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Abstract

Background: Assessment of myometrial invasion in pa-
tients with endometrial carcinoma could be done by magnetic
resonance imaging (MRI) study. Several studies have demon-
strated that combining DWI with T2 weighted MRI plays an
important role in the detection the depth of myometrial invasion
and staging of endometrial carcinoma.

Aim of Sudy: The aim of this study is to evaluate the role
of the combined T2WI and DWI in assessment of the depth of
myometrial invasion and staging of endometrial carcinoma at
the preoperative staging.

Patients and Methods: Thirty eight cases were included;
patients referred to Radiology Department of Mansoura Uni-
versity Hospital. There were postmenopausal female patients
with age ranged from 53 to 76 years. All patients were subject-
ed to proper history taking and DWI and T2 MRI. This study
wasusing al.5 T Philips Ingenia MRI scanner.

Results: Thereis statistically significant difference be-
tween myometrial invasion in pateients with endometrial car-
cinomaby T2 MRI, Dynamic contrast enhanced (DCE) MR,
DWI MRI regarding the pathology results. Combination of T2
and DWI MRI in assessment of myometria invasion in patients
with endometrial carcinoma has accuracy, sensitivity, speci-
ficity, PPV and NPV of 94.7%, 86.7%, 100%, 100% and 92%
respectively.

Conclusion: DWI isimportant complementary, and sup-
plementary toolsto T2 MRI, not replacing, and thus; It should
be done as routine image modality side by side to conventional
imaging for assessment of myometrial invasion in cases of en-
dometrial carcinoma.
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Introduction

ENDOMETRIAL carcinomais the fourth most
common malignancy among females worldwide[1].
Obesity, unopposed estrogen intake, nulliparity, di-
abetes mellitus, Stein—Leventhal syndrome, Lynch
syndrome, and tamoxifen therapy are the known
risk factors for the devel opment of endometrial
carcinoma. Patients present with abnormal uterine
bleeding in morethan 80% of cases. It is more com-
mon during the ~  ana """ decades of life, with the
mean age of patients being 65 years|[2].

Prognosis depends on various factors such as tu-
mor stage, depth of myometrial invasion, cervical
stromal invasion, lymphovascular invasion, histo-
logical grade, and lymphatic nodal status. Depth of
myometrial invasion is the most important morpho-
logic prognostic factor [3].

Accurate assessment of the myometrial inva-
sion depth and endometrial cancer staging prior to
surgery isvery important for patients and definitely
affect treatment planning and subsequent prognosis
[4].

MRI isthe best tool for preoperatively ng
myometrial invasion depth which correlate with tu-
mor grade and overall survival [5].

T2-weighted imaging (T2WI) is the mainstay
of pelvic MRI. Morphologic evaluation with T2WI
provided a high degree of anatomical detail to as-
sess the uterus. T2-weighted imaging can be used to
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identify the depth of myometrial invasion. The an-
atomical detail provided by T2WI isimportant for
the assessment of lymph node metastases [6].

Recently diffusion-weighted imaging (DWI) has
been shown to increase accuracy of assessing depth
of myometrial invasion [7]. DWI isafunctional im-
aging technique that provides information about
water mobility, tissue cellularity, and the integrity
of cellular membranes. On DWI, endometrial can-
cer demonstrates restricted diffusion in comparison
with that of normal myometrial tissue, resulting in
high signal intensity at high b-values (500-1000s/
mm ) and low apparent diffusion coefficient (ADC)
values|[8§].

The combination of DWI and T2WI demonstrat-
ed superior diagnostic accuracy in the assessment of
the depth of myometrial invasion when compared
with that of DCE-MRI and T2WI, indicating that
DWI+T2WI is apotential replacement for DCE
MRI in the preoperative staging of endometrial can-
cer, especially for patients who have contraindica-
tionsfor contrast agent [8].

The aim of the current study isto evaluate the
role of the combined T2WI and DWI in assessment
of the depth of myometrial invasion and staging of
endometrial carcinoma at the preoperative staging.

Patients and M ethods

A total of 38 cases were included; patients re-
ferred from Obstetric and Gynecology Depart-
ment and Oncology Centre Mansoura University
(OCMU) with clinical or radiological proven to
have endometrial carcinoma during the period from
July 2022 to December 2023.

There were 38 postmenopausal female patients
with age ranged from 53 to 76 years. All patients
were subjected to proper history taking and DWI
MRI.

Inclusion criteria:

- Patients have endometrial carcinomarthat is con-
firmed by biopsy after surgery.

- Patients haven't received any other surgical or non
surgical treatment.

- Completion of MRI examination before surgery
including conventional MRI and DWI.

Exclusion criteria:

General contra-indication for MRI scan, for
example:

- Patients who have a cardiac pacemaker.

- Patients who have a metallic foreign body in their
eye.

- Bad general condition.
- Claustrophobic patients.

Methodology:
Magnetic Resonance Imaging:

All casesin this study were processed using
the Philips Ingenia1.5 T MRI scanner located in
the Radiology Department of Mansoura University
Hospital (with the same scanning parameters).

|- Patient preparation:

Patients were instructed to avoid movement dur-
ing the acquisition time. Before entering the exam-
ination room, the patient was instructed to remove
all metallic objects and all clothes containing metal.
Irritable patients were reassured and informed about
the examination. The patients were informed of the
examination time as well as the importance of re-
maining motionless during the examination.

[1- Technique:

The patient lied supine, head first on the MRI ta-
ble and phase-array surface coil was used. Scanning
was performed from the lung bases to the iliac crest.

The following sequences are obtained:

e Axial T1WI fast spin-echo. (TR=630 ms, TE=11
ms, FOV=200x200 mm, matrix=256x320).

* Axia T2WI fast spin-echo. (TR=4,000 ms, TE=101
ms, FOV=200%x200 mm, matrix 256x320).

* Saggital T2WI fast spin-echo. (TR=4,000 ms, TE
=92 ms, FOV=200x200 mm, matrix=256x320).

« Axial DWI datawill obtained through a single-
shot, echo-planar technique, with TR=5,000 ms,
TE =81 ms, matrix=128x128, and FOV=200x200
mm; tpe diffusion sensitive factor b-value is 1,000
smm .

* Dynamic Multiphase Contrast-Enhanced Imaging
(DCE-MRI): Dynamic contrast-enhanced MR
images are obtained with a three-dimensional gra-
dient echo T1W fat-saturated sequence after the
administration of 0.1mmol/kg of gadolinium at a
rate of 2mL/s. Images are acquired prior to con-
trast medium injection and then during multiple
phases of enhancement in sagittal planes at 25s
and 1 and 2min after injection; a delayed sequence
may be added and acquired on axial oblique 4min
after injection.

Image analysis:
At first, the conventional and post contrast MRI

sequences were evaluated then DWI and ADC maps
were correlated with them.

A- Qualitative analysis:
It refersto visual assessment of the Sl of the le-
sions. The lesions Sl were classified to low, inter-
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mediate and high signals compared to that of my-
ometrium.

B- Quantitative analysis:

ADC maps were automatically generated by the
software on the basis of the images (2)btai ned. Mean
ADC values (multiplied by 10-3mm /s) were calcu-
lated by drawing elliptical regions of interest (ROI)
in one representative region as large as possible,
however; care was taken to exclude necrotic and
cystic areas on the basis findingson T2 Wis.

Ethical consent:

This study was ethically approved by the Insti-
tutional Review Board of the Faculty of Medicine,
Mansoura University. Written informed consent
was taken from all participants. This work has been
carried out in accordance with The Code of Ethics
of the World Medical Association (Declaration of
Helsinki) for studies involving humans.

Satistical analysis:

The collected data were coded, processed and
analyzed using the SPSS (Statistical Package for
Social Sciences) version 22 for Windows® (IBM
SPSS Inc, Chicago, IL, USA). The Kolmogor-
ov-Smirnov test was used to determine whether
the data were normal. The Unpaired Student t-test
was used to compare normally distributed contin-
uous data, which are reported as mean (SD). Num-
ber-based nominal data were analyzed using the
Chi-square test (percentage). When necessary, data
are presented graphically. p-value <0.05 was con-
sidered significant.

Results

The current study included 38 cases with Endo-
metrial Carcinoma. The mean age of the cases was
64.61+6.27 years with range between 53 and 76
years. The highest percentage of the caseswasin
the seventh decade.

Regarding the pathological types of our cases,
endometrioid adenocarcinoma was themost com-
mon type in 35 cases, serous papillary carcinoma
in 2 cases and carcinosarcomain 1 case. The patho-
logical grading of our cases with Grade I, grade |1
and grade |11 endometrioid adenocarcinoma were
detected in 13.2%, 63.2% and 15.8%.
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This table shows the accuracy, sensitivity, spec-
ificity, PPV and NPV by T2, DCE, DWI MRI in
evaluation of myometrial invasion regarding to
pathology resultsin our 38 cases with endometrial
carcinoma. They are 81.6%, 70.5%, 90.5%, 85.7%
and 79.2% respectively by T2 MRI, 81.6%, 72.2%,
90%, 86.7% and 78.3% respectively by DCE MR,
and 92.1%, 86.7%, 95.7%, 92.9% and 91.7% re-
spectively by DWI MRI. Combination of T2 and
DWI MRI has diagnostic accuracy of 94.7%, 86.7%,
100%, 100% and 92% respectively (Table 1).

In our study, there is statistically significant dif-
ference in detection of myometrial invasion by T2
MRI, DCE MRI, DWI MRI regarding the patholo-
gy results (p<0.001). By T2 MRI, thereis overesti-
mation of 3 cases and under estimation of 4 cases.
By DCE MRI, thereis overestimation of 4 cases and
under estimation of 3 cases. By DWI MRI, thereis
overestimation of 1 case and under estimation of 2
Cases.

Correlation of ADC values with the different
histological grades, the mean ADC values were
0.946x0.036 for grade |, 0.841+0.079 for grade 11,
0.788+0.098 for grade I11, showing significant dif-
ference between grade |, |1 and between grade | and
[11. (p<0.05) (Table 2).

Table (1): Diagnostic accuracy in detection of myometrial inva-
sion regarding to pathology in our study.

T2 DCE DWI T2+DWI
Accuracy 81.6% 81.6% 92.1% 94.7%
Sensitivity 70.5%  72.2% 86.7% 86.7%
Specificity 90.5%  90% 95.7% 100%
PPV 85.7%  86.7% 92.9% 100%
NPV 79.2%  78.3% 91.7% 92%

Table (2): Comparison of the ADC value according to patho-
logical grading in our study.

. Grade 1 Grade |l Grade 11l
Vaiables IN=5]  [N=24]  [N=9]
ADC (x10 mm/sec) 0946+ 0841+  0.788+

0.036 0.079 0.098
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Cases Presentation

(A) (B)

© (D)
B (F)
G (H)

Case (1): Female patient aged 58 years old presented with postmenopausal bleeding. (A) Sagittal and (B) Axial T2 WI showing
bulky uterus with soft tissue mass distending the endometrial cavity displaying heterogeneous Sl with focal disruption of junctional
zone posteriorly denoting superficial myometrial invasion with abutting the upper cervix without cervical stromal invasion. (C)
Axial precontrast T1 WI showing low S| of the previously described mass. (D, E, F) Dynamic post contrast WIs. (D) Axial image at
early acquisition phase (E) Coronal fat suppressed image at equilibrium phase. (F) Sagittal delayed image: Showing heterogeneous
enhancement of the previously described mass. Axial DWI (at high b-value of 1000 mm/sz) showing the mass displ3aying high Sl
corresponding to low Sl in (G) Axial ADC map denoting restricted diffusion pattern. The mean ADC valueis64 x10 mm /s.

- Pathological diagnosis: Serous papillary carcinoma FIGO stage |1C.
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(A) (B)
© (D)
() F

©) (H)

Case (2): Female patient aged 63 years old, presented with postmenopausal bleeding. (A,B) Sagittal and axial T2 WI showing
bulky uteruswith ill defined large mass distending the endometrial cavity displaying intermediate Sl with complete disruption of the
junctional zone and infiltration of more than 50% of the myometrium more anterolaterally. (C) Axial precontrast T1 WI showing low
S| of the previously described mass. (D, E, F) Dynamic post contrast Wis (D) Axial fat suppressed image at early acquisition phase,
(E) Sagittal fat suppressed at equilibrium phase, (F) Axia delayed image: Showing heterogeneous enhancement of the previously
described mass. (G) Axial DWI (at high b-value of 1000 s/mmz) showing the mass di_sglayi ng high Sl corresponding to low Sl in (H)
axial ADC map denoting restricted diffusion pattern. The mean ADC valueis71x10 mm /s.

- Pathological diagnosis: Grade || Endometrial adenocarcinoma. FIGO stage | B.
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(A) (B)

© (D)
(B)

(F) G)

Case (3): Female patient aged 75 years old, presented with postmenopausal bleeding. (A,B) Sagittal and axial T2 WI showing
enlarged uterus with large soft tissue mass distending the endometrial cavity displaying heterogenous Sl, it shows deep myometrial
invasion and extending into the endocervical canal with cervical stromal invasion. Thereisinterruption of of fat planes posteriorly
and the mass abutting the rectum without infiltrate it. The mass shows extrauterine extension with extension to pelvic side walls and
loss of fat planes between it and right iliac vessels. (C) Axial precontrast T1 WI showing heterogenous Sl of the previously described
mass. (D, E) Dynamic post contrast WIs. (D) Axial fat suppressed image at early acquisition phase, (E) Sagittal fat suppressed at
equilibrium phase showing heterogenous enhancement of the previously described mass. (F) Axial DWI (at high b-value of 1000
mm/sz) showing the mass displabying high Sl corresponding to low Sl in (G) axial ADC map denoting restricted diffusion pattern.
The mean ADC valueis 79 x10 - mm/s.

- Pathological diagnosis: Grade 111 Endometrial adenocarcinoma. FIGO stage 111B1.



Marwa A.M. Elnaggar, et al.

Discussion

Magnetic Resonance Imaging has been found to
be the most accurate modality that assesses myome-
trial, cervical, and nodal involvements in patients
with endometrial carcinoma. Because its distinctive
features of non-invasiveness, high soft tissue reso-
lution, and multiple imaging parameters, MRI pro-
vides anatomical and functional information about
the endometrial carcinomaand is playing an impor-
tant role for clinical decisions regarding endometri-
al carcinomalg].

Depth of the myometrial invasion isacrucial
step in the preoperative MRI assessment and can
help patient management strategy. T2-weighted im-
ages and dynamic post contrast T1-weighted imag-
es are the routinely used sequences[10].

DWI isafunctional imaging technigque that pro-
vides information about water mobility, tissue cellu-
larity, and the integrity of cellular membranes. With
DWI, increased cellularity and fewer mesenchymal
structures between the glands in endometrial carci-
nomas may restrict water diffusion when compared
with anormal endometrium. On DWI, endometrial
cancer demonstrates restricted diffusion in compari-
son with that of normal myometrial tissue, resulting
in high signal intensity at high b-values (500-1000s/
mm’) and low apparent diffusion coefficient (ADC)
values [11,12,13].

We studied the diagnostic role of T2 and DWI
in preoperative assessment of myometrial invasion
in postmenopausal females with endometrial carci-
noma, their ages ranged from 53 to 76 years old,
presented with abnormal vaginal bleeding. On T2
MRI, 19 out of 24 patients with endometrial carci-
noma were diagnosed as superficial myometrial in-
vasion and confirmed by pathological findings and
12 out of 14 patients with endometrial carcinoma
were diagnosed as deep myometrial invasion and
confirmed by pathological findings On DCE MRI,
18 out of 24 patients with endometrial carcinoma
were diagnosed as superficial myometrial invasion
and confirmed by pathological findings and 13 out
of 14 patients with endometrial carcinomawere
diagnosed as deep myometrial invasion and con-
firmed by pathological findings. On DWI MRI, 22
out of 24 patients with endometrial carcinomawere
diagnosed as superficial myometrial invasion and
confirmed by pathological findings and 13 out of
14 patients with endometrial carcinomawere diag-
nosed as deep myometrial invasion and confirmed
by pathological findings. By combination of T2 and
DWI MRI, 23 out of 24 patients with endometrial
carcinoma were diagnosed as superficial myometri-
a invasion and confirmed by pathological findings
and 13 out of 14 patients with endometrial carci-
nomawere diagnosed as deep myometrial invasion
and confirmed by pathological findings.
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According to Gil et al., study confirmed the high
diagnostic accuracy of MRI in the preoperative as-
sessment of endometrial carcinoma. The combina-
tion of DWI and T2WI demonstrated superior di-
agnostic accuracy in the assessment of the depth of
myometrial invasion when compared with that of
DCE-MRI and T2WI, indicating that DWI+T2WI
isapotential replacement for DCE MRI in the pre-
operative staging of endometrial cancer, especially
for patients who have contraindications for contrast
agent. DWI+T2W!I having a diagnostic accuracy of
95% compared with only 86% for DCE-MRI+T-
2WI [11.

Arian et a., reported that The simultaneous con-
sideration of T2 and DWI technique may signify
anoninvasive, rapid, safe, and accurate approach
for assessing myometrial invasion and EC staging.
Elimination of intravenous contrast material result
in prevention of contrast related side effects beside
significant cost reduction for health care systems
and patients with a comparable result to contrast en-
hanced MRI [14].

Shady et al., confirmed that DW-MRI has a
high diagnostic accuracy compared to post contrast
study, making it to be a good alternative method in
preoperative assessment of depth of myometrial in-
vasion in patients with endometrial carcinoma. DW-
MRI should to be apart of the routine pre-operative
MRI in these patients [15].

Li et a., reported that DWI and DCE-MRI are
helpful inimproving the accuracy of the staging and
pathological grading of endometrial carcinomawith
more accuracy by DCE-MRI over the DWI which
not match with our results. Thisis may be due to
inaccurate DWI measurements [16].

Our study revealed that ,by correlation of ADC
values with the different histological grades of en-
dometrial carcinoma, there was significant differ-
ence between ADC value and grade | and Il endo-
metrial carcinoma, and between ADC value and
gradel and |11 endometrial carcinoma and thisis
in agreement with Nakamura et al., who reported
that there was a significant difference between mean
ADC of grade | and grade Ill tumors. Inoue et al.,
reported that minimum ADC that reflects portions
of highest cellularity within the tumor may be use-
ful for predicting endometrial carcinoma grades.
In contrast to Shady et al., who showed that there
was no significant difference was found in the mean
ADC values of the different grades of endometri-
a carcinoma. This study limitations were the small
sample size and the relative large tumor size at time
of diagnosis [15,17,18] .

In conclusion, DWI isimportant complementa-
ry, and supplementary toolsto T2 MRI, not replac-
ing, and thus; It should be done as routine image
modality side by side to conventional imaging for
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assessment of myometrial invasion in cases of en-
dometrial carcinoma and further studies with alarg-
er number of cases are recommended to give more
reliable quantitative data.
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