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Application of preoperative DCE-MRI quantitative parameters 
combined with serum VEGFR-3 in the evaluation of 

mediastinal lymph node metastasis of adenocarcinoma of 
lung 

INTRODUCTION 

The pathological characteristics of 
adenocarcinoma of Lung (AOL) are the basis for 
clinical treatment and intervention decisions (1). The 
key and difficult points in clinical diagnosis and 
treatment of AOL are whether the mediastinal lymph 
nodes metastasize, which is also the key to 
formulating reasonable intervention measures (2). In 
the past, the existence of mediastinal lymph node 
metastasis (MLNM) for AOL patients mainly 
depended on pathological examination. However, as 
an invasive operation, pathological examination is 
highly subjective in terms of sample collection, and 
the risk of pathological tissue dropping out during 
the sample collection is high (3). Therefore, relying on 
pathological tissue examination is still limited in 
various prognosis evaluation, staging diagnosis and 
treatment, and various scientific research means, and 
it is particularly necessary to explore non-invasive, 
accurate, repeatable examination means capable of 
obtaining quantitative and functional information of 
lymph nodes (4).  

With the development of magnetic resonance 
imaging (MRI) hardware performance and software 

imaging sequences, dynamic contrast-enhanced-MRI 
(DCE-MRI) has become a new MRI functional imaging 
technology (5). Based on the anatomical and 
morphological changes, this technique forms an 
accurate multi-mode magnetic resonance imaging 
examination dominated by the pathological 
microenvironment, such as water molecule 
dispersion between tissues and tissue micro-
perfusion, which provides an objective and scientific 
reference for the volume work in the examination of 
pathological features of AOL (6). However, some 
studies have pointed out that the simple reliance on 
imaging examinations is still biased (7), so the 
combination of biological indicators on this basis was 
considered.  

As we all know, neoangiogenesis plays an 
important role in the occurrence and progression of 
cachexia. Vascular endothelial growth factor receptor
-3 (VEGFR-3) is a vascular endothelial growth factor 
receptor that plays a key role in the generation of 
lymphatic vessels (8, 9). In the latest study, the 
relationship between VEGFR-3 and AOL has been 
preliminarily verified (10). However, no studies have 
evaluated MLNM in patients with VEGFR-3 and AOL. 

Therefore, this study combines the quantitative 
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ABSTRACT 

Background: To observe the expression of serum vascular endothelial growth factor 
receptor-3 (VEGFR-3) and dynamic contrast-enhanced magnetic resonance imaging 
(DCE-MRI) quantitative parameters in patients with lung adenocarcinoma (AOL) 
mediastinal lymph node metastasis (MLNM), and analyze the relationship between the 
above parameter and MLNM of AOL. Materials and Methods: One hundred patients 
with AOL, they were divided into MLNM group and non-MLNM group. Two groups 
were compared in the DCE-MRI quantitative parameters [Rate constant (Kep), volume 
transfer constant (Ktrans), extravascular extracellular volume fraction (Ve), and 
apparent diffusion coefficient (ADC)] and serum VEGFR-3 expression, and the 
relationship between the above index parameters and MLNM in patients with AOL 
was analyzed. Results: Compared with the non-MLNM group, the Ktrans, Kep, Ve 
value and expression of serum VEGFR-3 in the MLNM group were higher, the ADC 
value was lower (P<0.05). Logistics regression analysis showed that preoperative 
fasting serum VEGFR-3 expression was related to MLNM in patients with AOL, and 
high VEGFR-3 expression might be a risk factor for MLNM in patients with AOL (OR>1, 
P<0.05). The ROC curve showed that the AUC of VEGFR-3 and DCE-MRI quantitative 
parameters to predict MLNM in patients with AOL was greater than 0.70. Conclusion: 
The DCE-MRI quantitative parameters combined with serum VEGFR-3 expression has a 
certain value in the preoperative assessment of MLNM in patients with AOL. 
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parameters of DCE-MRI with the expression of VEGFR
-3 to establish a multimodal evaluation model, which 
overcomes the limitations of single imaging or 
biomarker in the diagnosis of MLNM, and provides a 
scientific basis for optimizing surgical decision-
making and individualized treatment. 

 
 

MATERIALS AND METHODS 
 

Research objects 
Period: January 2021 to May 2023; Subjects: 100 

patients with AOL. All the research subjects knew the 
purpose of the study and signed the consent form. 
There were 53 males and 47 females, aging from 45 
to 73 years old, with the average age of (59.12±3.15) 
years old. This study has been approved by the Ethics 
committee of our hospital (No. HG20200908), and all 
subjects signed an informed consent form. 

 

Inclusion and exclusion criteria 
Inclusion criteria: ① AOL met the relevant 

requirements of the reference (11) and were 
confirmed by pathological tissues; ② All of them are 
primary AOL; ③ All patients had AOL for the first 
time, and the malignant tumor diseases in other parts 
were excluded. Exclusion criteria: ① Patients with 
immunological diseases; ② Patients with coagulation 
dysfunction or hematological system diseases; ③ 
Allergic constitution; ④ Patients with encapsulated 
pleural effusion; ⑤ Patients who have received 
disease-related therapies such as chemoradiotherapy 
before entering the group; ⑥ Patients with mental 
disorders or low compliance could not cooperate 
with the study to develop smoothly. 

 

DCE-MRI examination 
Instrument: GE Discovery MR 750 3.0T magnetic 

resonance scanner (USA). Before examination, the 
patient was asked to withdraw the metal substances 
from his body, and to lie in the supine position with 
both hands raised above his head. The upper edge of 
the coil was corresponding to the upper edge of the 
scapula. In case that normal breathing was not 
affected, the abdominal belt was tightened to make 
the coil close to the anterior chest, and then the high-
pressure syringe was connected. Then, the imaging 
sequence was acquired using enhanced scanning in 
sagittal position. After the enhanced image was 
acquired, the contrast medium (3.0mL/s, 0.12mmol/
Kg, Bayer, Germany) was injected into the high-
pressure syringe, and the non-intermittent scanning 
was completed by injecting 15mL normal saline at 
the same speed. During the scanning process, blood 
vessels, calcification, necrotic tissue, fat were 
avoided, the region of interest was selected, measure 
three times and take the mean value: rate constant 
(Kep), volume transfer constant (Ktrans), 
extravascular extracellular volume fraction (Ve), 
apparent diffusion coefficient (ADC) (11). 

Detection of serum VEGFR-3 
Five milliliters of fasting elbow venous blood was 

collected from patients before operation. The blood 
samples were centrifuged at 2000r/min (r:10cm) for 
10min, the expression of serum VEGFR-3 was 
detected by ELISA, kit was purchased from Shanghai 
Future Industrial Co., LTD. (China). 

 

Indicators of observation 
The differences of DCE-MRI parameters and 

VEGFR-3 between MLNM group and non-MLNM 
group were analyzed, and the diagnostic value of DCE
-MRI combined with VEGFR-3 for MLNM in AOL 
patients was analyzed. 

 

Statistical methods 
SPSS 25.0 software (IMB, USA) was selected to 

process the data. Measurement data were described 
as (x ̄±s), and the sample t test was used. The count 
data were expressed as percentages using the x2 test. 
The receiver operating characteristic (ROC) was used 
to test the value of main indexes for predicting the 
risk of MLNM in patients with AOL and evaluated by 
the area under curve (AUC) (table 1). The test level 
was α=0.05. 

 
 

RESULTS 
 

MLNM of AOL 
Among the 100 patients with AOL, 62 cases 

(62.00%) with MLNM were detected by 
histopathological examination, and 38 cases 
(38.00%) without MLNM. Figure 1 illustrates the DCE
-MRI images of a subject. A 54-year-old female 
presented with metastatic carcinoma in the fibrous 
tissue of the left axillary lymph node. 
 

Comparison of examination results 
The comparison of gender, age, tumor node 

metastasis classification (TNM) stage, lesion 
diameter, differentiation degree and venous 
infiltration between the two groups (P>0.05). 
Compared with the non-MLNM group, the Ktrans, 
Kep, Ve value and expression of serum VEGFR-3 in 
the MLNM group were higher, the ADC value was 
lower (P<0.05, table 2). 
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AUC Predictive value 
AUC≤0.5 No 

0.5<AUC≤ 0.7 Low 
0.7<AUC≤ 0.9 Medium 

AUC>0.9 High 

Table 1. AUC predicted value. 

Figure 1. DCE-MRI findings in a patient (a 54-year-old woman). 
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The effect of DCE-MRI combined with VEGFR-3 in 
the diagnosis of MLNM 

The preoperative fasting serum VEGFR-3 
expression in patients with AOL and DCE-MRI 
quantitative parameters were respectively taken as 
test variables, and the MLNM was taken as state 
variable (1=metastasis and 0=non-metastasis) and 
ROC curve was drawn (figures 2 and 3). The ROC 
curve showed that the AUC of VEGFR-3 and DCE-MRI 
quantitative parameters to predict MLNM in patients 
with AOL was >0.70, and the predictive value was 
ideal (table 3). 

 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

DISCUSSION 
 

In this study, the Ktrans, Kep, Ve value and 
expression of serum VEGFR-3 in the MLNM group 
were higher, the ADC value was lower, indicating that 
clinical detection of DCE-MRI quantitative 
parameters and serum VEGFR-3 expression in AOL 
patients could be used as the basis for judging MLNM. 
The reasons might be as follows: ① For AOL patients 
with MLNM, the cancer tissues showed exuberant cell 
metabolism, high expression of vascular endothelial 
growth factor and increased angiogenesis to meet the 
nutritional needs of the lesions. However, due to the 
immature neovascular tube wall, lack of integrity of 
the basement membrane, increased vascular 
microcirculation perfusion, high vascular 
permeability, and relatively active contrast agent, the 
Ktrans and Kep values in the quantitative parameters 
of DCE-MRI were relatively high (12-14); ② For AOL 
patients with MLNM, the malignant tumor cells have 
low differentiation and strong proliferation ability, 
the cells are closely arranged, the diffusion of water 
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Indicator 
MLNM group 

(n=62) 
Non-MLNM 

group (n=38) 
Statistical 

values 
P 

Gender (Male/
Female) 

35/27 18/20 x2=0.780 0.377 

Age (≥60 years/< 
60 years) 

35/27 20/18 x2=0.139 0.709 

TNM stage (I-II/III-
IV) 

30/32 15/23 x2=0.010 0.921 

Lesion diameter 
(<5 cm/≥5 cm) 

28/34 18/20 x2=0.046 0.830 

Degree of  
differentiation 

(Undifferentiated 
and poorly  

differentiated/
Medium and high 

differentiated) 

25/37 12/26 x2=0.773 0.379 

Venous infiltration 
(Yes/No) 

22/40 10/28 x2=0.910 0.340 

Ktrans (x ̄±s, min) 0.51±0.15 0.36±0.12 t=5.222 
<0.00

1 

Kep (x ̄±s, min) 2.38±0.66 1.86±0.23 t=4.678 
<0.00

1 
Ve (x ̄±s) 0.23±0.09 0.19±0.07 t=2.339 0.021 

ADC 
(x ̄±s, 10-³mm²/s) 

0.95±0.31 1.41±0.29 t=7.379 
<0.00

1 
VEGFR-3 

(x ̄±s, pg/ml) 
112.02±20.15 68.52±10.50 t=12.307 

<0.00
1 

Table 2. Comparison of baseline data, DCE-MRI parameters 
and DCE-MRI. 

Note: rate constant (Kep), volume transfer constant (Ktrans),            
extravascular extracellular volume fraction (Ve), apparent diffusion 
coefficient (ADC), vascular endothelial growth factor receptor-3 
(VEGFR-3), tumor node metastasis classification (TNM). 

Figure 2. Ktrans, Kep, Ve and serum VEGFR-3 predicting 
MLNM of patients with AOL. 

Figure 3. ADC value predicting MLNM of patients with AOL. 

Table 3. Efficacy analysis of DCE-MRI quantitative parameters 
combined with serum VEGFR-3 in prediction of MLNM in         

patients with AOL. 

Indicator AUC 
95% CI 
of AUC 

Stand
ard 

error 
P 

Cut-
off 

value 

Sensi-
tivity 

Speci-
ficity 

Youd
en's 

index 

Ktrans 0.774 
0.680-
0.868 

0.048 <0.001 0.285 0.887 0.711 0.598 

Kep 0.806 
0.723-
0.889 

0.042 <0.001 0.960 0.984 0.895 0.879 

Ve 0.843 
0.767-
0.919 

0.039 <0.001 0.155 0.903 0.605 0.508 

ADC 0.863 
0.791-
0.934 

0.036 <0.001 0.845 0.974 0.613 0.587 

VEGFR-3 0.962 
0.923-
1.000 

0.020 <0.001 60.120 0.984 0.789 0.773 

Note: rate constant (Kep), volume transfer constant (Ktrans),                  
extravascular extracellular volume fraction (Ve), apparent diffusion 
coefficient (ADC), vascular endothelial growth factor receptor-3 
(VEGFR-3), area under curve (AUC), 95% confidence interval (95%CI). 
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molecules in the lesion tissue is limited, and the ADC 
value is low (15, 16); ③ With the increase of vascular 
permeability, the vascular barrier was damaged, and 
the contrast agent penetrated outside the blood 
vessel through the vascular barrier. Then the 
contrast agent entered the tissue space, and the Ve 
value was increased significantly (17, 18); ④ VEGFR-3 
is a specific receptor for vascular endothelial growth 
factor C, and the high expression of vascular 
endothelial growth factor C has been confirmed to be 
related to lymphangiogenesis and lymphatic network 
structure remodeling. High expression of VEGFR-3 
leads to the destruction of local immune 
microenvironment, and directly participates in the 
lymphangiogenesis of cancer lesions, accelerating the 
growth, proliferation and migration of lymphatic 
endothelial cells. VEGFR-3 not only participates in 
lymphangiogenesis, but also accelerates the invasion 
of cancer cells into lymphatic vessels, leading to an 
increased risk of MLNM (19-21). 

The ROC curve showed that the AUC of VEGFR-3 
and DCE-MRI quantitative parameters to predict 
MLNM in patients with AOL was >0.70, and the 
predictive value was ideal, suggesting that DCE-MRI 
quantitative parameters examination and laboratory 
serum VEGFR-3 expression monitoring can be 
performed clinically for patients with AOL before 
operation, aiming to determine whether patients are 
accompanied with MLNM. These results also provide 
a new idea for future clinical judgment of MLNM, 
which is of great clinical significance for ensuring the 
prognosis and health of AOL patients. 

However, in this study, due to the limited sample 
size and time factor, no long-term follow-up visit was 
conducted for included subjects. The reliability of 
research conclusions needs to be verified and 
supported by means of increasing the sample size 
and postoperative follow-up items in the future. 

 
 

CONCLUSION 
 

DCE-MRI quantitative parameters combined with 
serum VEGFR-3 expression have a certain value in 
the preoperative assessment of MLNM in patients 
with AOL.  These findings provide new research 
directions for the diagnosis of MLNM in the future. 
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