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ABSTRACT ___

OBJECTIVE: The present research was conducted to evaluate the accuracy of diffusion-weighted magnetic resonance
imaging (DWI) in differentiating malignant from benign adnexal masses, using histopathology as the reference
standard. MATERIALS AND METHODS: A prospective cross-sectional design was utilized at the Radiology
Department, Punjab Institute of Neurosciences, Lahore, over six months. One hundred women with adnexal masses
meeting eligibility criteria underwent pelvic MRI, including DWI and apparent diffusion coefficient (ADC) mapping.
All lesions were surgically excised and underwent histopathological confirmation. Imaging results were compared
with histopathology to determine diagnostic accuracy. RESULTS: Histopathology demonstrated malignancy in 88
of 100 cases (88%). DWI/ADC analysis detected malignant features in 86 patients. The technique yielded a sensitivity
of 94.3%, specificity 75.0%, overall accuracy 92.0%, positive predictive value 96.5%, and negative predictive value
64.3%. CONCLUSION: DWI with ADC assessment offers a reliable, non-invasive adjunct for preoperative
characterization of adnexal masses. With high sensitivity and overall accuracy, it is valuable for identifying malignancy

and guiding clinical management, while histopathology remains the definitive gold standard.
Keywords: Adnexal mass; Diffusion-weighted MRI; Apparent diffusion coefficient; Histopathology.

Introduction ___

Distinguishing malignant from benign adnexal lesions
before surgery is essential because it directly influences
management choices that range from conservative
monitoring to referral for oncologic intervention. While
MRI has become the imaging modality of choice for
indeterminate adnexal masses, conventional sequen-
ces alone may not always provide definitive charac-
terization.1

Although several international studies and meta-
analyses have reported strong diagnostic performance
for DWI - with sensitivity and specificity both approaching
90% - its reliability remains debated.2.3 The main
limitation lies in the overlap of apparent diffusion
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coefficient (ADC) values, as certain benign lesions such
as endometriomas, teratomas, and fibromas may also
demonstrate restricted diffusion, leading to false-positive
results and reduced specificity. Moreover, a universally
accepted ADC cut-off to separate malignant from benign
lesions remains undefined.3

Importantly, data from the Pakistani population are
scarce, despite potential differences in disease preva-
lence, lesion types, and imaging resources compared
with Western cohorts.4 Therefore, this study was desig-
ned to prospectively evaluate both qualitative DWI
features and quantitative ADC values in differentiating
benign from malignant adnexal masses, using histo-
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pathology as the reference standard. The goal is to
determine whether DWI maintains its high diagnostic
performance in a local clinical setting and to contribute
region-specific evidence toward establishing more
reliable diagnostic thresholds.5

Adnexal masses are frequent clinical findings that may
present with vague, non-specific symptoms. They occur
across all age groups and encompass a wide spectrum
of differential diagnoses ranging from benign to malig-
nant conditions. Nearly 10% of women will require
surgery for an adnexal mass during their lifetime.
Because of overlapping clinical and imaging findings,
accurate preoperative characterization is crucial.6
Transvaginal ultrasonography (TVS) remains the first-
line imaging tool with a sensitivity of 92% but only
moderate specificity, leaving up to 35% of lesions
indeterminate.” Biomarkers such as CA-125 are limited
by poor specificity in premenopausal women. MR, with
superior soft-tissue contrast, has therefore become the
second-line investigation of choice.8 To complement
morphology-based sequences, functional diffusion-
weighted imaging was introduced. DWI measures
Brownian motion of water molecules; malignant tissues,
because of high cellularity, restrict diffusion and show
hyperintensity on high b-value DWI and low signal on
ADC maps. This physiological insight complements
morphologic evaluation and adds objectivity to MRI.9
Despite generally high performance, some studies
question DWTI’s reliability because of ADC overlap
between certain benign and malignant pathologies.10
Given this uncertainty and the lack of local data, our
study aimed to validate DWI's diagnostic role in Pakistani
patients using histopathology as the gold standard.

Methodology ____

Although the sample size was estimated using an
expected malignancy prevalence of 23%, the actual
observed prevalence in this cohort was 88%. This
unexpectedly high proportion of malignant cases most
likely reflects referral bias, as participants were primarily
drawn from a tertiary care oncology center where
complex or suspicious adnexal masses are preferentially
referred. As a result, the study population does not
represent the general distribution of adnexal masses
typically encountered in everyday clinical practice, where
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benign lesions are far more common. This imbalance
introduces a potential source of bias that should be
taken into account when interpreting the diagnostic
accuracy results.

This prospective cross-sectional validation study was
conducted in the Department of Radiology at the Punjab
Institute of Neurosciences, Lahore, between January 1
and June 30, 2024. Institutional Review Board and
Ethical Committee approval was obtained, and all proce-
dures adhered to the Declaration of Helsinki. Written
informed consent was obtained from all participants.
Women aged 18 years or older with unilateral or bilateral
adnexal masses confirmed on prior imaging and sche-
duled for surgical excision were included. Exclusion
criteria were contraindications to MRI, pregnancy,
lactation, renal dysfunction, adnexal masses confidently
diagnosed as benign on ultrasound, or refusal of
consent.

The sample size of 100 cases was calculated based on
a previously reported sensitivity of 93% for diffusion-
weighted imaging (DWI) in detecting malignant adnexal
tumors, with a 95% confidence interval, 5% margin of
error, and expected local prevalence of malignancy of
23%. Participants were recruited consecutively using
non-probability sampling.

The original sample size calculation assumed malig-
nancy prevalence of 23% however the observed malig-
nancy prevalence of 88 % indicates that the study was
underpowered relative to initial assumptions, potentially
affecting the precision of diagnostic estimates.
Pelvic MRI examinations were performed on a 3-Tesla
Siemens scanner with a phased-array coil. To reduce
bowel-related artifacts, participants fasted for at least
four hours before scanning. The MRI protocol included
axial T1-weighted spin-echo, sagittal, axial, and coronal
T2-weighted fast spin-echo, and axial T1-weighted fat-
suppressed sequences. DWI was performed in the axial
plane using b-values of 0, 500, and 1000 s/mm?2, with
automatic generation of apparent diffusion coefficient
(ADC) maps by the scanner software. The DWI sequence
was acquired using single-shot echo-planar imaging
(EPI) with spectral fat suppression, b-values of 0, 500,
and 1000 s/mm?, TR/TE of 4000/80 ms, slice thickness
of 5 mm, and an interslice gap of 1 mm. These para-
meters were optimized to balance SNR and minimize
distortion.

Two senior radiologists (each with >10 years of gyne-
cologic MRI experience) independently evaluated the
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( Total patients assessed (n = 138) )

A\
Excluded (n = 38)
¢ Contraindications to MRI (n = 7)
* Known benign lesions on ultrasound (n = 11)
¢ Declined surgery or consent (n = 9)
¢ Incomplete data (n = 11)

v
[ Patients eligible for study inclusion (n = 100) ]

\d

Initial evaluation:
e Transvaginal / transabdominal ultrasound
* Serum CA-125 in selected patients

\4
Indication for MRI:
* Indeterminate lesion on ultrasound
* Complex cystic / solid morphology
¢ Clinical or biochemical suspicion of malignancy

A\

MRI performed (n = 100)
—DWI + ADC mapping on 3T MRI

\
( Surgery and histopathological confirmation (n = 100)]

(Malignant lesions (n = 88) ) (Benign lesions (n = 12) )

Figure 1: Explains the flow chart for patient selection, initial
evaluation and MRI examination.

scans, blinded to histopathological results. Qualitative
assessment focused on identifying restricted diffusion
in solid tumor components on high b-value DWI.
Quantitative analysis involved placing three circular
regions of interest (ROIs, 5-10 mm) over viable, non-
necrotic, and non-hemorrhagic solid tumor areas on
ADC maps to determine mean ADC values. For cystic
lesions, ROIs were placed on the cyst wall or papillary
projections. When tumors were heterogeneous, ROls
were distributed across representative solid regions,
and the mean of these values was recorded as the
lesion’s ADC.

Both radiologists were blinded to all clinical data and
to other MRI sequences, ensuring that DWI interpretation
was performed independently before integration into
the final multiparametric assessment.

After MRI, all patients underwent surgical excision of
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the adnexal mass. Histopathological evaluation,
performed by a consultant pathologist blinded to imaging
findings, provided the final diagnosis and served as the
reference standard. Demographics, MRI findings, and
histopathology were recorded using a structured
proforma. Data were analyzed in SPSS v22 using a 2x2
contingency table to compute sensitivity, specificity,
accuracy, positive predictive value (PPV), and negative
predictive value (NPV).

The three false-positive cases were histologically
identified as one fibrothecoma, one endometrioma, and
one cystadenofibroma - each known to demonstrate
diffusion restriction on DWI due to dense or hemorrhagic
components, contributing to reduced specificity.
Operative findings were consistent with imaging assess-
ments in most cases. No intraoperative complications
were reported. Patients were followed for up to 3 months
post-surgery, with no instances of early recurrence or
postoperative morbidity noted.

Results ___

One hundred women fulfilled inclusion criteria.
Histopathology demonstrated malignancy in 88 cases
(88%) and benign disease in 12 cases (12%). DWI
identified 86 cases as malignant and 14 as benign.
When compared with histopathology, DWI correctly
identified 83 malignant lesions (true positives) and 9
benign lesions (true negatives). Five malignant lesions
were missed (false negatives), and 3 benign lesions
were misclassified as malignant (false positives). The
mean ADC value for malignant adnexal masses was
1.08 + 0.09 x 10-3 mm2/s.

(Tab.1) summarizes diagnostic performance: sensitivity
94.3%, specificity 75.0%, PPV 96.5%, NPV 64.3%, and
overall accuracy 92.0%.

Histopathology

DWI Result Malignant Benign

Malignant 83 (True Positive) 3 (False Positive)

Benign 5 (False Negative) 9 (True Negative)

Table 1: Comparison of Diffusion-Weighted Imaging (DWI) diagnosis
with histopathological results

Histopathology served as the definitive comparator
for calculating the diagnostic performance of DWI in
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distinguishing malignant from benign adnexal lesions.
The performance outcomes are summarized in (Tab.2).
DWI achieved a sensitivity of 94.3%, a specificity of
75.0%, and an overall diagnostic accuracy of 92.0%. In
addition, the test demonstrated a positive predictive
value (PPV) of 96.5% and a negative predictive value
(NPV) of 64.3%, reflecting its reliability in detecting
malignant disease. Taken together, these findings
confirm that DWI provides strong diagnostic capability
for characterizing adnexal masses within the study
population.

Performance measure Value (%)
Sensitivity (True positive rate) 94.3
Specificity (True negative rate) 75.0
Probability of malignancy if test positive (PPV) 96.5
Probability of benign disease if test negative (NPV) 64.3
Overall correctness (Diagnostic Accuracy) 92.0

Table 2: Diagnostic accuracy of DWI in detecting malignant adnexal
masses

Overall, the results indicate a high diagnostic accuracy
of 92.0% for DWI in the characterization of adnexal
masses in the study population. Representative MRI
images have been included to illustrate typical malig-
nant appearances, strengthening imaging-pathology
correlation.
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Figure 2: Early ovarian cancer. Axial, coronal, and sagittal T2-

weighted images demonstrate a hemorrhagic cyst inseparable from

the left ovary with a hyperintense mural nodule. DWI shows mild
restriction with corresponding low ADC values.

Figure 3: Malignant right adnexal mass. Axial T2-weighted, DWI,
and ADC images show a solid lesion with restricted diffusion and
low ADC values consistent with malignancy.

Figure 4: MRI of adnexal mass. DWI image shows ROls placed
over the solid enhancing component.
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Di .
This prospective study, conducted in a tertiary care
center in Lahore, evaluated the diagnostic performance
of diffusion-weighted imaging (DWI) in distinguishing
malignant from benign adnexal lesions. The technique
demonstrated an overall diagnostic accuracy of 92.0%,
sensitivity of 94.3%, specificity of 75.0%, positive pre-
dictive value (PPV) of 96.5%, and negative predictive
value (NPV) of 64.3%, confirming its clinical utility for
malignancy detection and preoperative planning.
The malignancy prevalence of 88% was higher than
typically observed in general gynecologic populations,
reflecting referral bias at a tertiary care center. This high
prevalence likely inflated sensitivity, PPV, and overall
accuracy while lowering specificity and NPV. Never-
theless, these results align closely with those reported
by Hosamani et al. (2022) and Bonde et al. (2022), confir-
ming DWI's role as a robust diagnostic adjunct.13.14
DWI identifies restricted diffusion in neoplastic tissue,
a characteristic finding associated with tumor hyper-
cellularity. It also assists in evaluating therapy response
and detecting recurrence.15 Although DWI demonstra-
ted high diagnostic performance, the relatively modest
NPV (64.3%) indicates that a negative DWI finding does
not reliably exclude malignancy. This limitation stems
from the high malignancy prevalence in the cohort and
reinforces the need for multiparametric MRI inter-
pretation rather than DWI alone.15.16

It should be noted that the study did not employ the O-
RADS MRI scoring system, which now serves as the
international standard for adnexal lesion classification.
Future studies should integrate O-RADS MRI scoring
to enhance reproducibility and diagnostic consis-
tency.17,18

Radiologic indicators of malignancy include lesions >6
cm, thick cyst walls, papillary projections, enhancing
solid areas, and restricted diffusion.’® Combining these
morphological and functional parameters greatly
improves diagnostic confidence. However, specificity
remains limited because some benign tumors - such as
fibrothecomas, endometriomas, and cystadenofibromas-
can also show restricted diffusion due to dense or
hemorrhagic components.

Quantitative analysis further supports qualitative DWI
interpretation. In this study, the mean ADC for malignant
lesions (1.08 + 0.09 x 10-3 mmz2/s) was lower than benign
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ones, consistent with prior research. Manganaro et al.
(2023) proposed a threshold of 1.41 x 10-3 mm?2/s, higher
than ours but within reported variation. Meta-analyses
caution against rigid ADC cutoffs, advocating integration
of DWI and morphological MRI findings.20.21 Future
studies incorporating O-RADS MRI classification may
enhance diagnostic reproducibility. All reported
diagnostic metrics were recalculated from the 2 x 2
contingency table and verified using SPSS v22:
Sensitivity = TP/(TP+FN), Specificity = TN/(TN+FP), PPV
= TP/(TP+FP), NPV = TN/(TN+FN). Values were
consistent across results and tables. Our findings
affirm DW/I’s high sensitivity and clinical value while
underscoring that its role is complementary rather than
definitive.

Conclusion ____

For practicing radiologists and gynecologists, this study
emphasizes that DWI can reliably indicate malignancy
in adnexal masses when interpreted alongside conven-
tional MRI sequences and clinical data, but should not
be used in isolation. Despite its strong sensitivity, its
modest NPV underscores the need for cautious interpre-
tation in cases with negative DWI findings.In summary,
diffusion-weighted imaging (DWI) integrated with ADC
mapping offers a reliable and non-invasive adjunct to
MRI for preoperative evaluation of adnexal masses. The
technique demonstrated high sensitivity (94.3%) and
strong overall accuracy (92.0%), confirming its diag-
nostic value in identifying malignant lesions. However,
the moderate negative predictive value (64.3%) indicates
that DWI should be interpreted within a multiparametric
MRI context and not as a standalone diagnostic tool.
For clinical practice, DWI enhances lesion characte-
rization, surgical planning, and risk stratification.
Incorporating O-RADS MRI scoring into future protocols
could further improve consistency and reproducibility.

Limitati

This study has several limitations. Firstly, the markedly
high prevalence of malignant lesions (88%) reflects
referral bias from a tertiary care center, which may have
inflated accuracy measures. Secondly, the relatively
small sample size limits generalizability. Thirdly, O-RADS
MRI scoring was not employed, which could have
improved standardization and inter-observer agreement.
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Additionally, the single-center design introduces poten-
tial selection bias, and inter-observer reproducibility
was not evaluated. Future multicenter studies with larger
and more balanced cohorts are warranted to validate
these findings.
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