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Abstract. – OBJECTIVE: To evaluate meta-
bolic parameters of primary lesions examined 
by 18F-FDG PET/CT (18Fluorodeoxyglucose Pos-
itron Emission Tomography /Computed Tomog-
raphy), including maximum standard uptake val-
ue (SUVmax), metabolic volume (MTV), and total 
lesion glycolysis (TLG). 

PATIENTS AND METHODS: 79 patients with 
endometrial cancer were selected as the sub-
jects. They were diagnosed by histopathology in 
our hospital for the first time from January 2016 
to December 2018. All the patients were exam-
ined by 18F-FDG PET/CT. Retrospective statisti-
cal analysis was carried out to evaluate differ-
ent expression of metabolic parameters exam-
ined by 18F-FDG PET/CT of different clinicopath-
ologic factors in endometrial cancer. Spearman 
correlation analysis was also used. 

RESULTS: SUVmax, TLG and MTV were cor-
related with FIGO staging, tissue grading, depth 
of myometrial invasion, and lymph node metas-
tasis. SUVmax, TLG and MTV in lymph node me-
tastasis group had high clinical staging, low dif-
ferentiation and myometrial invasion depth >1/2, 
which were significantly higher than those in 
no lymph node metastasis group (low clinical 
staging, high differentiation and myometrial in-
vasion depth ≤1/2). TLG had the greatest differ-
ence(p<0.001). TLG and MTV were correlated 
with histopathological classification (p<0.05). 
The expression levels of SUVmax, MTV and TLG 
of primary lesions were negatively correlated 
with the positive expression of ER and PR in tu-
mor tissues (p<0.05), and significantly positive-
ly correlated with positive expression of HER -2 
and Ki-67 (p<0.01). The expression of ER, PR, 
HER-2 and KI-67 in tumor tissues was correlat-
ed with tissue grading, clinical staging, depth 
of muscular layer infiltration, cervical tissue in-
volvement and lymph node metastasis (p<0.05). 

CONCLUSIONS: Metabolic parameters of pri-
mary lesions examined by 18F-FDG PET/CT has a 
good correlation with its clinicopathological fea-
tures. They can provide reference for the preop-
erative formulation of treatment plan for endo-
metrial cancer, so as to reduce the risk of sur-
gery and improve the prognosis of patients.

Key Words:
Endometrial cancer, 18Fluorodeoxyglucose, Posi-

tron emission tomography, Preoperative assessment. 

Introduction

Endometrial cancer (EC) is a common gyne-
cologic malignancy originating from the endome-
trial epithelial1. In recent years, the incidence of 
endometrial cancer is increasing, which seriously 
threatens the life and health of women2,3. Preop-
erative clinical staging, pathological type of tu-
mor, histological grading, lymph node metastasis 
are4 important factors to determine the surgery 
mode and prognosis of patients. However, these 
pathological factors can only be judged usually 
after the surgery5, which affects the formulation 
of preoperative surgery program. Therefore, a 
non-invasive technique is needed to accurately 
detect the clinical and pathological factors before 
surgery to guide the clinical decision. Although 
routine imaging diagnosis has a certain value for 
EC preoperative evaluation, there are certain lim-
itations6. The role of 18F-FDG PET/CT imaging in 
EC preoperative assessment has been gradually 
recognized. We can make use of the relation-
ship between metabolic parameters of primary 
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lesions examined by 18F-FDG and EC related 
factors to evaluate preoperative clinicopatholog-
ical factors7. PET /CT can be used to effectively 
and accurately diagnose EC pelvic, lymph node 
metastasis and distant metastasis. It has great 
value in clinical staging, judging prognosis, diag-
nosing recurrence, etc. The maximum standard 
uptake value (SUVmax), metabolic tumor volume 
(MTV) and total glycolysis (TLG) of primary 
lesions are significantly correlated with patho-
logical tissue grading and receptor expression8. 
Previous studies on metabolic parameters of pri-
mary lesions examined by 18F-FDG PET/CT for 
endometrial cancer mainly focused on SUVmax, 
which is the most widely used semi-quantitative 
index currently. However, SUVmax can only re-
flect the functional metabolic degree of the point. 
It cannot assess the overall metabolic situation 
of tumor. MTV and TLG, which represent the 
uptake of primary lesions of tumor examined 
by 18F-FDG, are the parameters for quantitative 
measurement of tumor cells with higher glucose 
metabolic activity. They can more comprehen-
sively measure the glucose metabolic activity of 
tumor cells with more clinical value in reflecting 
the malignancy degree of tumor9. Based on a 
retrospective analysis of the relationship between 
the metabolic parameters SUVmax, MTV and 
TLG, this study evaluated the preoperative pri-
mary lesions of endometrial cancer examined by 
18F-FDG PET/CT and clinical related pathological 
features of patients. We would like to provide a 
basis for preoperative comprehensive evaluation, 
operation strategy formulation and prognosis 
evaluation of patients with endometrial cancer 
and provide a reference for clinical diagnosis and 
treatment. 

Patients and Methods

Patients
This study collected 79 patients with endome-

trial cancer who came to our hospital for the first 
time and were confirmed by histopathology from 
January 2016 to December 2018. The patients 
were all examined by 18F-FDG PET/CT before 
treatment. They were at the age of 35-78, with the 
mean age of (57.69±10.23). The 2009 Staging Cri-
teria of Cintemational Fedcration of Gynccology 
and Obstrics (FIGO) was used10. There were 35 
cases in Clinical Stage I, 21 cases in Stage II, 18 
cases in Stage III and 5 cases in Stage IV. There 
were 10 cases of high differentiation (G1), 51 

cases of middle differentiation (G2) and 18 cases 
of low differentiation (G3) according to tissue 
grading criteria. The 4th edition of the Classifi-
cation Criteria for Female Genital Neoplasms by 
WHO was also referred to11. According to patho-
logical classification, there were 55 cases of Type 
I (hormone-dependent) and 24 cases of Type II 
(non-hormone-dependent). There were different 
histopathological types, including 51 cases with 
endometrial adenocarcinoma, 12 cases with se-
rous carcinoma, 9 cases with mucinous adeno-
carcinoma, 3 cases with mixed adenocarcinoma, 
and 4 cases with clear cell carcinoma. Inclusion 
criteria: (1) Patients examined by preoperative 
all-body inspection with 18FDG PET-CT; (2)The 
interval between PET-CT examination and the 
surgery <2 weeks; (3) Patients all confirmed EC 
by pathohistology; (4) Patients all accepted sur-
gery treatment, without anti-tumor and hormone 
therapy before surgery. (5) Patients with complete 
study data. Exclusion criteria: (1) Patients with 
history of radiotherapy and chemotherapy; (2) 
Patients with other tumors; (3) Patients without 
histopathological confirmation. 79 patients with 
EC mainly manifested irregular vaginal bleeding, 
vaginal discharge or abdominal pain clinically. 
Among them, 4 cases were found by physical ex-
amination. This study was approved by the Eth-
ics Committee of the hospital (Ethics Approval 
Number: Zlunlihao: 20151120), and the informed 
consent was signed with the patients.

Methods

PET/CT Inspection
18F-FDG PET/CT inspection instrument was 

GE Discovery 710 Clarity PET/CT provided 
by General Medical Corporation of the United 
States. 18F-FDG was provided by Guangzhou Iso-
tope Center of China Atomic Energy Research 
Institute, with the chemical purity >95%. All 
patients were fasted for more than 6 h before 
examination, and blood glucose was controlled 
in normal range. 18F-FDG was injected to the 
elbow vein with the dose of 4.44~5.18 MBq/Kg 
according to body weight. Then, patients rested 
for 50~60 min. After discharge of urine, PET/CT 
inspection was performed. The scan was from 
the middle femur to the top of the skull. First, CT 
plain scan was performed, with the voltage of 140 
kV and the current of 110 mA, the spherical tube 
one-ring rotation for 0.5 s, and the thickness of 3 
mm. Then, the patients were scanned by PET at 3 
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min/bed, using 3D acquisition mode. The attenu-
ation correction image was obtained through the 
Ramla 3D.

Image Analysis and Data Processing 
The images were first read by two experienced 

nuclear physicians in a blind manner. In case of 
disagreement, consensus was reached through 
discussion. The region of interest (ROI) was 
delineated according to the PET/CT fusion im-
age. The PET and CT data were processed using 
MEDXE, the metabolic evaluation software of 
tumor. The SUVmax, MTV and TLG of prima-
ry lesions were automatically obtained. 18F-FDG 
PET/CT image of endometrial cancer is shown 
in Figure 1, Figure 1(A): CT image of primary 
lesions of endometrial cancer; Figure 1(B): PET 
image of primary lesions of endometrial cancer; 
Figure 1(C): PET/CT fusion image.

Immunohistochemical Examination of 
Endometrial Cancer

Estrogen receptor (ER), progesterone receptor 
(PR), human epidermal growth factor receptor 2 
(HER2) and proliferating nuclear antigen-67 (Ki-
67) antibody and SP kits were purchased from 
Fuzhou Maixin Biotechnology Development Co., 
Ltd. Positive and negative controls were set, 
taking known positive sections as positive con-
trols and PBS as a negative control instead of an 
antibody. The instructions of the kit was strictly 
followed, and the quality control met the require-
ments. The pathological specimens of endometri-
al cancer were fixed with 10% formaldehyde solu-
tion, embedded with paraffin, and sliced with the 
thickness of 5 μm. Then, the slices were spread 
and the paraffin was removed, and SP method 
was performed. And then, they were observed 
under an optical microscope. As a result, the pos-
itive expression of ER, PR and Ki-67 was yellow, 
distributed in nucleus. If the positive cells were 
< 1%, it was negative, if the positive cells were 
≥ 1%, it was positive. The positive expression of 
HER-2 was yellow, distributed in cell membrane. 
If the positive cells were <10%, it was negative, if 
the positive cells were ≥10%, it was positive. ER 
positive is shown in Figure 2(A), PR positive is 
shown in Figure 2(B), HER -2 positive is shown 
in Figure 2C, and Ki -67 positive is shown in 
Figure 2D.

Analytical Indicators
The data of 79 patients with endometrial 

cancer examined by 18F-FDG PET/CT was ob-

tained according to the cases. All the clinico-
pathological data was also collected, including 
age, tumor clinical staging, tissue grading, 

Figure 1. 18F-FDG PET/CT image of endometrial cancer. 
(A): CT Image of Primary Lesions of Endometrial Cancer; 
(B): PET Image of Primary Lesions of Endometrial Cancer; 
(C): PET/CT Fusion Image, there was a lesion with increased 
radiation uptake in the uterine cavity, with SUVmax of 
15.31, MTV of 8.12 cm and TLG of 78.63 g.
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depth of tumor invasion, pathological type, 
pathological tissue grading, lymph node metas-
tasis, ER, PR, HER-2 and Ki-67 of the patients. 
SUVmax, MTV and the relationship between 
TLG and clinicopathological features were sta-
tistically analyzed.

Statistical Analysis
SPSS19.0 software was used to analyze all the 

data obtained. The data measured were non-nor-
mal distribution, with median and interquar-
tile [M(25%,75%)] description. The inter-group 
differences were compared by Mann-Whitney 
non-parametric test. Counting data were ex-
pressed as cases (%). The χ2 test was used for 
inter-group comparisons. Spearman was used for 
correlation analysis. p<0.05 represented that the 
difference was statistically significant.

Results

Metabolic Parameters of Primary 
Lesion Examined by 18F-FDG PET/CT 
for Endometrial Cancer

All the 79 patients who were newly diagnosed 
endometrial cancer showed increased uptake of 
18F-FDGPET/CT. The SUVmax, MTV and TLG 
of primary lesion were 13.75 (4.23, 21.45), 9.62 
cm3 (3.19 cm3, 17.82 cm3) and 75.73 g (18.72 g, 
298.15 g), respectively.

Correlation Analysis of Metabolic 
Parameters of Primary Lesion Examined 
by 18F-FDG PET/CT for Endometrial 
Cancer and Clinicopathological Factors

SUVmax, TLG and MTV were correlated with 
FIGO staging, tissue grading, depth of myome-
trial invasion, and lymph node metastasis. The 

Figure 2. Immunohistochemical Examination of Endometrial Cancer. (A): ER (10×20) Positive; (B): PR (10×20) Positive; (C): 
HER-2 (10×20) Positive; (D): Ki-67 (10×20) Positive.
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values of SUVmax, TLG and MTV in lymph 
node metastasis group had high clinical stag-
ing, low differentiation and myometrial invasion 
depth >1/2, which were significantly higher than 
those in the no lymph node metastasis group (low 
clinical staging, high differentiation and myome-
trial invasion depth ≤1/2). TLG had the greatest 
difference (p<0.001). There was no correlation 
between SUVmax and pathological type and his-
topathological classification (p>0.05). TLG and 
MTV had no correlation with pathological type 
(p>0.05), but they were correlated with histo-
pathological classification (p<0.05). See Table I.

Correlation Analysis of Metabolic 
Parameters of Primary Lesion Examined 
by 18F-FDG PET/CT for Endometrial 
Cancer and Positive Expression of ER, 
PR, HER-2 and KI-67 in Cancer Tissues

The expression levels of SUVmax, MTV and 
TLG of primary lesion were significantly nega-
tively correlated with the positive expression of 
ER and PR in tumor tissue (p<0.05) and posi-
tively correlated with the positive expression of 
HER-2 and Ki-67 in tumor tissues (p<0.01). See 
Table II.

Relationship Between 
Immunohistochemical Markers and 
Clinicopathological Features of 
Endometrial Cancer

The expression ER, PR, HER-2 and Ki-67 in 
tumor tissue was not significantly correlated with 
the age of patients (p>0.05), and was correlated 
with tissue grading, clinical staging, depth of 
myometrial invasion, involvement of extra-cervi-
cal tissue, and lymph node metastasis (p<0.05). 
See Table III.

Discussion

The clinical curettage and hysteroscopy af-
ter pathological tissue examination are the gold 
standard for the diagnosis of EC, but they cannot 
be used to accurately judge the infiltration and 
invasion, and cannot stage EC. B-mode ultraso-
nography, CT and MIR are helpful in staging, 
but they have certain limitations and cannot 
duly reflect the biological behavior12. At pres-
ent, 18F-FDG PET/CT has been widely used in 
preoperative evaluation of various malignancies. 
In recent years, the clinical application of meta-
bolic parameters examined by 18F-FDG PET/CT 

(including SUVmax, MTV and TLG) is increas-
ingly favored by clinicians. This technique plays 
an important role in the diagnosis, staging and 
efficacy judgment of many malignant tumors, 
such as breast cancer and gastric cancer13. Meta-
bolic parameters of primary lesion of endometrial 
cancer are currently concerned for their value in 
the preoperative evaluation14. Kakhki et al15 re-
ported that metabolic and anatomical changes of 
combined carcinoma lesion examined by 18FDG 
PET-CT have high sensitivity and accuracy in 
the diagnosis of cancer lesion, especially in the 
diagnosis of primary tumor lesion, distant metas-
tasis and recurrence. 18FDG PET-CT examination 
is particularly valuable in diagnosing the recur-
rence and metastasis of ovarian cancer16.

Kitajima et al17 showed that TLG and MTV 
were significantly correlated with depth of myo-
metrial invasion, lymph node metastasis and FI-
GO staging. SUVmax was correlated with tumor 
size and depth of myometrial invasion. This study 
also showed that SUVmax, TLG and MTV were 
correlated with FIGO staging, tissue grading, 
depth of myometrial invasion, and lymph node 
metastasis. The values of SUVmax, TLG and 
MTV in lymph node metastasis group had high 
clinical staging, low differentiation and myome-
trial invasion depth >1/2, which were significantly 
higher than those in the no lymph node metastasis 
group (low clinical staging, high differentiation 
and myometrial invasion depth ≤1/2). TLG had 
the greatest difference (p<0.001). In the studies, 
Boonya-ussadorn et al18 have found that the pri-
mary lesion of SUVmax of endometrial cancer 
was significantly correlated with the maximum 
tumor diameter, but they have no correlation 
with the pathological type of tumor, depth of 
uterine myometrium and lymph node metastasis. 
In this study, there was no correlation between 
SUVmax and pathological type and histologic 
classification (p>0.05). TLG and MTV were not 
correlated with pathological type (p>0.05), but 
they were correlated with histological classifica-
tion (p<0.05). The reason may be that SUVmax 
value only represents some metabolic activity in 
the tumor, which is uneven, so it doesn’t reflect 
the entire tumor metabolism. The application of 
MTV and TLG can better reflect the biological 
behavior of tumor. TLG is a comprehensive pa-
rameter combined with metabolic activity and 
tumor volume, which can more accurately reflect 
the biological behavior, prognosis and post-treat-
ment response of tumors compared with SUV-
max value. Kim et al19 studied and found that 
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Table I. Correlation Analysis of Metabolic Parameters of Primary Lesion Examined by 18F-FDG PET/CT for Endometrial Cancer and Clinicopathological Factors [M (25%,75%)].

	Clinicopathologic feature		  N. of						   
	 Number of cases		  cases	 SUVmax	 p-value	 MTV (cm)3	 p-value	 TLG (g)	 p-value

Tissue grading	 G1	 10	 8.22 (2.36, 8.54)	 < 0.05	 3.13 (1.69, 7.01)	 < 0.01	 16.25 (3.86, 53.42)	 < 0.001
	 G2	 51	 12.31 (5.44, 15.36)		  7.24 (3.25, 15.01)		  43.25 (19.39, 112.34)	
	 G3	 18	 17.63 (8.67, 23.69)		  11.55 (8.69, 23.16)		  88.85 (25.82, 257.6)	

FIGO staging	 Stage I	 35	 5.69 (2.01, 6.42)	 < 0.01	 2.74 (1.24, 8.09)	 < 0.01	 10.23 (2.95, 40.43)	 < 0.001
	 Stage II	 21	 10.31 (3.76, 12.37)		  5.36(2.19, 10.53)		  22.34 (6.59, 116.35)	
	 Stage III	 18	 16.39 (7.25, 22.34)		  11.69 (5.88, 16.79)		  70.40 (20.45, 140.89)	
	 Stage IV	   5	 25.46 (14.58, 30.04)		  15.66 (10.78, 28.67)		  150.23 (56.21, 336.47)	

Depth of tumor invasion	 ≤ 1/2 Muscle layer	 63	 10.69 (5.13, 16.59)	 < 0.05	 8.01 (2.67, 13.78)	 < 0.01	 60.56 (2.89, 101.36)	 < 0.001
	 > 1/2 Muscle layer	 16	 15.42 (10.31, 24.69)		  12.34 (6.12, 25.78)		  101.97 (24.87, 240.82	

Pathological type	 Endometrial adenocarcinoma	 51	 11.69 (4.78, 13.39)	 > 0.05	 8.78 (3.10, 16.37)	 > 0.05	 80.23 (3.56, 178.24)	 > 0.05
	 Non-endometrial adenocarcinoma	 28	 13.16 (5.17, 15.31)		  9.98 (2.7, 13.46)		  75.32 (2.79, 181.23)	

Pathological classification	 Type I	 55	 9.78 (5.67, 19.20)	 > 0.05	 7.86 (2.15, 15.79)	 < 0.05	 66.79 (4.76, 213.56)	 < 0.05
	 Type II	 24	 15.67 (8.42, 28.64)		  14.65 (7.13, 25.64)		  96.23(38.23, 302.25)	

Lymph node metastasis	 No	 64	 11.31 (4.87, 18.36)	 < 0.01	 8.43 (2.01, 14.32)	 < 0.01	 70.23 (3.27, 256.38)	 < 0.001
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the SUVmax, TLG and MTV of primary lesion 
of patients with EC combined with lymph node 
metastasis were significantly higher than those 
without lymph node metastasis, which was also 
confirmed in this study.

Recent advances in molecular biology have 
provided important information for molecular 
typing and prognosis prediction of tumors20. 
Some scholars21 have shown that tissue molecu-
lar immunochemical markers (ER, PR, HER2, 
Ki-67) of endometrial cancer affect the forma-
tion, development and prognosis of endometrial 
cancer. In 1983, Bokhman22 first emphasized the 
important role of endocrine and metabolic disor-
ders in the pathogenesis of endometrial cancer. 
Combined with clinicopathological features and 
disease prognosis, endometrial cancer was divid-
ed into two different subtypes. Endometrial can-
cer belongs to a hormone-dependent disease. The 
expression of ER and/or PR is correlated with tu-
mor histological grading, pathological type, and 
surgical pathological staging23. The positive ex-
pression of ER and/or PR in tissue of endometrial 
cancer is classified as Type I with low malignan-
cy, suggesting a response to hormone therapy24. 
HER2 is a protein gene distributed on the long 
arm of chromosome 1725. It can be activated by 
glycoprotein receptors, leading to abnormal cell 
cycle regulation, exacerbating the low differenti-
ation of tumor cells, and affecting the infiltration 
of tumor cells into adjacent normal tissues to pro-
mote the progress of the disease. Ki67 is a nuclear 
antigen correlated with cell proliferation, which 
is currently considered as a marker reflecting cell 
proliferation activity26. The positive expression of 
ER, PR, HER2 and Ki-67 was correlated with the 
clinicopathological factors of endometrial cancer. 
The positive expression of metabolic parameters, 
such as SUVmax, TLG and MTV, of primary 
lesion examined by 18F-FDG PET/CT have sig-
nificant negative correlation with the positive ex-
pression of ER and PR, with negative correlation 

with the positive expression of HER2 and Ki-67. 
Therefore, according to the metabolic parame-
ters, the molecular immune markers of endome-
trial cancer can be predicted, which is helpful to 
guide the treatment before surgery.

Conclusions

To sum up, metabolic parameters of primary 
lesion examined by 18F-FDG PET/CT for endo-
metrial cancer before surgery are closely related 
to clinicopathological factors. According to the 
SUVmax, MTV and TLG of metabolic param-
eters of primary lesion, the biological behavior 
can be predicted, which can provide the basis for 
preoperative formulation of treatment plan and 
prognosis evaluation, so as to reduce the surgical 
risk of patients with EC and improve the quality 
of life after surgery.

PET-CT examination has its limitations, espe-
cially in judging lymph node metastasis, because 
18F-FDG can be rapidly absorbed and metabolized 
by anti-inflammatory cells such as granulation 
tissue and macrophages during inflammation. 
Therefore, infectious lesions such as inflamma-
tion and tuberculosis can lead to false positives, 
combined with MRI comprehensive assessment 
if necessary. In the future, the multi-center and 
large sample clinical research needs to be further 
clarified in the efficacy of 18F-FDG PET/CT in EC 
preoperative evaluation.
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