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ABSTRACT

Background: Adnexal masses are a common occurrence in gynecological practice and differentiating between benign
and malignant lesions is crucial for effective treatment. Magnetic resonance imaging (MRI) offers superior soft-tissue
characterization compared to ultrasound. The Ovarian-Adnexal Reporting and Data System for MRI (O-RADS MRI)
is a standardized approach launched to enhance risk categorization of adnexal masses. Its utility in daily clinical
practice to predict malignancy is being increasingly recognized.

Objectives: This study aimed to evaluate the diagnostic accuracy of O-RADS MRI classification in assessing ovarian
lesions and correlate MRI findings with final histopathological results or after follow-up.

Patients and methods: This prospective study included 50 female patients with ovarian lesions who were referred to
the Department of Diagnostic and Interventional Radiology and Medical Imaging at Menoufia University Hospitals by
the Department of Gynecology. The study was conducted over a one-year period starting in November 2023.

Results: The mean age of patients was 44.04 +17.51 years. Pelvic pain was the most common presenting symptom
(70%), and the most common lesion was large solid portions without dark-dark features (40%). O-RADS MRI scores
were distributed as follows: score 2 (14%), score 3 (18%), score 4 (38%), and score 5 (30%). Final pathological
outcomes revealed 68% malignant and 32% benign lesions. ROC analysis yielded a sensitivity of 94%, specificity of
87%, accuracy of 92%, PPV of 88%, and NPV of 94% in predicting malignancy, area under the curve (ROC) is 0.949.
Conclusions: It could be concluded that O-RADS MRI scoring system is a reliable tool with high diagnostic accuracy
in differentiating malignant from benign ovarian masses. Its implementation can enhance decision-making and
improve patient management.
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INTRODUCTION

In routine clinical practice, ovarian masses are Positron emission tomography integrated with
frequently observed and may be discovered by chance CT is the superior imaging modality for suspected
in individuals who exhibit symptoms. An ovarian recurrence, especially in women with elevated cancer
lesion’'s characterization is a diagnostic problem that is antigen 125 (CA125) levels, despite negative findings
crucial to the preoperative planning of appropriate from traditional imaging techniques ®.
treatment operations and may have an impact on the The ovarian-adnexal reporting and data system
patient's care . A multidisciplinary approach based on magnetic resonance imaging (O-RADS MRI) risk
on physical examination, laboratory testing, and classification approach was created by the O-RADS
imaging methods is necessary for the best evaluation MRI Committee, a worldwide collaborative effort led
of an adnexal mass . by the American College of Radiology and including a

The first and most crucial imaging technique varied collection of adnexal imaging and treatment
for ovarian cancer diagnosis is still ultrasound (US). specialists . An accepted method for classifying
US needs a skilled examiner who can evaluate both the pelvic gynecological tumors according to their risk of
abdomen and the pelvis, despite mounting evidence cancer is the O-RADS MRI score ©.
that it is an accurate method for staging and The challenge in treating adnexal masses is to
monitoring ovarian cancer ®. The most used imaging prevent both overdiagnosis of benign lesions, which
technique for preoperative staging and follow-up is can result in needless surgery and jeopardize fertility,
computed tomography (CT) ©. and underdiagnosis of malignant lesions, which

Particularly in individuals with ambiguous suggests a poor prognosis and immediate treatment ©.
lesions, MRI is a crucial problem-solving technique The risk of infertility following surgery for
for identifying the origin of a pelvic mass and benign ovarian cysts has been well established ©, and
subsequently characterizing an adnexal mass. Local the incidence of malignancy in women having ovarian
invasion can also be reliably detected by MRI. High surgery is rather low, particularly if the procedure is
contrast resolution with great soft tissue contrast and performed solely on the basis of US results .
the absence of ionizing radiation exposure are the Because of the possibility of upstaging a
primary benefits of MRI, which is especially limited early-stage ovarian cancer or the possibility of
significant for young female patients ©. sample mistake leading to a missed cancer diagnosis,
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percutaneous biopsy of a suspected adnexal tumor is
not recommended ©.

This study aimed to evaluate the diagnostic
accuracy of O-RADS MRI classification in assessing
ovarian lesions and correlate MRI findings with final
histopathological results or after follow-up.

PATIENTS AND METHODS

This prospective study included 50 female patients
with ovarian lesions who were referred to the
Diagnostic and Interventional Radiology and Medical
Imaging Department at Menoufia University Hospitals
by the Department of Gynecology. The study was
conducted over a one-year period starting in November
2023.

Inclusion criteria: Patients with ovarian lesions
detected on US or CT showing any of the following
features: complex ovarian lesions, cystic lesions with
solid vegetations, thick septations or soft tissue
components, solid ovarian lesions, simple cystic
ovarian lesions, or lesions containing pure fatty
components.

Exclusion criteria: Patients who suffered from
claustrophobia, had poor renal function, or had any
general contraindications to MRI (such as the presence
of metallic clips or pacemakers).

All patients had a complete clinical examination,
which included

o Full history taking with special emphasis on age
and menstrual history, as well as any past history
of gynecological problems or surgeries.

o Each patient underwent pelvic ultrasonography
either trans-abdominal and/or transvaginal (TV)
followed by MRI evaluation.

o Final diagnosis was established through
histopathological evaluation or follow-up.

METHODS

All patients had preliminary pelvic US utilizing
both transabdominal and transvaginal techniques with
GE Logic E10 (3-4 MHz and 7-8 MHz probes). Trans-
abdominal scans were performed with a full bladder to
improve visualization, while trans-vaginal scans were
done with an empty bladder for better proximity to the
ovaries. Color Doppler was used when needed to assess
solid components.MR imaging:

MRI was done with a 1.5 Tesla TOSHIBA MRI
scanner. All patients were imaged in the supine
position utilizing the pelvic phased array coil.

Proper patient preparation was essential for
optimal MRI quality, including psychological
reassurance about the scanner environment, assessment
of renal function, and removal of all metallic or
paramagnetic items.

MRI Protocol:
Pelvic MRI was performed using pre- and post-
contrast sequences. The field of view (FOV) included
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the full mass and adjacent pelvic tissues, not only the
solid component.
Sequences:

Pre-contrast:

o Sagittal, axial, and coronal T2-weighted fast
spin-echo

o Axial T1-weighted fast spin echo with and
without fat suppression.

e Post-contrast:

o Axial T1-weighted fast spin echo with fat
suppression.

e Diffusion weighted image (DWI): DWI was done
in the axial plane before contrast administration
using single-shot echo-planar sequence with b-
values of 0, 800, and 1000.

e Dynamic contrast-enhanced imaging: was
performed using T1 fat-saturated sequences
immediately after manual injection of gadolinium
(0.1 mmol/kg, max 20 mL). Images were acquired
every 30-40 seconds, covering the selected FOV.

¢ Non dynamic contrast-Enhanced MRI: Axial
and coronal T1-weighted images were obtained in
the delayed post-contrast phase.

MR Image Analysis
MR sequences were analyzed for lesion:
o Laterality, morphology (cystic, solid, or mixed).
o Signal intensity,
e Wall characteristics.
e Septations.
e Solid components.
e Enhancement.

Assessment also included pelvic invasion, ascites, and
peritoneal or omental deposits.

Benign lesions appeared as simple cysts (low T1/high
T2 signal, no solid component). Complex benign
lesions showed high T1 signal due to fat or blood,
distinguishable on fat-suppressed sequences.
Malignant features included wall/septal thickness >3
mm, solid vegetations >1 cm, necrosis, and signs of
tumor spread.

DWI analysis differentiated benign from malignant
lesions based on signal behavior: benign lesions
showed low DWI signal and high apparent diffusion
coefficient (ADC) signal (facilitated diffusion), while
malignant lesions showed high DWI signal and low
ADC signal (restricted diffusion).

Post-contrast images were used to evaluate
enhancement of solid tissue, tumor walls, septations,
and vegetations.
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Dynamic contrast enhanced (DCE)-MRI was
analyzed qualitatively using region of interest (ROI)
technique. ROIs were placed in the solid tumor and
myometrium as reference.

Time-intensity curves were classified as:
e Type 1: Gradual enhancement (benign).

e Type 2: Moderate rise with plateau (possibly
malignant).

e Type 3: Rapid rise (likely malignant).

Lesions with type 2 or 3 curves were suggestive of
malignant behavior, while type 1 indicated benign
vascularity.

Ethical approval:

This study was ethically approved by Menoufia
University's Research Ethics Committee. Written
informed consent of all the participants was
obtained. The study protocol conformed to the
Helsinki Declaration, the ethical norm of the World
Medical Association for human testing.

Statistical analysis

SPSS version 26 was utilized for the analysis and
tabulation of the data. Quantitative data were reported
as median and interquartile range for non-normal
distributions, or mean. £ SD for regularly distributed
variables, while descriptive statistics described
gualitative data as humbers and percentages.

To compare categorical variables for inferential
analysis, the X’-test and Fisher's- test were utilized;
Fisher's exact was employed when anticipated cell
counts were low.

For non-parametric comparisons, the Mann-
Whitney U test was employed, whereas the Student's t-
test was used to compare the means of quantitative
data that was regularly distributed. Diagnostic
performance was assessed through Receiver Operating
Characteristic (ROC) curve analysis, calculating the
area under the curve (AUC), sensitivity, specificity,
diagnostic accuracy, positive predictive value (PPV),
and negative predictive value (NPV).

Cohen’s kappa coefficient measured inter-rater
agreement, interpreted as poor (<0.20) to perfect
(0.81-1.00) agreement. Statistical significance was set
atp <0.05.
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RESULTS

This study included 50 patients with mean of age
of 44.04 £17.51 years, 60% are post menopause and
40% are pre menopause.

Pelvic pain was the most prevalent complaint
affecting 70% of participants, while abdominal
swelling occurred in 32%, infertility in 6%, vaginal
bleeding in 12% and urinary symptoms in 16%. there
were no statistically significant differences between
benign and malignant groups regarding symptoms
(Table 1).

Table (1): Clinical characteristics of the studied
participants (n=50)

Variable No. of the studied
participants=50
No. %

Pelvic pain

Present 35 70.0

Absent 15 30.0

Abdominal swelling

Present 16 32.0

Absent 34 68.0

Infertility

Present 3 6.0

Absent 47 94.0

Vaginal bleeding

Present 6 12.0

Absent 44 88.0

Urinary tract symptoms

Present 8 16.0

Absent 42 84.0

Menstruation

Pre-menopausal 30 60.0

Post-menopausal 20 40.0

Most of adnexal lesions were unilateral (68%)
with an average 1.31+/-0.47 per patient, the most
common lesion subtype was large solid component
without "dark- dark "features about 40% (figure 1),
followed by lesions with irregular septation or wall
(28%) other types (cystic, septated, papillary, nodules)
remaining 32%. Peritoneal implants appeared in 14%
of all cases 20.6 % of malignant cases.
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Figure (1): Female patient 53 years old presented with pelvic pain and pelvi-abdominal swelling. US revealed right
heterogeneous mass with cystic breakdown. Ascites was noted. MRI was done. Conventional MRI show a large rather
defined heterogeneous solid lesion with cystic components. It attains (a) axial TLIWI hypointense signal (green arrow).
(b, c, d) axial, sagittal, coronal T2WI1 isointense signhal(orange arrow). (e) Post contrast axial T1 fat sat demonstrates
moderate enhancement of the lesion (black arrow). (f) axial DWI demonstrates strong diffusion restriction of the
lesion(yellow arrow). DCE MRI based diagnosis shows early and more intense increasing enhancement than the
myometrium (Type 3 curve (g)) (blue arrow). also it shows omental deposits Management (Surgical): Laparotomy
with radical hysterectomy and BSO, O-RADS MRI score: 5, Pathological diagnosis: Ovarian clear cell carcinoma.

Time intensity curve (TIC) mean=2.31+/- 0.58, malignant cases are with type 4 and 5, most cases are TIC type 4 about
(figure 2).
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Figure (2): Female patient 52 years old complaining of pelvic pain and swelling. US revealed large left cystic adnexal
lesion with solid components. MRI was done, Conventional MRI revealed a large left adnexal cystic mass with
irregular soft tissue component. It attains (a) axial and (c) coronal TIWI heterogeneous low signal (orange arrow).
And (b) axial and (d) coronal T2WI heterogeneous high signal intensity (black arrow). (e,f) post-contrast axial, sagittal
T1WI fat sat shows intense heterogeneous enhancement of the solid component (blue arrow). (g) axial DWI
demonstrates restricted diffusion (green arrow), DCE Initial rapid enhancement followed by a plateau. (Type 2 curve
(h) (yellow arrow)). Management: (Surgical) Laparptomy was done with radical removal TAH & BSO, O-RADS MRI
score: 4 Pathological diagnoses: Malignant mucinous cystadenocarcinoma.

Table 2 shows the distribution of ORADS MRI score among 50 participants revealed the most frequently assigned
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category with score 4 (38%), followed by score 5 (30%), score 3c (18%) and score 2 (14%).

Table (2): O- RADS MRI score among the studied participants (n=50)

O-RADS MRI score No. of the studied participants=50
No. %
2 7 14.0
3 9 18.0
4 19 38.0
5 15 30.0
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In this prospective study, 90% of participants underwent histopathological analysis while 10% were managed by
imaging follow up, of all cases 68% were confirmed malignant and 32% benign.

In this study a statistically sig. diff. was observed in adnexal lesion morphology between benign and malignant cases
(p<0.001). Specifically large solid portion (no dark T2 dark in DWI areas) was predominantly seen in malignant
lesions (55.9%), in contrast cystic lesions without solid component were more common in benign lesions.

Table 3 shows that there were no statistically significant differences in ORADS MRI scores between benign and
malignant lesions (p<0.001). Score 4 and 5 were strongly associated with malignant pathology (94.1% of malignant
cases), while score 2 and 3 were predominantly seen in benign lesions (87.6 %).

Table (3): Agreement between O- RADS MRI score classification and pathology among studied participants

ORADS MRI Pathology Test of P value Kappa
score Benign (n=16) Malignant (n=34) significance agreement
No. (%) No. (%)
Benign 14 (87.5) 2(5.9) 33.31 <0.001* 0.816
Malignant 2 (12.5) 32 (94.1)

*. Statistically significant, y2: Chi-squared test.

Interpretation: Perfect agreement

This study demonstrated that there was a false-negative case, one was scored as O-RADS MRI 3 (suggestive of benign
lesion), as MRI revealed a multilocular cystic lesion with no solid components or suspicious enhancement. However,
histopathological analysis revealed a juvenile granulosa cell tumor, a rare malignant sex- cord stromal tumor (Figure
3).

Axial TIWI post contrast with FS
Figure (3): Female patient 12-year-old complain from pelvic pain, us showed multiloculated adnexal cystic lesion,
MRI showed multiloculated cystic lesion with (a,b) sagittal and coronal T2WI hyper intense separated by thin
septation( orange arrow), on (c,d) axial and coronal T1WI it appears hypointense with iso to hypointense septation(
blue arrow),(e) post contrast axial T1 WI fat sat thin septal and wall enhancement( yellow arrow), ORADS MRI score
3, histopathology is jevunile granulosa cell tumor (JGCT).
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Another case was pathologically diagnosed as a serous borderline ovarian tumor. MRI revealed a multiloculated cystic
adnexal lesion with peripheral regular mural nodules. There was evidence of mild restricted diffusion on DWI, and the
time-intensity curve (TIC) was of type I, indicating a benign enhancement pattern. According to the O- RADS MRI
scoring system, the lesion was assigned score 3, as benign nature (Figure 4).

Figure (4): The 45-years-old female patient presented with abdominal pain, US showed bilateral adnexal complex
lesions, MR Description: bilateral adnexal complex masses predominantly cystic, (a) axial TIWI low signal (green
arrow), (b,c) coronal ,axial T2W1 high signal with peripheral regular mural nodules low T1 and low T2 (black arrow
(b)), (d,e) axial and coronal T1WI fat sat post contrast enhancement of the peripheral regular mural nodules (orange
arrow). DCE-MRI: Slow rising enhancement. Type 1 curve (f) (yellow arrow) ORADS MRI score: 3 Pathology:
serous borderline tumor.
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This study revealed statistically significant association
between the type of management and the final
pathological outcome (p=0.031) specifically 97.1% of
malignant cases underwent surgical resection and
pathological analysis compared to 75% of benign
cases, while 25% of benign lesions were managed
conservatively through follow up.

In this study we found that the PPV is 88%, and NPV
of 94%. We found that the ROC curve analysis
showed an area under the curve (AUC) of 0.949 with a
95% CI ranging from 0.885 to 1.000, which was
statistically significant (p < 0.001) (figure 5).

ROC Curve
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Figure (5): ROC curve analysis showed an area under
the curve (AUC) of 0.949 with a 95% confidence
interval (CI) ranging from 0.885 to 1.000, which was
statistically significant (p < 0.001). Using a cut-off
value of > 4, the O-RADS MRI score achieved a
sensitivity of 94%, specificity of 87% and accuracy of
92%.

0.6 08 1.0

Using a cut-off value of > 4, the O- RADS MRI score
achieved a sensitivity of 94%, specificity of 87%,
accuracy of 92%, PPV of 88%, and NPV of 94%.
(Table 4)

Table (4): Diagnostic accuracy of O- RADS MRI
score in prediction of malignant lesion among
studied participants

O- RADS MRI score

AUC 0.949
95% CI 0.885-1.000
P value <0.001*
Cut off value >4
Sensitivity 94%
Specificity 87%
Accuracy 92%
PPV 88%
NPV 94%

*: Statistically significant, AUC: Area under curve, PPV:
Positive predictive value, NPV: Negative predictive value, Cl:
Confidence interval.
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DISCUSSION

Ovarian lesions encompass a wide spectrum of
conditions, ranging from benign cysts to malignant
tumors originating from epithelial, germ cell, or
stromal tissue. Accurate characterization is crucial to
avoid unnecessary surgeries and ensure appropriate
treatment ). MRI, with its superior soft tissue
resolution and functional imaging sequences like DWI
and DCE, plays a pivotal role in assessing adnexal
masses, particularly when ultrasound findings are
indeterminate %,

The O-RADS MRI scoring system, developed by
the ACR, integrates morphological and functional
imaging features to stratify ovarian lesions from score
1 (normal ovary) to score 5 (high malignancy risk),
thereby enhancing diagnostic consistency and guiding
clinical decision-making ™.

This prospective study was conducted on 50
patients with ovarian lesions referred from gynecology
to Menoufia University Hospitals. The mean age was
44,04 £17.51 years, similar to the EURAD cohort’s
55.3+15.8 years in a study by Wengert et al. ™. The
most common presenting symptom was pelvic pain
(70%), followed by abdominal swelling (32%) and
urinary symptoms (16%), consistent with Lamghare
etal. [,

MRI findings showed most lesions were
unilateral (68%), with a predominance of solid
components lacking “dark—dark” features (40%),
irregular septation or walls (28%), and peritoneal
implants in 14%. These findings aligned with
Thomassin-Naggara et al. [, where 35% of lesions
were solid or mixed and 12% had peritoneal implants.
Type 2-3 time—intensity curves (TICs) were seen in
most solid lesions, supporting intermediate-to-high
malignancy suspicion.

O-RADS MRI scores were distributed as follows:
score 4 (38%), score 5 (30%), score 3 (18%), and score
2 (14%). This mirrors distributions reported by
Thomassin-Naggara et al. ™, Nougaret et al. ™! and
Pereira et al. ™ in tertiary care settings.

Of all cases, 90% underwent surgery with
pathology confirmation, and malignancy was found in
68%, while 32% were benign, comparable to Aslan et
al. ™! who reported 63% malignancy in surgically
selected cases.

Malignant lesions were significantly associated
with older age (mean 49.3+18.3 vs. 32.9+8.7 years)
and postmenopausal status (p=0.001), echoing
findings by Sanaei et al. ' and Sayasneh et al. ™. In
contrast, symptoms such as pain or bleeding did not
differ significantly between benign and malignant
groups, consistent with Mahaur et al. ™ and
Thomassin-Naggara et al. ! who emphasized that
clinical presentation alone is non-discriminatory.

Morphologically, “large solid portion without
dark-dark areas” was more common in malignant
lesions (55.9%) versus benign (6.3%), whereas purely
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cystic patterns were more often benign. This reinforces
findings by Thomassin-Naggara et al. ' and
Spencer et al. ™ on the malignant potential of solid
lesions without dark signals on T2 or DWI.

O-RADS MRI scores were significantly
predictive: scores 4-5 were seen in 94.1% of
malignant lesions, while scores 2-3 were associated
with 87.6% of benign lesions. These results confirm
the system’s diagnostic power, also reported in a meta-
analysis by Rizzo et al. %),

Surgical management correlated significantly
with malignancy (p=0.031), reflecting clinical reliance
on MRI findings. Dabi et al. ! demonstrated that
O-RADS MRI helped avoid unnecessary surgery in
88.2% of cases, endorsing surgical intervention for
scores 4-5.

One borderline serous tumor was misclassified as
O-RADS 3 due to imaging features suggestive of
benignity (no solid enhancing components, type | TIC,
mild diffusion restriction). This aligns with Sahin et
al. ”? who noted borderline tumors can mimic benign
cysts on MRI.

Similarly, a juvenile granulosa cell tumor (JGCT)
appeared benign on MRI (O-RADS 3) but was
confirmed as malignant by histopathology. Boyraz et
al. ™ and Afriliani & Wulanhandarini 4 observed
that JGCTs are often present as cystic lesions lacking
solid features, complicating diagnosis. Outwater &
Siegelman'®! also highlighted challenges with sex
cord-stromal tumors mimicking benign lesions on
MRI.

Our study demonstrated excellent diagnostic
performance for O-RADS MRI, with an AUC of
0.949, sensitivity 94%, specificity 87%, and accuracy
92%. These values are in line with
Thomassin-Naggara et al. ! and Basu et al. .
Aslan et al. ™ also reported high diagnostic accuracy.

LIMITATIONS

Despite the promising results, this study has
certain limitations. First, the sample size was relatively
small (n=50), might restrict the generalizability of the
results. Second, being a single-center study, the results
may be influenced by institutional protocols or
population characteristics. Additionally, follow-up
data were limited for patients who did not undergo
surgery, potentially affecting the final outcome
classification. Future studies with larger, multicenter
cohorts and standardized imaging protocols are
warranted to validate and expand upon these findings.

CONCLUSION

It could be concluded that the O- RADS MRI
scoring system is a reliable tool with high diagnostic
performance in differentiating benign from malignant
adnexal masses, with excellent sensitivity, specificity,
and overall accuracy. Its structured approach and
standardized lexicon facilitate uniform reporting and
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enhance communication between radiologists and
clinicians, ultimately aiding in more informed and
timely clinical decisions. Additionally, there is a strong
concordance between our findings and those of
multiple national and international studies.

RECOMMENDATION

We recommend that future studies be conducted
as multicenter research with larger and more diverse
patient populations to validate the diagnostic
performance and generalizability of the O-RADS MRI
system. We also advocate for the routine integration of
O-RADS MRI into clinical practice to ensure
standardized  reporting,  reduce inter-observer
variability, and improve decision-making in patient
management. Additionally, imaging findings should be
correlated with histopathological outcomes or long-
term clinical follow-up, particularly in indeterminate
or high-risk cases. Structured training programs for
radiologists and trainees are essential to enhance
consistency and diagnostic accuracy in applying the O-
RADS system. Furthermore, we recommend
evaluating the role of advanced MRI techniques such
as diffusion tensor imaging, perfusion imaging, and
radiomics as potential tools to further improve the
accuracy and  specificity of adnexal mass
characterization beyond current O-RADS criteria.

No funding.
No conflict of interest.
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