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Abstract

Objective To determine the accuracy of uterine corpus invasion (UCI) diagnosis in patients with cervical cancer and identity
risk factors for UCI and depth of invasion.

Methods Clinical data of patients with cervical cancer who underwent hysterectomy between 2004 and 2016 were retro-
spectively reviewed. UCI was assessed on uterine pathology. Independent risk factors for UCI and depth of invasion were
identified using binary and ordinal logistic regression models, respectively.

Results A total of 2,212 patients with cervical cancer from 11 medical institutions in China were included in this study. Of
these, 497 patients had cervical cancer and UCI, and 1,715 patients had cervical cancer and no UCI, according to the original
pathology reports. Retrospective review of the original pathology reports revealed a missed diagnosis of UCI in 54 (10.5%)
patients and a misdiagnosis in 36 (2.1%) patients. Therefore, 515 patients with cervical cancer and UCI (160 patients with
endometrial invasion, 176 patients with myometrial invasion <50%, and 179 patients with myometrial invasion > 50%),
and 1697 patients with cervical cancer without UCI were included in the analysis. Older age, advanced stage, tumor size,
adenocarcinoma, parametrial involvement, resection margin involvement, and lymph node metastasis were independent risk
factors for UCI. These risk factors, except resection margin involvement, were independently associated with depth of UCL.
Conclusions UCI may be missed or misdiagnosed in patients with cervical cancer on postoperative pathological examination.
Older age, advanced stage, tumor size, adenocarcinoma, parametrial involvement, resection margin involvement, and lymph
node metastasis were independent risk factors for UCI and depth of UCI, with the exception of resection margin involvement.
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Introduction

Cervical cancer is the fourth most common cancer in women
[1]. Globally, in 2018, there were an estimated 569,847 new
cases of cervical cancer and 311,365 deaths from the disease
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[2]. Most new cases and deaths occur in low-income and
middle-income countries [3].

Uterine corpus invasion (UCI) occurs when cervical can-
cer extends upwards into the uterine corpus [4]. Currently,
the International Federation of Gynecology and Obstetrics
(FIGO) staging system disregards UCI. However, increas-
ing evidence shows that UCI is associated with decreased
survival in patients with cervical cancer [5—-11]. Previous
studies estimate the incidence of UCI at 4.9-26.2%, showing
great variability. An important limitation of these studies is
the lack of a consistent diagnostic and pathological defini-
tion of UCI [5-11].

The objectives of this multicenter retrospective case—con-
trol study were to determine the accuracy of UCI diagnosis
in patients with cervical cancer and identify the risk factors
for UCI and depth of invasion. UCI was identified from a
retrospective review of uterine pathology.

Methods
Patients

Patient data were extracted from a multicentre clinical diag-
nosis and treatment database of cervical cancer in China
(International Clinical Trials Registry Platform Search Port,
http://apps.who.int/trialsearch/; CHiCTR1800017778).
The database included 46,313 patients with cervical cancer
admitted for surgery or radiotherapy to 37 medical insti-
tutions in mainland China between January 1, 2004 and
December 31, 2016 [12-14].

Approval for the use of patient pathology data was
obtained from 11 of the 37 medical institutions. Patients
from these 11 institutions were included in the present study
if they met the following criteria: (1) histological diagnosis
of cervical cancer according to the 2009 FIGO staging sys-
tem; (2) had undergone hysterectomy; and (3) postoperative
pathological reports showing presence or absence of UCI
were available. Patients with no hematoxylin-and-eosin-
stained pathology specimens were excluded.

Patients were divided into two groups according to the
original pathology reports: cervical cancer with UCI, and
cervical cancer without UCI. To eliminate the influence of
year on the diagnosis of UCI, patients diagnosed in the same
year were allocated to the two groups in a 1:3 ratio, and
the extent of UCI found on hematoxylin-and-eosin-stained
pathology specimens was reviewed.

This study was approved by the Institutional Review Board
of Nanfang Hospital Affiliated with Southern Medical Univer-
sity (NFEC-2017-135). The study was conducted in accord-
ance with the 1964 Declaration of Helsinki and its subsequent

@ Springer

revisions. The study used previously collected clinical data.
Therefore, the need for informed consent was waived.

Definition and pathology review

Retrospective review of hematoxylin-and-eosin-stained uterine
tissue specimens was performed independently by two pathol-
ogists who were blinded to the original pathology reports, and
a consensus diagnosis was reached.

On pathology, UCI was defined as the extension of the pri-
mary cervical cancer above the anatomical internal os of the
cervix with endometrial glands and stroma clearly visible in
the area invaded by the tumor [4, 15, 16].

Depth of UCI was classified as endometrial invasion, myo-
metrial invasion < 50%, or myometrial invasion > 50%, accord-
ing to the deepest point of invasion within the uterine corpus.

Variables

In addition to the presence/absence of UCI and depth of
UCT, the following clinical and pathological covariates were
recorded: age, stage, tumor size, histologic type, histologic
grade, neoadjuvant therapy, surgical approach, stromal inva-
sion depth, lymphovascular space invasion (LVSI), para-
metrial involvement (PMI), resection margin involvement
(RMI), and lymph node (LN) metastasis.

Statistical analysis

Statistical analyses were performed using SPSS v24.0 IBM
Inc, Chicago, IL, USA). Comparisons were made between
patients with cervical cancer with and without UCI. Cat-
egorical variables were compared with the chi-squared test.
Independent risk factors for UCI were identified using multi-
variate forward stepwise logistic regression models. Covari-
ates were clinical and pathological variables with P <0.1
on univariate analysis. Clinicopathological variables were
selected a priori on the basis of their potential for affecting
UCI. Independent risk factors for depth of UCI were identi-
fied using ordinal logistic regression models.

A subgroup analysis that included patients who had not
received neoadjuvant therapy was performed to clarify the
association between neoadjuvant therapy and UCL

Two-sided p-values <0.05 were considered statistically
significant.

Results
Patient characteristics

Patient selection is shown in Fig. 1. A total of 46,313 patients
were identified by the multicenter clinical diagnosis and
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treatment database of cervical cancer in China. Among the
11 institutions that provided approval for the use of patient
pathology data, 17,508 patients underwent hysterectomy and
630 (3.6%) patients had cervical cancer with UCI, according
to the original pathology reports. Patients were allocated to
two groups in a 1:3 ratio (n =630, cervical cancer with UCI:

n=1,890, cervical cancer without UCI). Subsequently, 133
patients with cervical cancer with UCI and 175 patients with
cervical cancer without UCI were excluded due to missing
data. Ultimately, a total of 2,212 patients met the criteria
for inclusion in this study. The original pathology reports
revealed that 497 patients with cervical cancer had UCI,

46,313 patients with cervical cancer

y

17,508 patients underwent hysterectomy (11centers)

4

v

v

630 patients with uterine corpus invasion
on the original pathology report

16,878 patients without uterine corpus
invasion on the original pathology report

1:3 with the same year at diagnosis

630 patients with uterine corpus invasion
on the original pathology report

1,890 patients without uterine corpus invasion
on the original pathology report

133 patients were
excluded as data were

>
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A\ 4
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497 patients with uterine corpus invasion
on the original pathology report
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2,212 patients were included in the study

v

v

497 patients with uterine corpus invasion
on the original pathology report

1,715 patients without uterine corpus invasion
on the original pathology report

Pathology review

v

515 patients with uterine corpus invasion

1,697 patients without uterine corpus invasion

Fig. 1 Flowchart of patient selection
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and 1,715 patients with cervical cancer had no UCI. Subse-
quent review of hematoxylin-and-eosin-stained uterine tis-
sue specimens was performed by two pathologists accord-
ing to our prespecified definition of UCI. Compared to the
original pathology reports, a second review of uterine corpus
and cervix pathology showed that missed diagnosis of UCI
occurred in 54/1,715 (10.5%) patients with cervical cancer
without UCI, according to the original pathology reports,
and misdiagnosis of UCI occurred in 36/497 (2.1%) patients
with cervical cancer with UCI, according to the original
pathology reports. This revealed that 515 patients with cervi-
cal cancer had UCI, and 1,697 patients with cervical cancer
had no UCI (Table 1).

The detailed characteristics of the 2,212 patients included
in this study are summarized in Supplementary Table 1.
According to uterine corpus pathology, 515 patients had
UCI, including 160 (31.0%) patients with endometrial inva-
sion, 176 (34.2%) patients with myometrial invasion < 50%,
and 179 (34.8%) patients with myometrial invasion > 50%
(Fig. 2). Compared to patients with cervical cancer and no
UCI, those with UCI were significantly older (p <0.001),
had a significantly larger tumor size (p <0.001), and were
significantly more likely to have advanced stage disease
(»<0.001), adenocarcinoma (p <0.001), Grade 1 or 2 dis-
ease (p=0.009), stromal invasion depth > 1/2 (p=0.001),
PMI (p <0.001), RMI (p=0.001), or LN metastasis
(p<0.001) (Table 2).

Risk factors for UCI and invasion depth

On multivariate binary logistic regression analysis, older age
(50-59 versus < 50 years, aOR 1.681; > 60 versus < 50 years,
aOR 2.670), advanced stage (IIB versus <IA2-IB, aOR
1.576; III-1V versus <IA2-IB, aOR 3.458), tumor size
(unknown versus <2, aOR 2.500), adenocarcinoma (aOR
2.271), parametrial involvement (aOR 2.078), resection
margin involvement (aOR 1.840), and lymph node metas-
tasis (aOR 1.647) were independent risk factors for UCI
(Table 3).

Table 1 Original and subsequent pathological review

UCI Number (%) Subsequent pathological review

Non-UCI (n=1697) UCI (n=515) p

Tumor extension <0.001
based on original

reports
Cervix (n=1715)

Uterine corpus
(n=497)

1661 (97.9%)
36 (2.1%)

54 (10.5%)
461 (89.5%)

UCI uterine corpus invasion
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On ordinal logistic regression analysis, these risk factors,
except RMI, were independently associated with depth of
UCI (Table 4).

Subgroup analysis

A total of 1,848 patients did not receive neoadjuvant ther-
apy, including 434 patients with cervical cancer and UCI
and 1414 patients with cervical cancer and no UCI. Among
the women with UCI, 136 (31.3%) patients had endome-
trial invasion, 156 (36.0%) patients had myometrial inva-
sion <50%, and 142 (32.7%) patients had myometrial
invasion >50%. On multivariate binary logistic regression
analysis, older age (5059 versus < 50 years, aOR 1.535;
and > 60 versus < 50 years, aOR 2.377), advanced stage (IIB
versus <IA2-IB, aOR 1.904; ITII-1IV versus <IA2-IB, aOR
15.541), tumor size (unknown versus <2, aOR 2.451), ade-
nocarcinoma (aOR 2.040), parametrial involvement (aOR
1.876), and lymph node metastasis (aOR 1.562) were inde-
pendent risk factors for UCI (Supplementary Table 2).

On ordinal logistic regression analysis, these risk factors
were independently associated with depth of UCI (Supple-
mentary Table 3).

A total of 1,267 patients diagnosed at stages [A2, IB1
and ITA1 did not receive neoadjuvant therapy, including 270
patients with cervical cancer and UCI and 997 patients with
cervical cancer and no UCI. Among the women with UCI,
97 (35.9%) patients had endometrial invasion, 98 (36.3%)
patients had myometrial invasion <50%, and 75 (27.8%)
patients had myometrial invasion >50%. On multivariate
binary logistic regression analysis, older age (50-59 ver-
sus < 50 years, aOR 1.529; and > 60 versus < 50 years, aOR
2.456), tumor size (unknown versus <2, aOR 3.399), his-
tologic type (adenocarcinoma versus squamous cell carci-
noma, aOR 1.782; and others or unknown versus squamous
cell carcinoma, aOR 2.851), parametrial involvement (aOR
3.018), and lymph node metastasis (aOR 1.422) were inde-
pendent risk factors for UCI (Supplementary Table 4).

On ordinal logistic regression analysis, these risk factors
were independently associated with depth of UCI (Supple-
mentary Table 5). Findings from the subgroup analyses were
consistent with the primary analysis.

Discussion

This multicentre retrospective case—control study deter-
mined the accuracy of UCI diagnosis and the risk factors
associated with the presence and depth of UCI in patients
with cervical cancer. Presence and depth of UCI were
identified from a retrospective review of hematoxylin-
and-eosin-stained uterine tissue specimens. Retrospective
review of the original pathology reports according to our
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Fig.2 Hematoxylin—eosin staining of uterine tissue specimens.
Arrows represent infiltrate related to cervical carcinoma in different
parts of the uterine corpus. a cervical squamous cell carcinoma; b

prespecified definition of UCI revealed a missed diagnosis
of UCI in 54 (10.5%) patients and a misdiagnosis in 36
(2.1%) patients.

Previous studies have described UCI in cervical cancer,
estimating the incidence at 4.9-26.2% [5—11]. These studies
were limited as the estimates were not based on pathological
criteria. In clinical practice, tumor extension to the uterine
corpus is likely missed or misdiagnosed by pathologists as
it is disregarded by the FIGO staging system.

cervical adenocarcinoma; ¢ uterine corpus without tumor invasion;
d endometrial invasion; e myometrial invasion<50%; f myometrial
invasion >50%

The present study revealed that older age, advanced stage,
tumor size, adenocarcinoma, parametrial involvement, resec-
tion margin involvement, and lymph node metastasis were
independent risk factors for UCI. Among these, adenocarci-
noma is more likely to extend upward to the uterine corpus
compared to squamous cell carcinoma. Adenocarcinoma
of the cervix originates close to the uterine corpus in the
endocervical glands, while squamous cell carcinoma arises
in the ectocervix. UCI has been associated with lymph node
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Table 2 Clinical and pathological characteristics of patients with cer-
vical cancer with or without UCI

Characteristic UCI non-UCI P
Number (%) 515 (100.0%) 1697 (100.0%)

Age,y <0.001
<50 145 (28.2%) 675 (39.8%)

50-59 201 (39.0%) 652 (38.4%)

>60 169 (32.8%) 370 (21.8%)

Year at diagnosis <0.001
2004-2008 109 (21.2%) 247 (14.6%)

2009-2016 406 (78.8%) 1450 (85.4%)

Stage <0.001
1A2+1B 213 (41.4%) 808 (47.6%)

A 230 (44.7%) 769 (45.3%)

B 46 (8.9%) 89 (5.2%)

I-1IVA 10 (1.9%) 7 (0.4%)

Unknown 16 (3.1%) 24 (1.4%)

Tumor size, cm <0.001
<2 53 (10.3%) 247 (14.6%)

2.1-4 243 (47.2%) 857 (50.5%)

>4 143 (27.8%) 480 (28.3%)

Unknown 76 (14.8%) 113 (6.7%)

Histologic type <0.001
Squamous cell 414 (80.4%) 1521 (89.6%)
Adenocarcinoma 79 (15.3%) 132 (7.8%)

Adenosquamous 10 (1.9%) 22 (1.3%)

Others or unknown 12 (2.3%) 22 (1.3%)

Grade 0.009
GI+G2 244 (47.4%) 761 (44.8%)

G3 191 (37.1%) 739 (43.5%)

Unknown 80 (15.5%) 197 (11.6%)

Neoadjuvant therapy 0.611
No 434 (84.3%) 1414 (83.3%)

Yes 81 (15.7%) 283 (16.7%)

Surgical approach 0.267
Laparotomy 387 (75.1%) 1330 (78.4%)

Laparoscope 123 (23.9%) 356 (21.0%)

Others or unknown 5(1.0%) 11 (0.6%)

Stromal invasion depth 0.001
<12 71 (13.8%) 357 (21.0%)

>1/2 426 (82.7%) 1277 (75.3%)

Unknown 18 (3.5%) 63 (3.7%)

LVSI 0.956
No 373 (72.4%) 1227 (72.3%)

Yes 142 (27.6%) 470 (27.7%)

PMI <0.001
No 480 (93.2%) 1643 (96.8%)

Yes 35 (6.8%) 54 (3.2%)

RMI 0.001
No 491 (95.3%) 1662 (97.9%)

Yes 24 (4.7%) 35 (2.1%)

LN metastasis <0.001
No 320 (62.1%) 1228 (72.4%)

Yes 195 (37.9%) 469 (27.6%)
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Table 2 (continued)

UCI uterine corpus invasion, LVSI lymphovascular space invasion,
PMI parametrial involvement, RMI resection margin involvement,
LN lymph node.

metastasis in previous studies [11, 17]. Current NCCN
guidelines do not recommend routine para-aortic lymphad-
enectomy as part of radical surgery due to the very low rate
of para-aortic lymph node metastasis in early stage cervi-
cal cancer [18, 19]. In the current study, only 180 (8.1%)
patients underwent para-aortic lymphadenectomy and 10
(0.5%) patients underwent para-aortic lymph node biopsy.
Due to the small sample size, data describing pelvic and
para-aortic lymph node involvement were analyzed together.
Lymph node metastasis was identified as an independent
risk factor for UCI, but the effect of para-aortic lymph node
metastasis could not be evaluated. The current study also
demonstrated that advanced stage, including IIB and III-
IVA, were associated with UCI. However, according to the
NCCN guideline, radical surgery was not recommended,
and the optimal treatment strategy was concurrent chemo-
radiotherapy [18]. Furthermore, multivariate binary logistic
regression analysis revealed that the variable of “unknown
tumor size” was an independent risk factor for UCI, but
“known tumor size” was not. Therefore, in this model, tumor
size would not have practical significance. This result may
be due to bias caused by the small sample size. Alternatively,
large tumor size may be difficult to measure and prone to
missing data.

To the author’s knowledge, the present study is the first to
identify older age, advanced stage, tumor size, adenocarci-
noma, parametrial involvement, and lymph node metastasis
as independent risk factors affecting depth of UCI [5, 10,
11]. Several previous studies revealed that cervical can-
cer extension to the corpus was associated with decreased
survival and distant metastasis in patients with early stage
cervical cancer, including a large retrospective cohort study
involving 17,074 patients [11]. However, one previous study
reported no association between UCI and survival in patients
with cervical cancer [10]. Previous studies did not consider
the effect of depth of tumor invasion within the uterine
corpus on survival in cervical cancer, which may explain
these inconsistent results. In the present study, among the
11 included institutions, no pathologists reported depth of
UCT on their patients’ medical records. Further research on
the effect of depth of UCI on patient survival is warranted
to inform clinical practice.

Findings from our study revealed that neoadjuvant ther-
apy was not associated with UCI. Cervical cancer involves
the uterine corpus by direct extension rather than blood
borne or lymphatic metastasis; thus, the effect of neoad-
juvant therapy on UCI may not be apparent due to the
large quantity of locally spreading tumor cells [20-24].
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Tablg 3 Univariate and . Risk factors Univariate analysis Multivariate analysis
multivariate analyses of risk
factors for UCI by binary OR (95% CI) aOR (95% CI) P
logistic regression models
Age
<50 1 1
50-59 1.435 (1.130-1.823) 0.003 1.681 (1.308-2.161) <0.001
>60 2.126 (1.647-2.745) <0.001 2.670 (2.027-3.518) <0.001
Year at diagnosis
2004-2008 1
2009-2016 0.634 (0.494-0.815) <0.001
Stage
IA2+1B 1 1
A 1.135 (0.919-1.401) 0.241 1.009 (0.807-1.263) 0.935
1B 1.961 (1.332-2.886) 0.001 1.576 (1.040-2.388) 0.032
MI-IVA 5.419 (2.039-14.405) 0.001 3.458 (1.210-9.888) 0.021
Unknown 2.529 (1.320-4.846) 0.005 1.896 (0.959-3.747) 0.066
Tumor size
<2 1 1
2.1-4 1.321 (0.951-1.836) 0.097 1.317 (0.937-1.850) 0.113
>4 1.388 (0.978-1.971) 0.067 1.353 (0.937-1.954) 0.106
Unknown 3.134 (2.069-4.749) <0.001 2.500 (1.613-3.876) <0.001
Histologic type
Squamous cell 1 1
Adenocarcinoma 2.199 (1.630-2.966) <0.001 2.271 (1.655-3.117) <0.001
Adenosquamous 1.670 (0.785-3.554) 0.183 1.625 (0.746-3.539) 0.222
Others or unknown 2.004 (0.984-4.083) 0.056 2.035 (0.967-4.283) 0.061
Grade
G1+G2 1
G3 0.806 (0.650-0.999) 0.049
Unknown 1.267 (0.941-1.705) 0.119
Neoadjuvant therapy
No 1
Yes 0.933 (0.712-1.221) 0.611
Surgical approach
Laparotomy 1
Laparoscope 1.187 (0.939-1.501) 0.151
Others or unknown 1.562 (0.539-4.523) 0.411
Stromal invasion depth
<172 1
>1/2 1.677 (1.271-2.213) <0.001
Unknown 1.437 (0.802-2.572) 0.223
LVSI 0.994 (0.797-1.239) 0.956
PMI 2.219 (1.433-3.435) <0.001 2.078 (1.306-3.307) 0.002
RMI 2.321 (1.367-3.940) 0.002 1.840 (1.043-3.249) 0.035
LN metastasis 1.596 (1.297-1.963) <0.001 1.647 (1.318-2.058) <0.001

All listed covariates were not found to have multicollinearity. The Hosmer and Lemeshow test (chi-squared
value =10.482; p=0.196) for binary multivariate logistic regression was used.

LVSI lymphovascular space invasion, PMI parametrial involvement, RMI resection margin involvement,

LN lymph node, OR odds ratio, CI confidence interval
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Table 4 Risk factors for depth of UCI by ordinal logistic regression
models

Risk factors aOR (95% CI) P

Age 1.540 (1.350-1.759) <0.001
Stage 1.212 (1.073-1.368) 0.002
Tumor size 1.280 (1.131-1.449) <0.001
Histologic type

Squamous cell 1

Adenocarcinoma 2.305 (1.707-3.111) <0.001
Adenosquamous 1.402 (0.645-3.043) 0.393
Others or unknown 2.212 (1.101-4.450) 0.026
PMI 2.713 (1.774-4.150) <0.001
LN metastasis 1.697 (1.370-2.100) <0.001

The table includes covariates entered into the final model. The test of
parallel lines (chi-squared value=20.790, p=0.290) and the good-
ness-of-fit test (chi-squared value=780.264, p =0.830) for ordinal
logistic regression were used. PMI, parametrial involvement; RMI,
resection margin involvement; LN, lymph node; OR, odds ratio; CI,
confidence interval

Our subgroup analysis excluded the influence of preop-
erative neoadjuvant therapy on postoperative pathological
risk factors for UCI. Consistent with the primary analysis,
older age, advanced stage, tumor size, adenocarcinoma,
parametrial involvement, and lymph node metastasis were
independent risk factors for UCI in patients who did not
receive neoadjuvant therapy. Resection margin involve-
ment was not identified as a risk factor in these patients,
possibly due to the limited number of patients with resec-
tion margin involvement in this subgroup analysis.

This was a large-scale cohort study that identified risk
factors for UCI and depth of invasion in patients with cer-
vical cancer; however, it had several limitations. First, this
was a non-randomized retrospective study with potential
for patient and institution selection bias. Second, findings
from this study may not be generalizable to patients and
institutions across China and in other geographical loca-
tions. Third, the data should be interpreted with caution
as odds ratios exaggerate effect sizes compared to rela-
tive risk. Finally, the objective of the current study was
to investigate the accuracy of UCI diagnosis and the risk
factors for UCI and depth of invasion in cervical cancer.
Patient outcomes associated with UCI and depth of inva-
sion were not investigated, but may be studied in future
research.

In conclusion, findings from this study reveal UCI may
be missed or misdiagnosed in patients with cervical can-
cer on postoperative pathological examination. Older age,
advanced stage, tumor size, adenocarcinoma, parametrial
involvement, resection margin involvement, and lymph node
metastasis were independent risk factors for UCI and depth
of UCI, with the exception of resection margin involvement.
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