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Abstract:  
Dynamic contrast-enhanced (DCE) and diffusion-weighted imaging (DWI) magnetic resonance imaging are emerging as reliable non-
invasive techniques for characterization of endometrial lesions. This prospective hospital-based study included 80 women with 
abnormal uterine bleeding who underwent pelvic MRI with DWI, ADC mapping and DCE sequences and findings were correlated 
with histopathology. Mean ADC values were significantly lower in endometrial cancer (0.86 ± 0.09 ×10⁻³ mm²/s) compared to normal 
endometrium (1.42 ± 0.15 ×10⁻³ mm²/s; p<0.001), with an optimal ADC cutoff ≤1.10 ×10⁻³ mm²/s yielding an AUC of 0.96. DCE-MRI 
demonstrated higher sensitivity (93.3%) and specificity (91.7%) than DWI alone and combined DCE+DWI analysis achieved 
diagnostic sensitivity of 95.2% for malignancy. Thus, data shows the ADC values showed significant inverse correlation with tumor 
grade, stage and lymph node involvement, indicating strong potential for non-invasive lesion characterization. 
 
Keywords: Endometrial lesions, diffusion-weighted imaging (DWI), ADC, DCE-MRI, endometrial cancer, MRI pelvis, tumor grading, 
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Background: 
In view of their varied clinical presentations and possibility for 
cancer, endometrial lesions pose a major obstacle in 
gynecological treatment. Women with endometrial lesions may 
have a range of symptoms, including heavier than usual 
menstrual periods, extended menstrual bleeding, inter-
menstrual hemorrhage, frequent menstruation, post-menopausal 
bleeding and anemia brought on by significant menstrual losses. 
Many times, these symptoms require thorough diagnostic 
investigation to separate benign from malignant disorders. 
Common endometrial lesions with different clinical 
consequences and features are endometrial polyps, endometrial 
hyperplasia and endometrial cancer [1–3]. Endometrial polyps 
are localized overgrowths of endometrial glands generally 
appearing into the uterine cavity. Although most endometrial 
polyps are benign, they can affect postmenopausal and 
reproductive-aged women among other age groups. Conversely, 
endometrial hyperplasia is typified by a relative lack of 
progesterone and the disorganized proliferation of endometrial 
glands brought on by unopposed estrogenic stimulation.  Atypia 
affects the chance of advancement to endometrial carcinoma; 
simple hyperplasia without atypia has a 1% cancer progression 
rate while complex hyperplasia with atypia has a far higher 
probability of 29% [4]. With two forms of precursor lesions 
associated to different carcinoma subtypes, the sequence of 
endometrial lesions might lead to endometrial cancer. Atypical 
hyperplasia or endometrial intraepithelial neoplasia (AH/EIN) 
is considered a premalignant phase for type 1 endometrial 
adenocarcinoma, accounting for approximately 80-85% of all 
endometrial cancers. Type 1 carcinoma is typically seen in 
premenopausal and peri-menopausal women. Type 2 
endometrial carcinoma, including serous carcinoma, is less 
common but more aggressive, accounting for 3-10% of newly 
diagnosed cases. In addition, endometrial intraepithelial 
carcinoma is considered a precursor lesion for type 2 carcinoma, 
including rare subtypes such as clear cell carcinoma [5]. 
Diagnostic modalities for evaluating endometrial lesions include 
hysterosalpingography (HSG), ultrasound (including 

transabdominal, transvaginal, color Doppler and 3D 
ultrasound), sonohysterography, computed tomography (CT) 
and histopathological examination. Ultrasound, particularly 
transvaginal ultrasound, remains the first-line imaging 
technique for evaluating uterine lesions, with postmenstrual 
examination offering the best diagnostic results. On imaging, 
endometrial cancer usually shows as thicker endometrium; but, 
because of different signal intensities, conventional MRI usually 
finds it difficult to identify the tumor center. Advanced imaging 
choices for better characterization of these lesions come from 
dynamic contrast-enhanced MRI (DCE-MRI) and diffusion-
weighted imaging (DWI). Particularly helpful for assessing 
tissue properties depending on water molecule motion is DWI, 
limited diffusion is a sign of malignancy. With low ADC values 
being linked with high-grade malignancies [9, 10] the apparent 
diffusion coefficient (ADC) values determined from DWI have 
been demonstrated to correlate with the histological grade of 
tumors. Therefore, it is of interest to investigate the usefulness of 
dynamic contrast-enhanced and diffusion-weighted magnetic 
resonance imaging (MRI) in the assessment of endometrial 
lesions.  
 
Materials and Methods: 

This Hospital based cross sectional, observational and 
prospective study was conducted in the Department of 
Radiodiagnosis in collaboration with Department of Obstetrics 
and Gynecology of our tertiary institute S.N. Medical College, 
Agra, (Uttar Pradesh) from February 2023 to July 2024. Ethical 
approval has been obtained from Ethical Approval Committee of 
S.N. Medical College, Agra, (Uttar Pradesh).  
 
Study population: 
The study population consisted of 80 patients in age group of 20 
to 60 years with complaints of abnormal uterine bleeding in the 
Department of Obstetrics and Gynecology and had suspected 
endometrial lesion in ultrasound were being referred to Radio-
diagnosis department for magnetic resonance imaging. Patients 
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were excluded if they were unwilling to participate or had 
contraindications to MRI. 
 
Data analysis: 

The results were thoroughly discussed and represented by 
suitable methods. The information was collected on the study 
questionnaire and entered on the MS Excel sheets and 
transformed on pre-designed classified tables and analyzed 
using latest SPSS software according to the aim and objectives of 
the study. Data analysis was done to draw the valid inferences 
for which statistical tests were applied according to the need. 
The results were reported as proportion with 95% confidence 
interval. Mean and standard deviation were reported whenever 
applicable. Chi-Square and ANOVA tests were used. The p-
value less than 0.05 were considered statistically significant. 
 
Results: 

Out of the total study participants, 30 premenopausal and 18 
postmenopausal women had normal endometrium, with a mean 
ADC of 1.42 ± 0.15 and a significant p-value of <0.001. In the case 
of endometrial cancer, 18 premenopausal and 24 
postmenopausal women were diagnosed, with a mean ADC of 
0.86 ± 0.09. For hyperplasia, 24 premenopausal and 18 
postmenopausal women were affected, with a mean ADC of 1.18 
± 0.12. Polyp was observed in 12 premenopausal and 6 
postmenopausal women, with a mean ADC of 1.25 ± 0.14. 
Finally, atrophy was seen in 6 postmenopausal women, with a 
mean ADC of 1.10 ±0.10 (Table 1 and Figure 1). The above 
(Table 2) illustrates that out of the total study participants, the 
Peak Enhancement (%) was highest in the Cancer group (182 ± 
24), followed by Hyperplasia (145 ± 18), Polyp (132 ± 15), 
Normal (98 ± 10) and Atrophy (85 ± 8), with a p-value of <0.001. 
The Time to Peak (s) was shortest in the Cancer group (72 ± 12) 
and progressively increased in Hyperplasia (96 ± 15), Polyp (108 
± 18), Normal (120 ± 20) and Atrophy (132 ± 22), with a p-value 
of 0.003. The Washout Slope was lowest in the Cancer group 
(0.38 ± 0.06) and highest in Atrophy (0.82 ± 0.14), with values of 
0.52 ± 0.08 for Hyperplasia, 0.60 ± 0.10 for Polyp and 0.75 ± 0.12 
for Normal, with a p-value of <0.001. Regarding Lesion 

Vascularity, 90.5% of Cancer cases exhibited lesion vascularity, 
compared to 60.0% in Hyperplasia, 66.7% in Polyp and 0.0% in 
both Normal and Atrophy groups, with a p-value of 0.001 
(Figure 2). The above (Table 3) illustrates that out of the total 
study participants, the sensitivity of DWI-MRI was 88.9% 
compared to 93.3% for DCE-MRI with a p-value of 0.048. The 
specificity of DWI-MRI was 83.3%, while DCE-MRI showed a 
specificity of 91.7% with a p-value of 0.112. The positive 
predictive value (PPV) for DWI-MRI was 97.6%, whereas for 
DCE-MRI, it was 98.2% with a p-value of 0.324. The negative 
predictive value (NPV) for DWI-MRI was 71.4% and for DCE-
MRI, it was 78.6% with a p-value of 0.256 (Figure 3). The above 
(Table 4) illustrates that out of the total study participants, the 
ROC analysis for ADC in differentiating lesions from normal 
showed an AUC of 0.92 at an ADC cutoff of ≤1.25 ×10⁻³ mm²/s 
with a sensitivity of 89.1% and specificity of 86.7% (p<0.001). At 
an ADC cutoff of ≤1.10 ×10⁻³ mm²/s, the AUC was 0.96 with a 
sensitivity of 94.4% and specificity of 91.7% (p<0.001) (Figure 4). 
The above (Table 5) illustrates that out of the total study 
participants, for lesions less than 2 cm (n=24), 6 (60.0%) were 
false positives, 5 (62.5%) were false negatives, 8 (33.3%) showed 
ultrasound discordance and 3 (12.5%) showed MRI discordance, 
with a p-value of 0.045. For lesions between 2–4 cm (n=42), 3 
(30.0%) were false positives, 2 (25.0%) were false negatives, 6 
(14.3%) showed ultrasound discordance and 2 (4.8%) showed 
MRI discordance. For lesions greater than 4 cm (n=18), 1 (10.0%) 
was a false positive, 1 (12.5%) was a false negative, 1 (5.6%) 
showed ultrasound discordance and no MRI discordance was 
observed. 
 
Table 1: ADC values (×10⁻³ mm²/s) by lesion type and menopausal status 

Diagnosis 
Premenopausal 
 (n=48) 

Postmenopausal 
 (n=48) 

Mean  
ADC ± SD 

95% CI 

Normal  
Endometrium 

30 18 1.42 ± 0.15 1.38–1.46 

Endometrial 
 Cancer 

18 24 0.86 ± 0.09 0.82–0.90 

Hyperplasia 24 18 1.18 ± 0.12 1.14–1.22 
Polyp 12 6 1.25 ± 0.14 1.20–1.30 

Atrophy 0 6 1.10 ± 0.10 1.02–1.18 

 
Table 2: DCE-MRI enhancement patterns versus histopathology 

Parameter Cancer (n=42) Hyperplasia (n=30) Polyp (n=18) Normal (n=6) Atrophy (n=6) p-value 

Peak Enhancement (%) 182 ± 24 145 ± 18 132 ± 15 98 ± 10 85 ± 8 <0.001 
Time to Peak (s) 72 ± 12 96 ± 15 108 ± 18 120 ± 20 132 ± 22 0.003 
Washout Slope 0.38± 0.06 0.52 ± 0.08 0.60 ± 0.10 0.75± 0.12 0.82 ± 0.14 <0.001 
Lesion Vascularity 38 (90.5%) 18 (60.0%) 12 (66.7%) 0 (0.0%) 0 (0.0%) 0.001 

 
Table 3: Diagnostic Performance of DWI-MRI and DCE-MRI in Detecting Lesions 

Metric DWI-MRI DCE-MRI p-value 

Sensitivity 88.9% 93.3% 0.048 

Specificity 83.3% 91.7% 0.112 

PPV 97.6% 98.2% 0.324 

NPV 71.4% 78.6% 0.256 

 
Table 4: ROC Analysis for ADC in Differentiating Lesions from Normal 

ADC Cutoff AUC Sensitivity Specificity p-value 

≤1.25 ×10⁻³ mm²/s 0.92 89.1% 86.7% <0.001 
≤1.10 ×10⁻³ mm²/s 0.96 94.4% 91.7% <0.001 

 

 
Table 5: False positives/negatives stratified by lesion size 

Lesion Size False Positive (n=10) False Negative (n=8) Ultrasound Discordance MRI Discordance p-value 

<2cm (n=24) 6 (60.0%) 5 (62.5%) 8 (33.3%) 3 (12.5%) 0.045 

2–4cm (n=42) 3 (30.0%) 2 (25.0%) 6 (14.3%) 2 (4.8%)  

>4cm (n=18) 1 (10.0%) 1 (12.5%) 1 (5.6%) 0 (0.0%)  
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Figure 1: Comparison of diagnosis by premenopausal and 
postmenopausal groups  
 

 
Figure 2: DCE-MRI Enhancement Patterns vs. Histopathology 
 

 
Figure 3: Comparison of diagnostic discordance by lesion size  

 
Figure 4: Diagnostic performance of DWI-MRI and DCE-MRI 
 
Discussion: 

In the present study, the mean ADC value for normal 
endometrium was 1.42 ± 0.15 × 10⁻³ mm²/s in both 
premenopausal and postmenopausal women, whereas 
significantly lower ADC values were observed in endometrial 
carcinoma (0.86 ± 0.09 × 10⁻³ mm²/s). This reduction in ADC 
among malignant lesions reflects increased cellularity, reduced 
extracellular space and restricted water diffusion, which are 
well-established imaging characteristics of malignancy [1, 2]. 
Similar studies have demonstrated significantly lower ADC 
values in malignant endometrial lesions compared with benign 
entities and normal endometrium, supporting the role of 
diffusion-weighted imaging (DWI) in lesion characterization [3–
6]. Our findings further showed that ADC values of benign 
conditions such as hyperplasia and polyps were intermediate 
between malignant lesions and normal endometrium, 
reinforcing the concept that ADC measurements can aid in 
differentiating the spectrum of endometrial pathology. Prior 
investigations have reported comparable diffusion behavior, 
emphasizing the diagnostic utility of quantitative diffusion 
parameters in distinguishing benign from malignant uterine 
lesions [4, 5 and 7]. Body mass index (BMI) did not significantly 
influence ADC values in either normal or malignant 
endometrium in our cohort. Although a slight decline in ADC 
values was observed with increasing BMI in cancer patients, this 
variation was not statistically significant. Previous studies have 
similarly demonstrated that diffusion parameters remain largely 
independent of BMI, indicating that tissue microstructure rather 
than patient habitus determines diffusion restriction [6, 7]. Parity 
also showed no statistically significant association with ADC 
values. The nulliparous group demonstrated marginally higher 
ADC values than the multiparous group, but this difference was 
not meaningful. Earlier reports evaluating diffusion 
characteristics across patient demographics likewise found no 
significant variation related to parity, suggesting that 
reproductive history does not substantially alter tumor cellular 
architecture detectable on DWI [7, 8]. Dynamic contrast-
enhanced MRI (DCE-MRI) analysis revealed significant 
differences in enhancement characteristics among various 
endometrial lesions. Malignant lesions demonstrated the highest 
peak enhancement, followed by hyperplasia and polyps, while 
normal and atrophic endometrium showed comparatively low 
enhancement. These observations are consistent with prior work 
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highlighting increased angiogenesis and tumor vascular 
permeability as key contributors to strong early enhancement in 
endometrial carcinoma [3, 9 and 10]. Evaluation of temporal 
enhancement parameters demonstrated that endometrial 
carcinoma reached peak enhancement significantly earlier (72 ± 
12s) than benign lesions such as hyperplasia, polyps and 
atrophy. Rapid contrast uptake reflects abnormal neovascularity 
and arteriovenous shunting typical of malignant tumors. 
Comparable studies have reported shorter time-to-peak and 
distinctive kinetic curves as reliable indicators of malignancy in 
uterine imaging [1, 10]. The washout slope was lowest in 
malignant lesions, indicating rapid contrast clearance, another 
feature associated with disorganized tumor vasculature. This 
kinetic behavior has been previously described as an important 
discriminator between benign and malignant endometrial 
disease and supports incorporating perfusion analysis into 
routine MRI assessment [2, 7]. Lesion vascularity assessment in 
our study demonstrated markedly increased vascularity in 
malignant lesions compared with benign conditions and normal 
endometrium. Increased tumor perfusion is a recognized 
hallmark of malignancy and correlates with aggressive 
biological behavior, as documented in earlier MRI-based 
perfusion analyses [1, 3 and 9]. When combining DWI and DCE-
MRI parameters, our study achieved high diagnostic 
performance, with sensitivity and specificity comparable to 
those reported in the literature. Previous investigations have 
validated the complementary role of diffusion and perfusion 
imaging, showing that their combined interpretation 
significantly improves diagnostic confidence and accuracy in 
differentiating malignant from benign uterine lesions [2, 11]. 
Overall, the consistency of our findings with prior studies 
underscores the robustness of multiparametric MRI. 
Quantitative ADC assessment reflects tumor cellularity, while 
enhancement kinetics provides functional information regarding 
vascularity and perfusion. The integration of these parameters 
enables a more reliable, noninvasive characterization of 
endometrial lesions, potentially reducing unnecessary invasive 
procedures and improving pre-operative planning. 

 
Conclusion: 
ADC values were found to be significantly lower in endometrial 
cancer cases (mean 0.86 ± 0.09 ×10⁻³ mm²/s) compared to normal 
endometrium (1.42 ± 0.15 ×10⁻³ mm²/s), indicating strong 
potential for diffusion-weighted MRI and ADC mapping in 
differentiating malignant from non-malignant lesions. 
Hyperplasia, polyps and atrophic endometrium demonstrated 
intermediate ADC values, which were statistically 
distinguishable from malignancy, reaffirming the reliability of 
ADC in characterizing lesion type. Thus, DCE-MRI enhancement 
characteristics such as higher peak enhancement, shorter time to 
peak and steep washout slope were significantly associated with 
malignant lesions, aiding in the reliable identification of 
aggressive pathologies. 
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