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Purpose: This study aimed to assess the preoperative diagnostic efficacy of
magnetic resonance imaging (MRI), computed tomography (CT), and
endometrial biopsy for cervical stromal invasion (CSI) in endometrial
carcinoma (EC) and to discuss the influencing factors of CSI.

Material and methods: A total of 2,020 patients with EC were retrospectively
analyzed in a tertiary hospital. Basic patient information, clinical pathology, and
laboratory indicators were collected and analyzed. Using the postoperative
pathological diagnosis as the gold standard, the diagnostic efficacies of
different preoperative methods were analyzed. Additionally, influencing factors
of CSI were examined by univariate and multivariate analyses.

Results: The sensitivity (Sens.), specificity (Spec.), accuracy (Acc.), diagnostic
odds ratio (DOR), Youden's index, and Kappa value of the MRI vs. CT groups were
49.50% vs. 56.74%, 92.24% vs. 79.09%, 87.70% vs. 76.15%, 11.60 vs. 4.93, 0.42 vs.
0.36, and 0.392 vs. 0.256 (p < 0.001), respectively. The Sens., Spec., Acc., DOR,
Youden's index, and Kappa value of the endometrial biopsy group were 41.74%,
93.25%, 87.08%, 9.97, 0.35, and 0.363 (p < 0.001), respectively. CSI was
associated with cancer antigen 125, myometrial invasion, adnexal invasion,
parametrial invasion, lymph node metastasis, and progesterone receptor.

Conclusions: MRI is relatively superior in assessing CSI, although diagnostic
authenticity and consistency were unsatisfactory. Combining MRI and biopsy
could improve diagnostic sensitivity, aiding in clinical decision making and
prognostic prediction. Comprehensive consideration of high-risk factors for
the occurrence of CSI may aid the diagnosis. Preoperative diagnostic methods
of CSl in EC still need to be explored further to improve efficiency.

endometrial carcinoma, cervical stromal invasion, MRI, CT, endometrial
biopsy, diagnosis
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1 Introduction

Endometrial carcinoma (EC) is the fourth most common
female malignant tumor in the world. In 2002, 198,783 new cases
of EC were recorded, which increased to 417,367 in 2020. EC-
related deaths worldwide tallied 50,327 in 2002 and increased to
97,370 in 2020 (1-3). Cervical stromal invasion (CSI) is classified as
stage ITA by the International Federation of Gynecology and
Obstetrics 2023 and accounts for approximately 12% of EC cases.
Accurate diagnosis of CSI is needed to guide the surgery and
postoperative adjuvant treatment protocol and predict the
prognosis and survival outcome of patients. The National
Comprehensive Cancer Network guidelines indicate that patients
with CSI should be treated via total or radical hysterectomy plus
bilateral salpingo-oophorectomy and surgical staging, especially
when a negative margin is required (4). CSI is a high-risk factor
for supplementary radiotherapy and chemotherapy and is an
independent predictor of death; the 5-year overall survival of
patients with CSI ranges from 72.9% to 85.8% (5-8). Moreover,
the exclusion of CSI is necessary for young patients with the chance
of receiving fertility-preserving surgery.

Currently, the general methods used to diagnose CSI
preoperatively include endometrial biopsy, magnetic resonance
imaging (MRI), and computed tomography (CT). Endometrial
biopsy can clarify the histological classification and grading of
tumors and molecular classification, guiding prognostic risk
stratification and treatment decisions (9-11). Nicole et al. (2017)
demonstrated a diagnostic accuracy of 60%-79% for EC with
traditional dilatation and curettage and 80%-98% with hysteroscopy,
but a lower diagnostic efficacy for CSI (12-14). MRI is considered
superior for assessing the depth of myometrial invasion, the condition
of the endometrium, and lymph node (LN) status (15). The
interpretation of MRI depends on differences in signal intensity
across tissues; misdiagnosis often occurs when endometrial and
endocervical canals are distended or the invasion of cervical stroma
proceeds from the adjacent myometrium. The reported diagnostic
sensitivity (Sens.), specificity (Spec.), and accuracy (Acc.) of CSI by
MRI ranges from 33% to 69%, 82% to 96%, and 46% to 89%,
respectively (16-18); however, the diagnostic efficiency varied across
studies and with different sequences. CT is commonly used to assess
tumor size, extent, blood supply, and distant metastasis, which is
considered with low resolution for soft tissue imaging. Hardesty et al.
(2001) showed that CT Sens. and Spec. were 83% and 42%,
respectively, in evaluating CSI (19). The best diagnostic method for
CSI remains unspecified. Therefore, this study aimed to explore the
optimal method for diagnosing CSI in EC preoperatively, which may
lead to more personalized clinical treatment.

2 Materials and methods
2.1 Study design and participants
This study was approved by the Medical Ethics Committee, and

all the enrolled patients have signed informed consent forms. Data
from EC cases were retrospectively analyzed in a tertiary hospital
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from January 2017 to January 2022. Basic patient information,
including clinical pathological and laboratory detection indicators,
was extracted through the Hospital Information System and jointly
completed by three trained doctors.

Inclusion criteria were as follows: 1) diagnosis of EC based on
either preoperative endometrial biopsy results or postoperative
pathological results; 2) diagnostic methods contained preoperative
endometrial biopsy and at least one imaging examination, and
biopsy samples or imaging from external hospitals was examined by
our own professional doctors with >5 years of work experience; 3)
patients underwent standardized EC staging surgery (including
hysterectomy, bilateral salpingo-oophorectomy, and sentinel
lymph node mapping or systematic lymphadenectomy (20)), and
the specimens were dissected and sent for pathological examination.
Patients were excluded if they met any of the following criteria: 1)
underwent fertility-preserving treatment at least once, 2) received
preoperative neoadjuvant chemotherapy, or 3) displayed other
malignant tumors of the uterus, congenital or acquired immune
deficiency, or severe heart, lung, liver, and/or kidney dysfunction.

CSI was assessed according to the European Society of
Urogenital Radiology guidelines (15). CSI was considered when
hypointense cervical stroma was disrupted by hyperintense tumor
region, or low signal intensity of normal cervical loop was
incomplete or irregular on T2-weighted imaging acquired on a 3-
T scanner (Siemens Healthcare, Erlangen, Germany). At least two
expert radiologists (more than 5 years’ experience) worked in
consensus to outline the diagnostic reports. CSI was indicated
when a low-density tumor or heterogeneous enhancement
appeared in cervical stroma or the neoplastic lesions of the
endometrium extended into cervical stroma on CT (21). CSI was
diagnosed when cervical tissue showed cytologic features of
neoplastic cells such as microscopic morphological variants, lack
of border, and lack of polarity on endometrial biopsy pathology.

2.2 Statistical analysis

Data were analyzed using SPSS 26.0 (IBM Corp., Armonk, NY,
USA); missing data were completed by multiple imputation.
Normality of the data was tested using the Kolmogorov-Smirnov
normality test. When the quantitative data satisfied normality, the
mean and standard deviation were used and analyzed by two-
independent samples t-test or analysis of variance for two or more
samples, respectively. When the quantitative data did not satisfy
normality, the median and interquartile were used to describe the
data and were analyzed using the Mann-Whitney U test or Kruskal-
Wallis H test for two or more samples, respectively. Qualitative data
were statistically described as constituent ratios, and the differences
between groups were analyzed by chi-square test. Additionally, the
exploration of influencing factors was conducted by univariate
analysis and binary logistic regression analysis.

Considering the postoperative pathological diagnosis as the gold
standard, we used the following indicators to evaluate the effectiveness
of the diagnostic methods: Sens., Spec., Acc., false positive rate (FPR),
false negative rate (FNR), positive predictive value (PPV), negative
predictive value (NPV), positive likelihood ratio (LR+), negative
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likelihood ratio (LR-), diagnostic odds ratio (DOR), Youden’s index,
and Kappa value. Acc. indicates the percentage of correctly diagnosed
patients (true positive and true negative) among all patients. PPV refers
to the true ratio of positive results obtained by a specific test, while NPV
refers to the true ratio of negative results. Additionally, when LR+ > 10
or LR— < 0.1, the diagnosis or exclusion of specific diseases was
considered more credible. Furthermore, when Youden’s index and
Kappa test values were more similar, diagnostic authenticity and
consistency improved.

3 Results
3.1 Study population

A total of 2,020 patients were enrolled in this study and grouped
by diagnosis: 242 cases were pathologically diagnosed as CSI and
1,778 cases were non-CSI (Figure 1, Table 1). The incidence of CSI
was 12.0%, which was in accordance with previous reports of 5%-
12% (22). The median age of patients was 53 years in the CSI group
and 52 years in the non-CSI group. The number of patients with
diabetes was 20 (8.3%) in the CSI group and 165 (9.3%) in the non-
CSI group. There were no significant differences in age, blood type, or
diabetes between the CSI and non-CSI groups. The median value of

Potentially eligible participants
n=2589

10.3389/fonc.2025.1548436

cancer antigen 125 (CA125) was 31.55 U/mL (interquartile = 73.8) in
the CSI group and 13.40 U/mL (interquartile = 24.2) in the non-CSI
group (p < 0.001). The incidence of obesity (87.6% vs. 81.5%), non-
endometrioid histological type (41.7% vs. 13.9%), and advanced
histological grading (29.8% vs. 9.3%) were more frequent in the
CSI group than in the non-CSI group (p < 0.05). The incidence of
positive peritoneal cytology (9.1% vs. 3.3%), deep myometrial
invasion (56.2% vs. 17.8%), lymphovascular space invasion (LVSI)
(50.0% vs. 15.5%), adnexal invasion (31.8% vs. 8.3%), parametrial
invasion (19.0% vs. 1.7%), and LN metastasis (34.3% vs. 4.7%) were
higher in the CSI group than in the non-CSI group (p < 0.001). The
rates of positive estrogen receptor and progesterone receptor
detection by immunohistochemistry were lower in the CSI group
than in the non-CSI group (74.4% vs. 92.9%, p < 0.001; 58.7% vs.
87.3%, p < 0.001), whereas the rates of abnormal p53 status, Ki67
overexpression, and deficient mismatch repair (AIMMR) status were
higher in the CSI group than in the non-CSI group (all p < 0.05).

3.2 Diagnostic efficacy of
different methods

Patients were grouped by diagnostic method; there were 951
(47.1%) patients in the MRI group and 1,069 (52.9%) patients in the

- After hysterectomy (n=11)

- Underwent fertility-preserving treatment at least once (n= 32)

- Received preoperative neoadjuvant chemotherapy (n=9)

- Displayed other malignant tumors of the uterus (n= 64)

- With congenital or acquired immune deficiency, or severe heart,
lung, liver, and/or kidney dysfunction (n= 25)

Excluded
n= 141

A

Eligible participants
n=2448

A 4

-Lack of preoperative examination or postoperative pathological
data (n=428)

No index test
n=428

A

Index test
n= 2020

A

Final diagnosis
- pathologically diagnosed as CSI (n=242)
- pathologically diagnosed as non-CSI (n=1778)

FIGURE 1

Flowchart of the inclusion and exclusion criteria of participants with endometrial carcinoma with or without cervical stromal invasion. CSI, cervical

stromal invasion.
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TABLE 1 General characteristics of patients with or without cervical stromal invasion.

CSl (n = 242, %) Non-CSI (n = 1,778, %) Chi-square value
Age (years) [M (Q)] 53 (11) 52 (11) 0.113
Blood type 3.042 0.385
A 70 (28.9) 583 (32.8)
B 67 (27.7) 453 (25.5)
o 75 (31.0) 570 (32.1)
AB 30 (12.4) 172 (9.7)
History of diabetes 20 (8.3) 165 (9.3) 0.264 0.607
Obesity 212 (87.6) 1,449 (81.5) 5.437 0.020
Serum CA125 level
(U/mL) [M (Q)] 31.55 (73.8) 13.40 (24.2) <0.001
Positive peritoneal cytology 22 (9.1) 59 (3.3) 18.441 <0.001
Histological subtype 126.111 <0.001
Precursors of carcinoma 0 140 (7.9)
Endometrioid carcinoma 141 (58.3) 1,391 (78.2)
Non-endometrioid carcinoma 101 (41.7) 247 (13.9)
Serous 11 (10.9) 49 (19.8)
Clear cell 9 (8.9) 20 (8.1)
Carcinosarcoma 9 (8.9) 25 (10.1)
Mixed cell 44 (43.6) 81 (32.8)
Undifferentiated/
Dedifferentiated 18 (17.8) 15 (6.1)
Others 10 (9.9) 57 (23.1)
Histological grade 78.217 <0.001
Gl 47 (33.3) 923 (66.4)
G2 52 (36.9) 339 (24.4)
G3 42 (29.8) 129 (9.3)
Myometrial invasion 180.260 <0.001
<50% 106 (43.8) 1,461 (82.2)
>50% 136 (56.2) 317 (17.8)
LVSI 121 (50.0) 275 (15.5) 161.172 <0.001
Adnexal invasion 77 (31.8) 148 (8.3) 118.788 <0.001
Parametrial invasion 46 (19.0) 30 (1.7) 176.495 <0.001
LN metastasis 83 (34.3) 83 (4.7) 247.928 <0.001
IHC
ER+ 174 (74.4) 1,457 (92.9) 81.680 <0.001
PR+ 138 (58.7) 1,366 (87.3) 121.300 <0.001
Abnormal p53 status 111 (52.6) 669 (43.2) 6.593 0.010
Ki67 overexpression 174 (73.7) 842 (54.1) 32.226 <0.001
dMMR 60 (33.5) 329 (24.0) 7.541 0.006

CSI, cervical stromal invasion; LVSI, lymphovascular space invasion; LN, lymph node; THC, immunohistochemistry; ER, estrogen receptor; PR, progesterone receptor; dAMMR, deficient
mismatch repair. Results with statistical significance (p < 0.05) are shown in bold.
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TABLE 2 Baseline features of patients in MRl and CT groups.

MRI (n = 951, %) CT (n = 1,069, %) Chi-square value

Age (years) [M (Q)] 52 (10) 53 (11) 0.003
Obesity 777 (81.7) 884 (82.7) 0.338 0.561
History of diabetes 97 (10.2) 88 (8.2) 2.342 0.126
Serum CA125 level
(U/mL) [M (Q)] 13.10 (21.1) 15.50 (40.6) <0.001
Positive peritoneal cytology 33 (3.5) 48 (4.5) 1.361 0.243
Histological subtype 9.09 0.011

Precursors of carcinoma 79 (8.3) 61 (5.7)

Endometrioid carcinoma 727 (76.4) 805 (75.3)

Non-endometrioid

carcinoma 145 (15.3) 203 (19.0)

Serous 29 (20.0) 31 (15.3)

Clear cell 12 (8.3) 17 (8.4)

Carcinosarcoma 19 (13.1) 15 (7.4)

Mixed cell 47 (32.4) 78 (38.4)

Undifferentiated/

Dedifferentiated 9 (6.2) 24 (11.8)

Others 29 (20.0) 38 (18.7)
Histological grade 4.416 0.110

Gl 480 (66.0) 490 (60.9)

G2 173 (23.8) 218 (27.1)

G3 74 (10.2) 97 (12.0)
Myometrial invasion 3.023 0.082

<50% 754 (79.3) 813 (76.1)

>50% 197 (20.7) 256 (23.9)
LVSI 170 (17.9) 226 (21.1) 3.405 0.065
Adnexal invasion 90 (9.5) 135 (12.6) 5.039 0.024
Parametrial invasion 31 (3.3) 45 (4.2) 1.254 0.263
LN metastasis 75 (7.9) 91 (8.5) 0.262 0.609

MRI, magnetic resonance imaging; CT, magnetic resonance imaging; LVSI, lymphovascular space invasion; LN, lymph node. Results with statistical significance (p < 0.05) are shown in bold.

CT group. All patients had preoperative endometrial biopsy results
and postoperative pathological diagnosis results. Baseline features
between the two groups were basically consistent (Table 2).

The evaluation of different diagnostic methods compared with
the gold standard of postoperative pathological diagnosis is shown in
Table 3. The Sens., Spec., Acc., FPR, and FNR of the MRI group were
49.50%, 92.24%, 87.70%, 7.76%, and 50.50%, respectively. The PPV was
43.10% and NPV was 93.89%, indicating that 93.89% of patients were
diagnosed as non-CSI by pathology after surgery, among patients who
were diagnosed as non-CSI by MRI before surgery. The LR+, LR—, and
DOR were 6.38, 0.55, and 11.60, respectively. Youden’s index indicates
the ability of diagnostic methods to identify people with or without CSI.
The larger the index, the higher the authenticity. In this study,

Frontiers in Oncology

Youden’s index for the MRI group was 0.42. Kappa values closer to
1 indicated greater consistency. In the MRI group, the Kappa value was
0.392 (p < 0.001), indicating poor consistency.

The Sens., Spec., Acc., FPR, FNR, PPV, NPV, LR+, LR—, and
DOR of the CT group were 56.74%, 79.09%, 76.15%, 20.91%,
43.26%, 29.20%, 92.33%, 2.71, 0.55, and 4.93, respectively.
Youden’s index was 0.36, and the Kappa value was 0.256 (p <
0.001), indicating poor consistency.

The Sens., Spec., Acc., FPR, ENR, PPV, NPV, LR+, LR—, and
DOR of the endometrial biopsy group were 41.74%, 93.25%,
87.08%, 6.75%, 58.26%, 45.70%, 92.16%, 6.18, 0.62, and 9.97,
respectively. Youden’s index was 0.35, and the Kappa value was
0.363 (p < 0.001), indicating poor consistency.
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TABLE 3 Diagnostic values of different methods for cervical stromal invasion in endometrial carcinoma.

Diagnostic Sens. Spec. Acc. FPR FNR PPV NPV DOR Youden'’s Kappa value
methods (%) (%) (%) (%) (%) (V] (%) index (p-Value)

Image
examinations
MRI 49.50 92.24 87.70 7.76 50.50 43.10 9389 638 055 11.60 042 0.392 (p < 0.001)
CT 56.74 79.09 76.15 2091 43.26 29.20 9233 271 055 493 0.36 0.256 (p < 0.001)
Endometrial biopsy =~ 41.74 93.25 87.08 6.75 58.26 45.70 9216 618  0.62 997 035 0.363 (p < 0.001)
Combined
methods
MRI and biopsy 60.40 86.12 83.39 13.88 39.60 34.08 9482 435 046 946 047 0.347 (p < 0.001)
CT and biopsy 68.79 74.89 74.09 25.11 3121 29.39 9405 274 042 652 0.44 0.279 (p < 0.001)

MRI, magnetic resonance imaging; CT, magnetic resonance imaging; Sens., sensitivity; Spec., specificity; Acc., accuracy; FPR, false positive rate; FNR, false negative rate; PPV, positive predictive
value; NPV, negative predictive value; LR+, positive likelihood ratio; LR—, negative likelihood ratio; DOR, diagnostic odds ratio. Results with statistical significance (p < 0.05) are shown in bold.

CSI was considered in groups of MRI or CT combined with 3 3 Factors affecting the diagnostic

endometrial biopsy. The Sens., Spec., Acc., FPR, ENR, PPV, NPV, efficiency of MRI

LR+, LR—, and DOR of the MRI combined with the endometrial

biopsy group were 60.40%, 86.12%, 83.39%, 13.88%, 39.60%, As the diagnostic efficacy of MRI was relatively superior but still
34.08%, 94.82%, 4.35, 0.46, and 9.46, respectively. Youden’s index  ypsatisfactory, we mainly analyzed influencing factors to explore
was 0.47, and the Kappa value was 0.347 (p < 0.001), indicating poor  possible ways to improve efficacy. We analyzed 101 cases in the MRI
consistency. The Sens., Spec., Acc., FPR, FNR, PPV, NPV, LR+, LR group with postoperatively diagnosed CSI: 50 of the postoperative
—» and DOR of the CT combined with the endometrial biopsy group pathological diagnoses were consistent with preoperative diagnosis,
were 68.79%, 74.89%, 74.09%, 25.11%, 31.21%, 29.39%, 94.05%,  whereas 51 cases were inconsistent. Univariate analysis indicated
274, 042, and 6.52, respectively. Youden’s index was 0.44, and the  that there were no significant differences in age, obesity, histological
Kappa value was 0.279 (p < 0.001), indicating poor consistency. type and grade, myometrial invasion, LVSI, adnexal invasion,

TABLE 4 Main factors affecting cervical stromal invasion according to bivariate logistic multivariate regression analysis.

B value Wald chi-square OR (95% CI) p-Value

Age -0.007 0.464 0.993 (0.973-1.013) 0.496
Obesity —-0.029 0.014 0.971 (0.596-1.583) 0.906
Positive CA125 0.709 12.849 2.031 (1.379-2.993) <0.001
Positive peritoneal cytology 0.482 1.744 1.619 (0.792-3.308) 0.187
Endometrioid carcinoma —0.438 2.712 0.645 (0.363-1.087) 0.100
Deep myometrial invasion 0.955 19.174 2.599 (1.695-3.985) <0.001
LVSI 0.250 1.151 1.284 (0.813-2.026) 0.283
Adnexal invasion 0.604 5.625 1.829 (1.111-3.014) 0.018
Parametrial invasion 0.956 5.578 2.602 (1.177-5.753) 0.018
LN metastasis 0.746 7.510 2.108 (1.237-3.592) 0.006
IHC

ER+ —-0.046 0.015 0.955 (0.461-1.979) 0.901

PR+ —-0.628 4.092 0.534 (0.290-0.981) 0.043

Abnormal p53 status -0.335 2919 0.715 (0.487-1.051) 0.088

Ki67 overexpression 0.168 0.635 1.183 (0.782-1.791) 0.425

dMMR 0.362 3.088 1.436 (0.969-2.149) 0.079

LVSI, lymphovascular space invasion; LN, lymph node; IHC, immunohistochemistry; ER, estrogen receptor; PR, progesterone receptor; dAMMR, deficient mismatch repair; OR, odds ratio; 95%
CI, confidence interval. Results with statistical significance (p < 0.05) are shown in bold.
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parametrial invasion, LN metastasis, or the invasion depth of
stroma (p > 0.05). Invasion depth categorization into superficial
or deep CSI groups did not alter significance regardless of the depth
threshold used (>1/2 or >2/3).

To explore the impact of radiologists’ subjective judgment on the
diagnosis of CSI, 73 cases where preoperative reports were inconsistent
with the postoperative pathological diagnosis were reassessed by
another well-experienced radiologist. Compared with the gold
standard of postoperative pathological diagnosis, the Sens., Spec., and
Acc. of reassessment data in the diagnosis of CSI were 48.57%, 89.47%,
and 69.86%, respectively. Reassessing the MRI diagnosis did not
improve the diagnostic efficiency, indicating certain limitations of
MRI in the diagnosis of CSI.

3.4 Main factors affecting CSI

The results of the bivariate logistic multivariate regression
analysis showed that CSI was associated with CA125 [odds ratio
(OR): 2.031, 95% CI: 1.379-2.993, p < 0.001], myometrial invasion
(OR: 2.599, 95% CI: 1.695-3.985, p < 0.001), adnexal invasion (OR:
1.829, 95% CI: 1.111-3.014, p = 0.018), parametrial invasion (OR:
2.602, 95% CI: 1.177-5.753, p = 0.018), LN metastasis (OR: 2.108,
95% CI: 1.237-3.592, p = 0.006), and progesterone receptor (OR:
0.534, 95% CI: 0.290-0.981, p = 0.043). However, the groups did not
differ significantly in terms of age, obesity, peritoneal cytology,
histological subtype, LVSI, estrogen receptor, p53, Ki67, or dAMMR
status (Table 4).

4 Discussion

The incidence rate of EC ranks first among malignant tumors of
the female reproductive system in developed countries and ranks
second in China, severely threatening women’s health. The
diagnosis of CSI in EC is of great significance for assessing the
International Federation of Gynecology and Obstetrics stage,
surgical and postoperative adjuvant protocol, and prognosis.
Clinical guidelines have recommended treating patients with CSI
with simple, radical, or modified radical hysterectomy; although the
differences in 5-year overall survival in different procedures were
disputed, radical or modified radical hysterectomy were essential
when negative margins were needed (23, 24). Moreover, external
radiation therapy was recommended as the first choice for EC
patients with CSI, which can be combined with intracavitary
radiation and systemic therapy based on personal conditions. The
scope of radiation therapy included the lymphatic drainage areas of
the common, internal and external iliac, obturator, and presacral
lymph nodes, as well as the upper vaginal, parametrial, and
paravaginal segments (25). However, no research has specified
whether a different surgery or lymphadenectomy would affect the
efficacy of adjuvant radiotherapy and chemotherapy in patients
with CSL

The optimal preoperative diagnostic method for CSI is
controversial. A meta-analysis including 14 studies performed by Bi
et al. (2020) indicated that the diagnostic Sens., Spec., LR+, LR—, and
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DOR of MRI in CSI were 0.53, 0.95, 10.99, 0.46, and 29.50 (26),
respectively, which were similar to our study findings. The invasion
depth of cervical stroma >2/3 usually showed poor prognosis;
nevertheless, no statistically significant differences were observed
between CSI groups with >1/2 compared to >2/3 or <50%
compared to >50% cervical stroma invasion depth (27), and the
diagnostic efficacy did not improve after reassessment by another
professional radiologist, indicating that MRI-related sequences had
specific limitations in identifying CSI. Other MRI combined
sequences or radiomics may solve this problem: several studies
found that T2-weighted imaging combined with dynamic contrast-
enhanced or diffusion-weighted imaging could improve diagnostic
efficiency (28-30). Compared to traditional diagnostics, radiomics
provides more quantitative and objective information. Recent studies
have demonstrated that MRI-based radiomics models could predict
CSI with higher accuracy than radiologists (0.972 vs. 0.711, p < 0.05)
and improve precision diagnosis and treatment (31, 32).

Furthermore, when MRI was combined with endometrial
biopsy, the diagnostic Sens. increased to 60.40% and the NPV
increased to 94.82%. The reason for the high Spec. and low Sens. of
MRI may be that macroscopic CSI is easily recognized, but
microscopic CSI may be ignored; the low consistency of the
combined methods may be explained by the fact that our study
defined positive results as either test being positive.

Most studies of endometrial biopsy have focused on the
differences between endometrial sampling methods for the
diagnosis of EC, as well as the ability to recognize pathological
types and grades. Our study did not distinguish between specific
sampling methods because the samples of certain patients were re-
analyzed at other hospitals. A meta-analysis based on 45 studies
including 12,459 cases indicated that the diagnostic consistency rate
of EC between hysteroscopy and postoperative pathology was 0.89,
while the consistency rate between traditional curettage and
postoperative pathology was 0.70; this was the lowest in the G2
group (33). In this study, the diagnostic Sens. of preoperative
endometrial biopsy of CSI was 41.60% and the Spec. was 93.22%.
The high Spec. and the low Sens. were potentially due to the
reassessment of specimens from other hospitals. Some researchers
have recommended hysteroscopy most in preoperative biopsies, but
whether the use of uterine distending medium increases the risk of
EC metastasis and the risk of positive peritoneal cytology requires
more evidence to elucidate.

CSI is associated with other risk factors for poor prognosis (34),
such as histological type, deep muscular invasion, LVSI, LN metastasis,
and ovarian invasion (35, 36). In this study, when patients displayed
high CA125, deep myometrial invasion, adnexal invasion, parametrial
invasion, or LN metastasis, the probability of CSI increased, which is
consistent with previous studies (37, 38). Positive peritoneal cytology
was often considered a risk factor for EC; however, in this study, it was
not associated with CSI. When cervical stroma was involved in EC, the
LN metastasis pathway was considered similar to that of cervical
cancer, which is among the reasons for poor prognosis. In addition,
multiple immunohistochemical results related to molecular
classification were also included in this study. Multivariate analysis
showed that CSI was related to progesterone receptor, but not to the
expression levels of estrogen receptor, p53, Ki67, or dAMMR. Positive
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progesterone receptor was a protective factor for CSIL. The association
between CSI and molecular classification remains largely unknown,
recent studies have highlighted the importance of combining
morphological and molecular features in predicting prognosis (39),
and further research is needed to understand the correlation.

A major advantage of this study was the large sample size, which
provided a foundation for persuasive analysis. Moreover, we
incorporated the latest immunohistochemical results related to
molecular classification, closely combining cutting-edge research
and clinical practice to obtain comprehensive results. The main
limitation of this study was that its retrospective design may have
resulted in selection and information biases in the dataset.
Comparisons of different methods of preoperative endometrial
biopsy and differences between MRI sequences or radiomics in
the diagnosis of CSI require further exploration.

5 Conclusions

MRI is relatively superior in assessing cervical CSI, with higher
Spec., Acc., and DOR among the preoperative diagnostic methods
of CSI in EC. The combination of MRI and endometrial biopsy
improves the diagnostic Sens. and NPV, despite unsatisfactory
authenticity and consistency. Considering the influencing factors
such as positive CA125, deep myometrial invasion, adnexal or
parametrial invasion, lymph node metastasis, and negative
progesterone receptor status, potentially enhances preoperative
diagnosis. Furthermore, it would be meaningful to implement
radiologist training programs and encourage the application of
emerging radiomics based on machine learning and artificial
intelligence. Preoperative diagnostic methods of CSI in EC
require further research to improve efficiency.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Medical Ethics
Committee of West China Second Hospital, Sichuan University
(2023 medical scientific research for ethical approval # 028. Date of
IRB approval: March 16, 2023 to December 31, 2024). The studies

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global
cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for
36 cancers in 185 countries. CA: A Cancer ] Clin. (2021) 71:209-49. doi: 10.3322/
caac.21660

2. Chen W, Zheng R, Baade PD, Zhang S, Zeng H, Bray F, et al. Cancer statistics in
China, 2015. CA Cancer ] Clin. (2016) 66:115-32. doi: 10.3322/caac.21338

Frontiers in Oncology

10.3389/fonc.2025.1548436

were conducted in accordance with the local legislation and
institutional requirements. The participants provided their written
informed consent to participate in this study.

Author contributions

YY: Conceptualization, Data curation, Formal Analysis,
Writing - original draft, Writing — review & editing. ZY: Data
curation, Writing — original draft. YZ: Data curation, Writing -
review & editing. ZL: Conceptualization, Methodology, Resources,
Supervision, Writing — review & editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Acknowledgments

The authors are grateful to West China Second University
Hospital and all the patients for supplying the data.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Generative AI was used in the
creation of this manuscript.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

3. Kandoth C, Schultz N, Cherniack AD, Akbani R, Liu Y, Shen H, et al. Integrated
genomic characterization of endometrial carcinoma. Nature. (2013) 497:67-73.
doi: 10.1038/naturel12113

4. Abu-Rustum NR, Yashar CM, Bradley K, Campos SM, Chino J, Chon HS, et al.
NCCN guidelines® Insights: uterine neoplasms, version 3.2021. J Natl Compr Cancer
Network: JNCCN. (2021) 19:888-95. doi: 10.6004/jnccn.2021.0038

frontiersin.org


https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21338
https://doi.org/10.1038/nature12113
https://doi.org/10.6004/jnccn.2021.0038
https://doi.org/10.3389/fonc.2025.1548436
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Yang et al.

5. Ries LAG, Young JL, Keel GE, Eisner MP, Lin YD, Horner MJ, et al. Cancer
survival among adults: US SEER Program, 1988-2001: patient and tumor characteristics.
(2007). National Cancer Institute, SEER Program. Available at: https://seer.cancer.gov/
archive/publications/survival/

6. Kosary CL. FIGO stage, histology, histologic grade, age and race as prognostic
factors in determining survival for cancers of the female gynecological system: an
analysis of 1973-87 SEER cases of cancers of the endometrium, cervix, ovary, vulva, and
vagina. Semin Surg Oncol. (1994) 10:31-46. doi: 10.1002/ssu.2980100107

7. Mundt AJ, Connell PP. Do conventional pathologic features lose their prognostic
significance following postoperative radiation therapy in pathologic stage I-II
endometrial adenocarcinoma? Int | Cancer. (2000) 90:224-30.

8. Koskas M, Amant F, Mirza MR, Creutzberg CL. Cancer of the corpus uteri: 2021
update. Int ] gynaecology obstetrics: Off Organ Int Fed Gynaecology Obstetrics. (2021)
155 Suppl 1:45-60. doi: 10.1002/ijgo.13866

9. Restaino S, Paglietti C, Arcieri M, Biasioli A, Della Martina M, Mariuzzi L, et al.
Management of patients diagnosed with endometrial cancer: comparison of guidelines.
Cancers. (2023) 15(4):1091. doi: 10.3390/cancers15041091

10. Arcieri M, Vizzielli G, Occhiali T, Giorgiutti C, Tius V, Pregnolato S, et al.
Application of novel algorithm on a retrospective series to implement the molecular
classification for endometrial cancer. Eur J Surg oncology: ] Eur Soc Surg Oncol Br Assoc
Surg Oncol. (2024) 50:108436. doi: 10.1016/j.ejs0.2024.108436

11. Restaino S, Poli A, Arcieri M, Mariuzzi L, Orsaria M, Tulisso A, et al. Molecular
classification of endometrial carcinoma on endometrial biopsy: an early prognostic
value to guide personalized treatment. Int | Gynecol Cancer. (2024) 34:1211-6.
doi: 10.1136/ijgc-2024-005478

12. Visser NCM, Reijnen C, Massuger L, Nagtegaal ID, Bulten ], Pijnenborg JMA.
Accuracy of endometrial sampling in endometrial carcinoma: A systematic review and meta-
analysis. Obstet Gynecol. (2017) 130:803-13. doi: 10.1097/A0G.0000000000002261

13. Shiozaki T, Miwa M, Sakuma T, Suzuki K, Kogiku A, Yamamoto K, et al.
Correlation between pre-operative and final histological diagnosis on endometrial
cancer. Int ] Gynecol Cancer. (2019) 29:886-9. doi: 10.1136/ijgc-2018-000041

14. Ballester M, Dubernard G, Bats AS, Heitz D, Mathevet P, Marret H, et al. Comparison
of diagnostic accuracy of frozen section with imprint cytology for intraoperative examination
of sentinel lymph node in early-stage endometrial cancer: results of Senti-Endo study. Ann
Surg Oncol. (2012) 19:3515-21. doi: 10.1245/s10434-012-2390-7

15. Nougaret S, Horta M, Sala E, Lakhman Y, Thomassin-Naggara I, Kido A, et al.
Endometrial cancer MRI staging: updated guidelines of the european society of urogenital
radiology. Eur Radiology. (2019) 29:792-805. doi: 10.1007/s00330-018-5515-y

16. Antonsen SL, Jensen LN, Loft A, Berthelsen AK, Costa ], Tabor A, et al. MRI,
PET/CT and ultrasound in the preoperative staging of endometrial cancer - a
multicenter prospective comparative study. Gynecol Oncol. (2013) 128:300-8.
doi: 10.1016/j.ygyn0.2012.11.025

17. Haldorsen IS, Salvesen HB. Staging of endometrial carcinomas with MRI using
traditional and novel MRI techniques. Clin radiology. (2012) 67:2-12. doi: 10.1016/
j.crad.2011.02.018

18. Haldorsen IS, Husby JA, Werner HM, Magnussen IJ, Rervik J, Helland H, et al.
Standard 1.5-T MRI of endometrial carcinomas: modest agreement between
radiologists. Eur Radiol. (2012) 22:1601-11. doi: 10.1007/s00330-012-2400-y

19. Hardesty LA, Sumkin JH, Hakim C, Johns C, Nath M. The ability of helical CT to
preoperatively stage endometrial carcinoma. AJR Am ] roentgenology. (2001) 176:603—
6. doi: 10.2214/ajr.176.3.1760603

20. Cuccu I, Raspagliesi F, Malzoni M, Vizza E, Papadia A, Di Donato V, et al.
Sentinel node mapping in high-intermediate and high-risk endometrial cancer:
Analysis of 5-year oncologic outcomes. Eur J Surg oncology: ] Eur Soc Surg Oncol Br
Assoc Surg Oncol. (2024) 50:108018. doi: 10.1016/j.¢js0.2024.108018

21. Malpica A. How to approach the many faces of endometrioid carcinoma.
Modern Pathology. (2016) 29:529-44. doi: 10.1038/modpathol.2015.142

22. Kasamatsu T, Onda T, Sawada M, Kato T, Ikeda S. Radical hysterectomy for
FIGO stage IIB cervical cancer: clinicopathological characteristics and prognostic
evaluation. Gynecol Oncol. (2009) 114:69-74. doi: 10.1016/j.ygyno.2009.03.026

Frontiers in Oncology

09

10.3389/fonc.2025.1548436

23. Orezzoli JP, Sioletic S, Olawaiye A, Oliva E, del Carmen MG. Stage II
endometrioid adenocarcinoma of the endometrium: clinical implications of cervical
stromal invasion. Gynecol Oncol. (2009) 113:316-23. doi: 10.1016/j.ygyno.2009.03.007

24. Nasioudis D, Sakamuri S, Ko EM, Haggerty AF, Giuntoli RL 2nd, Burger RA,
et al. Radical hysterectomy is not associated with a survival benefit for patients with
stage II endometrial carcinoma. Gynecol Oncol. (2020) 157:335-9. doi: 10.1016/
j.ygyno.2020.02.003

25. Harkenrider MM, Abu-Rustum N, Albuquerque K, Bradfield L, Bradley K,
Dolinar E, et al. Radiation therapy for endometrial cancer: an american society for
radiation oncology clinical practice guideline. Pract Radiat Oncol. (2023) 13:41-65.
doi: 10.1016/.prro.2022.09.002

26. BiQ, ChenY, Wu K, WangJ, Zhao Y, Wang B, et al. The diagnostic value of MRI
for preoperative staging in patients with endometrial cancer: A meta-analysis. Acad
Radiol. (2020) 27:960-8. doi: 10.1016/j.acra.2019.09.018

27. Alkamachi B ZS, Elshaikh M, Allo G. Prognostic significance of depth and
pattern of cervical stromal invasion in type 1 endometrial carcinoma. Modern
Pathology. (2020) 33:1005-6.

28. Koplay M, Dogan NU, Erdogan H, Sivri M, Erol C, Nayman A, et al.
Diagnostic efficacy of diffusion-weighted MRI for pre-operative assessment of
myometrial and cervical invasion and pelvic lymph node metastasis in
endometrial carcinoma. ] Med Imaging Radiat Oncol. (2014) 58:538-46.
doi: 10.1111/jmiro.2014.58.issue-5

29. Teng F, Zhang YF, Wang YM, Yu J, Lang X, Tian WY, et al. Contrast-enhanced
MRI in preoperative assessment of myometrial and cervical invasion, and lymph node
metastasis: diagnostic value and error analysis in endometrial carcinoma. Acta Obstet
Gynecol Scand. (2015) 94:266-73. doi: 10.1111/a0gs.2015.94.issue-3

30. Du L, Li X, Qiu X, Liu X, Wang Y, Yu Y. Application of FLASH-3D dynamic
contrast-enhanced imaging for diagnosis of endometrial carcinoma. Br ] Radiol. (2016)
89:20160268. doi: 10.1259/bjr.20160268

31. Wang X, Bi Q, Deng C, Wang Y, Miao Y, Kong R, et al. Multiparametric MRI-
based radiomics combined with 3D deep transfer learning to predict cervical stromal
invasion in patients with endometrial carcinoma. Abdominal Radiol. (2024).
doi: 10.1007/s00261-024-04577-1

32. Yang J, Cao Y, Zhou F, Li C, Lv ], Li P. Combined deep-learning MRI-based
radiomic models for preoperative risk classification of endometrial endometrioid
adenocarcinoma. Front Oncol. (2023) 13:1231497. doi: 10.3389/fonc.2023.1231497

33. Cohn DE, Woeste EM, Cacchio S, Zanagnolo VL, Havrilesky L], Mariani A, et al.
Clinical and pathologic correlates in surgical stage II endometrial carcinoma. Obstet
Gynecol. (2007) 109:1062-7. doi: 10.1097/01.A0G.0000260871.87607.25

34. Wang N, Zhang J, Fan X, Ma ], He ], Kang S, et al. Identification of risk factors
for the prognosis of Chinese patients with endometrial carcinoma. Medicine. (2021)
100:e27305. doi: 10.1097/MD.0000000000027305

35. Liang X, Zeng H, Chen S, Jiang M, Liu S, Fan J. Ovarian metastasis risk factors in
endometrial carcinoma: A systematic review and meta-analysis. Eur ] Obstet Gynecol
Reprod Biol. (2021) 267:245-55. doi: 10.1016/j.ejogrb.2021.11.016

36. Li M, Wu S, Xie Y, Zhang X, Wang Z, Zhu Y, et al. Cervical invasion,
lymphovascular space invasion, and ovarian metastasis as predictors of lymph node
metastasis and poor outcome on stages I to III endometrial cancers: a single-center
retrospective study. World J Surg Oncol. (2019) 17:193. doi: 10.1186/s12957-019-
1733-2

37. Toprak S, Sahin EA, Sahin H, Tohma YA, Yilmaz E, Meydanli MM. Risk factors
for cervical stromal involvement in endometrioid-type endometrial cancer. Int J
Gynaecol Obstet. (2021) 153(1):51-5. doi: 10.1002/ijgo.13449

38. Chao A, Tang Y-H, Lai C-H, Chang C-J, Chang S-C, Wu T-I, et al. Potential of
an age-stratified CA125 cut-off value to improve the prognostic classification of
patients with endometrial cancer. Gynecologic Oncol. (2013) 129:500-4. doi: 10.1016/
j-ygyno.2013.02.032

39. De Vitis LA, Reyes-Baez FE, Schivardi G, Shahi M, Fought AJ, McGree ME, et al.
Cervical stromal invasion and molecular characterization in stage II-IV endometrial
cancers. Gynecol Oncol. (2025) 193:81-8. doi: 10.1016/j.ygyno.2024.12.013

frontiersin.org


https://seer.cancer.gov/archive/publications/survival/
https://seer.cancer.gov/archive/publications/survival/
https://doi.org/10.1002/ssu.2980100107
https://doi.org/10.1002/ijgo.13866
https://doi.org/10.3390/cancers15041091
https://doi.org/10.1016/j.ejso.2024.108436
https://doi.org/10.1136/ijgc-2024-005478
https://doi.org/10.1097/AOG.0000000000002261
https://doi.org/10.1136/ijgc-2018-000041
https://doi.org/10.1245/s10434-012-2390-7
https://doi.org/10.1007/s00330-018-5515-y
https://doi.org/10.1016/j.ygyno.2012.11.025
https://doi.org/10.1016/j.crad.2011.02.018
https://doi.org/10.1016/j.crad.2011.02.018
https://doi.org/10.1007/s00330-012-2400-y
https://doi.org/10.2214/ajr.176.3.1760603
https://doi.org/10.1016/j.ejso.2024.108018
https://doi.org/10.1038/modpathol.2015.142
https://doi.org/10.1016/j.ygyno.2009.03.026
https://doi.org/10.1016/j.ygyno.2009.03.007
https://doi.org/10.1016/j.ygyno.2020.02.003
https://doi.org/10.1016/j.ygyno.2020.02.003
https://doi.org/10.1016/j.prro.2022.09.002
https://doi.org/10.1016/j.acra.2019.09.018
https://doi.org/10.1111/jmiro.2014.58.issue-5
https://doi.org/10.1111/aogs.2015.94.issue-3
https://doi.org/10.1259/bjr.20160268
https://doi.org/10.1007/s00261-024-04577-1
https://doi.org/10.3389/fonc.2023.1231497
https://doi.org/10.1097/01.AOG.0000260871.87607.25
https://doi.org/10.1097/MD.0000000000027305
https://doi.org/10.1016/j.ejogrb.2021.11.016
https://doi.org/10.1186/s12957-019-1733-2
https://doi.org/10.1186/s12957-019-1733-2
https://doi.org/10.1002/ijgo.13449
https://doi.org/10.1016/j.ygyno.2013.02.032
https://doi.org/10.1016/j.ygyno.2013.02.032
https://doi.org/10.1016/j.ygyno.2024.12.013
https://doi.org/10.3389/fonc.2025.1548436
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Comparing the efficacy of different methods in assessing cervical stromal invasion in endometrial carcinoma: a retrospective study of 2,020 patients
	1 Introduction
	2 Materials and methods
	2.1 Study design and participants
	2.2 Statistical analysis

	3 Results
	3.1 Study population
	3.2 Diagnostic efficacy of different methods
	3.3 Factors affecting the diagnostic efficiency of MRI
	3.4 Main factors affecting CSI

	4 Discussion
	5 Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References


