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ABSTRACT ____

BACKGROUND: Ovarian cancer is a major global health issue and a leading cause of cancer-related deaths among
women. While ultrasound is the primary imaging tool, up to 25% of cases remain indeterminate. Magnetic Resonance
Imaging (MRI) serves as a crucial second-line tool, and the Ovarian-Adnexal Reporting and Data System (O-RADS)
MRI scoring system provides a structured framework for risk stratification. OBJECTIVES: To evaluate and characterize
adnexal lesions using the O-RADS MRI scoring system and correlate findings with histopathological results.
METHODS: A single-center prospective diagnostic accuracy study enrolled 100 patients with adnexal lesions between
December 2023 and December 2024 at Nepalgunj Medical College, Nepal. All patients underwent MRI on a 1.5 Tesla
scanner. Lesions were classified using the O-RADS MRI scoring system and results were correlated with
histopathological diagnosis. RESULTS: Of 100 adnexal lesions evaluated, 77 were benign and 23 were malignant.
Using O-RADS >4 as the threshold for malignancy, the O-RADS MRI system demonstrated an overall accuracy of
93% (95% ClI: 88-98%), sensitivity of 87% (95% Cl: 73.1-100%), and specificity of 94.8% (95% CI: 89.9-99.7%). All O-
RADS 2 lesions were benign, and all O-RADS 5 lesions were malignant. The negative predictive value was 96.1%.
CONCLUSION: Using a modified, non-DCE-based O-RADS MRI protocol, this scoring system was a reliable and
accurate method for distinguishing benign from malignant adnexal lesions, with strong histopathological correlation.
Its structured framework supports improved diagnosis, reduced unnecessary surgeries, and optimized patient
management, even in settings where DCE-MRI is unavailable.
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Introduction ____

Ovarian and adnexal lesions represent a wide spectrum
of pathologies, ranging from simple functional cysts to
life-threatening malignancies. Ovarian cancer remains
one of the leading causes of gynecologic cancer-related
mortality worldwide, a burden well documented in global
epidemiological analyses by Momenimovahed et al,1
with late-stage diagnosis contributing significantly to
poor outcomes. Early and accurate characterization of
adnexal masses is therefore critical for appropriate
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patient triage and management planning.

Ultrasound is the first-line imaging modality for adnexal
mass evaluation, guided by structured risk-stratification
frameworks such as the O-RADS ultrasound system
described by Andreotti et al2 and the Society of
Radiologists in Ultrasound consensus guidance of
Levine et al;3 however, up to 25% of cases remain
indeterminate on sonographic assessment, a proportion
consistent with the findings of Sadowski et al,4 parti-
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cularly in the setting of complex morphology, poor
sonographic windows, or postmenopausal presen-
tations, and compounded by the operator-dependent
variability in diagnostic performance documented by
Sayasneh et al5 across examiners with differing levels
of training. In these situations, Magnetic Resonance
Imaging (MRI) serves as a valuable second-line tool,
offering superior soft tissue contrast, multiplanar
capability, and functional imaging parameters including
diffusion-weighted imaging (DWI) and dynamic contrast
enhancement.

The Ovarian-Adnexal Reporting and Data System (O-
RADS) MRI scoring system was developed to provide
a standardized, reproducible framework for the risk
stratification of adnexal lesions on MRI. Derived from
the ADNEX MRI model first introduced by Thomassin-
Naggara et al6 in 2013, the O-RADS MRI system was
formally published in 20207 and incorporates stan-
dardized lexicon, DWI parameters, and management
recommendations across six risk categories (0-5),
analogous to systems such as BI-RADS in breast
imaging, and building conceptually on earlier ultrasound-
based risk-stratification approaches such as the IOTA
Simple Rules described by Timmerman et al.8

In Nepal specifically, reproductive organ cancers,
including ovarian malignancy, constitute a substantial
and likely underrecognized burden according to
population-based cancer registry data reported by Baral
et al,9 underscoring the local relevance of a standar-
dized, reproducible risk-stratification tool. Despite
growing international adoption of the O-RADS MRI
system, data validating its performance in South Asian
populations and resource-limited settings remain limited.
This study aimed to prospectively evaluate the diagnostic
accuracy of the O-RADS MRI scoring system in
characterizing adnexal lesions and correlating MRI-
based risk categorization with definitive histopatholo-
gical outcomes at a tertiary center in western Nepal.

Materials and Methods ___
Study Design and Setting

This was a single-center, prospective diagnostic accu-
racy study conducted in the Department of Radiodiag-
nosis and Imaging, Nepalgunj Medical College and
Teaching Hospital (NGMC-TH), Kohalpur, Banke, Nepal,
from December 2023 to December 2024. The study was
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duly approved by ERC.

Sample Size and Participants

A target sample size of 100 was calculated using the
expected prevalence of malignant ovarian lesions
(-25%), a 95% confidence level, and a 10% margin of
error (n -72, adjusted upward for anticipated dropouts).
Convenience sampling was employed, enrolling all
eligible patients until the target was reached.
Inclusion criteria: patients aged 18 years and above
referred for MRI pelvis due to an ultrasound-detected
or clinically suspected adnexal lesion. Exclusion criteria
included: contraindications to MRI or intravenous
contrast, prior histopathological diagnosis, presence
of pacemakers or implanted electronic devices, sus-
pected tubo-ovarian abscess, and refusal to provide
informed consent.

MRI Protocol

Allimaging was performed on a 1.5 Tesla MRI scanner
(GE SIGNA CREATOR) equipped with a pelvic phased-
array coil. Patients fasted for at least three hours prior
to imaging to minimize bowel peristalsis. The protocol
included: T2-weighted fast spin-echo sequences in axial,
sagittal, and coronal planes (TR/TE: -4000-6000/90-110
ms); T1-weighted in-phase and out-of-phase gradient-
echo sequences (TR/TE: -180/2.3-4.6 ms); diffusion-
weighted imaging (DWI) with b-values of 0, 500, and
1000 s/mmz2 with ADC map generation; pre- and post-
contrast T1-weighted fat-saturated sequences following
intravenous gadolinium-based contrast (0.1 mmol/kg
at 3.5 mL/sec); and an upper-abdominal DWI sequence
to evaluate for distant metastases. Dynamic contrast-
enhanced (DCE) MRI was not performed due to technical
constraints, with post-contrast T1-weighted imaging
used for lesion characterization instead.

O-RADS MRI Classification

Images were independently reviewed by two radiologists
in consensus, blinded to prior ultrasound findings,
clinical history, and tumor marker results; discrepancies
were resolved by joint re-review to reach a final
consensus O-RADS category. Lesions were classified
into six O-RADS MRI categories: 0 (incomplete
examination), 1 (normal ovaries), 2 (almost certainly
benign; PPV <0.5%), 3 (low malignancy risk; PPV -5%),
4 (intermediate risk; PPV -50%), and 5 (high risk; PPV
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-90%), based on the multicenter cohort criteria of
Thomassin-Naggara et al.”

Reference Standard and Statistical Analysis

The reference standard was histopathological exami-
nation of surgically obtained tissue or imaging follow-
up for a minimum of four months in non-surgical cases.
Data were entered in Microsoft Excel and analyzed
using SPSS v26. Descriptive statistics (mean, SD,
frequencies) and diagnostic performance metrics
(sensitivity, specificity, PPV, NPV, accuracy) were
calculated. Fisher's exact test was used to assess
statistical significance. The study was approved by the
Institutional Review Committee (IRC) of NGMC-TH, and
written informed consent was obtained from all
participants.

B'e_s_u'l'ts__

Patient Demographics and Clinical Presentation
One hundred patients were enrolled with a mean age
of 41.95 + 14.13 years (range: 19-85 years). Of these,
77 lesions were benign and 23 were malignant on
histopathology. The mean age was significantly lower
for benign (39.15 + 14.72 years) than malignant lesions
(51.3 = 11.85 years). Malignancy was most common in
the middle-aged group (41-60 years), accounting for
60.86% of malignant cases (p = 0.003). The most com-
mon presenting symptom was abdominal pain (87%),
followed by palpable lump (51%), abdominal distension
(42%), dysmenorrhea (39%), abnormal vaginal bleeding
(27%), and weight loss (19%). Approximately 88% of
lesions were unilateral, with right-sided predominance
(47%). Bilateral involvement was noted in 12%.

Histopathological Profile

Among benign lesions, non-neoplastic functional cysts
were most common (22.07%), followed by mature cystic
teratomas (18.18%), endometriomas (16.88%), hemorr-
hagic cysts (16.88%), and cystadenomas (14.28%).
Among the 23 malignant lesions, borderline tumors
predominated, including serous (30.43%), mucinous
(26.08%), and seromucinous subtypes (17.39%);
invasive cystadenocarcinoma accounted for 13.04%,
immature teratoma for 8.69%, and metastatic disease
for 4.34%. (Tab.1)
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Diagnosis n (%)
BENIGN (n=77)

Non-neoplastic functional cyst 17 (22.07%)
Mature cystic teratoma 14 (18.18%)
Endometrioma 13(16.88%)
Hemorrhagic cyst 13(16.88%)
Cystadenoma 11 (14.28%)
Ovarian torsion 3(3.89%)
Stromal tumor 2 (2.59%)
Ectopic pregnancy 2 (2.59%)
Hydrosalpinx / Para-ovarian cyst 2 (2.59%)

MALIGNANT (n=23)
Borderline serous 7 (30.43%)
Borderline mucinous 6 (26.08%)
Borderline seromucinous 4 (17.39%)
Invasive cystadenocarcinoma 3(13.04%)
Immature teratoma 2 (8.69%)
Metastatic disease 1(4.34%)

Table 1: Histopathological diagnoses of adnexal lesions.

MRI Imaging Features

Unilocular morphology was significantly more frequent
in benign lesions (58 vs. 2; p < 0.05), while multilocular
architecture showed no significant difference (19 benign
vs. 21 malignant; p = 0.86). Intralesional fat (14 vs. 2; p
=0.0041) and clear fluid content (42 vs. 16; p = 0.0001)
were strongly associated with benign pathology. In
contrast, solid components (0 benign vs. 20 malignant),

MRI Feature (Bn e:i7g7n) sz:lliggg;\t p-value
Unilocular 58 2 <0.05
Multilocular 19 21 0.86
Internal septations 23 17 NS
Intralesional fat 14 2 0.004
Clear fluid cyst 42 16 0.0001
Hemorrhagic component 29 1 NS
Solid component 0 20 <0.05
Post-contrast solid enhancement 2 23 <0.05
DWiI restriction / ADC hypointensity 0 21 <0.05
Peritoneal/omental nodularity 0 3 <0.05
Ascites 0 2 <0.05

NS = statistically non-significant (p > 0.05).

Table 2: MRl imaging features in benign vs. malignant adnexal
lesions.
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post-contrast solid enhancement (2 vs. 23), diffusion
restriction/ADC hypointensity (0 vs. 21), and peritoneal/
omental nodularity (0 vs. 3) were all significantly asso-
ciated with malignancy (p < 0.05 for each). Lesion size
(>5 cm) was not a statistically significant discriminator
(p =0.261). (Tab.2)

O-RADS MRI Classification and Diagnostic Perfor-
mance

O-RADS 1 lesions (normal studies) were excluded from
analysis. All 57 lesions classified as O-RADS 2 were
histologically benign (100%) (Fig.1-3). Of 19 O-RADS 3
lesions, 16 (84.2%) were benign and 3 (15.8%) were
malignant (Fig.4-5). Among 19 O-RADS 4 lesions, 15
(78.9%) were malignant and 4 (21.1%) were benign
(Fig.6). All 5 O-RADS 5 lesions were malignant (100%)
(Fig.7). The correlation between O-RADS scores and
histopathological outcomes was statistically significant
(p < 0.05). (Tab.3)

The diagnostic performance of the O-RADS MRI system
is summarized in (Tab.4). The system achieved an overall
accuracy of 93.0% (95% ClI: 88-98%), sensitivity of 87.0%
(95% ClI: 73.1-100%), and specificity of 94.8% (95% CI:
89.9-99.7%). The PPV was 83.3% (95% CI: 68.1-98.6%)
and the NPV was 96.1% (95% CI: 91.7-100%). Fisher's
exact test confirmed statistical significance (p < 0.0001).

O-RADS score | MRl Diagnosis | Benign | Malignant | oy
2 Benign 57 0 57
3 Benign 16 3 19
4 Malignant 4 15 19
5 Malignant 0 5 5
Total 77 23 100

Table 3: O-RADS MRl score vs. histopathological outcome (n=100).

Metric Value 95% CI
Sensitivity 87.0% 73.1-100%
Specificity 94.8% 89.9-99.7%

Positive Predictive Value 83.3% 68.1-98.6%

Negative Predictive Value 96.1% 91.7-100%

Overall Accuracy 93.0% 88.0-98.0%
Fisher's Exact Test (p-value) <0.0001 —

Table 4: Diagnostic performance of O-RADS MRI scoring system.
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Figure 1: A well-defined, thin-walled left ovarian cystic lesion,
hyperintense on T1WI and iso- to hyperintense on T2WI, showing
restricted diffusion, with no post-contrast wall enhancement.
Diagnosis: left ovarian hemorrhagic cyst, characterized as O-RADS
2 on MRI.

Figure 2: A well-defined, thin-walled unilocular cystic lesion in
the right adnexa with an internal fat component (hypointense on
fat-suppressed sequences) and calcification (hypointense on T1WI,
T2WI, and fat-suppressed sequences), consistent with mature
cystic teratoma. Characterized as O-RADS 2 on MRI.
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Figure 3: A well-defined, thin-walled cystic lesion in the left adnexa
with TIWI hyperintensity and uniform T2WI hypointensity,
suggestive of the "T2 shading sign," without post-contrast

enhancement, consistent with endometrioma. Characterized as O-

RADS 2 on MRI.

Figure 4: A well-defined, thick-walled abdomino-pelvic cystic
lesion, TIWI hypointense and T2WI hyperintense, without
suppression on fat-saturated images, mural nodule, hemorrhage,
calcification, or septation. Post-contrast study shows homogeneous
wall enhancement. Characterized as O-RADS 3 on MRI.
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Figure 5: A well-defined, thick-walled right ovarian cystic lesion,
T1WI hypointense and T2WI hyperintense, without suppression
on fat-saturated images, mural nodule, hemorrhage, calcification,
or septation. Post-contrast study shows homogeneous wall
enhancement. Characterized as O-RADS 3 on MRI.
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Figure 6: A well-defined, thin-walled, multiloculated solid-cystic
lesion in the right adnexa. The cystic component is hypointense
on T1WI and hyperintense on T2WI; the solid component is
hypointense on TIWI/T2WI with DWI restriction and post-contrast
enhancement, without internal calcification or fat. Features
consistent with mucinous cystadenocarcinoma, characterized as
O-RADS 4 on MRI.

Figure 7: A multilobulated, enhancing solid-cystic lesion in the

right adnexa, with the solid component hypointense on T1WI and

mildly hyperintense on T2WI, showing restricted diffusion on DWI,

with mild ascites and peritoneal deposits. Characterized as O-
RADS 5 on MRI.

This prospective study evaluated the diagnostic

accuracy of the O-RADS MRI scoring system in 100
patients with adnexal lesions at a tertiary center in
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western Nepal. Our findings demonstrate that the O-
RADS MRI system is a robust and clinically valuable
tool for adnexal lesion characterization, with an overall
accuracy of 93%, sensitivity of 87%, and specificity of
94.8%.

The demographic distribution in this study is consistent
with published literature: benign lesions predominated
in younger women (mean 39.15 years) while malignant
lesions were more common in older and postmeno-
pausal women (mean 51.3 years; p = 0.003). This age-
dependent risk pattern aligns with the epidemiological
shift in ovarian pathology across the reproductive
spectrum described in prior validation cohorts. In terms
of lesion type, non-neoplastic functional cysts (22.07%)
and mature cystic teratomas (18.18%) were the most
common benign entities, consistent with the findings
of Foti et al.10 Among malignant lesions, borderline
tumors predominated, with serous borderline tumors
accounting for 30.43% - a finding of clinical importance
given their distinct management requirements compared
to invasive carcinomas.

Notably, borderline tumors accounted for 73.9% of malig-
nancies in this cohort, while invasive cystadenocar-
cinoma comprised only 13.04% - a distribution that
differs from many Western series, in which invasive
epithelial carcinomas, particularly high-grade serous
carcinoma, typically predominate among malignant
adnexal lesions. Several factors may explain this pattern.
First, the relatively younger mean age of our overall
cohort (41.95 years) is more consistent with the demo-
graphic profile of borderline tumors, which classically
present in reproductive-age women, than with high-
grade serous carcinoma, which typically occurs in older
postmenopausal women. Second, single-center recruit-
ment by convenience sampling over a defined 12-month
window may have introduced a referral bias toward
surgically resectable, earlier-stage disease amenable
to elective pre-operative MRI work-up, while patients
with advanced, inoperable, or rapidly progressive
malignancy may have bypassed structured imaging
evaluation or presented directly to higher-volume
oncology centers. Third, with only 23 malignant cases,
subtype proportions are susceptible to chance variation,
and this distribution warrants cautious interpretation.
This atypical case-mix likely contributed favorably to
the high specificity, PPV, and NPV observed, since even
borderline tumors were largely captured within the
higher-risk O-RADS categories in our cohort rather than
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being missed as false negatives; the applicability of
these results to populations with a greater proportion
of invasive high-grade carcinoma should therefore be
evaluated in future, larger multicenter cohorts.

The strong correlation between O-RADS MRI categories
and histopathological outcomes supports the system's
reliability. All O-RADS 2 lesions (57/57) were benign,
and all O-RADS 5 lesions (5/5) were malignant - a pattern
consistent with the landmark validation studies of
Thomassin-Naggara et alé.7 and subsequently confirmed
by Aslan et al'? and Pereira et al.12 Our O-RADS 3
findings (84.2% benign) and O-RADS 4 findings (78.9%
malignant) are also concordant with Pereira et al'2 who
reported 87% benign in O-RADS 3 and 84% malignant
in O-RADS 4 categories. Similar concordance between
MRI-based risk categorization and histopathological
outcomes has been reported in other South Asian
cohorts by Debbarama et al’3 and Rehbar et al,14 both
of whom correlated MRI-based scoring against surgical
histopathology in adnexal mass cohorts.

The diagnostic sensitivity (87%) and specificity (94.8%)
observed in this study are comparable to international
benchmarks. Pereira et al12 reported sensitivity of 91.1%
and specificity of 94.9%; whereas the multicenter O-
RADS ultrasound (not MRI) study by Shen et al1s
reported sensitivity of 94.1% and specificity of 95%
using the O-RADS ultrasound system for characterizing
indeterminate adnexal lesions; as this benchmark
reflects ultrasound rather than MRI performance, it is
cited here only as broader contextual reference and is
not directly comparable to the present MRI-based
results. The concordance with Pereira et al's MRI-based
benchmark supports the O-RADS MRI system's
applicability even in resource-limited, non-Western
settings. These findings also fall within the pooled
diagnostic performance ranges reported in recent
systematic reviews and meta-analyses of O-RADS MR,
including those by Rizzo et al6¢ and Zhang et al,’” which
similarly demonstrate high sensitivity and specificity
for malignancy discrimination across diverse study
populations.

Several MRI features demonstrated high discriminative
value. Unilocular morphology, intralesional fat, and clear
fluid were strongly associated with benign pathology,
while solid components, post-contrast solid enhance-
ment, diffusion restriction, and peritoneal nodularity
were almost exclusively features of malignancy. Notably,
internal septations and hemorrhagic components did

PAKISTAN JOURNAL OF RADIOLOGY

not reach statistical significance for differentiation,
underscoring their limited utility as isolated discrimi-
nators - a finding consistent with prior literature. Lesion
size alone also failed to achieve statistical significance
(p = 0.261), emphasizing that morphological and
functional MR criteria rather than size thresholds should
guide classification.

DCE-MRI was not performed in this study due to tech-
nical and logistical constraints; however, post-contrast
imaging was included for adequate lesion charac-
terization. This represents a pragmatic adaptation to
real-world resource limitations; the high diagnostic
performance achieved in this study suggests it did not
substantially compromise classification accuracy,
although a direct head-to-head comparison with a full
DCE protocol was not performed. This is consistent with
the observation of Wengert et al'8 that structured visual
assessment of post-contrast enhancement, while less
granular than full time-intensity curve analysis, retains
substantial diagnostic value in routine practice.
Beyond diagnostic performance, the O-RADS MRI
system had a direct bearing on clinical decision-making
at our institution: patients classified as O-RADS 2 were
managed conservatively, with surgery deferred in favor
of clinical and/or short-interval imaging follow-up per
our reference-standard protocol, consistent with the
very low malignancy risk assigned to this category. All
57 O-RADS 2 lesions were confirmed benign on this
reference standard (Tab.3), supporting the system's
utility in avoiding unnecessary surgical intervention in
a resource-limited setting.

Conclusion ____

Using a modified, non-DCE O-RADS MRI protocol - in
which structured visual assessment of post-contrast
T1-weighted imaging substituted for formal time-intensity
curve analysis - this scoring system proved a reliable
and accurate tool for distinguishing benign from malig-
nant adnexal lesions, demonstrating excellent correlation
with histopathological outcomes. With high sensitivity,
specificity, and negative predictive value, it supports
confident clinical decision-making, reduces unnecessary
surgical intervention, and appears applicable in tertiary
centers in South Asia even where DCE-MRI infrastruc-
ture is unavailable. As these results reflect a simplified
adaptation of the standardized O-RADS MRI algorithm
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rather than the full DCE-based protocol, they should be
interpreted accordingly. Multicentric studies with larger
sample sizes and incorporation of DCE-MRI are
recommended to directly compare the two approaches
and further validate and refine the system's utility in
diverse clinical settings.

LIMITATIONS: This study has several limitations. It
was conducted at a single center with a relatively small
sample size (n=100), limiting generalizability. DCE-MRI
was not performed due to resource constraints.
Histopathological confirmation was available only for
surgically managed cases, introducing potential selec-
tion bias. Although images were interpreted by two
radiologists reaching consensus, a formal inter-observer
agreement statistic (e.g., kappa) was not calculated,
which is a limitation.
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