12 (2.697–45.835) 0.001

Maximum thickness of wall (mm)  2.339 (1.430–3.823) 0.001  1.654 (0.762–1.654) 0.203

Maximum thickness of septa (mm) 1.979 (1.232–3.179) 0.005  1.545 (0.700–3.411) 0.282

Maximum diameter of solid 
component (mm)

 1.104 (1.056–1.154) <0.001  1.069 (1.010–1.146) 0.045

SMOTs – serous malignant ovarian tumors; MDCT – multidetector computed tomography; OR – odds ratio; CA125 – serum cancer 
antigen 125; HE4 – human epididymis protein 4.
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Table 5. Diagnostic performance of tumor markers and MDCT parameter for predicting SMOTs by ROC analyses.

Parameter AUC Sensitivity (%) Specificity (%) Threshold value

Age (years) 0.750 70.4 75.0 46.5

CA125 (U/mL) 0.662 42.6 89.6 457.5

HE4 (pmol/L) 0.726 57.4 83.3 107.0

Maximum thickness of wall (mm) 0.688 81.5 50.0 2.55

Maximum thickness of septa (mm) 0.674 74.1 62.5 3.1

Maximum diameter of solid component (mm) 0.781 68.5 77.1 40.3

Combination of age, vascular abnormalities 
and maximum diameter of solid portion

0.939 88.9 85.4 –

MDCT – multidetector computed tomography; SMOTs – serous malignant ovarian tumors; ROC – receiver operating characteristics; 
AUC – area under the ROC curve; CA125 – serum cancer antigen 125; HE4 – human epididymis protein 4.

Interobserver agreement of MDCT features

The interobserver agreement between the 2 radiologists was 
moderate or good for MDCT features of SBOTs and SMOTs 
(k range: 0.697–1.000; ICC range: 0.749–0.854) (Table 6).

Discussion

SBOTs and SMOTs are common in women. They are 2 different 
entities with different grades of cell differentiation, different 
prognoses, and different operation methods. However, differ-
entiating SBOTs from SMOTs using imaging is often difficult. 
To the best of our knowledge, no published studies have com-
pared SBOTs and SMOTs using a comprehensive analysis of 
their clinical characteristics, tumor markers, and CT features. 
Thus, we carried out a comprehensive analysis of these fac-
tors, and focused on identifying independent factors for differ-
entiating SBOTs from SMOTs. We also wanted to see whether 
their diagnostic abilities improved after combining the afore-
mentioned factors, in order to improve differential diagno-
sis and to allow treatments to be carried out in a more time-
ly and effective manner.

In our research, the median age of SMOTs diagnosis was 10 
years older than for SBOTs, which was in agreement with pre-
vious studies [24]. Additionally, 51.9% of SMOT patients were 
menopausal, compared to 18.8% of SBOT patients, which was 
an anticipated finding due to the age difference between the 2 
groups. Published papers have suggested that SBOT patients are 
more likely to be asymptomatic compared to SMOT patients [5]. 
In our study, 33.3% of patients with SBOTs were asymptomatic, 
with an accidentally-discovered adnexal mass after a health ex-
amination, which was not as common in patients with SMOTs. 
SBOT patients are more likely to have a longer duration before 

diagnosis compared to SMOT patients [25], which is likely be-
cause SBOTs behave benignly at first. However, in our study, 
there was no significant difference in duration between SBOT 
and SMOT diagnosis. We speculated that with the development 
of a better economy and society, people’s health consciousness 
has been improved; therefore, if symptoms are found, medi-
cal attention will be promptly provided. Although there were 

Figure 4.  Receiver operating characteristic curves for age, 
CA125, HE4, maximum thickness of wall, maximum 
thickness of septa, maximum diameter of solid 
component and combination of age, vascular 
abnormalities and maximum diameter of solid 
component in differentiating SBOTs and SMOTs. 
CA125 – cancer antigen 125; HE4 – human epididymis 
protein 4; SBOTs – serous borderline ovarian tumors; 
SMOTs – serous malignant ovarian tumors.
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differences in the symptoms between the 2 groups in our study, 
symptoms alone might not be sufficient to accurately distin-
guish SBOTs from SMOTs due to symptom overlaps.

MDCT is currently considered the best imaging technique for 
staging ovarian tumor and is used to predict their relative re-
sectability [9]. Therefore, we used MDCT as a tool to distin-
guish SBOTs from SMOTs in this study. Several researchers 
have attempted to find useful imaging features and criteria to 
discriminate SBOTs and SMOTs, testing various imaging mo-
dalities [26–28]. In our study, location, tumor shape, margins, 
texture, and papillary projections were not significantly differ-
ent between the 2 groups. A previous study [11] showed that 
SMOTs tend to manifest with irregular margins, which was in-
consistent with our findings. We speculated that the included 
patients in our study who were stage I, had not yet manifest-
ed aggressive features in their imaging. However, our results 
demonstrated that vascular abnormalities were more frequent 
in SMOTs than in SBOTs, which was concordant with another 
previous study [13]. The mechanism might be that the growth 
of the malignant tumor is dependent on the neovascularization, 
and angiogenesis is the path through which tumors transition 
from benign to malignant. Therefore, the malignant tumors 
have a high blood vessel density, manifesting as serpentine 
and chaotic courses of vessels in medical imaging. Additionally, 
the blood vessels of malignant tumors are immature, and the 
capillary wall of a malignant tumor is composed of a single 
layer of endothelial cells, and the outer membrane lacks an in-
elastic basement. In cases where there is increased blood flow 
and increased pressure, the wall of the vessels is vulnerable to 
rupture, causing microaneurysms and arterio-venous fistulas.

In our study, SMOTs and SBOTs enhanced papillary projections 
and solid components, which is in accordance with previous 
literature [29]. However, the attenuation values of arterial, ve-
nous, and equilibrium phases were not significantly different 
between SBOT and SMOT patients. Therefore, the attenuation 
values in enhanced CT images did not appear to be important 
in distinguishing the 2 groups. However, enhanced CT imag-
ing is still necessary due to its ability to demonstrate vascular 
abnormalities, and should be considered for the differentia-
tion of other adnexal space-occupying lesions. The maximum 
thickness of the wall, the maximum thickness of the septa, 
and the maximum diameter of the solid portion in patients 
with SMOTs were larger than in the SBOT patients. This was 
in agreement with our expectations, and previous studies [11].

However, due to the overlapping features of SMOTs and SBOTs, 
a definitive diagnosis should not be made based on imaging 
alone or single tumor biomarkers. Several studies depending 
on imaging combined with tumor markers and multi-biomark-
er methods have been applied to increase the sensitivity and 
specificity of diagnosing early-stage ovarian cancer [14,19,30]. 

Guo et al. [18] reported that the combination of CA125, CA19-9, 
and CEA markers was a promising method for detecting epi-
thelial ovarian cancer. HE4, as a novel biomarker, is also a use-
ful preoperative test for differentiating between benign and 
malignant ovarian tumors [15–17]. The risk of ovarian malig-
nancy algorithm (ROMA), a well-known risk model, combines 
the results of CA125, HE4, and menopausal status to provide 
a quantitative assessment of the probability of ovarian can-
cer [31]. Our results showed that the levels of CA125 and HE4 
were significantly increased in the SMOTs.

In the multivariate logistic regression analysis, our study showed 
that age, vascular abnormalities, and the maximum diameter 
of the solid portion were identified as significant predictors 
for diagnosing SMOTs. When combining age, vascular abnor-
malities, and the maximum diameter of the solid portion, the 
AUC, sensitivity, and specificity were 0.939, 88.9%, and 85.4% 
respectively. Therefore, our study showed that in order to dif-
ferentiate SBOTs from SMOTs, age, vascular abnormalities, 
and the solid portions should be analyzed comprehensive-
ly. By combining age, vascular abnormalities, and solid por-
tions, radiologists can create better treatment recommenda-
tions for gynecologists.

Our study had several limitations. First, there are other sim-
ilar kinds of solid and cystic ovarian tumors to differentiate 
from, such as mucinous cystic tumors, endometrial cancers, 

Table 6. The interobserver reproducibility of MDCT features.

MDCT feature k ICC

Location 1.000 –

Tumor shape 0.754 –

Margins 0.781 –

Texture 0.800 –

Papillary projections 0.882 –

Papillary projections with papillary 
surface

0.697 –

Discontinuous septa 0.821 –

Ascites 0.961 –

Vascular abnormalities 0.900 –

Maximum thickness of wall (mm) – 0.854 

Maximum thickness of septa (mm) – 0.749

Maximum diameter of solid 
component (mm) 

– 0.845

MDCT – multidetector computed tomography; k – kappa; 
ICC – intraclass correlation coefficient; SBOTs – serous borderline 
ovarian tumors; SMOTs – serous malignant ovarian tumors.
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and metastatic tumors. Therefore, the exclusion of these other 
tumors needs to be studied in the future. Second, this was a 
retrospective study, and images of patients were derived from 
different CT scanners, which may have resulted in minor dif-
ferences in the measurements. Third, in the multivariate anal-
ysis of our study, many variables were analyzed compared to 
the number of samples, which may cause a bias.

Conclusions

Age, vascular abnormalities, and the maximum diameter of 
the solid portion were independent factors for differentiating 
SBOTs from SMOTs. The combined analysis of age, vascular 
abnormalities, and the maximum diameter of the solid portion 
may allow for better differentiation between SBOTs and SMOTs.
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