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Introduction 

The most common genital cancer in women in 

developed countries is endometrial 

carcinoma, which is the second most common 

globally after cervical carcinoma [1]. The 

histological type, tumor grade, and 
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To assess the depth of myometrial invasion in patients with 
endometrial cancer by contrasting the diagnostic efficacy of 
dynamic contrast enhanced (DCE) magnetic resonance imaging 
with diffusion-weighted (DWI) MRI. 64 Patients with 
endometrial cancer who had preoperative 3.0 Tesla MRI in 
sagittal planes, including T2-weighted (T2W), DWI (b=0 and 
1000 s/mm2), and dynamic contrast enhanced (DCE) MRI, were 
retrospectively evaluated. Results of surgical pathology were 
linked with the depth of myometrial invasion on MRI. A 
radiologist determined the definitive histologic grade (G1-G2; 
G3) and compared it with the mean ADC of the tumor and 
peritumoral zone. The evaluation of myometrial invasion was 
enhanced when using DWI or DCE imaging values were 
combined with T2W imaging. Sensitivity, specificity, accuracy, 
positive predictive value, negative predictive value, and area 
under the receiver operating characteristic (ROC) curve were 
measured for determining the depth of myometrial invasion: 
T2W-DWI / T2W-DCE imaging; 96.15%/92.31%, 
85.19%/85.19%, 90.57%/86.68%, 86.21%/85.71%, 
95.81%/92%, and 0.91/0.89. The average ADC offered accurate 
and valuable information for estimating the tumors' 
histopathological grade. The area under the ROC curve, 
sensitivity, specificity, accuracy, negative predictive value, and 
positive predictive value in our series were 64%, 87.18%, 
76.19%, 79.07%, 78.13%, and 0.763, respectively, for a cutoff 
value of 0.638 x 10-3 mm2/s. T2W-DWI is a potential 
replacement for DCE in the assessment of the depth of 
myometrial invasion of endometrial cancer, especially useful for 
patients with contraindications to contrast agents. The 
combination of T2W and DWI has high diagnostic high accuracy 
in the assessment of the depth of myometrial invasion.  
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Obstetrics (FIGO) stage at diagnosis- 

specifically, the depth of myometrial invasion- 

all affect the prognosis of endometrial cancer 

[2]. Planning treatment and referring patients 

to gynecologic oncologists can benefit from 

accurate preoperative assessment of the 

tumor's extent. Individuals with grade 3 

endometrioid tumors, deep myometrial 

invasion, cervical stromal involvement, and 

non-endometrioid histologic subtypes of 

endometrial cancer are among those who 

have an increased risk of lymph node 

metastases. These patients ought to have their 

lymph nodes thoroughly dissected [3]. The 

patient's surgical approach is influenced by 

preoperative risk classification; in situations 

of grade 1 tumors and penetration of less than 

50% of the muscle layer thickness, surgeons 

do not need to do lymph node dissection.  

At the moment, deep MRI, including T2-

weighted (T2W) and dynamic contrast-

enhanced (DCE) imaging, can detect 

myometrial invasion in women with 

endometrial cancer preoperatively [4]. 

According to certain research, DWI is superior 

to DCE-MRI for evaluating endometrial 

cancer's myometrial invasion [5]. Other 

research, however, showed no distinction 

between diffusion-weighted imaging (DWI) 

and dynamic contrast enhanced (DCE) MRI. It 

appears that the DWI inclusion enhances the 

preoperative diagnostic precision of MRI in 

determining the extent of myometrial 

invasion in cases of endometrial cancer. For 

patients for whom contrast agents are 

contraindicated, this could be useful. This 

study aimed to compare the diagnostic 

efficacy of DCE MRI and DW MRI in assessing 

the overall stage and depth of myometrial 

invasion in endometrial cancer patients. 

Experimental 

Patient selection  

This was a retrospective study conducted at a 

single center on 64 women, ages ranging from 

37 to 76 years. Every woman had received 

pelvic MRI, including T2W, DCE, and DWI, and 

had surgically proven primary endometrial 

cancer. Patients who have received surgery or 

preoperative MRI at another facility were not 

accepted. 

Surgeons with over ten years of experience 

in treating gynecological cancers, conducted 

surgical procedures in a specialist oncology 

center. Following the preoperative MRI, all 

procedures took place between one and 

thirty-four days. The diagnostic benchmark 

for comparison was the outcome of the 

histological examination, which was carried 

out by a pathologist with over 20 years of 

experience and specialization in 

gynecology/oncology.  

MRI protocol 

A 3.0 Tesla MRI scanner (GE Signa HDxT 3T) 

was used to do the MRI. Before the evaluation, 

patients were instructed to fast for four hours. 

An intramuscular injection of N-

butylscopolamine bromide (20 mg) was given 

before the MRI to decrease peristaltic artifacts 

and bowel motility. Patients were made to lie 

supine during the examination. Table 1 

indicates the MRI methodology used in the 

study. 
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TABLE 1 Detailed sequences and protocols of MRI of the pelvis used during the study period 

Pulse sequence FOV 
(mm) 

Slice 
Thickness (mm) 

TE 
(ms) 

TR 
(ms) 

Matrix 
(mm × 
mm) 

Sagittal T2W 240 4 95 3000 320 x 320 
Coronal T2W 240 4 95 3000 320 x 320 

Axial oblique T2W 240 4 95 3000 352 x 352 
Axial T1W oblique Flex 240 4 8 500 320 x 256 

Axial DWI 300 5 80 8000 192 x 192 
Sagittal DWI 

Contrast enhancement 
280 4 80 8000 144 x 144 

Sagittal 
LAVA dynamic 

280 4 1.8 5.5 320 x 224 

Axial T1W Flex 240 4 8 500 320 x 256 
Coronal T1W FS 260 4 1.8 5.5 320 x 224 

Coronal LAVA 480 3 1.8 5.5 384 x 256 
 

Image analysis 

Two radiologists with three and twenty years 

of experience, respectively, specializing in 

oncology radiology, assessed the MRI scans 

and determined the tumor stage and depth of 

myometrial invasion using the FIGO staging 

system, taking into account three sets of 

sequences: T2WI, DCE+T2WI, and DWI+T2WI. 

Both radiologists were blinded to the 

histopathological reports. The T2WI sequence 

was analyzed first in each patient, and the 

depth of myometrial invasion was assessed. 

Next, the DCE+T2WI and DWI+T2WI 

sequences were analyzed. T1-weighted 

imaging was examined separately in each 

instance to rule out any possible dangers, like 

bleeding. If the tumor had invaded less than 

50% of the myometrial thickness, the invasion 

was categorized as "superficial," and if it had 

penetrated more than 50%, it was classed as 

"deep". 

Histological findings 

Complete hysterectomy, bilateral salpingo-

oophorectomy, pelvic lymphadenectomy, and 

peritoneal lavage were performed on each 

patient. The tumor's histological type, grade, 

and level of myometrial invasion (deep or 

superficial) were all evaluated 

histopathologically.  

We took into consideration two factors to 

ascertain the depth of myometrial invasion. 

Taking into account the parts that were not 

penetrated, we first computed the total 

thickness of the myometrium. Next, we 

ascertained if the tumor cells had infiltrated 

the vascular plexus that divides the two strata. 

Statistical analysis 

Version 20.0 of the SPSS software was used 

for all statistical analyses. The data are shown 

as proportions, absolute and relative values, 

or 95% confidence intervals (95% CI). For 

T2WI, DCE+T2WI, and DWI+T2WI, the 

diagnostic accuracy, sensitivity, specificity, 

positive predictive value (PPV), and negative 

predictive value (NPV) were computed.  

Results 

Table 2 provides an overview of the patient's 

demographics and postoperative histology 

results. 31 (57%) and 33 (43%) of the 64 

patients, respectively, showed superficial and 

profound myometrial invasions. 
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TABLE 2 Characteristics and surgical findings of a sample of patients with endometrial cancer 

Variable (n = 64) 
Age at diagnosis (years), mean (range) 56 (37-76) 

Myometrial invasion, n (%) 
Superficial (< 50%) 

Deep (≥ 50%) 

 
31 
33 

Tumor grade, n (%) 
G1 
G2 
G3 

 
15 
24 
25 

Histological subtype, n (%) 
Endometrioid carcinoma 

Non-endometrioid carcinoma 

 
53 
11 

 

Of the 64 patients; the depth of myometrial 

invasion was appropriately assessed by T2WI 

in 56 (82.05%), DCE + T2WI in 60 (92.19%), 

and DWI + T2WI in 59 (93.75%) (Table 2).  22 

patients (50%) had correct staging 

determined by T2WI, 34 (77%), by DCE-

MRI+T2WI, and 41 (93%) by DWI+T2WI. 

When evaluating the depth of myometrial 

invasion, DWI+T2WI outperformed T2WI and 

DCE-MRI+T2WI in terms of diagnostic 

accuracy, sensitivity, specificity, PPV, and NPV 

(Table 3). The MRI of a patient with 

endometrial cancer and concurrent 

leiomyoma is displayed in Figure 1. Figure 2 

depicts concomitant adenomyosis and 

endometrial carcinoma. Table 4 shows no 

statistically significant correlation between 

ADC levels and myometrial invasion. Table 5 

shows a significant difference (p=0.003) in the 

ADC mean value of the tumor region between 

the high-grade (G3) and low-grade (G1-G2) 

groups. The tumor region's ADC mean value 

may distinguish between the G1-G2 and G3 

groups, as shown by the area under the 

receiver operating characteristic curve (AUC) 

of 0.763. A cutoff of 0.638 x 10-3 mm2/s was 

employed at Youden index J = max (Se + Sp - 

1) to distinguish between the G1-G2 and G3 

groups; the corresponding sensitivity, 

specificity, PPV, NPV, and accuracy were 64%, 

87.18%, 76.19%, 79.07%, and 78.13% (Figure 

3). 

 

TABLE 3 Accurate identification of the degree of myometrial invasion by MRI sequence set 

together with a comparison between the MRI and pathologic findings in terms of staging in 

patients with endometrial cancer. 

MRI sequence set Accuracy Sensitivity Specificity PPV NPV (Az) 

T2W 56/64 
87.5% 

32/33 
96.96% 

24/31 
70.42% 

32/39 
82.05% 

24/25 
96.00% 

0.872 

T2W-DWI  60/64 
93.75% 

32/33 
96.96% 

28/31 
90.32% 

32/35 
91.43% 

28/29 
96.55% 

0.936 

T2W-DCE  59/64 
92.19% 

31/33 
93.93% 

28/31 
90.32% 

31/34 
91.17% 

28/30 
93.33% 

0.921 

TABLE 4 ADC quantitative parameters and myometrial invasion 

 Superficial invasion Deep invasion P-value 

ADCmax 
(x10-3mm2/s) 

0.816 (0.129) 0.795 (0.114) 0.489 

ADCmean 
(x10-3mm2/s) 

0.7 (0.135) 0.665 (0.112) 0.051 

ADCmin 
(x10-3mm2/s) 

0.611 (0.119) 0.544 (0.126) 0.11 
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TABLE 5 ADC quantitative parameters and tumor grade 

 G1-G2 
(n=) 

G3 
(n=) 

P-value 

ADCmean 
(x10-3 mm2/s) 

0.693 
(0.097) 

0.6 
(0.167) 

0.001 

ADCmax 
(x10-3 mm2/s) 

0.818 
(0.101) 

0.75 
(0.158) 

0.017 

ADCmin 
(x10-3 mm2/s) 

0.602 
(0.094) 

0.496 
(0.178) 

0.000 

 

 
 

FIGURE 1 Endometrial cancer and coexisting leiomyomas (red arrow) in a 48-year-old woman. Sagittal 
T2-weighted magnetic resonance (MR) (A) image demonstrates an intermediate-signal-intensity mass in 
the endometrium (green arrow in A, B, and C) adjacent to multiple intramural leiomyomas (red arrow). 
Sagittal diffusion-weighted high-b-value MR image (B) and sagittal postcontrast (C) MR images aid in the 
assessment of the tumor-myometrial interface, with the tumor demonstrating restricted diffusion and 
hypoenhancement relative to the background enhancing myometrium 

 

 
FIGURE 2 Endometrial cancer in a 58-year-old woman with concurrent adenomyosis. (A) Sagittal T2-
weighted magnetic resonance (MR) image demonstrates an intermediate-signal-intensity endometrial 
mass (gold arrow) and adenomyosis (white arrow). An indistinct margin between the junctional zone and 
tumor may result in an inaccurate evaluation of myometrial invasion. (B, C) Sagittal diffusion-weighted 
high-b-value (B) and sagittal postcontrast (C) MR images aid in the assessment of the tumor-myometrial 
interface, with the tumor demonstrating restricted diffusion and hypoenhancement relative to the 
background enhancing myometrium. No restricted diffusion was noted in the region of adenomyosis, with 
enhancement similar to that of the myometrium 
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FIGURE 3 Receiver operating characteristic curve of the ADCmean value of the tumor region in 

distinguishing G1-G2 and G3 
 

 

Discussion 

Value of MRI sequences in assessing myometrial 

invasion 

For women with endometrial cancer, MRI 

with T2W and DCE sequences is currently 

thought to be the gold standard for assessing 

myometrial invasion before surgery [6]. 

Nevertheless, the T1W sequence necessitates 

the intravascular injection of a contrast agent, 

which may not be appropriate for certain 

women experiencing severe renal failure, 

medication allergies, or pregnancy. Disruption 

of the transition zone indicates the presence 

of myometrial invasion. The endometrium has 

a high signal intensity on T2W, while the 

transition zone has a low signal intensity. The 

accuracy of this approach can be decreased by 

several concomitant circumstances, including 

an indistinct transition zone (common in post-

menopausal women), poor contrast between 

the tumor and myometrium, and constriction 

of the uterus by fibroids, adenomyosis, or 

polypoid tumors [7]. Small tumors confined to 

the endometrial cavity can be identified by 

DCE because the endometrial tumor absorbs 

the contrast agent in about 30 seconds 

(during the arterial phase, earlier than the 

normal endometrium). In addition, compared 

to the uterine muscle, the tumor absorbs less 

of the contrast agent. Around 120-180 

seconds after injection, during the equilibrium 

period, there is the greatest contrast between 

the high signal intensity of the healthy 

endometrium and the reduced signal intensity 

of the tumor [8]. Furthermore, the DCE 

accuracy may be lowered by uterine fibroids, 

adenomyosis, tumors growing into the uterine 

horn, and inflammation-related contrast agent 

capture [4]. In our investigation, the T2W 

pulse sequence's accuracy, sensitivity, 

specificity, PPV, and NPV in determining deep 

muscle invasion were 83.02%, 96.15%, 

70.37%, 75.76%, and 95%, in that order. 

These rates were 95.83%, 96.15%, 85.19%, 

90.57%, and 86.21% when paired with DWI, 

in that order. These rates increased to 

86.68%, 92.31%, 85.19%, 86.21%, and 

95.83% when DCE was added. Our research 

validates the usefulness of CHT in evaluating 

muscle invasion in endometrial cancer. 



P a g e  | 1475  The role of 3.0 tesla diffusion-weighted …  
  

Compared to the T2W pulse sequence, T2W-

DWI and T2W-DCE have superior diagnostic 

capabilities. There was no statistically 

significant difference between T2W-DWI and 

T2W-DCE when it came to evaluating deep 

muscle invasion of UTBM NMTC. However, 

T2W-DWI had a little higher accuracy than 

T2W-DCE. This outcome aligns with the 

findings of previous research conducted 

across the globe. As per the meta-analysis 

conducted by Andreano et al. [9], the DWI 

pulse sequence has a high value in diagnosing 

the degree of muscle invasion and there is no 

significant difference between the DWI and 

DCE pulse sequences [10]. In the meta-

analysis by Deng et al. [11], T2W-DWI's 

(0.858) sensitivity was comparable to T2W-

DCE's (0.863). However, T2W-DWI's (0.947) 

specificity was greater than T2W-DCE's 

(0.865) (p=0.028). Consequently, in the 

preoperative assessment of patients with 

renal impairment or contraindications to 

contrast agents, T2W-DWI can take the role of 

DCE. 

Significance of ADC in the tumor region and the 

surrounding region in assessing myometrial 

invasion and predicting the histologic grade of 

endometrial cancer 

According to our analysis, the tumor region's 

mean ADC value was 0.7x10-3 mm2/s. Groups 

with varying histological grades showed 

significant differences in the ADC mean values 

of different uterine areas (p=0.002). 

Additionally, the results of our study 

demonstrated that the G1-G2 group and the 

G3 group could be distinguished from one 

another based on the ADCmean values of the 

uterine areas, with the G1-G2 group having 

higher ADC mean values. To distinguish 

between these two groups, we set a threshold 

ADCmean value of 0.59 x10-3 mm2/s. The 

corresponding values for sensitivity, 

specificity, PPV, NPV, accuracy, and AUC were 

57.89%, 91.17%, 78.57%, 79.48%, 79.25%, 

and 0.754. Studies that used group divisions 

comparable to ours also discovered 

statistically significant variations in ADC 

values. Reyes-Pérez et al. (2020) [12] detected 

lower ADCmin and ADCmean values in the G2-

G3 group than in the G1 group. To distinguish 

between the G1-G2 and G3 groups, the ADC 

min and ADC mean values were, respectively, 

0.69 x10-3 mm2/s (sensitivity, 96%; specificity, 

68%) and 0.82 x10-3 mm2/s (sensitivity, 96%; 

specificity, 58%). ADC mean's AUC was 0.8 

while ADC min's was 0.82. 

Other studies, such as that by Seo [13], 

used different group divisions and also found 

differences in the ADCmean values of the 

uterine regions between the G1 and G2-G3 

groups.  

However, because different histological 

grades have overlapping values, using ADC 

values to predict the histological grade of 

uterine cancers before surgery has limits. The 

uterus's histological grade is not solely 

determined by cell density; other crucial 

traits, such as nuclear deformation, are also 

present but cannot be seen with traditional 

histological examination [14]. Tumor growth, 

blood perfusion, tissue buffering, and other 

factors can all have an impact on ADC 

readings in addition to the uterine cell density 

[15]. Furthermore, some research has 

demonstrated that variations in cell 

membranes and stages of cell division can 

affect how water molecules flow [15,16]. The 

final ADC value is determined by combining 

all these factors, which may explain the 

overlapping ADC values. 

Conclusion 

Combining T2W with the DWI and DCE pulse 

sequences enhances the diagnostic value of 

assessing deep tumor infiltration. The sagittal 

DWI pulse sequence can replace DCE in 

evaluating infiltration in patients with 

contraindications for contrast agents without 

compromising diagnostic value. Using a cutoff 

point of 0.59 x 10-3 mm2/s for the ADCmean 

value of the uterine regions, the sensitivity, 



P a g e  | 1476 Q.H. Tran et al.  
 
 

 

 

specificity, accuracy, PPV, and NPV for 

differentiating between the G1-G2 and G3 

uterine groups were 57.89%, 91.17%, 

79.25%, 78.57%, and 79.48%, respectively. 
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