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Abstract

Aims: To enhance ovarian tumor diagnosis beyond conventional methods, this study

explored combining diffusion-weighted magnetic resonance imaging (DWI-MRI) and

serum biomarkers (Mucin 1 [MUC1], MUC13, and MUC16) for distinguishing border-

line frommalignant epithelial ovarian tumors.

Methods: A total of 126 patients, including 71 diagnosed with borderline (BEOTs)

and 55 with malignant epithelial ovarian tumors (MEOTs), underwent preoperative

DWI-MRI. Region of interest (ROI) was manually drawn along the solid component’s

boundary of the largest tumor, focusing on areas with potentially the lowest apparent

diffusion coefficient (ADC). For entirely cystic tumors, a free-form ROI enclosed the

maximum number of septa while targeting the lowest ADC. Serum biomarkers were

determined using enzyme-linked immunosorbent assay.

Results: Basic morphological traits proved inadequate for malignancy diagnosis, war-

ranting this investigation. BEOTs had an ADC mean of (1.670 ± 0.250) × 103 mm2/s,

while MEOTs had a lower ADC mean of (1.332 ± 0.481) × 103 mm2/s, with a sensi-

tivity of 63.6% and specificity of 90.1%. Median MUC1 (167.0 U/mL vs. 87.3 U/mL),

MUC13 (12.44 ng/mL vs. 7.77 ng/mL), and MUC16 (180.6 U/mL vs. 36.1 U/mL) levels

were higher in MEOTs patients. The biomarker performance was: MUC1, sensitivity

50.9%, specificity 100%; MUC13, sensitivity 56.4%, specificity 78.9%; MUC16, sensi-

tivity 83.64%, specificity 100%. Combining serum biomarkers and ADCmean resulted

in a sensitivity of 96.4% and specificity of 100%.

Conclusion: The integration of DWI-MRIwith serum biomarkers (MUC1,MUC13, and

MUC16) achieves exceptional diagnostic accuracy, offering a powerful tool for the

precise differentiation between borderline andmalignant epithelial ovarian tumors.
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1 INTRODUCTION

Epithelial ovarian cancer (EOC) is the most lethal gynecological malig-

nancy, which is also the second most common gynecological neoplasm

behind endometrial cancer, being the eighth leading cause of cancer

death in women worldwide.1 According to data from Global Can-

cer Statistics 2020 (all ages), an estimated total of 313, 959 new

cases were diagnosed worldwide with an estimated death of 207, 252

worldwide.2,3 Borderline epithelial ovarian tumors (BEOTs) are a type

of neoplasm with low malignant potential that can affect women of all

age groups; however, on average, women diagnosed with BEOTs tend

to be around 40 years old, which is notably younger than the aver-

age age of women diagnosed with malignant epithelial ovarian tumors

(MEOTs), who are typically 15 years older.4

Magnetic resonance imaging (MRI) can bring new possibilities in

the differentiation of ovarian neoplasms.5,6 Diffusion-weighted imag-

ing MRI (DWI-MRI) provides coverage of the abdomen and pelvis with

high contrast between tumor and non-tumor tissue, which is increas-

ingly being explored in EOC.7 Moreover, studies have shown that DWI

is valuable for differentiating BEOTs fromMEOTs.8,9 The apparent dif-

fusion coefficient (ADC) represents the slope of the curve between

the natural logarithm of the measured signal intensity for different b

values (a combination of gradient pulse amplitude, the time for which

the gradients are applied, and the time that elapses between their

application).10 The combination of DWI-MRI and serum markers can

offermore comprehensive andprecise guidance for subsequent clinical

cancer treatments,11,12 including EOC patients.13,14

Mucins are widely recognized as epithelial cell markers that have

been extensively investigated for their potential utility in the diagno-

sis, prognosis, and treatment of epithelial cancers.15 To date, a number

of humanmucins, includingMucin 1 [MUC1],MUC3A,MUC3B,MUC4,

MUC12, MUC13, MUC15, MUC16, MUC17, MUC20, and MUC21,

have been identified.16 MUC1, also known as Episialin, MAM-6, CA

15-3, PEM, and EMA, is a well-characterized member of the mucin

family. It is a membrane-bound glycoprotein that is expressed on the

apical surface of epithelial cells. MUC1 has been extensively studied

in various cancers, including ovarian cancer, where it is considered a

tumor-associated antigen and an oncoprotein.15,17 In 1982, MUC16

(also referred to as CA125) was identified as a serum biomarker for

ovarian cancer. However, relying solely on MUC16 for screening may

result in delayed diagnosis with low specificity and poor outcomes for

women.18,19 Ren et al. identified a novel potential role of MUC13 as

a serum biomarker for ovarian cancer, suggesting MUC13 may com-

plement the commonly used biomarker MUC16 in detecting certain

subtypes of non-serous ovarian carcinoma and early-stage disease.20

This study represents a pioneering effort to investigate the diagnos-

tic prowess ofDWI combinedwith serum levels ofMUC1,MUC13, and

MUC16 in distinguishing between borderline and malignant epithe-

lial ovarian tumors. By evaluating the potential of these biomarkers,

our aim is to enhance the accuracy of EOC diagnosis, provide a non-

invasive and efficient diagnostic approach, and ultimately advance

the clinical management of this formidable disease. This innovative

approach holds significant promise in revolutionizing the landscape of

EOC diagnosis and treatment, addressing a critical need in women’s

healthcare.

2 MATERIALS AND METHODS

2.1 Ethical statement

Prior to using their biological material for scientific purposes, all

patients provided informed consent in accordancewith the regulations

set forth by the ethics committee of PingYang People’s Hospital.

2.2 Patient population

In this prospective study, a total of 178 patients with known or sus-

pected epithelial ovarian tumors treated at our hospital between

May 2018 and May 2022 were included. Eligible patients, aged 18

or older, provided preoperative blood samples and gave informed

consent before undergoing standard pelvic MRI with T1-weighted

imaging (TIWI), T2WI, and DWI. Pathological confirmation of border-

line epithelial ovarian tumors (BEOTs) or MEOTs following surgical

resectionwas required. Excluding 52patientswhodid notmeet the cri-

teria, reasons for exclusion included incomplete data (n = 15), other

concurrent malignant tumors (n = 2); prior anti-tumor treatments,

such as radiotherapy and/or chemotherapy (n= 28); pre-existingmedi-

cal complications such as blood diseases, thrombotic diseases, severe

liver and kidney damage, infectious diseases, autoimmune diseases,

and pregnancy (n = 5), and poor image quality due to motion artifacts

caused by respiratory (n = 1) or bowel peristalsis (n = 1). Finally, 126

patients were enrolled, comprising 55withMEOTs and 71with BEOTs.

MEOTs patients underwent comprehensive staging surgery involv-

ing hysterectomy, adnexectomy, pelvic/para-aortic lymphadenectomy,

omentectomy, and peritoneal cytology. A flowchart illustrating patient

selection and inclusion/exclusion criteria is shown in Figure 1.

2.3 DWI-magnetic resonance imaging

MRI scans were done on a 1.5 T scanner (Signa HDxt GE) using a

complete protocol (T2 and T1 weighted imaging in three planes, with

DWI/ADC), avoiding hemorrhage, visible vessels, necrotic regions, and

large cystic areas. Axial DWI was performed using the EPI technique

with the following scan parameters: a TR of 3900 ms, a TE of 85 ms, a

slice thickness of 6 mm, a slice spacing of 2 mm, a matrix of 128 × 128,

and a FOV of 280 mm2. DWI sequences acquired images at two spe-

cific b-values were used: 0 and 800 s/mm2. Subsequently, the ADCwas

calculated by fitting the signal with these two b-values. The scan range

was planned to cover the entire tumor by using pre-planned scout

images. Tumors were categorized based on their composition: purely

cystic, mainly cystic (less than one-third solid component), mixed

cystic-solid (one-third to two-thirds solid component), and mainly

solid (more than two-thirds solid component).21 The solid component
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F IGURE 1 Flowchart illustrating patient selection and inclusion/exclusion criteria.

encompassed a solid portion (entirely enhancing solid masse) and pap-

illary projections (solid projections into the cyst from the cyst wall

with a height ≥ 3 mm).22 Radiologists manually delineated the region

of interest (ROI) along the solid component’s boundary on slices with

the largest tumor, focusing on areas exhibiting potentially the lowest

ADC values. In cases where a tumor was entirely cystic, a free-form

ROIwas drawn to encompass themaximumnumber of septawithin the

entire lesionwhile targeting the lowestADCvalue. Aminimumof three

measurements were taken and subsequently averaged for accuracy.

ADCmeasurements were conducted using the GEAdvancedWork-

station 4.6 by two proficient radiologists with extensive gynecological

imaging experience spanning over 5 years. These radiologists were

kept uninformed about the histological diagnoses, and both possessed

specialized training andexpertise in this specific researchdomain. They

collaboratively reviewed all images together. Consensus between the

two radiologists was achieved through comprehensive individual eval-

uations during a conference discussion. Representative images have

been provided in Figures S1 and S2.

2.4 Assay of serum markers

Blood samples were obtained from EOC patients using standard

venipuncture procedures and were not subjected to any preservation

or stabilization measures prior to subsequent processing and analy-

sis. The samples were then stored at −80◦C until the time of analysis,

which was conducted within two days prior to surgery. The serum

expression levels of MUC1, MUC13, and MUC16 were determined

using enzyme-linked immunosorbent assay (ELISA) kits obtained from

Bio-Techne China Co. Ltd. The human ELISA kits used for the detection

of MUC1, MUC16, and MUC13 were Catalog#: NBP2-59962, Cata-

log#: NBP2-59961, and Catalog#: NBP2-76698, respectively. MUC1

showed inter-assay coefficient of variation (CV)<20%, and intra-assay

CV < 15%, with detection from 15 U/mL to 250 U/mL and sensitiv-

ity of 3.8 U/mL. MUC13 had inter-assay CV < 5.39%, and intra-assay

CV < 4.99%, detecting from 0.156 to 10 ng/mL, with a sensitivity of

0.094 ng/mL.MUC16 demonstrated inter-assay CV< 20%, intra-assay

CV< 15%, detecting from 16 to 300U/mL, and sensitivity of 3.8 U/mL.

2.5 Statistical analysis

Continuous variables were assessed for normality using a one-sample

Kolmogorov-Smirnov test, and their data were expressed as either the

mean with standard deviation (SD) or the median with an interquar-

tile range (IQR). The parametric t-tests for independent groups were

used to test the significance of differences between mean values due

to normal distribution, while the Mann-Whitney U test was used for

non-parametric data. Receiver operator characteristic (ROC) curves

were constructed to evaluate the diagnostic performance for distin-

guishing borderline from malignant epithelial ovarian tumors. Cut-off

points were employed for the computation of sensitivity and speci-

ficity using the Youden index.23 The DeLong analysis, conducted using

MedCalc software (MedCalc Software Ltd), encompassed pairwise

comparisons of ROC curves for various biomarkers, including MUC1,

MUC13, MUC16, and ADC measurements. The predictive capacity

subsequent to binary logistic regression was assessed through ROC

analysis. Statistical significance, denoting a two-sided p-value less than
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TABLE 1 The characteristics of patients diagnosedwith borderline epithelial ovarian tumors (BEOTs) andmalignant epithelial ovarian tumors
(MEOTs).

Characteristic BEOTs (n= 71) MEOTs (n= 55) p-value

Age (years) 41.77± 11.88 47.33± 20.16 0.056

Configuration

Purely cystic 33 (46.48%) 4 (7.27%)

Mainly cystic 31 (43.66%) 33 (60.00%)

Mixed cystic-solid 5 (7.04%) 12 (21.82%)

Mainly solid 2 (2.82%) 6 (10.91%) <0.001

Number of loculi

Unilocular 10 (14.08%) 10 (18.18%)

Multilocular 61 (85.92%) 45 (81.82%) 0.532

Solid component 35 (47.89%) 50 (90.91%) <0.001

Ascites

No 15 (21.13%) 9 (12.68%)

Mild 50 (70.42%) 38 (53.52%)

Moderate 7 (9.86%) 8 (11.27%) 0.624

0.05, was determined using GraphPad Prism 8.0 software (GraphPad

Software).

3 RESULTS

3.1 Population characteristics

As demonstrated in Table 1, the mean ages of the patients diagnosed

with BEOTs and MEOTs were (41.77 ± 11.88) and (47.33 ± 20.16)

years, respectively (p=0.056). Tumor configurationvaried significantly

between the two groups (p < 0.001). BEOTs predominantly exhibited

purely cystic (46.48%) or mainly cystic (43.66%) configurations, while

MEOTs had a higher proportion of mixed cystic-solid (21.82%) and

mainly solid (10.91%) configurations. Regarding the number of loculi,

both groups had a substantial presence of multilocular tumors with no

significant difference (p = 0.532). Notably, MEOTs were more likely

to feature a solid component within the tumors compared to BEOTs

(p < 0.001), with 90.91% of MEOTs having this characteristic. Ascites

severity, categorized as no, mild, or moderate, showed no significant

difference (p = 0.624) between the two groups, with the majority

presenting withmild or no ascites.

3.2 Comparison of ADC mean value and serum
MUC1, MUC13, and MUC16 levels between BEOTs
and MEOTs

As depicted in Figure 2A, the ADCmean value for BEOTs was

(1.670 ± 0.250) ×103 mm2/s, while the average ADC value of MEOTs

was (1.332 ± 0.481) ×103 mm2/s, indicating a lower ADC value in the

MEOT group (p< 0.001). The levels of MUC1were significantly higher

in patients withmalignant disease (median concentration: 167.0 U/mL;

IQR: 81.5–239.2 U/mL) than in those with benign disease (median

concentration: 87.3 U/mL; IQR: 44.9–114.6 U/mL), with a statistically

significant difference (p<0.001, Figure 2B). PatientswithMEOTshad a

significantly greater concentration of MUC13 (median concentration:

12.44 ng/mL; IQR: 5.3–16.01 ng/mL) compared to those with BEOTs

(median concentration: 7.77 ng/mL; IQR: 4.35–10.70 ng/mL), and this

difference was statistically significant (p < 0.001, Figure 2C). Further-

more, women diagnosed with MEOTs had markedly higher levels of

serum MUC16 (median value: 180.6 U/mL; IQR: 98.3–266.7 U/mL)

compared to BEOTs (median value: 36.1 U/mL; IQR: 18.1–52.0 U/mL),

with a highly statistically significant difference (p< 0.001, Figure 2D).

3.3 Diagnostic performance of ADC mean value
and serum levels of MUC1, MUC13, and MUC16 in
discriminating between BEOTs and MEOTs

ROC curve analysis was employed to assess the diagnostic efficacy of

ADC mean value and serum levels of MUC1, MUC13, and MUC16 in

distinguishing between BEOTs and MEOTs (Figure 3 and Table 2). For

ADCmean, the analysis yielded an area under the curve (AUC) of 0.757

with a 95%CI of 0.673–0.829 and a p-value less than 0.001. The calcu-

lated cut-off value was 1.381 × 103mm2/s, with a sensitivity of 63.6%

(95%CI: 49.6–76.2) and a specificity of 90.1% (95%CI: 80.7–95.9). The

Youden index J was 0.538. For MUC1, a cut-off value of 159.2 U/mL

was identified with an AUC of 0.723 (95%CI: 0.636–0.799, p < 0.001)

to differentiate between BEOTs and MEOTs, and the sensitivity and

specificity were 50.9% (95%CI: 37.1–64.6) and 100% (95%CI: 94.9–

100.0), respectively, with a Youden index J of 0.509. The AUC for the

diagnostic performance of serum MUC13 in discriminating between

BEOTs and MEOTs was 0.656 (95%CI: 0.566 to 0.738, p = 0.003) with
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F IGURE 2 Analysis of the average apparent diffusion coefficient (ADC) value (A) and the serum levels ofMucin 1 (MUC1) (B), Mucin 13
(MUC13) (C), andMucin 16 (MUC16) (D) in patients withmalignant epithelial ovarian tumors (MEOTs) and those with borderline epithelial ovarian
tumors (BEOTs).

TABLE 2 Serum levels ofMucin 1 (MUC1), MUC13, andMUC16were assessed for their diagnostic performance in discriminating between
borderline epithelial ovarian tumors (BEOTs) or malignant epithelial ovarian tumors (MEOTs).

Factors AUC (95%CI) Cut-off Value Sensitivity (95%CI) Specificity (95%CI)

ADCmean 0.757 (0.673–0.829) 1.381× 103 mm2/s 63.6% (49.6%–76.2%) 90.1% (80.7%–95.9%)

SerumMUC1 0.723 (0.636–0.799) 159.2 U/mL 50.9% (37.1%–64.6%) 100% (94.9%–100.0%)

SerumMUC13 0.656 (0.566–0.738) 11.52 ng/mL 56.4% (42.3%–69.7%) 78.9% (67.6%–87.7%)

SerumMUC16 0.957 (0.905–0.985) 75 U/mL 83.64% (71.2%–92.2%) 100% (94.9%–100.0%)

Combined Biomarkers 0.995 (0.962–1.000) – 96.4% (87.5%–99.6%) 100% (94.9%–100.0%)

Note: Area Under the Curve (AUC); 95%Confidence Interval (95%CI).

a cut-off value of 11.52 ng/mL. The sensitivity and specificity were

56.4% (95%CI: 42.3–69.7) and 78.9% (95%CI: 67.6–87.7), respec-

tively, and a Youden index J was 0.352. The diagnostic performance of

serum MUC16 in distinguishing between BEOTs and MEOTs was also

analyzed, with an AUC of 0.957 (95%CI: 0.905–0.985; p < 0.001) and

a cut-off value of 75 U/mL. The sensitivity was 83.64% (71.2 to 92.2)

and the specificity was 100% (94.9–100), with a Youden index J of

0.836. Significantly noteworthy, in pairwise comparisons, MUC16

demonstrated amarkedly improved discriminatory capacity compared

to MUC1, MUC13, and ADC (all p < 0.05), distinguishing malignant

epithelial ovarian tumors. The serum biomarkers (MUC1, MUC13,

and MUC16) and ADC mean have a combined diagnostic value for

distinguishing between BEOTs and MEOTs, with an AUC of 0.995

(95%CI: 0.962–1.000, p < 0.001), a sensitivity of 96.4% (87.5–99.6),

and a specificity of 100% (94.9–100).

4 DISCUSSION

In the context of our study, our objectives were to assess the diagnos-

tic effectiveness of merging DWI with serummarkers MUC1, MUC13,

and MUC16 to differentiate between BEOTs and MEOTs. This led us

to address the following key research inquiries: Firstly, how does the

DWI in the discrimination of BEOTs from MEOTs? Secondly, what are
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analysis evaluating the diagnostic efficacy of serum levels ofMUCs
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borderline epithelial ovarian tumors (BEOTs) andmalignant epithelial
ovarian tumors (MEOTs).

the individual accuracies of each serum marker (MUC1, MUC13, and

MUC16) in discriminating BEOTs and MEOTs? Lastly, we sought to

determine the potential incremental value of integrating these serum

markers with DWI in elevating the diagnostic precision for classify-

ing BEOTs and MEOTs. By investigating these specific aims, we aimed

to shed light on the practical implications of this combined diagnostic

strategy and its potential to enhance the accuracy of epithelial ovarian

tumor classification.

DWI-MRI is a non-invasive imaging technique that can be used to

detect and characterize ovarian tumors.7,24 Li et al. conducted a study

to compare the performance of single-parameter MR imaging and

multiparameter models in differentiating borderline from malignant

epithelial ovarian tumors.9 The study found that theADC-basedmodel

demonstrated the best overall differentiation performance among the

single-parameterMRmodels. Moreover, the performance of the ADC-

based model was comparable to that of the multiparameter models.

We found a lower ADC value in the patients with MEOTs compared to

those patients with BEOTs. Besides, the diagnostic performance anal-

ysis resulted in an AUC of 0.757 with a sensitivity of 76.06% and a

specificity of 70.91%. Similarly, a previous study reported thatADCval-

ueswere significantlyhigher inBEOTs than inMEOTs,witha sensitivity,

specificity, and accuracy of 88.2%, 88.6%, and 88.5% for ADC values,

respectively.25 This suggests that while ADC value may aid in differen-

tiating between borderline andmalignant ovarian tumors, it should not

be solely relied upon for diagnosis.

The glycoprotein MUC1 is frequently found to be overexpressed in

various types of epithelial cancers, including ovarian cancer.26 In our

study, we also observed a significant increase in the levels of MUC1 in

patients with MEOTs as compared to those with BEOTs. However, it

was important to note that MUC1 was not specific to ovarian cancer,

which could also be elevated in other types of cancer, such as pancre-

atic cancer27 and breast cancer.28 Our study did find thatMUC1 levels

can be used to differentiate between benign and malignant ovarian

tumors, with a determined cut-off value of 114.8 U/mL and an AUC of

0.722.However, the sensitivity and specificity of this cut-off valuewere

found to be 76.06% and 65.45%, respectively. In addition to MUC1,

othermembers of theMUC family, includingMUC13andMUC16, have

alsobeen investigated for their potential diagnostic value inEOC.1,29,30

The serum level of MUC16 showed significant differences between

BEOTs and MEOTs, being consistent with our results.8,31 Moreover,

MUC13 was found to be significantly higher in cancer samples com-

pared to normal tissues and specifically present in EOC.32 A study

by Ren et al. found that the levels of MUC13 and MUC16 in the

serum were found to be higher in cases of malignant ovarian cancer

as compared to benign cases, and both MUC13 and CA125 had simi-

lar AUC values of 0.74 and 0.76, respectively. These findings suggest

that MUC13 could be used as a supplementary biomarker to CA125

in the detection of certain subtypes of non-serous ovarian carcinoma

and the early detection of ovarian cancer.20 We analyzed the diag-

nostic performance of serum MUC13 and MUC16 in distinguishing

between BEOTs and MEOTs. Serum MUC13 showed an AUC of 0.656

(cut-off value: 11.59 ng/mL, sensitivity: 78.87%, specificity: 56.36%),

while serum MUC16 had an AUC of 0.956 (cut-off value: 42.6 U/mL,

sensitivity: 61.97%, specificity: 98.18%).

The combination of serum biomarkers and DWI-MRI may improve

the accuracy and sensitivity of cancer diagnosis and prognosis. For

example, The ADC values combined with serum AFP-L3 detection had

good predictive effects on complete ablation and recurrence of liver

cancer after percutaneous radiofrequency ablation with a sensitivity

of 92.86% and a specificity of 69.62%.33 Besides, ADC value com-

binedwith serum tumormarkersALP andTSGF is reliable in evaluating

the curative effect of neoadjuvant chemotherapy for osteosarcoma.34

Worth mentioning, one study by Wang N et al. analyzed the value

of serum platelet/lymphocyte ratio (PLR), MUC16, and DWI in the

diagnosis of recurrent ovarian cancer. The study found that the com-

bination of serum MUC16 and PLR levels with DWI-MRI had a higher

diagnostic accuracy than either method alone.14 In present study, the

serum biomarkers (MUC1, MUC13, and MUC16) and ADC mean have

a combined diagnostic value for distinguishing between BEOTs and

MEOTs, with an area under the curve (AUC) of 0.995 (95%CI: 0.988–

1.000, p < 0.001), a sensitivity of 90.14% (80.74%–95.94%), and a

specificity of 98.18% (90.28%–99.95%). These findings indicated that

the combination of these biomarkers with DWI provides a strong

diagnostic capability for distinguishing between BEOTs andMEOTs.

However, limitations also exist within this diagnostic approach.

Firstly, we acknowledge the influence of the coronavirus disease

2019 pandemic on our research activities, which spanned both pre-

pandemic and pandemic periods. The pandemic introduced unforeseen

challenges, potentially impacting aspects such as personnel alloca-

tion, research recruitment, and overall research operations. Despite

these disruptions, we maintained consistent participation from



WEN ET AL. 121

experienced radiologists, ensuring the study’s scientific rigor and

reliability. Furthermore, we recognized the limitation of including

patients exclusively from a single hospital within a specific timeframe,

which could introduce selection bias and constrain the generalizability

of our conclusions. This limitation arose due to practical constraints,

including time and funding. We also acknowledged the potential

impact of specific histological subtypes within the heterogeneous

“malignant” subgroup and their morphology on ADC measurements.

Unfortunately, due to sample size and resource limitations, we were

unable to explore these subtypes in detail, but we have highlighted this

as an avenue for future research. The relatively small sample size of

our study was noted, with an awareness of the increased risk of bias

or random error in the outcomes.We advise cautious interpretation of

our findings and suggest that further researchwith a larger sample size

may be needed to validate the results. Additionally, we emphasized

the potential barriers related to the cost and accessibility of DWI-MRI,

which could limit its widespread implementation. Furthermore, we

acknowledged that the combined use of the three biomarkers and

DWI-MRI may not exhibit efficacy in all instances of ovarian cancer, as

some cases may not overexpress all three markers or exhibit substan-

tial alterations in tissue cellularity. Lastly, we acknowledged the poten-

tial importance of age in the classification of ovarian tumors, although

it was not included in our algorithm. Future research could explore

how age interacts with other factors and its potential impact on tumor

classification.

In conclusion, this study provided clinically relevant interpretations

for diagnosing borderline from malignant epithelial ovarian tumors

based on multiple biomarkers and imaging parameters. An ADC

mean value below 1.381 × 103 mm2/s signified a higher likelihood of

malignancy, while serum MUC1 levels exceeding 159.2 U/mL strongly

indicated malignancy with high specificity. Elevated serum MUC13

levels (above 11.52 ng/mL) suggested potential malignancy, though

with lower specificity, and serum MUC16 levels exceeding 75 U/mL

were highly indicative of malignancy, offering exceptional diagnostic

confidence. When these biomarkers collectively indicated malignancy,

the probability of malignancywas extremely high. However, it is essen-

tial to emphasize that these markers should be considered alongside

other clinical and imaging findings for a comprehensive and accu-

rate ovarian tumor diagnosis, ultimately improving patient care and

management.
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SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: WenXT, Qiu HF, Ying LL, HuangM,

Xiao YZ, Fan CC. Diagnostic efficacy of combining

diffusion-weightedmagnetic resonance imaging with serum

Mucin 1,Mucin 13, andMucin 16 in distinguishing borderline

frommalignant epithelial ovarian tumors. Asia-Pac J Clin Oncol.

2025;21:115–122. https://doi.org/10.1111/ajco.14045

https://doi.org/10.1111/ajco.14045

	Diagnostic efficacy of combining diffusion-weighted magnetic resonance imaging with serum Mucin 1, Mucin 13, and Mucin 16 in distinguishing borderline from malignant epithelial ovarian tumors
	Abstract
	1 | INTRODUCTION
	2 | MATERIALS AND METHODS
	2.1 | Ethical statement
	2.2 | Patient population
	2.3 | DWI-magnetic resonance imaging
	2.4 | Assay of serum markers
	2.5 | Statistical analysis

	3 | RESULTS
	3.1 | Population characteristics
	3.2 | Comparison of ADC mean value and serum MUC1, MUC13, and MUC16 levels between BEOTs and MEOTs
	3.3 | Diagnostic performance of ADC mean value and serum levels of MUC1, MUC13, and MUC16 in discriminating between BEOTs and MEOTs

	4 | DISCUSSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	FUNDING INFORMATION
	DATA AVAILABILITY STATEMENT

	ETHICS STATEMENT
	REFERENCES
	SUPPORTING INFORMATION


