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Abstract: Objectives: To compare the diagnostic performance of contrast-enhanced magnetic resonance imaging
(CE-MRI) and computed tomography (CT) in evaluating treatment response for recurrent endometrial cancer (EC),
and to assess the added value of integrating imaging findings with biomarker data. Methods: This retrospective
case-control study included 217 patients with recurrent EC treated between January 2020 and December 2023.
Patients were divided into response (n = 102) and non-response (n = 115) based on Response Evaluation Criteria
in Solid Tumors (RECIST) (1.1). An internal validation cohort (n = 142) and an external cohort (n = 168) were also
analyzed. Preoperative CE-MRI and CT scans were reviewed by experienced radiologists. Biomarker positivity rates
- including estrogen receptor (ER), progesterone receptor (PR), cancer antigen 125 (CA125), cancer antigen 19-9
(CA19-9), carcinoembryonic antigen (CEA), and ovarian cancer-related protein 1 (OVX1), were assessed. Multivariate
logistic regression and receiver operating characteristic (ROC) analyses were performed to evaluate diagnostic per-
formance, and an integrated model combining imaging and biomarkers was developed. Results: CE-MRI achieved
an AUC of 0.864, sensitivity of 78.3%, and specificity of 86.3%, while CT showed an AUC of 0.854, sensitivity of
81.2%, and specificity of 83.4%. The integrated model improved performance with an AUC of 0.889, sensitivity of
94.3%, and specificity of 81.2%. Internal and external validation models yielded AUCs of 0.859 and 0.918, respec-
tively. Conclusions: Both CE-MRI and CT are effective in assessing treatment response, with CE-MRI offering slightly
superior specificity. Integration of imaging and biomarker data significantly enhances diagnostic accuracy, support-
ing its potential in optimizing individualized treatment strategies for recurrent EC.

Keywords: Endometrial cancer, recurrent disease, contrast-enhanced magnetic resonance imaging, computed
tomography, treatment response, diagnostic accuracy

Introduction Imaging plays a crucial role in assessing re-
current disease, enabling evaluation of tumor
burden, therapeutic response, and recurrence
detection [5]. Contrast-enhanced magnetic re-
sonance imaging (CE-MRI) and computed to-
mography (CT) are two widely used imaging
modalities [6]. CE-MRI offers superior contrast
resolution and multiplanar imaging, providing
detailed visualization of tumor morphology,
local invasion, and adjacent structure involve-
ment [7]. Its high sensitivity to soft tissue con-
trast facilitates differentiation between residual
or recurrent tumor and post-treatment changes
such as fibrosis ore [8].

Endometrial cancer (EC) is among the most
prevalent gynecologic malignancies, with a ris-
ing global incidence, particularly in countries
with aging populations and increasing obesity
rates [1]. Although advances have been made
in the diagnosis and initial treatment of primary
EC, recurrent cases remain a major clinical
challenge [2]. Recurrence is associated with
poor prognosis and often requires more com-
plex management strategies [3]. Accurate eval-
uation of treatment response in recurrent EC is
essential for guiding therapy, improving out-

comes, and optimizing healthcare resource uti-
lization [4].

In contrast, CT is valued for its rapid acquisition
of high-resolution pelvic and abdominal images
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[9]. Itis particularly effective in identifying calci-
fications, lymph node involvement, and struc-
tural features of masses or nodules [10], mak-
ing it a key tool for assessing tumor architecture
and distant metastases [11].

Despite these advantages, debate persists
regarding the relative effectiveness of CE-MRI
and CT in evaluating treatment cancer [12].
While previous studies have explored each
modality independently, comparative analyses
remain limited [13]. This retrospective case-
control study aims to directly compare the di-
agnostic performance of CE-MRI and CT in
assessing treatment response in patients with
recurrent EC.

Materials and methods
Study design

This study included 217 patients with recurrent
EC treated at Yantaishan Hospital between
January 2020 and December 2023. Patient
data were retrieved from the hospital’s elec-
tronic medical record system. Based on histo-
pathological confirmation and treatment res-
ponse evaluated using the Response Evaluation
Criteria in Solid Tumors (1.1) [14], patients were
divided into two groups: a response group and
a non-response group. The response group (n =
102) included patients who achieved either
a partial or complete response to treatment,
while the non-response group (n = 115) includ-
ed those with stable or progressive disease.

An internal validation cohort consisting of 142
patients from the same institution was estab-
lished using identical inclusion and grouping
criteria. Among them, 63 patients were classi-
fied in the response group, and 79 in the non-
response group. Additionally, an external vali-
dation cohort comprising 168 patients from
another institution was included, following the
same eligibility and classification criteria. This
cohort included 77 patients in the response
group and 91 in the non-response group.

Eligibility and grouping criteria

This retrospective study was approved by the
Institutional Review Board and Ethics Com-
mittee of Yantaishan Hospital. Informed con-
sent was waived, as only de-identified data
were used, posing no risk to patient care. The
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waiver was granted in accordance with ethical
and regulatory standards for retrospective
research.

Inclusion criteria were: (1) patients aged 18-75
years who met the diagnostic criteria outlined
in the International Federation of Gynecology
and Obstetrics (FIGO) 2023 Cancer Report:
FIGO Staging of EC [15]; (2) patients with pri-
mary EC who achieved complete remission
after initial systemic treatment, maintained for
at least 3 months in those receiving radiothera-
py, or at least 6 months in those who did not;
(3) histopathological confirmation that the re-
current lesion was identical to the primary tu-
mor, indicating first recurrence; (4) patients
who underwent surgical resection following re-
currence; and (5) availability of complete preop-
erative contrast-enhanced MRI (CE-MRI), CT
imaging data, and full clinical and pathological
records.

Exclusion criteria included: (1) patients who
did not undergo surgical treatment for EC; (2)
those with rare histological subtypes such as
clear cell carcinoma or sarcomatoid carcinoma;
(3) presence of other malignancies; (4) individu-
als with severe cardiopulmonary disease or
renal insufficiency; (5) patients with a history of
severe allergic reactions to contrast agents; (6)
pregnancy or lactation; (7) presence of pace-
makers or other implanted electronic devices;
(8) ferromagnetic foreign bodies (e.g., shrapnel,
certain tattoo pigments); and (9) individuals
with severe anxiety or claustrophobia (Figure
1).

CE-MRI data acquisition

All patients underwent contrast-enhanced MRI
(CE-MRI) approximately two weeks prior to sur-
gery. Scans were performed using a 1.5 T MRI
scanner (Achieva and Intera; Philips Medical
Systems, Best, the Netherlands) equipped with
a phased-array torso coil. To minimize motion
artifacts, patients were instructed to fast for
4-6 hours and to empty their bladder before
the procedure. Additionally, 30 minutes before
scanning, 20 mg of scopolamine butylbromide
(Buscopan; Boehringer Ingelheim Korea, Seoul,
Korea) was administered intramuscularly to
reduce bowel peristalsis.

A fat-saturated, T1-weighted, three-dimension-
al fast field echo sequence was used. For dy-
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namic CE-MRI, oblique axial images - perpen-
dicular to the endometrial cavity - were ob-
tained. The scan percentage was reduced to
60% to achieve a temporal resolution of 25-40
seconds, depending on uterine size. Loss in
resolution was compensated by reconstructing
the peripheral k-space from the final dynamic
reference scan. Imaging commenced simulta-
neously with intravenous injection of gadolini-
um-based contrast (0.1 mmol/kg body weight)
at 2 mL/s through an antecubital vein, acquir-
ing 7-12 consecutive series over 4-6 minutes.
The resulting coronal datasets were immedi-
ately reconstructed into sagittal, coronal, and
oblique axial planes and transferred to the
picture archiving and communication system
(Marosis M-view, Infinitt, Seoul, Korea). For ana-
tomical consistency, a slice thickness of 2 mm
with no interslice gap was applied. The recon-
struction process averaged one minute.
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Treatment modalities

Patients received various treatment regimens,
including carboplatin plus paclitaxel, cisplatin
plus doxorubicin, cisplatin plus paclitaxel, hor-
monal therapy, or other individualized thera-
pies. These preoperative treatment strategies
were considered potential confounders affect-
ing treatment response and imaging features,
and were thus summarized and analyzed in the
baseline characteristics table.

CE-MRI image analysis

All MRI data were anonymized by a physician
notinvolved in image interpretation and upload-
ed to a dedicated study worklist on the PACS.
Two genitourinary radiologists with 4 and 15
years of experience, respectively, along with a
first-year resident, independently reviewed the
CE-MRI scans in a randomized order. Reviewers
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were informed of the study’s objectives but
were blinded to surgical and pathological out-
comes. Their assessments, aided by T2-wei-
ghted imaging (T2WI) and diffusion-weighted
imaging (DWI), included: presence of masses or
nodules signal intensity on T1WI, T2WI, and
DWI degree of contrast enhancement, invasion
of adjacent structures, presence of ascites,
hemorrhage, cystic changes, and calcification.

To evaluate consistency, inter-observer agree-
ment was assessed using Cohen’s kappa (k) for
categorical variables and intraclass correlation
coefficient (ICC) for continuous variables. k val-
ues ranged from 0.78 to 0.89, indicating sub-
stantial to almost perfect agreement. ICC
values ranged from 0.87 to 0.93, demonstrat-
ing excellent reliability. Discrepancies were re-
solved by a third senior radiologist (> 15 years
experience), with consensus serving as the
final determination. These measures ensured
high reproducibility and reliability of imaging
analysis, thereby strengthening the validity of
study conclusions.

CT data acquisition

All patients underwent CT scans approximately
two weeks before surgery. Scans were per-
formed during breath-hold at end-inspiration
with patients in the supine position using a
256-slice CT scanner (Revolution CT, GE He-
althcare, Waukesha, WI, USA). Scanning param-
eters were as follows: tube voltage 120-140 kV,
tube current 250-300 mAs, slice thickness
0.625-1.25 mm, pitch 1.0-1.5, display field 350
mm, and matrix size 512 x 512.

During contrast-enhanced scanning, 60-100
mL of non-ionic iodinated contrast agent was
rapidly injected into the antecubital vein. Con-
trast-enhanced phases were acquired at 25
and 60 seconds post-injection. The resulting
image data were transmitted to the worksta-
tion for further processing, including multipla-
nar reconstruction, curved planar reformation,
and other post-processing techniques.

CT image analysis

Two experienced physicians independently ev-
aluated the CT images using the 3D Slicer soft-
ware. Tumor regions of interest were manually
segmented layer by layer. The evaluated fea-
tures included: maximum tumor diameter, le-
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sion borders, shape, CT attenuation (density),
lymph node involvement, presence of masses
or nodules, contrast enhancement, and evi-
dence of distant metastases. All evaluations
were performed with the physicians blinded to
clinical and pathological information.

Pathological examination

After clinical diagnosis of recurrent EC, patients
underwent biopsy via hysteroscopy. A physician
visually examined the endometrium and ob-
tained tissue samples using biopsy forceps.
These samples were immediately sent to the
pathology lab for processing. Two pathologists
evaluated tumor histology, and discrepancies
were resolved by discussion until consensus
was reached.

Following surgery, resected tumor specimens
were fixed in formalin, embedded in paraffin,
and sectioned. Multiple sections were stained
with hematoxylin and eosin and evaluated
under light microscopy. Two experienced pa-
thologists independently reviewed each slide,
with any differences resolved through dis-
cussion.

Based on pathological and biopsy findings, dis-
ease progression and treatment response were
evaluated according to the RECIST version 1.1
criteria, classifying patients as having complete
response, partial response, stable disease, or
progressive disease.

Biomarker testing

Paraffin-embedded tissue sections were pro-
cessed using an NS40 automatic immunohisto-
chemical staining system (Dakewe Biotech Co.,
Ltd, Shenzhen, China). Estrogen receptors (ER)
and progesterone receptors (PR) status were
evaluated using a Nikon optical microscope
(Nikon, Japan).

Serum levels of tumor markers - including can-
cer antigen 125 (CA125), cancer antigen 19-9
(CA19-9), carcinoembryonic antigen (CEA), and
ovarian cancer-related protein 1 (OVX1) - were
measured using the BKI2200 chemilumines-
cence immunoassay analyzer (BIOBASE, Jinan,
China).

Statistical analysis

Statistical analysis was performed using SPSS
software version 29.0 (SPSS Inc., Chicago, IL,
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USA). Categorical variables were reported as
frequencies and percentages [n (%)], and ana-
lyzed using the chi-square test, with the test
statistic denoted as x2. Continuous variables
were tested for normal distribution using the
Shapiro-Wilk method. Normally distributed con-
tinuous data were presented as mean + stan-
dard deviation (X + s) and compared between
groups using the t-test. A two-sided p-value <
0.05 was considered statistically significant.

Receiver operating characteristic (ROC) curves
were generated separately based on CE-MRI
and CT imaging features to establish CE-MRI
and CT diagnostic models. Additionally, imaging
features from both modalities, along with the
most discriminative biomarkers, were com-
bined to construct a comprehensive diagnostic
model.

The diagnostic performances of the three mod-
els were compared. Internal and external vali-
dation was conducted using independent co-
horts of recurrent EC patients. Calibration cur-
ves were plotted to assess the agreement
between predicted probabilities and observed
outcomes, with ideal calibration indicated by a
45-degree line. Model calibration was further
evaluated using the Hosmer-Lemeshow test,
with P > 0.05 indicating a good fit.

Results

Comparison of demographic and baseline
characteristics

A total of 217 patients were included, with 102
in the response group and 115 in the non-
response group (Table 1). There were no signifi-
cant differences between the two groups in
terms of mean age, body mass index (BMI),
marital status, education level, FIGO stage at
initial diagnosis, histological subtype, and prior
treatment (all P > 0.05).

Preoperative treatment regimens were also
similar between groups (P = 0.796), with the
most common regimen being carboplatin com-
bined with paclitaxel. Additionally, no signifi-
cant group differences were observed in symp-
toms such as vaginal discharge, lymphedema,
gastrointestinal complaints, endocrine disor-
ders, or urinary tract issues (all P > 0.05).

These findings suggest that the two groups
were well-matched in baseline characteristics,
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supporting a valid comparison of CE-MRI and
CT in evaluating treatment response.

Comparison of biomarker profiles

The ER positivity rate was similar between
the groups, at 68.63% in the response group
and 58.26% in the non-response group (P =
0.114) (Table 2). Similarly, no significant differ-
ences were observed for PR positivity (77.45%
vs. 82.61%, P = 0.341), CA125 (69.61% vs.
59.13%, P = 0.108), CA19-9 (50.98% vs.
46.09%, P = 0.472), CEA (20.59% vs. 23.48%,
P = 0.609), and OVX1 (54.9% vs. 45.22%, P =
0.154).

However, based on an updated analysis (Table
3), significant differences were observed in
biomarker expression. The ER positivity rate
was significantly lower in the response group
(50.00%) compared to the non-response group
(68.70%, P = 0.005), as was the PR positivity
rate (70.59% vs. 84.35%, P = 0.015).

Positivity rates for CA125, CA19-9, and CEA
were also significantly lower in the response
group (48.04%, 33.33%, and 14.71%, respec-
tively) than in the non-response group (62.61%,
48.70%, and 30.43%, with P-values of 0.031,
0.022, and 0.006, respectively). OVX1 positivi-
ty was 40.20% in the response group, signifi-
cantly lower than 57.39% in the non-response
group (P =0.011).

These results suggest that biomarker expres-
sion may influence treatment responsiveness
and correlate with imaging findings.

Comparison of CE-MRI imaging features

The presence of masses or nodules was signifi-
cantly lower in the response group (41.18%)
compared to the non-response group (61.74%,
P = 0.002) (Table 4).

Regarding signal characteristics, the response
group showed significantly lower frequencies of
low signal intensity on TAWI (P = 0.002), high
signal intensity on T2WI (P = 0.006), and high
signal intensity on DWI.

Contrast enhancement patterns also differed
significantly: dynamic enhancement and ring
enhancement were less common in the res-
ponse group (both P < 0.001), as was delayed
enhancement (P = 0.007).
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Table 1. Baseline characteristics

Parameters Response Group (n = 102) Non-Response Group (n = 115) t/x? P
Age (years) 56.75 + 5.27 56.32 £ 5.34 0.597 0.551
BMI (kg/m) 20.27 £ 2.28 20.15+2.81 0.349 0.728
Marital status (Married/Others) 91 (89.22%)/11 (10.78%) 97 (84.35%)/18 (15.65%) 1.106 0.293
Educational level 0.803 0.669

Junior high school and below 48 (47.06%) 55 (47.83%)

high school and vocational school 35 (34.31%) 34 (29.57%)

College and above 19 (18.63%) 26 (22.61%)
FIGO stage at primary diagnosis 1.33 0.722

Stage | 39 (38.24%) 46 (40%)

Stage Il 9 (8.82%) 8 (6.96%)

Stage Il 36 (35.29%) 35 (30.43%)

Stage IV 18 (17.65%) 26 (22.61%)
Histologic subtype 2.633 0.756

Endometrioid carcinoma 66 (64.71%) 69 (60%)

Serous 4 (3.92%) 8 (6.96%)

Type Il EC 13 (12.75%) 18 (15.65%)

Mixed carcinoma 7 (6.86%) 10 (8.7%)

Undifferentiated 4 (3.92%) 2 (1.74%)

Others 8 (7.84%) 8 (6.96%)
Previous therapy 1.255 0.534

Chemotherapy 38 (37.25%) 48 (41.74%)

Radiotherapy 60 (58.82%) 65 (56.52%)

Surgery 4 (3.92%) 2 (1.74%)
Preoperative Treatment Plan 1.671 0.796

Carboplatin + Paclitaxel 39 (38.24%) 37 (32.17%)

Cisplatin + Doxorubicin 21 (20.59%) 26 (22.61%)

Cisplatin + Paclitaxel 25 (24.51%) 28 (24.35%)

Hormone Therapy 9 (8.82%) 10 (8.7%)

Others 8 (7.84%) 14 (12.17%)
Vaginal discharge 21 (20.59%) 28 (24.35%) 0.437 0.509
Lymphedema 25 (24.51%) 33 (28.7%) 0.484 0.487
Gastrointestinal issues 13 (12.75%) 17 (14.78%) 0.188 0.664
Endocrine disorders 16 (15.69%) 21 (18.26%) 0.253 0.615
Urinary system problems 23 (22.55%) 28 (24.35%) 0.097 0.755

BMI: Body Mass Index; FIGO: International Federation of Gynecology and Obstetrics; EC: Endometrial Carcinoma; Gastroin-
testinal issues include constipation, diarrhea, and abdominal bloating; Urinary system problems include frequent urination,

urgency, and dysuria.

Invasion of adjacent structures was more fre-
quent in the non-response group. Bladder wall
thickening was observed in 3.92% of the res-
ponse group versus 14.78% in the non-res-
ponse group (P = 0.007), and rectal wall thick-
ening in 4.90% vs. 15.65% (P = 0.01). The inci-
dence of ascites was also lower in the response
group (2.94% vs. 15.65%, P = 0.002).

No significant differences were observed in
cystic changes (P = 0.05), calcification (P =
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0.238), or pelvic wall soft tissue thickening (P =
0.102).

Comparison of CT imaging features

The mean longest diameter of lesions was sig-
nificantly smaller in the response group (6.32 +
3.36 mm) compared to the non-response group
(9.82 + 3.07 mm, P < 0.001) (Table 5).

Lesions in the response group more frequently
had clear margins (51.96% vs. 34.78%, P =
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Table 2. Comparison of baseline positive rates of biomarkers between the two groups

Variable Response Group (n = 102) Non-Response Group (n = 115) Ve P

ER 70 (68.63%) 67 (58.26%) 2.496 0.114
PR 79 (77.45%) 95 (82.61%) 0.905 0.341
CA125 71 (69.61%) 68 (59.13%) 2.577 0.108
CA19-9 52 (50.98%) 53 (46.09%) 0.518 0.472
CEA 21 (20.59%) 27 (23.48%) 0.262 0.609
ovxi 56 (54.9%) 52 (45.22%) 2.028 0.154

ER: Estrogen Receptor (Positive: > 1% of Cells Expressing); PR: Progesterone Receptor (Positive: > 1% of Cells Expressing);
CA125: Cancer Antigen 125 (Positive: = 1% of Cells Expressing); CA19-9: Cancer Antigen 19-9 (Positive Criterion: > 37.00 U/
mL); CEA: Carcinoembryonic Antigen (Positive Criterion: > 5.0 ng/mL); OVX1: Ovarian Cancer-related Protein 1 (Positive Crite-
rion: > 7.2 U/mL).

Table 3. Comparison of positive rates of biomarkers between the two groups one week before surgery

Variable Response Group (n = 102) Non-Response Group (n = 115) Ve P

ER 51 (50%) 79 (68.7%) 7.866 0.005
PR 72 (70.59%) 97 (84.35%) 5.941 0.015
CA125 49 (48.04%) 72 (62.61%) 4.651 0.031
CA19-9 34 (33.33%) 56 (48.7%) 5.256 0.022
CEA 15 (14.71%) 35 (30.43%) 7542 0.006
ovxi 41 (40.2%) 66 (57.39%) 6.394 0.011

Table 4. Comparison of CE-MRI imaging features between the two groups

Variable Res&ozsieo(;oup Non—R(ensEoEg)Group % p
Mass or nodule 42 (41.18%) 71 (61.74%) 9.158 0.002
Signal intensity

TAWI low signal intensity 36 (35.29%) 65 (56.52%) 9.79 0.002

T2WI high signal intensity 45 (44.12%) 72 (62.61%) 7.439 0.006

DWI high signal intensity 35 (34.31%) 74 (64.35%) 19.505 <0.001
Contrast enhancement

Dynamic enhancement 32 (31.37%) 72 (62.61%) 21.133 <0.001

Delayed enhancement 46 (45.1%) 73 (63.48%) 7.374 0.007

Ring enhancement 19 (18.63%) 46 (40%) 11.768 <0.001
Invasion of adjacent structures

Bladder wall thickening 4 (3.92%) 17 (14.78%) 7.295 0.007

Rectal wall thickening 5 (4.9%) 18 (15.65%) 6.593 0.01

Pelvic wall soft tissue thickening 4 (3.92%) 11 (9.57%) 2.676 0.102
Ascites 3(2.94%) 18 (15.65%) 9.992 0.002
Hemorrhage 5 (4.9%) 13 (11.3%) 2.913 0.088
Cystic change 6 (5.88%) 16 (13.91%) 3.827 0.05
Calcification 2 (1.96%) 7 (6.09%) 1.393 0.238

CE-MRI: Contrast-enhanced Magnetic Resonance Imaging; TAIWI: T1-weighted imaging; T2WI: T2-weighted imaging; DWI:
diffusion-weighted imaging.

0.011) and regular shapes (50.98% vs. 30.43%, Lymph node metastasis was less common in
P = 0.002). The response group also exhibited the response group (43.14% vs. 60.87%, P =
higher average CT values (37.41 + 7.35 HU vs. 0.009), as was the presence of masses or nod-
32.25 + 7.74 HU, P < 0.001). ules (41.18% vs. 58.26%, P = 0.012).
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Table 5. Comparison of CT imaging features between the two groups

Variable Response Group (n = 102) Non-Response Group (n = 115) X2 P
Longest Diameter (mm) 6.32 + 3.36 9.82 + 3.07 8.038 < 0.001
Borders (clear/blurry) 53 (51.96%) 40 (34.78%) 6.513 0.011
Shape (regular/irregular) 52 (50.98%) 35 (30.43%) 9.5 0.002
CT value (HU) 3741+ 735 3225+ 7.74 5.024 <0.001
Lymph node metastasis 44 (43.14%) 70 (60.87%) 6.816  0.009
Mass or nodule 42 (41.18%) 67 (58.26%) 6.311 0.012
Early enhancement 51 (50%) 78 (67.83%) 7.125 0.008
Delayed enhancement 44 (43.14%) 71 (61.74%) 7509  0.006
Ring enhancement 29 (28.43%) 35 (30.43%) 0.104 0.747
Distant metastasis 4 (3.92%) 7 (6.09%) 0.527 0.468
CT: Computed Tomography; CT value: Computed Tomography number.

Table 6. Multivariate logistic regression analysis of CE-MRI imaging

Variable SE Wald OR 95% Cl P
CE-MRI Mass or nodule 0.504 2.362 3.292 1.225-8.848 0.018
T1WI low signal intensity 0.503 1.245 1.871 0.698-5.017 0.033
T2WI high signal intensity 0.502 1.632 2.268 0.848-6.067 0.043
DWI high signal intensity 0.510 3.217 5.167 1.900-14.052 0.001
Dynamic enhancement 0.522 3.457 6.078 2.185-16.911 <0.001
Delayed enhancement 0.485 0.924 1.566 0.605-4.053 0.035
CE-MRI Ring enhancement 0.530 1.376 2.074 0.734-5.861 0.029
CE-MRI Bladder wall thickening 0.986 1.984 7.071 1.024-48.823 0.047
CE-MRI Rectal wall thickening 0.891 2.357 8.176 1.425-46.909 0.018
CE-MRI Ascites 1.057 0.708 2.113 0.266-16.785 0.039

SE: Standard Error; Wald: Wald Test; OR: Odds Ratio; 95% Cl: 95% Confidence Interval.

Early enhancement (50% vs. 67.83%, P =
0.008) and delayed enhancement (43.14% vs.
61.74%, P = 0.006) were also less frequent in
the response group.

No significant differences were found in ring
enhancement (P = 0.747) or distant metastasis
(P=0.468).

These findings underscore the relevance of CT
imaging characteristics in evaluating treatment
response in recurrent EC.

Multivariate logistic regression analysis of CE-
MRI imaging

Multivariate logistic regression identified sev-
eral CE-MRI features significantly associated
with treatment response in patients with recur-
rent EC. These included the presence of a mass
or nodule, low signal intensity on TAWI, high sig-
nal intensity on T2WI, high signal intensity on
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DWI, dynamic enhancement, delayed enhance-
ment, ring enhancement, bladder wall thicken-
ing, rectal wall thickening, and ascites, all
showing positive associations with treatment
response (OR > 1) (Table 6).

ROC curve of CE-MRI imaging

ROC curve analysis of CE-MRI features demon-
strated that dynamic enhancement [area under
the curve (AUC) = 0.656] and high signal inten-
sity on DWI (AUC = 0.650) showed relatively
strong diagnostic value for evaluating treat-
ment response in recurrent EC (Table 7). Other
features, including presence of a mass or nod-
ule (AUC = 0.603), low signal intensity on T1WI
(AUC = 0.606), and ring enhancement (AUC =
0.607), showed moderate diagnostic perfor-
mance.

Although bladder and rectal wall thickening and
ascites exhibited high specificity, their low sen-
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Table 7. ROC analysis for CE-MRI imaging

Variable Best threshold  Sensitivities  Specificities AUC Youden index
CE-MRI Mass or nodule 0.500 0.617 0.588 0.603 0.205
TAWI low signal intensity 0.500 0.565 0.647 0.606 0.212
T2WI high signal intensity 0.500 0.626 0.559 0.592 0.185
DWI high signal intensity 0.500 0.643 0.657 0.650 0.300
Dynamic enhancement 0.500 0.626 0.686 0.656 0.312
Delayed enhancement 0.500 0.635 0.549 0.592 0.184
CE-MRI Ring enhancement 0.500 0.400 0.814 0.607 0.214
CE-MRI Bladder wall thickening 0.500 0.148 0.961 0.554 0.109
CE-MRI Rectal wall thickening 0.500 0.157 0.951 0.554 0.108
CE-MRI Ascites 0.500 0.157 0.971 0.564 0.128

ROC: Receiver Operating Characteristic curve; AUC: Area Under the Curve.

ROC Curve

0.864 (Figure 2), highlighting
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its utility in predicting treat-
ment outcomes for recurrent
EC.

Multivariate logistic regres-
sion analysis of CT imaging

Multivariate logistic regres-
sion analysis of CT imaging
features identified several
parameters significantly asso-
ciated with treatment res-
ponse in recurrent EC (Table
8). These included a larger
longest lesion diameter, indis-
tinct lesion margins, irregular
shape, lower CT attenuation
values, presence of lymph
node metastasis, presence of
a mass or nodule, early en-
hancement, and delayed en-
hancement.

1.0 08 0.6 0.4
Specificity

Figure 2. ROC Curve of CE-MRI imaging. ROC: Receiver Operating Character-
istic curve; AUC: Area Under the Curve; CE-MRI: contrast-enhanced magnetic

resonance imaging.

sitivity limited their overall diagnostic utility.
These findings suggest that dynamic enhance-
ment and DWI hyperintensity may serve as
more reliable imaging indicators of treatment
response.

An integrated predictive model incorporating
multiple CE-MRI features demonstrated excel-
lent predictive performance, with an AUC of
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Among these, the longest
lesion diameter had the stron-
gest association with treat-
ment response, with an odds
ratio of 7.220. These results
indicate that CT imaging pro-
vides valuable predictive information for as-
sessing treatment response.

ROC curve of CT imaging

ROC analysis revealed varying diagnostic per-
formance of CT imaging features in evaluating
treatment response. Among all parameters,
lesion margin clarity demonstrated the highest
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Table 8. Multivariate logistic regression analysis of CT imaging

Variable SE Wald OR 95% CI P

Longest Diameter (mm) 0.505 3.911 7.220 2.681-19.446 <0.001

Borders (clear/blurry) 0.541 -1.352 0.481 0.167-1.390 0.037

Shape (regular/irregular) 0.515 -0.705 0.696 0.254-1.908 0.041

CT value (HU) 0.524 -2.736 0.239 0.086-0.666 0.006

CT Lymph node metastasis 0.500 2.114 2.875 1.080-7.655 0.035

CT Mass or nodule 0.494 0.111 1.056 0.401-2.780 0.031

CT Early enhancement 0.509 0.651 1.393 0.514-3.776 0.045

CT Delayed enhancement 0.484 1.554 2121 0.822-5.475 0.032

Table 9. ROC analysis for CT imaging

Variable Best threshold  Sensitivities Specificities AUC Youden index

Longest Diameter (mm) 0.500 0.652 0.520 0.586 0.172

Borders (clear/blurry) 7.590 0.800 0.676 0.781 0.476

Shape (regular/irregular) 0.500 0.696 0.510 0.603 0.206

CT value (HU) 31.615 0.470 0.804 0.680 0.274

CT Lymph node metastasis 0.500 0.609 0.569 0.589 0.178

CT Mass or nodule 0.500 0.583 0.588 0.585 0.171

CT Early enhancement 0.500 0.678 0.500 0.589 0.178

CT Delayed enhancement 0.500 0.617 0.569 0.593 0.186
ROC Curve index of 0.476, making it the

06 08 1.0
1 1

Sensitivity

04
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Figure 3. ROC Curve of CT imaging. CT: computed tomography.

diagnostic accuracy, with a sensitivity of 0.800,
specificity of 0.676, AUC of 0.781, and a Youden
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most effective single indicator
(Table 9).

Lesion longest diameter (AUC
= 0.586) and shape (AUC =
0.603) showed moderate di-
agnostic performance, whe-
reas CT attenuation valu-
es exhibited high specificity
(0.804) but lower sensitivity
(0.470), with an AUC of 0.680
- indicating that higher CT val-
ues may suggest a better
response to treatment.

Other features, including ly-
mph node metastasis, mass-
es or nodules, and early en-
hancement, had limited diag-
nostic utility (AUCs ranging
from 0.585 to 0.593). Delayed
enhancement also showed
moderate performance with
an AUC of 0.593.

A combined CT-based predic-
tive model achieved a high
diagnostic value, with an AUC

of 0.854 (Figure 3), supporting its efficacy in
predicting therapeutic outcomes.
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Table 10. Multivariate logistic regression analysis of integrated model

Variable SE Wald OR 95% CI P
One week before surgery ER 0.505 1.632 2.280 0.848-6.132 0.033
One week before surgery CEA 0.607 1.559 2.577 0.784-8.469 0.039
One week before surgery OVX1 0.494 0.875 1.540 0.585-4.052 0.042
DWI high signal intensity 0.510 3.217 5.167 1.900-14.052 0.001
Dynamic enhancement 0.522 3.457 6.078 2.185-16.911 < 0.001
CE-MRI Ring enhancement 0.530 1.376 2.074 0.734-5.861 0.039
Longest Diameter (mm) 0.505 3.911 7.220 2.681-19.446 <0.001
Shape (regular/irregular) 0.515 -0.705 0.696 0.254-1.908 0.041
CT value (HU) 0.524 -2.736 0.239 0.086-0.666 0.006
Table 11. ROC analysis for integrated model

Variable Best threshold  Sensitivities Specificities AUC Youden index
One week before surgery ER 0.500 0.687 0.500 0.593 0.187
One week before surgery CEA 0.500 0.304 0.853 0.579 0.157
One week before surgery OVX1 0.500 0.574 0.598 0.586 0.172
DWI high signal intensity 0.500 0.643 0.657 0.650 0.300
Dynamic enhancement 0.500 0.626 0.686 0.656 0.312
CE-MRI Ring enhancement 0.500 0.400 0.814 0.607 0.214
Longest Diameter (mm) 7.670 0.783 0.667 0.773 0.450
Shape (regular/irregular) 0.500 0.696 0.510 0.603 0.206

CT value (HU) 32.250 0.548 0.814 0.695 0.362

Multivariate logistic regression analysis of
integrated model

Multivariate logistic regression of the integrat-
ed model, which combined imaging and bio-
marker indicators, identified several significant
predictors of treatment response in recurrent
EC (Table 10).

Notably, higher preoperative levels of ER, CEA,
and OVX1, as well as high signal intensity on
DWI, dynamic enhancement, longer lesion
diameter, and ring enhancement on CE-MRI
were all positively associated with treatment
response (OR > 1). In contrast, irregular lesion
shape and lower CT attenuation were negative-
ly associated with treatment response (OR < 1).

Among these, dynamic enhancement (OR =
6.078) and lesion diameter (OR = 7.220) had
the strongest predictive value. These findings
demonstrate that an integrated model combin-
ing imaging and biomarker features provides
robust prediction of treatment efficacy in recur-
rent EC.
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ROC curve analysis of the integrated model

ROC analysis of the integrated model revealed
that the longest lesion diameter had the high-
est diagnostic performance, with an AUC of
0.773 and the largest Youden index (0.450),
indicating it was the most discriminatory fea-
ture for predicting treatment response (Table
11). Dynamic enhancement and CT attenuation
values also demonstrated moderate to good
discriminatory power, with AUCs of 0.656 and
0.695, and Youden indices of 0.312 and 0.362,
respectively.

In contrast, preoperative CEA levels had the
lowest diagnostic value (AUC = 0.579; Youden
index = 0.157), indicating limited predictive util-
ity. Other features, including ER, OVX1, high
DWI signal intensity, CE-MRI ring enhancement,
and lesion shape (regular vs. irregular), showed
moderate discrimination but were less robust
than the longest diameter or CT values.

These results suggest that the integrated
model - particularly when incorporating the lon-
gest lesion diameter and CT value - can provide
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ROC Curve

The integrated model show-

ed superior diagnostic perfor-
mance, achieving an AUC of
0.889 and an accuracy of
86.7%. Notably, it significantly
improved sensitivity to 94.3%
while maintaining specificity
at 81.2%. The PPV and NPV
were 52.2% and 93.4%, respe-
ctively.

These findings suggest that
although CE-MRI and CT are
independently valuable, their
combination with preoperative
biomarkers in the integrated
model enhances diagnostic
accuracy, particularly improv-
ing sensitivity and overall pre-
dictive efficiency.

Calibration curve of the inte-

grated model
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Figure 4. ROC Curve of the Integrated model.

clinically useful information for predicting treat-
ment response in recurrent EC. The combina-
tion of these features may aid clinicians in iden-
tifying patients more likely to respond to tre-
atment, thereby facilitating individualized ther-
apeutic strategies.

By integrating CE-MRI, CT, and preoperative
biomarker data, we constructed a comprehen-
sive predictive model for treatment response in
recurrent EC. This model achieved a high diag-
nostic performance, with an AUC of 0.889
(Figure 4), indicating excellent discriminatory
capacity.

Diagnostic performance

CE-MRI alone yielded an AUC of 0.864, with an
accuracy of 82.4%, sensitivity of 78.3%, and
specificity of 86.3% (Table 12). The positive
predictive value (PPV) was 47.5%, and the neg-
ative predictive value (NPV) was 92.1%.

CT imaging demonstrated a slightly lower AUC
of 0.854, with accuracy at 81.5%, sensitivity at
81.2%, and specificity at 83.4%. PPV and NPV
were 36.2% and 92.7%, respectively.
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The calibration curve of the
integrated model demonstrat-
ed excellent agreement be-
tween predicted and observed
probabilities (Figure 5). The mean absolute
error (MAE) was 0.021, indicating minimal de-
viation and strong calibration. Bootstrap resa-
mpling (n = 1,000) further validated model
robustness, with the bias-corrected curve
closely following the ideal 45-degree line.

Demographic characteristics of the internal
validation cohort

Comparative analysis between the response
group (n = 63) and the non-response group (n =
79) revealed no statistically significant differ-
ences in demographic or baseline clinical vari-
ables, including age, BMI, marital status, edu-
cation level, FIGO stage at initial diagnosis,
histological subtype, prior treatment modali-
ties, preoperative treatment plans, or symptom
profiles (e.g., vaginal discharge, lymphedema,
gastrointestinal symptoms, endocrine disor-
ders, urinary symptoms) (P > 0.05) (Table 13).

Differential distribution of imaging and bio-
marker characteristics

CEA positivity one week before surgery was sig-
nificantly lower in the response group com-
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Table 12. Diagnostic performance

Variable AUC Accuracy Sensitivity Specificity PPV NPV

CE-MRI 0.864 0.824 0.783 0.863 0.475 0.921
CT 0.854 0.815 0.812 0.834 0.362 0.927
Integrated model 0.889 0.867 0.943 0.812 0.522 0.934

PPV: positive predictive value; NPV: negative predictive value.
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Multivariate logistic regres-
sion analysis of the internal
validation cohort
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Multivariate logistic regres-
sion analysis in the internal
validation cohort identified
several imaging and biomark-
er features significantly asso-
ciated with treatment res-
ponse in patients with recur-
rent EC (Table 15). Higher lev-
els of CEA and OVX1 one week
before surgery, high signal
intensity on DWI, dynamic en-
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Figure 5. Calibration plot of the integrated model. B: Number of Bootstrap

Replications.

pared to the non-response group (x? = 10.487,
P =0.001). OVX1 positivity also showed a simi-
lar trend (x2 = 8.979, P = 0.003) (Table 14).

High signal intensity on DWI was less common
in the response group (x? = 9.362, P = 0.002),
as was the presence of dynamic enhancement
(x? = 12.451, P < 0.001). The mean longest
diameter was significantly smaller in the
response group (t = 6.295, P < 0.001). Lesions
with regular shape were more prevalent in the
response group, while irregular shapes were
more frequent in the non-response group (x? =
8.691, P =0.003).

These findings suggest that patients with lower
CEA and OVX1 positivity, absence of DWI hyper-
intensity and dynamic enhancement, smaller
tumors, and regular lesion morphology are
more likely to respond to treatment. These fac-
tors may serve as potential imaging and bio-
marker predictors to support personalized
treatment planning.
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hancement, and larger lesion
diameter were all positive-
ly associated with treatment
response. In contrast, irregu-
lar lesion shape was negative-
ly associated with response.
Among all variables, the lon-
gest diameter showed the strongest associa-
tion, with an OR of 6.257. These findings con-
firm the initial analysis and support the pre-
dictive value of the integrated model that com-
bines imaging and biomarker features.

T T
0.8 1.0

Mean absolute error=0.021 n=217

ROC curve of the internal validation cohort

The ROC curve for the internal validation cohort
showed excellent predictive performance, with
an AUC of 0.889 (Figure 6), indicating strong
discriminatory ability for predicting treatment
response in patients with recurrent EC. This
high AUC suggests the model is a reliable tool
for supporting clinical decisions and personal-
ized treatment planning.

Demographic characteristics of the external
validation cohort

In the external validation cohort, demographic

and clinical characteristics were compared
between the Response Group (n = 77) and
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Table 13. Demographic characteristics of the internal validation cohort

Parameters Response Group (n = 63) Non-Response Group (n=79)  t/x? P
Age (years) 55.26 + 4.29 55.13 +4.38 0.178 0.859
BMI (kg/m) 20.63 £2.38 20.59 £ 2.46 0.083 0.934
Marital status (Married/Others) 54 (85.71%)/9 (14.29%) 64 (81.01%)/15 (18.99%) 0.552 0.458
Educational level 0.026 0.987

Junior high school and below 28 (44.44%) 36 (45.57%)

high school and vocational school 20 (31.75%) 25 (31.65%)

College and above 15 (23.81%) 18 (22.78%)
FIGO stage at primary diagnosis 0.861 0.835

Stage | 25 (39.68%) 29 (36.71%)

Stage Il 6 (9.52%) 7 (8.86%)

Stage Il 23 (36.51%) 27 (34.18%)

Stage IV 9 (14.29%) 16 (20.25%)
Histologic subtype 1.680 0.891

Endometrioid carcinoma 39 (61.9%) 49 (62.03%)

Serous 3(4.76%) 6 (7.59%)

Type Il EC 6 (9.52%) 10 (12.66%)

Mixed carcinoma 5 (7.94%) 6 (7.59%)

Undifferentiated 4 (6.35%) 3(3.8%)

Others 6 (9.52%) 5 (6.33%)
Previous therapy 0.066 0.968

Chemotherapy 25 (39.68%) 33 (41.77%)

Radiotherapy 34 (53.97%) 41 (51.9%)

Surgery 4 (6.35%) 5 (6.33%)
Preoperative Treatment Plan 1.284 0.864

Carboplatin + Paclitaxel 25 (39.68%) 25 (31.65%)

Cisplatin + Doxorubicin 11 (17.46%) 15 (18.99%)

Cisplatin + Paclitaxel 13 (20.63%) 17 (21.52%)

Hormone Therapy 6 (9.52%) 8 (10.13%)

Others 8 (12.7%) 14 (17.72%)
Vaginal discharge 14 (22.22%) 20 (25.32%) 0.184 0.668
Lymphedema 13 (20.63%) 23(29.11%) 1.331 0.249
Gastrointestinal issues 9 (14.29%) 12 (15.19%) 0.023 0.880
Endocrine disorders 10 (15.87%) 15 (18.99%) 0.234 0.628
Urinary system problems 12 (19.05%) 19 (24.05%) 0.514 0.473

Non-Response Group (n = 91) (Table 16). No
statistically significant differences were obser-
ved in age, BMI, marital status, education level,
FIGO stage at initial diagnosis, histological sub-
type, prior treatments, preoperative treatment
plan, or clinical symptoms (including vaginal
discharge, lymphedema, gastrointestinal disor-
ders, endocrine issues, or urinary symptoms).

Distribution of imaging and biomarker charac-
teristics in the external validation cohort

Significant differences were observed in sever-
al pre-surgical biomarkers and imaging fea-
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tures between the Response and Non-Res-
ponse groups (Table 17).

ER positivity one week before surgery was sig-
nificantly lower in the Response Group (40.26%)
than in the Non-Response Group (71.43%) (x2 =
16.545, P < 0.001).

CEA positivity was also less frequent in the
Response Group (12.99%) compared to the
Non-Response Group (39.56%) (x> = 14.812, P
< 0.001).

OVX1 positivity was significantly lower in the
Response Group (35.06%) than in the Non-
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Table 14. Characteristics of the data from the internal validation cohort

Variable Response Group (n =63) Non-Response Group (n = 79) t/x? P
One week before surgery CEA 8 (12.70%) 29 (36.71%) 10.487 0.001
One week before surgery OVX1 20 (31.75%) 45 (56.96%) 8.979 0.003
DWI high signal intensity 22 (34.92%) 48 (60.76%) 9.362 0.002
Dynamic enhancement 18 (28.57%) 46 (58.23%) 12.451 < 0.001
Longest Diameter (mm) 6.38 £ 3.19 9.75 + 3.16 6.295 <0.001
Shape (regular/irregular) 31(49.21%) 20 (25.32%) 8.691 0.003

Table 15. Multivariate logistic regression analysis of the internal validation cohort

Variable SE Wald OR 95% ClI P

One week before surgery CEA 0.535 2.537 3.884 1.362-11.076 0.011
One week before surgery OVX1 0.440 2.438 2.922 1.234-6.919 0.015
DWI high signal intensity 0.442 2.873 3.561 1.497-8.469 0.004
Dynamic enhancement 0.451 3.487 4.814 1.990-11.644 <0.001
Longest Diameter (mm) 0.450 4.078 6.257 2.592-15.106 <0.001
Shape (regular/irregular) 0.464 -1.189 0.576 0.232-1.430 0.035

ROC Curve Dynamic enhancement was
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| _.—‘_'—r Non-Response Group (59.34%)

than in the Response Group
(32.47%) (x> = 12.091, P <
0.001).

The proportion of patients wi-
th longest diameter above
threshold was higher in the
Non-Response Group (42.86%)
versus the Response Group
(20.78%) (x> = 9.232, P =
0.002).

Irregular tumor shape was sig-
nificantly more frequent in the
Non-Response Group, with a
mean value of 9.48 + 3.55
mm compared to 6.41 + 3.63
mm in the Response Group (X2
=5.543, P < 0.001).
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Figure 6. ROC curve of the internal validation integrated model.

Response Group (58.24%) (x> = 8.982, P =
0.003).

High signal intensity on DWI was more common
in the Non-Response Group (61.54%) than in
the Response Group (29.87%) (x? = 16.791, P <
0.001).

2091

lower ER, CEA, and OVX1 posi-
tivity, smaller tumor size, regu-
lar shape, and absence of DWI
hyperintensity or dynamic en-
hancement indicators of favorable treatment
response.

ROC curve of the external validation cohort

The ROC curve for the external validation
cohort, incorporating multiple imaging and bio-
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Table 16. Demographic characteristics of the external validation cohort

Parameters Response Group (n = 77) Non-Response Group (n =91) t/x? P
Age (years) 53.23+5.3 53.52 £ 5.09 0.364 0.716
BMI (kg/m) 20.56 + 3.06 20.69 £ 3.12 0.254 0.8
Marital status (Married/Others) 70 (90.91%)/7 (9.09%) 81 (89.01%)/10 (10.99%) 0.165 0.684
Educational level 0.029 0.986

Junior high school and below 34 (44.16%) 39 (42.86%)

high school and vocational school 24 (31.17%) 29 (31.87%)

College and above 19 (24.68%) 23 (25.27%)
FIGO stage at primary diagnosis 0.722 0.868

Stage | 30 (38.96%) 38 (41.76%)

Stage Il 7 (9.09%) 7 (7.69%)

Stage Il 29 (37.66%) 30 (32.97%)

Stage IV 11 (14.29%) 16 (17.58%)
Histologic subtype 1.778 0.879

Endometrioid carcinoma 47 (61.04%) 53 (58.24%)

Serous 4 (5.19%) 6 (6.59%)

Type Il EC 8 (10.39%) 14 (15.38%)

Mixed carcinoma 7 (9.09%) 9 (9.89%)

Undifferentiated 3 (3.9%) 3 (3.3%)

Others 8 (10.39%) 6 (6.59%)
Previous therapy 0.68 0.712

Chemotherapy 29 (37.66%) 39 (42.86%)

Radiotherapy 42 (54.55%) 47 (51.65%)

Surgery 6 (7.79%) 5 (5.49%)
Preoperative Treatment Plan 1.975 0.74

Carboplatin + Paclitaxel 27 (35.06%) 27 (29.67%)

Cisplatin + Doxorubicin 17 (22.08%) 21 (23.08%)

Cisplatin + Paclitaxel 15 (19.48%) 23 (25.27%)

Hormone Therapy 10 (12.99%) 8 (8.79%)

Others 8 (10.39%) 12 (13.19%)
Vaginal discharge 17 (22.08%) 22 (24.18%) 0.103 0.748
Lymphedema 16 (20.78%) 27 (29.67%) 1.731 0.188
Gastrointestinal issues 11 (14.29%) 14 (15.38%) 0.04 0.842
Endocrine disorders 13 (16.88%) 18 (19.78%) 0.233 0.63
Urinary system problems 18 (23.38%) 23 (25.27%) 0.081 0.775

marker variables, demonstrated outstanding
predictive performance. The AUC of the inte-
grated model was 0.918 (Figure 7), indicating
excellent accuracy in predicting treatment
response in patients with recurrent EC.

Discussion

This retrospective case-control study com-
pared the effects of CE-MRI and CT in evaluat-
ing treatment response for recurrent EC. We
observed notable differences in the diagnostic
performance of these imaging modalities. The
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primary distinction between CE-MRI and CT lies
in their respective imaging capabilities and
sensitivities to various tissue characteristics
[16]. CE-MRI provides detailed soft tissue con-
trast through T1-weighted, T2-weighted, and
DWI imaging, offering comprehensive insights
into the morphological and functional aspects
of recurrent EC [17]. The high sensitivity of
CE-MRI in detecting changes in tissue perfu-
sion and cellularity explains its superior ability
to differentiate treatment response levels, as
indicated by its higher AUC and specificity com-
pared to CT.
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Table 17. Characteristics of the data of the external validation cohort

Variable Response Group (n = 77)

Non-Response Group (n = 91) t/x? P

One week before surgery ER 31 (40.26%)
One week before surgery CEA 0 (12.99%)
One week before surgery OVX1 27 (35.06%)
DWI high signal intensity 3 (29.87%)
Dynamic enhancement 5 (32.47%)
Longest Diameter (mm) 16 (20.78%)
Shape (regular/irregular) 6.41 + 3.63

65 (71.43%) 16.545 < 0.001
36 (39.56%) 14.812 < 0.001
53 (58.24%) 8.982 0.003

56 (61.54%) 16.791 < 0.001
54 (59.34%) 12.091 <0.001
39 (42.86%) 9.232 0.002

9.48 £ 3.55 5543 <0.001

ROC Curve
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to its proficiency in capturing
the vascular and interstitial
diffusion properties of tumors,
which are often altered af-
ter therapeutic interventions
[20]. These features make
CE-MRI particularly effective
in identifying residual or recur-
rent disease and differentiat-
ing it from treatment-related
changes like fibrosis or necro-
sis [21].

In contrast, CT offers advan-
tages in assessing calcifica-
tions, nodal involvement, and
osseous structures, providing
complementary benefits to CE-
MRI [22]. Although CT exhi-
bited slightly lower sensitivity
and specificity compared to
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Figure 7. ROC curve of the external validation integrated model.

A key finding of this study is the superior diag-
nostic performance of the integrated model,
which combines both CE-MRI and CT data.
While individual imaging modalities provide
valuable information, combining them with bio-
marker data offers a more comprehensive
understanding of treatment response. This im-
provement is largely due to the complementary
strengths of CE-MRI and CT. Mechanistically,
the enhanced contrast resolution of CE-MRI
increases its ability to detect subtle morpho-
logical changes in tumors and surrounding
structural invasions, which are critical for moni-
toring disease progression and response [18,
19]. The superior performance of dynamic and
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00 MRI, its ability to delineate the
architecture of masses and
nodules contributes to its util-
ity in evaluating treatment
response [23]. The diagnostic

value of features such as lesion borders and CT

values underscores the importance of CT in
assessing the structural aspects and geomet-
ric configurations of tumors, which may reflect

the therapeutic impact [24].

A critical observation in our study was the com-
plementary nature of CE-MRI and CT. While
each modality provides substantial diagnostic
information on its own, their combination
enhances overall diagnostic efficacy, particu-
larly in terms of sensitivity and predictive accu-
racy. This synergistic effect can be largely
attributed to the integration of high-resolution
soft tissue contrast from MRI and detailed
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structural assessment from CT [25, 26]. To-
gether, they allow for a comprehensive evalua-
tion of tumor response, leading to more accu-
rate predictions of therapeutic outcomes and
potentially informing clinical decision-making
[27].

To contextualize our findings, we reviewed sev-
eral relevant studies. Sala et al. highlighted the
significant role of dynamic contrast-enhanced
MRI (DCE-MRYI) in staging and assessing treat-
ment response in EC, which aligns with our
results for recurrent EC [28]. Lee et al. conduct-
ed a meta-analysis that suggested MRI has
slightly better sensitivity than PET/CT, although
PET/CT marginally outperforms MRI in specific-
ity [29]. Both modalities showed comparable
diagnostic performance in predicting pathologi-
cal response to neoadjuvant therapy in locally
advanced rectal cancer patients. Lee et al’s
study emphasized the value of combining struc-
tural and metabolic information to improve
diagnostic accuracy [29]. This conclusion mir-
rors our findings of improved diagnostic perfor-
mance by integrating CE-MRI and CT. Addi-
tionally, Hoffman et al. analyzed the advantag-
es and limitations of CT in lung cancer screen-
ing. Although focused on lung cancer, their
insights are applicable to understanding the
role of CT in EC [30].

The increased sensitivity observed with the
combined use of CE-MRI and CT was particu-
larly valuable in the context of recurrent ECeis
crucial [31]. The ability to accurately identify
and quantify these changes can significantly
influence subsequent treatment strategies and
patient management, potentially improving
clinical outcomes [32].

Several factors may contribute to the differenc-
es in imaging efficacy observed between pa-
tient groups. For example, variations in tumor
biology - such as differences in vascularity, cel-
lular density, and molecular characteristics -
can influence the imaging properties of CE-MRI
and CT [33]. Furthermore, patient-specific fac-
tors, including previous treatment regimens,
histological subtypes, and the presence of
comorbid conditions, may affect imaging out-
comes [34]. A deeper understanding of these
factors can further refine imaging protocols
and interpretation strategies, optimizing their
use in clinical practice.
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The findings of this study have significant impli-
cations for clinical practice, especially in man-
aging recurrent EC. The enhanced diagnostic
capability of combined imaging techniques all-
ows for more precise evaluations of therapeutic
responses, facilitating adjustments in treat-
ment plans. This integrated approach could
also be applied to other cancers where treat-
ment-induced changes are difficult to assess
using a single imaging modality.

While our study provides valuable insights into
the comparative performance of CE-MRI and
CT, it is important to acknowledge its inherent
limitations. The retrospective design and reli-
ance on de-identified data may introduce selec-
tion bias and limit the generalizability of the
results. Additionally, despite efforts to match
baseline characteristics across patient groups,
potential confounding variables could still influ-
ence the observed outcomes. Future prospec-
tive studies with larger, more diverse cohorts
could offer more definitive conclusions and fur-
ther clarify the role of combined imaging tech-
niques in oncological evaluations.

Conclusion

In summary, this study demonstrates that while
both CE-MRI and CT provide valuable diagnos-
tic information for evaluating treatment res-
ponses in recurrent EC, their combined use sig-
nificantly enhances diagnostic accuracy and
sensitivity. This integrated imaging approach
has the potential to improve patient manage-
ment by enabling more precise assessments of
treatment efficacy and guiding subsequent
therapeutic decisions. Clinically, the enhanced
diagnostic accuracy provided by combining
these modalities can lead to earlier detection
of treatment response or resistance, allowing
clinicians to promptly adjust treatment plans
and reduce unnecessary side effects from inef-
fective therapies. Moreover, more accurate
monitoring of treatment response can help tai-
lor personalized treatment strategies, which is
particularly important in recurrent EC, where
therapy responses can be highly variable. By
leveraging the strengths of both imaging tech-
niques, we can offer more comprehensive and
accurate assessments, ultimately improving
patient outcomes.
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