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shown that some new metabolic parameters  
of 18F-FDG (Fluor-18-fluorodeoxyglucose, 18F-
FDG) PET/CT, including MTV (Metabolic Tumor 
Volume), TLG (Total Lesion Glycolysis), HF (Intra-
tumoral Heterogeneity Factor) have value for 
the assessment of prognosis of malignant 
tumors [2-8]. Therefore, whether 18F-FDG PET/
CT metabolic parameters can be used to pre-
dict the regional lymph node metastasis of 
esophageal cancer deserved further investiga-
tion. The current study aimed to investigate 
potential correlation between metabolic param-
eters and lymph node metastasis, diagnostic 
value of metabolic parameters on lymph node 
metastasis of esophageal cancer, and the 
scope of lymph node dissection during opera-
tion based on preoperative metabolic parame-
ters of 18F-FDG PET/CT and postoperative 
pathology results. 

Introduction

Esophageal cancer is a common malignant 
tumor with an increasingly high incidence. In 
China, the incidence of new esophageal can- 
cer was about 47.79% and the mortality rate 
was about 37.5% in 2015 [1]. Accurate staging 
and assessment of the range of lesions is  
the basis for comprehensive diagnosis and sur-
gical treatment of esophageal cancer. In addi-
tion, an accurate assessment of the existence 
of regional lymph node metastasis of esopha-
geal cancer is of great significance to select 
therapeutic regimens and guide subsequent 
treatments. At present, lymph node metastasis 
is mainly identified by imaging techniques such 
as CT, intracavitary ultrasound and Positron 
Emission Tomography-Computed Tomography 
(PET/CT). In recent years, some studies have 
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Materials and methods

Subjects

Esophageal cancer patients treated in our hos-
pital from October 2011 to September 2016 
were collected. There were 82 cases meeting 
inclusion criteria, and all of them were diag-
nosed with squamous cell carcinoma, including 
70 males and 12 females, aged between 41 
and 78 years, and medium age of 59 years. 
None of the patients had a medical history of a 
tumor, and they underwent systematic 18F-FDG 
PET/CT examination two weeks before the 
operation.

The present study was conducted in accor-
dance with the Declaration of Helsinki and was 
approved by the Ethics Committee of Fujian 
Provincial Cancer Hospital. Written informed 
consent was obtained from all participants.

18F-FDG PET/CT equipment and method

The Gemini TF 64 PET/CT instrument (Philips, 
the Netherlands) was used. 18F-FDGT was gen-
erated from Sumitomo Corporation HM-10 
cyclotron, with the radiochemical purity grea- 
ter than 95%. Before the examination, pa- 
tients were fasted for more than 6 hours, and 
blood glucose levels were controlled within 
3.9~7.5 mmol/L. After intravenous injection of 

Table 1. MTVs corresponding to different percentages 
of SUVmax in a patient

40% 
SUVmax

50% 
SUVmax

60% 
SUVmax

70% 
SUVmax

80% 
SUVmax

MTV (cm3) 32.817 25.777 18.792 11.295 4.334

Figure 1. Linear relationship based on Table 1. HF 
value was the slope of the liner function. The slope 
was negative because of negative correlation be-
tween them. In this study, the absolute value was 
taken, i.e. the HF of the patient was 0.715 (HF = 
0.715). 

the skull base to the upper end of femur at a 
rate of 1 min/person. The acquisition of imag- 
es was performed by a three-dimensional mo- 
del, then attenuation correction was made  
by CT data. The fusion of PET and CT images 
was performed on EBW2.0 post-processing 
workstation, to get the PET, CT and PET/CT 
fusion images of cross-section, sagittal, and 
coronal plane. The maximum standard uptake 
(SUVmax) was measured by ROI (region of inter-
est, ROI).

Acquisition of metabolic parameters 

SUVmax refers to the maximum SUV in ROI. 
SUVmean refers to the mean SUV in ROI. MTV 
refers to the volume of high metabolic tumor 
tissue. The volume of lesions was divided 
according to different bottom-line thresholds, 
and the MTV values were different. At present, 
the commonly used thresholds were SUV = 2.5, 
40% SUVmax, 50% SUVmax, etc. [9]. The PET 
Cancer Imaging Guide of 2010 Annual Con- 
ference of European Society of Nuclear Me- 
dicine recommended 40% SUVmax as the low- 
er threshold of ROI [10]. Therefore, in this st- 
udy, 40% SUVmax was used as a threshold to 
measure the images, and the system automati-
cally calculated SUVmean, MTV, TLG = MTV × 
SUVmean [11].

Measurement of metabolic heterogeneity fac-
tor (HF) 

Tumor metabolic heterogeneity was determin- 
ed by primary lesion metabolic volume and  
volume of adjacent normal tissue [12]. A differ-
ent percentage of SUVmax had a correspond- 
ing MTV, and there was a linear relationship 
between both of them, and through conver- 
sion, the HF value was obtained. It has been 
reported that when converting HF, the SUVmax 
that was less than 40% and greater than 80% 
should be ruled out [12]. For example, the  
MTVs corresponding to different percentages 
of SUVmax in a patient are shown in Table 1 
and Figure 1.

185~370 MBp (5~10 mCi) 18F-FDG, pa- 
tients had rest for 60 minutes. After urina-
tion, the patients were scanned on the 
machine in a supine position. CT-scan 
acquisition parameters were 120 kV,  
200 mA, matrix 512 * 512, layer thickness 
5 mm. PET images were acquired from  
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Univariate analysis of PET/CT metabolic pa-
rameters and lymph node metastasis 

As shown in Table 2, the PET/CT metabolic 
parameters were divided into two groups, 
including SUVmax (cutoff value 7.350, divided 
into two groups: SUVmax ≥ 7.350, SUVmax < 
7.350), SUVmean (cutoff value 4.399, divided 
into two groups: SUVmean ≥ 4.399, SUVmean 
< 4.399), MTV (cutoff value 5.375, divided into 
two groups: MTV ≥ 5.375, MTV < 5.375), TLG 
(cutoff value 24.080, divided into two gro- 
ups: TLG ≥ 24.080, TLG < 24.080), and HF (cut-
off value 0.1385, divided into two groups: HF ≥ 
0.1385, HF < 0.1385). The univariate analysis 
of PET/CT metabolic parameters and lymph 
node metastasis was performed by logistic 
binary regression and the results showed that, 
all metabolic parameters were statistically sig-
nificant (P = 0.001, P = 0.001, P = 0.001, P < 
0.001, P = 0.001, respectively), suggesting 
that there was a correlation between metabo- 
lic parameters and lymph node metastasis of 
esophageal cancer. 

Multivariate analysis of PET/CT metabolic 
parameters and lymph node metastasis

The above univariate analysis on PET/CT me- 
tabolic parameters showed that SUVmax, 

Statistical analysis

Data analysis was performed by SPSS for 
Windows 17.0 software. ROC curve analysis 
was conducted to calculate the AUC, sensitivity, 
specificity. Logistic binary regression analysis 
was performed, and P < 0.05 was considered 
statistically significant.

Results

Correlation of PET/CT metabolic parameters 
and lymph node metastasis: ROC curve analy-
sis

The correlation between metabolic parame- 
ters and lymph node metastasis was investi-
gated by ROC (Receiver Operating Charac- 
teristic Curve, ROC) analysis. As shown in Fi- 
gure 2, the AUC of SUVmax was 0.657, cutoff 
value was 7.350, P = 0.014. The AUC of 
SUVmean was 0.655, cutoff value was 4.399,  
P = 0.016. The AUC of MTV was 0.719, cutoff 
value was 5.375, P = 0.001. The AUC of TLG 
was 0.722, cutoff value was 24.080, P = 0.001. 
The AUC of HF was 0.727, cutoff value was 
0.1385, P = 0.001. These data suggested th- 
at there was correlation between metabolic 
parameters and lymph node metastasis of 
esophageal cancer. 

Figure 2. ROC analysis for the correlation of PET/CT metabolic parameters and lymph node metastasis. A. Relation-
ship of SUVmax and lymph node metastasis of esophageal carcinoma. B. Relationship of SUVmean and lymph node 
metastasis of esophageal carcinoma. C. Relationship of MTV and lymph node metastasis of esophageal carcinoma. 
D. Relationship of TLG and lymph node metastasis of esophageal carcinoma. E. Relationship of HF and lymph node 
metastasis of esophageal carcinoma.
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diagnosis of lymph node metastasis of esopha-
geal cancer at the upper and middle segment 
was 23.06.

Discussion

Esophageal cancer is a common malignant 
tumor, and current treatment is mainly focused 
on the comprehensive treatment. The exis-
tence of lymph node metastasis plays a deci-
sive role for the choice of surgical approaches 
and the extent of lymph node dissection, so it  
is important to assess lymph node metastas- 
is before surgery. The commonly-used lymph 
node examination methods such as CT, MRI, 
intracavity ultrasound belong to anatomical 
structure imaging with some limitations. It was 
found that, the PET/CT diagnosis of esophageal 
cancer lymph node metastasis was more ac- 
curate than the enhanced CT [11]. In addition, 
another research study by van Vliet and his 
group [13] conducted the meta-analysis with 
the results showing that, both sensitivity and 
specificity of PET/CT for diagnosis of regional 
lymph node of esophageal cancer were superi-
or to CT and intra-cavity ultrasound. At present, 
the PET/CT diagnosis of lymph node metasta-
sis of esophageal cancer should be subject to 
the locally high metabolic lesions in the lym-
phatic drainage area observed by naked eyes. 
A number of lymph node metastases were 
found after operations that were not found 
before operation. The PET/CT metabolic param-
eters were correlated with the lymph node 
metastasis, but whether it can be used to pre-
dict lymph node metastasis needs to be further 
studied.

Accurate preoperative staging played an impor-
tant role in the development of surgical proce-

SUVmean, MTV, TLG, and HF were statistically 
significant, then we conducted multivariate 
analysis on all parameters (SUVmax, SUVmean, 
MTV, TLG, HF) and found that only TLG was  
statistically significant, P = 0.027 (Table 3).  
The correlation between TLG and lymph node 
metastasis was analyzed by ROC curve. Its AUC 
was greater than 0.7. When the cutoff value 
was 24.080, the sensitivity was 93.0%, speci-
ficity was 51.3%, and Youden index was 0.443, 
P = 0.001, suggesting that TLG of primary 
lesion has diagnostic value for lymph node 
metastasis of esophageal cancer, and the mini-
mum TLG for diagnosis of lymph node metasta-
sis of esophageal cancer was 24.08. In addi-
tion, according to different sites of primary 
lesion of esophageal cancer, ROC curve analy-
sis on TLG of the thoracic esophageal cancers 
at the upper and middle segment and the lower 
segment was performed, and it was found that 
the thoracic esophageal cancers at the upper 
and middle segment were statistically signifi-
cant. When TLG > 23.06, its AUC was 0.755, 
the sensitivity was 96.7%, specificity was 
51.7%, and Youden index was 0.484, P =  
0.001, while the thoracic esophageal cancer at 
the lower segment was not statistically signifi-
cant, suggesting that the minimum TLG for 

Table 2. Correlation between lymph node metastasis and PET parameters

Variable Range Number of cases with 
lymph node metastasis

Number of cases without 
lymph node metastasis P value 

95% CI
Lower limit Upper limit 

SUVmax ≥ 7.350 37 20 0.001 2.016 17.027
< 7.350 6 19

SUVmean ≥ 4.399 37 20 0.001 2.016 17.027
< 4.399 6 19

MTV ≥ 5.375 39 21 0.001 2.501 27.923
< 5.375 4 18

TLG ≥ 24.080 40 20 < 0.001 3.348 47.927
< 24.080 3 19

HF ≥ 0.1385 36 18 0.001 2.152 16.732
< 0.1385 7 21

Table 3. Multivariate analysis of lymph node 
metastasis and PET parameters

Variable P value
95% CI

Lower limit Upper limit
SUVmax 0.798 0.074 7.430
MTV 0.561 0.181 23.316
TLG 0.027 1.433 446.928
HF 0.503 0.341 18.860
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diameter of tracheal esophageal bypass, peri-
cardium and abdominal lymph node long-axis 
diameter > 0.5 cm on the CT images. The PET/
CT metabolic parameters are mainly used to 
evaluate whether tumors are benign or malig-
nant. Currently, at SUVmax > 2.5, malignancy is 
suspected. It was difficult to identify the region-
al lymph node metastasis of esophageal can-
cer by the SUVmax value [18]. For other param-
eters, a small number of studies have suggest-
ed a correlation with the lymph node metasta-
sis of esophageal cancer [17-21], but its diag-
nostic value on lymph node metastasis of 
esophageal cancer was rarely mentioned. TLG 
is the product of SUVmean and MTV, which 
combines two factors namely SUV and MTV, so 
theoretically its application value is higher than 
other metabolic parameters. In this study, the 
logistic univariate regression analysis showed 
that, there was a correlation between PET/CT 
metabolic parameters (SUVmax, SUVmean, 
MTV, TLG and HF) and lymph node metastasis 
of esophageal cancer, all P values were less 
than 0.01. The further logistic multivariate 
regression analysis on each metabolic param-
eter found that, TLG was statistically signifi-
cant, P = 0.027, suggesting that TLG had diag-
nostic value for the lymph node metastasis of 
esophageal cancer. In addition, by studying the 
TLG and lymph node metastasis of esophageal 
cancer through ROC curves, it was found that 
when TLG = 24.08, its AUC was 0.722, the sen-
sitivity was 93.0%, the specificity was 51.3%,  
P = 0.001. The results show that TLG had a cer-
tain diagnostic value for lymph node metasta-
sis of esophageal cancer, and the minimum 
TLG was 24.08 for the diagnosis. According to 
the different sites of primary lesions of esopha-
geal cancer, ROC curve analysis was conducted 
for TLG of the thoracic esophageal cancers at 
the upper and middle segment and the lower 
segment. The results show that the thoracic 
esophageal cancers at the upper and middle 
segment were statistically significant. When 
TLG > 23.06, its AUC was 0.755, the sensitivity 
was 96.7%, specificity was 51.7%, P = 0.001, 
while the thoracic esophageal cancer at the 
lower segment was not statistically significant, 
suggesting that the minimum TLG for diagnosis 
of lymph node metastasis of esophageal can-
cer at the upper and middle segment was 
23.06.

At present, lymph node dissection of esopha-
geal cancer surgery mainly includes chest and 

dures for esophageal cancer. It was found that, 
for patients receiving surgery of esophageal 
cancer, the 5-year survival rate of patients with 
lymph node metastasis was less than 15% (< 
15%), while the 5-year survival rate of patients 
without lymph node metastasis was more than 
40% (> 40%) [14]. Because PET/CT examina-
tion is expensive, it is mainly used for clinical 
examination of esophageal cancer with distant 
metastasis, and the CT examination mainly 
used for of esophageal cancer without lymph 
node metastasis. At present, fewer studies on 
the correlation between PET metabolic param-
eters and lymph node metastasis have been 
reported. In earlier studies, for example, retro-
spective analysis on 49 patients with esopha-
geal squamous cell carcinoma examined by 
PET/CT before operation showed that, SUVmax 
and MTV were correlated with lymph node 
metastasis [15]. Another retrospective analys- 
is was conducted on 51 esophageal cancer 
patients by preoperative PET/CT examination 
and found that there was correlation between 
metabolic parameters (SUVmax, MTV, TLG, HF) 
and lymph node metastasis, and further multi-
variate analysis showed that only HF was sta- 
tistically significant [16]. It was also found that 
MTV, SUVmax were correlated with the lymph 
node metastasis of esophageal cancer [17]. 
18F-FDG PET/CT metabolic parameters were 
proportional to the glucose metabolism of tis-
sues, and most tumors were highly metabolic 
[9]. The larger the metabolic parameters, the 
more advanced the tumor, and the higher de- 
gree of malignancy, and therefore, the higher 
possibility the occurrence of regional lymph 
node metastasis. In this study, PET/CT meta-
bolic parameters and lymph node metastasis 
were studied using ROC curve, and all P values 
were less than 0.05, suggesting that there was 
a correlation between PET/CT metabolic param-
eters (including SUVmax, SUVmean, MTV, TLG, 
HF) and lymph node metastasis of esophageal 
cancer. Then logistic univariate regression an- 
alysis also suggested that there was such  
correlation, in which, SUVmax (P = 0.001), 
SUVmean (P = 0.001), MTV (P = 0.001), TLG (P 
< 0.001), and HF (P = 0.001).

At present, the clinical diagnosis of lymph node 
metastasis of esophageal cancer is still mainly 
based on CT. A general consensus achieved is 
the following diagnostic criteria in lymph node 
metastasis of esophageal cancer: mediastinal 
lymph node short-axis diameter > 1 cm and the 
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with esophageal cancers at upper and middle 
thoracic segments. 
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