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ABSTRACT
Introduction and aim: Ovarian cancer is a prevalent neoplastic condition among females. Early 

diagnosis is essential in improving patient outcomes. This study aimed to determine the diagnostic value of 
magnetic resonance imaging (MRI) compared to histopathological diagnosis to distinguish between benign 
and malignant ovarian masses.

Methods: The present cross-sectional study, which was conducted between 2021 and 2022, included 
a cohort of women with ovarian mass. Gyneco-oncologists referred all patients to the MRI center. The 
imaging protocol encompassed T1 and T2 weighted images, T1 fat-suppressed sequence, post-contrast and 
diffusion-weighted images (DWI). After surgery, the histopathological results were compared to the MRI 
diagnosis. Statistical analysis was done by using SPSS v.25 software.

Results: A total of 67 women aged 15–82 years old were included in this study. Compared to 
histopathological diagnosis, MRI had a sensitivity of 96%, a specificity of 69%, a positive predictive value 
of 64.9% and a negative predictive value of 96.7%. Among patients under 40 years old, MRI showed a 
sensitivity of 100%, a specificity of 76.2%, a positive predictive value of 72.2% and a negative predictive 
value of 100%. Solid component and contrast enhancement within the solid component was significantly 
more frequent in patients with malignant diagnoses than those with benign masses (p<0.05). 

Conclusion: According to the results of the study, MRI is valuable for discriminating between benign 
and malignant ovarian masses, especially in patients under 40.

Keywords: histopathology, ovarian neoplasm, magnetic resonance imaging, ovarian cancer.

INTRODUCTION

Ovarian cancer ranks as the second 
most prevalent form of malignan-
cy among females and is the fifth 
principal contributor to cancer-re-
lated mortality in women (1). In 

2019, the United States experienced an estima-
ted 22,530 newly diagnosed cases, represen ting 
1.3% of the total cancer cases, and witnessed ap-
proximately 13,980 deaths accounting for 2.3% 
of all cancer-related fatalities (2). Given the usual 
impracticability of conducting biopsies, the sig-
nificance of the preoperative diagnosis of ovarian 
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tumors through imaging techniques is under-
scored (3). Ultrasonography is the primary and 
preferred imaging modality for evaluating adnex-
al lesions, providing a valuable preoperative as-
sessment to characterize simple cysts and non-
complex masses. However, in cases where 
ultrasound results are inconclusive or uncertain, 
a more detailed evaluation of morphologic cha-
racteristics and functional status of ovarian tu-
mors is needed before any surgical procedure 
(4). Magnetic resonance imaging reveals struc-
tural characteristics and alterations in signal in-
tensity in T1- and T2-weighted images to aid in 
assessing ovarian masses. Also, magnetic reso-
nance images can readily identify papillary pro-
jections, mural nodules, thick septa and solid 
components, which may not consistently dif-
feren tiate between malignant and non-malignant 
tumors (5).

Regarding the latest development in rapid 
MRI methods, abdominal and pelvic organs can 
now be evaluated using diffusion-weighted (DW) 
imaging, which allows for the analysis of unique 
cellular characteristics. Diffusion-weighted imag-
es are sensitive to alterations in water micro diffu-
sion within both intracellular and extracellular 
space. However, proficient image interpretation 
skills are essential for the clinical utilization of this 
technique (6). In Farghaly Ali et al, adding DW 
images to routine MRI improved the diagnostic 
accuracy for detecting ovarian malignancies, 
e xhibiting a sensitivity of 100%, a specificity of 
71.4%, a negative predictive value of 100%, a 
positive predictive value of 74.2% and an effi-
ciency of 84.3% (7). Furthermore, another study 
indicated the usefulness of dynamic contrast-en-
hanced MRI in characterizing complex ovarian 
tumors. Nonetheless, the efficacy of semi-quanti-
tative parameters in distinguishing malignant tu-
mors from borderline cases is significantly inade-
quate (8). According to Mansour et al (9), 
conventional MRI data utilizing DW imaging 
(DWI) can provide confirmation or exclusion of 
malignancy in cases of suspected ovarian masses. 

Overall, the ability to distinguish between ma-
lignant and benign masses through non-invasive 
exams such as MRI can effectively decrease un-
necessary treatments and patient stress. Hence, 
the primary objective of the present study was to 
evaluate the diagnostic efficacy of MRI in distin-
guishing between benign and malignant ovarian 
masses, compared to histopathological analysis. q 

METHODS

This cross-sectional study was conducted 
among patients with ovarian masses referred 

to the MRI department from several gynecologi-
cal oncology clinics in 2021-2022. All women 
with ovarian masses had undergone preopera-
tive MRI followed by surgery. The exclusion cri-
teria were patients with uncomplicated endo-
metrioma, those with no MRI before surgery 
such as persons with metal implants, people who 
were not allowed to receive contrast agents due 
to another comorbidity such as renal failure (ele-
vated creatinine levels) or a known history of 
sensitivity to intravenous contrast agents, and pa-
tients whose postoperative histopathology results 
were unavailable. Based on prior research (7), a 
minimum sample size of 67 individuals was 
deemed appropriate. The sampling process was 
performed using an easy and readily accessible 
sampling approach.

Study participants (Ethical ID: IR.IAU.MSHD.
REC.1400.010) underwent pelvic MRI scans using 
a Tesla Siemens 1.5 MRI scanner, intravenous con-
trast administration and non-contrast MRI ima-
ging. Intramuscular hyoscine was admi nistered to 
mitigate intestinal spasms in preparation for the 
imaging procedure. The procedural guidelines 
encompassed acquiring T1 and T2 weighted ima-
ges and T1 fat saturated. Subsequently, intrave-
nous contrast of 0.2 mmol/kg ga dolinium was ad-
ministered, followed by captu ring T1 images in 
the axial, coronal and sagittal planes (10). Addi-
tionally, diffusion images were obtained using 
b va lues of 50, 500 and 1000. A radiologist ana-
lyzed all images and documented the observa-
tions within the research checklist. Finally, the 
preoperative MRI diagnosis was compared with 
the postoperative histopathology result following 
the surgical procedure. The histo logically repor-
ted masses as borderline tumors were included in 
the group of malignant tumors in the statistical 
calculations. Statistical analysis was performed by 
utilizing SPSS statistical software version 25.

Data analysis
Quantitative data were described using relevant 
statistical tables and measures, including the 
mean and standard deviation. Qualitative data 
were described using frequency and percentage. 
Furthermore, the appropriate indicators were 
applied to determine the sensitivity, specificity as 
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well as positive and negative predictive values 
based on the number of true positive and false 
positive and negative cases. For this study, IBM-
SPSS (version 25) and MedCalc 19.0 software 
were employed and a significance level below 
5% was considered significant for the conducted 
tests. q

RESULTS

The present study included patients aged be-
tween 15 and 82 years, with an average age 

of 41. Table 1 shows the frequency distribution 
of different types of ovarian masses according to 
the histopathology results. Mucinous cystadeno-
ma has the highest occurrence rate (16.1%). 

The sensitivity and specificity of MRI com-
pared with histopathology results are shown in 
Table 2. 

The positive and negative predictive values of 
MRI compared to histopathology results are pre-
sented in Table 3.

The study results indicated that, compared to 
histopathological examination, the sensitivity and 
specificity of MRI was 100% and 76.2%, respec-
tively, for subjects under the age of 40, and 91.7% 
and 61.9%, respectively, for those aged 40 years 
or older; conversely, the positive and negative 
predictive value of MRI was 72.2% and 100%, 
respectively, for study participants under the age 
of 40, and 57.9% and 92.9% for subjects aged 
40 years or older. 

Various morphologic and functional parame-
ters, including the presence of a solid component, 
internal septa as well as contrast enhancement 
and diffusion restriction in the solid tumors or 
solid component of the cystic masses, lymphade-
nopathy and ascites, were used to differentiate 
malignant tumors from benign masses for pre-
surgical MRI diagnosis. Detailed information is 
summarized in Table 4.

According to the findings of the present study, 
there was a significant difference in the frequency 
of solid components between patients with ma-
lignant and those with benign histopathology re-
sults (P=0.15). Furthermore, the contrast en-
hancement frequency was significantly higher in 
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TABLE 1. Frequency distribution of different types 
of ovarian masses

TABLE 2. Sensitivity and specificity of magnetic resonance imaging 
compared to histopathology diagnosis

TABLE 3. Positive and negative predictive values 
of MRI compared to histopathological result

TABLE 4. Summary of results obtained in the present study
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malignant ovarian tumors than benign masses 
(P=0.05). The frequency of internal septa, lymph-
adenopathy and ascites on MRI did not differ sig-
nificantly between the malignant and benign 
ovarian masses (P>0.05). The restriction frequen-
cy on diffusion sequences was not different be-
tween the two groups (P=0.293). q

DISCUSSION

Ovarian cancer ranks as the second most 
prevalent form of cancer among women, 

which is frequently detected at an advanced 
stage and is characterized by extensive perito-
neal metastases. The survival rate is reduced to 
10% in patients with FIGO stage IV and ranges 
from 20% to 40% in those with FIGO stage IIIC 
(11). The process of cancer staging is a funda-
mental principle, which plays a vital role in fore-
casting patient prognosis and devising optimal 
treatment strategies (12). There is a universally 
accepted criterion for preoperative diagnosis, 
and distinguishing between benign and malig-
nant ovarian tumors, especially when they ex-
hibit both solid and cystic components, remains 
challenging. Several indicators are considered in 
utilizing MRI data to predict ovarian malignan-
cies, such as the thickness of walls and septa 
(more than 3 mm) and the identification of inter-
nal structures such as papillary projection, nodu-
larity, presence of solid component, necrosis, 
hemorrhage or regions that exhibit avid contrast 
enhancement. These imaging parameters over-
lap for benign and malignant ovarian lesions. Ac-
cording to Naggara et al, it is evident that the 
above-mentioned parameters may not consis-
tently serve as the most precise predictors for 
ovarian malignancies (13). For example, a recent 
study including 168 ovarian masses showed that 
papillary projection or nodularity manifested in 
37.5% of benign epithelial ovarian tumors. Fur-
ther histological examination revealed that those 
projections were present in benign tumor sam-
ples at a rate of 20-26%, in borderline tumors at 
62-78% and in ovarian cancers at 59-92% (14). 
Consequently, relying solely on the characteri-
stics of the papillary ridge for diagnosis exhibited 
limited sensitivity and specificity.

Wenhua Li et al (15) found that ovarian sur-
face epithelial cystadenocarcinoma was mainly 
associated with lower mean apparent diffusion 
coefficient (ADC) values. Hence, the inclusion of 

DW-MRI in standard pelvic MRI protocols has the 
potential to enhance the precision of differentia-
ting between benign and malignant ovarian pa-
thology. Studies have revealed that diffusion re-
flects the random movement of molecules caused 
by thermal energy (Brownian motion). In biologi-
cal tissues, this microscopic motion encompasses 
the distribution of water molecules and blood 
circulation within capillary networks. Further-
more, research conducted under controlled labo-
ratory conditions has demonstrated contrasting 
rates of water molecule diffusion between the 
extracellular and intracellular components of tis-
sues (13). For example, the presence of the cell 
membrane can lead to a relatively slow-down dif-
fusion process in the intracellular compartment. 
Similarly, ADC values quantitatively represent the 
diffusion characteristics of tissues and are prima-
rily proportional to the extracellular intracellular 
ratio. As a result, ADC values decline as tissue cel-
lularity or cell density increases. Hence, cell den-
sity in a tumor can serve as an indicator because 
it encompasses intracellular organelles along with 
matrix fibers and soluble macromolecules, all of 
which collectively contribute to the constraints on 
diffusion. The detection of diffusion limitations or 
low ADC values could suggest the existence of 
malignant tissue or the presence of tissue hyper-
cellularity. Hence, using DW-MRI and the associ-
ated assessment of ADC values offers an ideal ap-
proach to employ imaging techniques in 
quanti fying capillary perfusion and water diffu-
sion. 

This study was performed to determine the 
dia gnostic value of MRI in distinguishing between 
benign and malignant ovarian masses in a group 
of 67 patients during 2021-2022 who were re-
ferred to the MRI department by gynecologists or 
oncologists during 2021-2022. The primary ob-
jective was to compare the MRI diagnosis with 
histopathological results to determine the relative 
diagnostic value of MRI. Based on the outcomes, 
25 malignant and 42 benign tumors were repor-
ted; the sensitivity of MRI in discerning ovarian 
masses compared to histopathology results was 
96%, while its specificity reached 69%. Further-
more, compared to histopathological diagnosis, 
MRI had a positive predictive value of 64.9% and 
a negative predictive value of 96.7% when exami-
ning patients with ovarian masses. Also, com-
pared to histopathological examination, MRI had 
a sensitivity of 100% for subjects under the age of 
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40 years and a specificity of 76.2%. Additionally, 
in patients under 40 years old, MRI had a positive 
predictive value of 72.2% and a negative predic-
tive value of 100% in distinguishing ovarian mas-
ses when compared to histopathological exami-
nation. 

Magnetic resonance imaging showed a signifi-
cant distinction in the frequency of solid compo-
nent between malignant cases and those with 
benign histopathology results (p=0.015). These 
findings aligned with the outcomes reported in 
comparable studies (7, 9, 15). Furthermore, the 
occurrence rate of contrast enhancement by the 
solid component was more significant in patients 
with malignant histopathology than those with 
benign histopathology (p <0.005). 

In a study conducted by Wenhua Li (15), the 
utilization of high b values (1000 s/mm2) in diffu-
sion-weighted images exhibited a significant level 
of sensitivity (90.1%) and specificity (89.9%), 
which allowed the differentiation between be-
nign and malignant ovarian tumors. However, the 

present study revealed no significant difference in 
the extent of diffusion restriction within the solid 
component between benign and malignant mas-
ses (P>0.05). These findings may be due to varia-
tions in the ADC values used as the standard in 
different studies, emphasizing the need for addi-
tional research and establishing a single standard 
to ensure a more precise comparison. q 

CONCLUSION

Magnetic resonance imaging is a valuable 
method for distinguishing benign ovarian 

tumors from malignant ones, particularly in pa-
tients under 40 years old. Due to its high sensiti-
vity and favorable negative predictive value in this 
context, it is suggested that an MRI should be per-
formed on suspicious ovarian masses for preope-
rative decision-making. q
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