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Abstract: Objective: To explore the application of computed tomography (CT) and magnetic resonance imaging (MRI)
in combination with vascular endothelial growth factor-C (VEGF-C) and epidermal growth factor receptor (EGFR) in
the identification of endometrial cancer stages. Methods: Clinical data of 84 patients with endometrial cancer who
underwent surgery in our hospital were retrospectively analyzed. Before surgery, they were received inspection by CT
and MRI and examination by VEGF-C and EGFR measurement. The pathological results after surgery were used as
the gold standard, which was applied to compare the diagnostic accuracy of endometrial cancer stages by CT, MRI,
and CT+MRI and to analyze how VEGF-C and EGFR expression and CT+MRI diagnosis correlated with relevant patho-
logical parameters. Results: Using pathological results as the gold standard, the diagnostic accuracy of endometrial
cancer stages via CT+MRI combined with VEGF-C+EGFR immunostaining was significantly higher (96.43%) com-
pared with CT+MRI, CT, and MRI (91.67%, 70.24%, and 77.38%, respectively) (P<0.05). The positive rates of VEGF-C
and EGFR expression in patients with different endometrial cancer stages identified by CT+MRI were significantly
different (P<0.05). Spearman’s rank correlation coefficient showed that the positive rates of VEGF-C and EGFR ex-
pression were both positively correlated with CT+MRI identified stages (r>0, P<0.05). The accuracy of CT+MRI diag-
nosed lymph node metastasis, myometrial infiltration, and interstitial infiltration was 90.48%, 92.86%, and 84.52%,
respectively. The positive rates of VEGF-C and EGFR expression were significantly higher by lymph node metastasis
compared with non-metastasis; the positive rates of VEGF-C and EGFR expression were significantly higher by deep
myometrial infiltration compared with superficial infiltration; the positive rates of VEGF-C and EGFR expression were
significantly higher by interstitial infiltration compared with no interstitial infiltration (P<0.05). Conclusion: CT and
MRI combined with VEGF-C and EGFR can effectively identify endometrial cancer stages.
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Introduction

Endometrial cancer develops in the epithelium
of the endometrium. The high-risk population
of this disease includes menopausal and post-
menopausal women, with a morbidity of 20% to
30% among all female genital tract malignan-
cies and a 5-year survival rate of 80%-90% [1].
Clinical symptoms in patients mainly include
irregular vaginal bleeding, lower abdominal
pain, menstrual disorders, and increased vagi-
nal discharge, which severely affect women’s
normal lives and quality of life (QOL) [2, 3]. Most
endometrial cancers progress slowly, of which

early-stage tumors only invade the uterine cav-
ity or endometrium. With the tumor progressing
over time, it can affect the pelvic peritoneum,
cervical canal, and fallopian tubes, and even
metastasize to distant organs and lymph nodes
that compromise the prognosis [4, 5].

Currently, there are many clinical approaches
for the treatment of this disease, such as hor-
mone therapy, radiotherapy, chemotherapy,
and surgery. Clear evidence of tumor histologi-
cal type and cancer stage provides the prereq-
uisite for the selection of optional treatment
strategy and the guarantee of therapeutic effi-


http://www.ajtr.org

CT, MRI, VEGF-C, and EGFR to identify endometrial cancer stages

cacy. Pathological diagnosis is is the gold stan-
dard for identifying the characteristics and
stage of the disease. This approach, however,
is invasive and may damage normal tissue
structures. Therefore, it is necessary to explore
safer diagnostic methods.

Preoperative imaging examination has the
advantages of less trauma and convenient
inspection. For example, CT, MRI, and other
inspection methods are used to examine tumor
invasion, location, size, and so forth and have
irreplaceable advantages in the identification
of disease stages, early screening, and patho-
logical grading. Among them, CT can clearly
show invasion to surrounding organs and effec-
tively determine whether there are lymph node
and distant metastasis, but the insight of
assessment for myometrial invasion is limited
[6]. MRI can perform omnidirectional imaging,
which features by good contrast and resolution
of soft tissue to accurately display the size,
location, shape, and interaction of the lesion
with surrounding tissues. However, MRI
requires enhanced scanning to visualize
tumor’s invasion to surrounding organs and is
time-consuming. Thus, patients with restless-
ness and coma cannot commit to obtain clear
images [7]. CT and MRI have their advantages
and disadvantages, which are complementary
to each other. Therefore, this study applies CT
and MRI together for the diagnosis to improve
the accuracy of tumor stage identification.
VEGF-C is a VEGF-related protein, whose high
expression indicates increased vascular per-
meability and increased neovascularization
and lymphangiogenesis [8]. On the one hand, it
can induce neovascularization around cancer
cells by dissociating endothelial cells; on the
other hand, VEGF-C can promote the extravasa-
tion of fibrinogen, increase vascular permeabil-
ity, and promote the formation of blood vessels
around cancer cells, thereby enhancing their
invasion ability [9, 10]. EGFR is a common
transmembrane tyrosine kinase receptor,
whose high expression often indicates in-
creased vascularization in tumors and inhibi-
tion of cell apoptosis. In clinical practice, EGFR
is often used in combination with other bio-
markers to identify the stage, or prognosis, of
endometrial cancer [11, 12]. At present, it has
been reported that CT combined with MRI
shows a promising diagnostic value in the iden-
tification of endometrial cancer stage [13].
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However, studies are limited regarding the cor-
relation between the identification of cancer
stages by these two methods and molecular
indicators. Therefore, this study aimed to inves-
tigate the application of CT and MRI in combi-
nation with VEGF-C and EGFR in the identifica-
tion of endometrial cancer stages.

Materials and methods
General information

The clinical data of 84 endometrial cancer
patients who underwent surgery from De-
cember 2018 to June 2020 in our hospital were
retrospectively analyzed. Patients’ ages ranged
from 35 to 72 years, with an average of
53.6+6.2 years. The course of the disease was
6 months to 12 years, with an average of
5.2+42.3 years. Participants included 50 cases
with menopause and 34 cases without meno-
pause. Pathologic types included 55 cases of
endometrioid adenocarcinoma, 19 cases of
clear cell carcinoma, 8 cases of serous papil-
lary adenocarcinoma, and 2 cases of adeno-
sgquamous carcinoma. This study was approved
by the Ethics Committee of our hospital.

Selection criteria

Inclusion criteria: (1) In accordance with the
diagnostic criteria listed by “Guidelines for the
Diagnosis and Treatment of Endometrial
Cancer (Fourth Edition)” [12]; (2) Normal coagu-
lation function; (3) CT and MRI examinations
within 2 weeks before surgery; complete preop-
erative imaging data and postoperative patho-
logic data and in line with quality control
requirements.

Exclusion criteria: (1) Previous CT and MRI
examination contraindications, history of estro-
gen therapy, and history of pelvic radiotherapy;
(2) Combination with other malignancies and
other severe gynecologic diseases; (3) Pre-
gnancy and lactation; (4) With severe acute pel-
vic infection; (5) Participation in other projects.

CcT

The instrument was a 64-slice spiral CT
machine (model: GE Optima 660, manufactur-
er: General Electric, US) to check the anterior
bladder filling, supine position, and horizontal
scanning. Parameters were set as voltage 120
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KV, current 250-300 mA, layer thickness 0.625-
1.25 mm, pitch 1-1.5, matrix 512*512, and dis-
play field 350 mm. Enhanced CT scanning:
intravenous injection of non-ionic iodine con-
trast agent iohexol (General Electric Phar-
maceuticals Shanghai Co., Ltd., China) with a
high-pressure syringe, an injection rate of 3
mL/s, and a dose of 300 mL. The scanning was
performed 25 s and 60 s after injection.

MRI

MRI examination was performed 48 hours after
CT examination. The instrument was a Philips
1.5 T magnetic resonance machine (model:
Multiva 1.5 T, manufacturer: Philips Medical)
to inspect the anterior bladder filling, supine
position, and regular plain scanning. Scanning
sequence followed as T2W1 fat suppression
sequence and coronary plane, fast spin wave
T2W1 of cross-section and sagittal plane, and
T2W1 fat suppression sequence. After plain
scanning, intravenous injection of contrast
agent gadopentetate meglumine (Beijing Beilu
Pharmaceutical Co., Ltd., China) was applied
for multi-phase enhanced scanning. The dose
was 0.1 mmol/kg with 2 collections of each
signal.

VEGF-C and EGFR staining

Key reagents and instruments: SP kit (Nanjing
Jiancheng Institute of Biology, China), EGFR
and VEGF-C monoclonal antibodies (Shanghai
Sig Biotech Co., Ltd., China), OlympusBXSOWI
photomicrography (Olympus, Japan), OLYMPUS
AU5400 automatic biochemical analyzer (Oly-
mpus, Japan), paraffin microtome (Leica,
Germany).

Procedures: The surgical samples were fixed,
embedded in paraffin, sectioned, and subject-
ed to immunohistochemistry and hematoxylin
and eosin (H&E) staining using the Max Vision
two-step method. Replacement of primary anti-
body (1:100) with PBS was used as a negative
control, while a known endometrial cancer pos-
itive section was applied as a positive control.
EGFR and VEGF-C antibodies were ready-to-
use. 3,3-Diaminobenzidine (DAB) was used for
immunostaining. H&E was applied for counter-
staining, and semi-quantitation was done
under a microscope with high magnification.
The score of the proportion of positive cells: O
point for negative cells, 1 point for positive cells
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<10%, 2 points for 11-50%, 3 points for 51%-
75%, and 4 points for >75% positive cells. The
score of staining intensity: O point for colorless,
1 point for light yellow, 2 points for brownish
yellow, and 3 points for brown. The sum of
points from the above 2 categories was 0-1 as
negative, 2-3 as weak positive, 4-5 as moder-
ate positive, and 6-7 as strong positive.

Outcome measurements

Primary measurements: (1) Stages of endome-
trial cancer. The postoperative pathological
results were used as the gold standard to com-
pare the diagnostic accuracy of CT, MRI,
CT+MRI, and CT+MRI+VEGF-C+EGFR in the
identification of endometrial cancer stages. A.
Surgical pathology: Tumor invasion limited to
the uterus was defined as stage I; invasion to
the cervix but not beyond the uterus was stage
II; invasion of the uterine appendages and sero-
sa and metastasis to the vagina was stage ll;
invasion of the small intestine, bladder and/or
metastasis to distant organs was stage IV. B.
CT: Tumor invasion limited to the normal myo-
metrial layer with intact contour of the outer
edge of the myometrium was defined as stage
I; the central low-density tumor invasion in the
cervix was stage IlI; invasion to the lateral wall,
para-uterine and appendages was stage |lI;
invasion of bladder, para-aortic lymph nodes,
and even metastases to distant organs such as
the liver, lungs, and omentum was stage IV. C.
MRI: if the surface of the endometrium or myo-
metrial layer was irregular, the outer edge of the
myometrium was complete, and the tumor was
found in the myometrial layer, it was defined as
stage |; the tumor found in the cervix was stage
II; periuterine infiltration and the continuously
interrupted outer myometrial layer was stage llI;
low signal or missing in rectal wall or bladder
was stage IV. D. CT+MRI: CT was applied to the
invasion of peripheral organs and peripheral
lymph nodes, while MRI was conducted for the
lesions that occurred in the endometrium and
uterine cavity. (2) Comparison of the positive
rates of VEGF-C and EGFR expression in
patients with stage |, stage Il, stage Ill, and
stage IV identified by CT+MRI. Spearman’s rank
correlation coefficient was carried out to ana-
lyze the correlation between the positive rate of
VEGF-C expression, positive rate of EGFR
expression, and stages by CT+MRI inspection.
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Table 1. Identification of clinical stage by CT (n)

sion were compared in patients

Pathologic results

with or without lymph node metas-

cT Stage|  Stagell Stagell  Stage IV Total tasis, with or without interstitial
Stoge | 13 5 5 1 18 infiltration, and with different
degrees of myometrial infiltration
ztage ::I 2 240 138 ‘21 ;2 diagnosed by CT+MRl.
age
Stage IV 0 2 1 8 11 Statistical analysis
Total 17 28 24 15 84
Note: CT: computed tomography. SPSS22.0 software was applied
for data analysis. Graphpad prism
7.0 was used to make graphs.
Table 2. Identification of clinical stage by MRI (n) Counted data were expressed as
Pathologic results the number of cases (percentage)
MR Stage| Stagell Stagell Stagelv (n (%)), followed by x° test. P<0.05
Stage | 14 5 1 1 18 ir?di(.:a]ted that a difference was
Stage I 1 22 2 3 28 significant.
Stage Il 2 3 20 2 27 Results
Stage IV 0 1 1 9 11
Total 17 28 24 15 84 Identification of clinical stages
Note: MRI: magnetic resonance imaging.
Pathologic results showed that
among 84 patients, 17 were in
Table 3. Identification of clinical stage by CT+MRI (n) stage |, 28 were in stage Il, 24
CT+MRI Pathologic results Total were in sta_ge I, and 15 were in
Stage| Stagell Stagelll Stage IV stage IV. Given pathologic results
Stage | 16 1 0 0 17 as the gold standard, the diag-
Stage Il 0 05 1 1 27 nostic accuracy rates of CT, MRI,
Stage Ii 1 5 23 1 57 CT+MRI-, C.T.+MI.?I+VEGF-C+EGFI3
Stage IV o o o 13 13 for the identification of endometri-
Total 17 o8 4 15 al cancer were 70.24% (59/84),

Note: CT: computed tomography; MRI: magnetic resonance imaging.

Table 4. Identification of clinical stage by CT+MRI+VEGF-

C+EGFR (n)

84 77.38% (65/84), 91.67% (77/84),
and 96.43% (81/84), respectively.
The diagnostic accuracy rate of
CT+MRI+VEGF-C+EGFR for endo-
metrial cancer stages was signifi-

Pathologic results

cantly higher compared with

CT+MRI+VEGF-C+EGFR

Stage | Stagell Stage lll Stage IV

Total CT+MRI, CT, and MRI (x?=5.621,

Stage | 17 0 0
Stage Il 0 27 1
Stage llI 0 1 23
Stage IV 0 0 0
Total 17 28 24

P=0.011; Tables 1-4).

17

28 Analysis of the relationship be-
25 tween the expression levels of
14 VEGF-C and EGFR and stages
84 identified by CT+MRI

Note: CT: computed tomography; MRI: magnetic resonance imaging; VEGF-C:

vascular endothelial growth factor-C; EGFR: epidermal growth factor receptor.

Secondary measurements: (1) Postoperative
pathologic results were used as the gold stan-
dard to evaluate the accuracy of CT+MRI in the
identification of lymph node metastasis, myo-
metrial infiltration, and interstitial infiltration.
(2) Positive rates of VEGF-C and EGFR expres-

7167

The positive rates of VEGF-C and
EGFR expression in patients with
different endometrial cancer stag-
es identified by CT+MRI were significantly differ-
ent (P<0.05). The Spearman’s rank correlation
coefficient showed that the positive rates
of VEGF-C and EGFR expression were positive-
ly correlated with stage (r=5.362, 4.111;
P=0.001, 0.002; Figure 1).
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Figure 1. Analysis of the relationship between the expression levels of VEGF-C and EGFR and stage identified by
CT+MRI. A: VEGF-C; B: EGFR. Compared with Phase |, ""P<0.01. VEGF-C: vascular endothelial growth factor-C; EGFR:

epidermal growth factor receptor.

Table 5. Comparison of the diagnosis of lymph node metas-

tasis by CT+MRI and pathologic results (n)

superficial myometrial layer infiltra-
tion. The positive rates of VEGF-C

Pathologic result

and EGFR expression were signifi-
cantly higher if there was interstitial

CT+MRI Lrin;tzhstr;(;?: N(:nlg;z?ag;de Total infiltration compared with no intersti-
- tial infiltration (P<0.05; Table 8).

Lymph node metastasis 12 3 15

No lymph node metastasis 5 64 69 Discussion

Total 17 67 84

Note: CT: computed tomography; MRI: magnetic resonance imaging.

Comparison of the diagnosis of lymph node
metastasis, myometrial layer infiltration, and
interstitial infiltration by CT+MRI and patho-
logic results

The pathologic results were applied as the gold
standard. The accuracy of CT+MRI in the diag-
nosis of lymph node metastasis, myometrial
layer infiltration, and interstitial infiltration was
90.48%, 92.86%, and 84.52%, respectively
(Tables 5-7).

Analysis of the relationship between VEGF-C
and EGFR expression levels and clinicopatho-
logic features by CT+MRI

The positive rates of VEGF-C and EGFR expres-
sion were significantly higher for lymph node
metastasis compared with no lymph node
metastasis. The positive rates of VEGF-C and
EGFR expression were significantly higher for
deep myometrial infiltration compared with
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This study demonstrates that the
identification of endometrial cancer
stages by CT+MRI is significantly
more accurate compared with CT or MRI identi-
fication alone. CT features a high spatial and
density resolution, which can display the loca-
tion, size, number of areas, and invasion of sur-
rounding organs through enhanced scanning,
thin-layer scanning, and three-dimensional
reconstruction and has obvious advantages in
determining whether or not there is metastasis
and infiltration in tissues around the lesions
[13-15]. MRl is characterized by good contrast
and high resolution to visualize tissues. The
lesions can be observed from multiple angles
such as sagittal and coronal positions to
achieve quantitative, qualitative, and localized
diagnosis [16-18]. Although the use of CT or
MRI alone is promising in the early diagnosis of
endometrial cancer, they are still insufficient in
terms of identification of clinical stages and
diagnostic accuracy. Laifer-Narin et al. have
reported that CT combined with MRI can
improve the accuracy of the identification of
endometrial cancer stages, with a rate of
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Table 6. Comparison of the diagnosis of myometrial layer infiltration by CT+MRI and pathologic results

(n)

Pathologic result

CT+MRI - — - — - — - Total
Deep myometrial layer infiltration Superficial myometrial layer infiltration

Deep myometrial layer infiltration 25 1 26

Superficial myometrial layer infiltration 5 53 58

Total 30 54 84

Note: CT: computed tomography; MRI: magnetic resonance imaging.

Table 7. Comparison of the diagnosis of interstitial
infiltration by CT+MRI and pathologic results (n)

cancer are 64.47% and 82.24%, respec-
tively, which is correlated with the degree

Pathologic result

of tumor differentiation, FIGO staging,
lymph node metastasis, and depth of myo-
metrial invasion [20]. These data are gen-

CT+MRI Interstitial No interstitial ~ Total
infiltration infiltration
Interstitial infiltration 20 4 24
No interstitial infiltration 9 51 60
Total 29 55 84

erally consistent with our results. The rea-
son could be that overexpression of
VEGF-C can increase the stimulation of

Note: CT: computed tomography; MRI: magnetic resonance imaging.

90.5%, and can effectively determine the
degree of endometrial invasion, which is in line
with the results of our study, indicating that the
combination of these two methods can improve
the accuracy of the identification of endometri-
al cancer stage [19].

In this study, the combined application of CT+
MRI and molecular analysis of VEGF-C+EGFR
reveal a higher diagnostic accuracy for the
identification of endometrial cancer stage than
using the imaging approach alone. The positive
rates of VEGF-C and EGFR expression in
patients with different stages of this cancer are
significantly different. They are significantly
higher in lymph node metastasis compared
with non-metastasis, are notably higher in deep
myometrial layer infiltration than those of
superficial myometrial layer infiltration, and are
considerably higher in interstitial infiltration in
comparison to without interstitial infiltration.
This further suggests that the positive rates of
VEGF-C and EGFR expression are closely relat-
ed to the clinical stage of endometrial cancer
and clinicopathologic features such as lymph
node metastasis, depth of myometrial invasion,
and interstitial invasion. Additionally, VEGF-C
and EGFR measurement combined with imag-
ing can improve the accuracy of the identifica-
tion of endometrial cancer stage.

Cai et al. have shown that the positive rates of
VEGF-C and EGFR expression in endometrial
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tumor angiogenesis and change the per-

meability of blood vessels. After the injec-

tion of a paramagnetic contrast agent, the
amount and speed of the agent entering blood
vessels and intercellular spaces increase so
that MRl enhancement is improved. In addition,
VEGF-C overexpression indicates more neo-
vascularization, a faster proliferation of cancer
cells, more cervical involvement, greater
metastasis, and malignancy of distant lymph
nodes. Therefore, CT+MRI reveals that the blur-
rier the tumor boundary, the deeper the muscle
layer invasion. The reason why EGFR is corre-
lated with clinicopathologic features identified
by CT+MRI may be explained by its participation
in PIBK/AKT signaling pathway and mainly
mediating cell division and proliferation signals,
which convert normal endometrial cells into
atypical hyperplastic endometrial cells, leading
to tumor cell metastasis and proliferation [21].

There are some caveats in this study, such as a
low number of sample size, single sample
source, and retrospective analysis, which may
cause data bias. Additionally, the relationship
between disease malignancy predicted by a
combination of imaging indicators and immu-
nological biomarkers and prognosis has not
been analyzed. Therefore, it is still necessary to
expand the sample size in future studies and
conduct multi-center and prospective research
to validate the conclusion of this study.

In summary, preoperative CT combined with
MRI can effectively identify the clinical stage of
endometrial cancer. VEGF-C and EGFR can
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Table 8. Analysis of the relationship between VEGF-C and EGFR expression levels and clinicopatho-

logic features by CT+MRI (n (%))

Clinicopathologic feature

Identified by CT+MRI

Positive rate of VEGF-C

Positive rate of EGFR

expression expression

Lymph node metastasis

Yes 15 14 (93.33) 15 (100.00)

No 69 29 (42.03)™ 42 (60.87)"
Myometrial layer infiltration

Deep 58 23 (39.66) 3 (58.62)

Superficial 26 20 (76.92)" 23 (88.46)"
Interstitial infiltration

Yes 24 19 (79.17) 21 (87.50)

No 60 24 (40.0)™" 36 (60.00)"

Note: Compared with pathologic features, “P<0.05, *"P<0.01,

P<0.001. CT: computed tomography; MRI: magnetic reso-

nance imaging; VEGF-C: vascular endothelial growth factor-C; EGFR: epidermal growth factor receptor.

reflect the biologic behavior of cancer cells and
changes of genes and cells. Therefore, preop-
erative imaging in a combination of diagnostic
methods and tumor biomarkers could be
applied to gain insight into tumor diagnosis,
treatment, and prognosis.
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