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Background: We aimed to investigate the diagnostic value of dynamic 2-deoxy-2-[18F]-fluoro-D-glucose 
positron emission tomography-computed tomography in non-small cell lung cancer and fluoro-D-glucose 
hypermetabolic lymph nodes.
Methods: Patients who made an active appointment for positron emission tomography-computed 
tomography were randomly enrolled by referring to previous imaging data and clinical information. Finally, 
34 histopathologically confirmed non-small cell lung cancers (18 adenocarcinoma and 16 squamous cell 
carcinoma cases) were prospectively studied using dynamic and static 2-deoxy-2-[18F]-fluoro-D-glucose 
positron emission tomography-computed tomography imaging (the diagnostic study has not yet been 
registered on a clinical trial platform). In dynamic positron emission tomography images, a volume of 
interest, defined by the thoracic aorta, was selected for estimating the arterial input function. Patlak and 
irreversible two-tissue compartment model analyses were performed based on the pixel points to obtain 
first-order characteristic kinetic parameters for each lesion and hypermetabolic lymph node. The first-
order characteristic kinetic parameters were obtained based on the basic data of dynamic positron emission 
tomography images in the corresponding model and the lesion delineation of region-of-interest based 
on computed tomography images, such as V_Median (the median gray intensity of V), k3_Entropy, VB_
Entropy, K1_Uniformity, and ki_Uniformity. The first-order characteristic kinetic parameters were also 
modeled by logistic regression for the differential diagnosis of non-small cell lung cancer and hypermetabolic 
lymph nodes. Maximum and mean standard uptake values (SUVmax and SUVmean, respectively) were 
obtained from static positron emission tomography images. The diagnostic efficacy of the parameters was 
evaluated using the receiver operating characteristic curve and the DeLong test.
Results: There was a significant difference in the V_Median values of adenocarcinoma and squamous cell 
carcinoma. The regression models for K1, k3, and V provided good predictions of adenocarcinoma and 
squamous cell carcinoma typology. Significant differences were observed in k3_Entropy, VB_Entropy, K1_
Uniformity, and ki_Uniformity between benign and malignant lymph nodes. The regression model of Ki, 
VB, and k3 could make a good prediction for identifying benign and malignant lymph nodes.
Conclusions: Dynamic 2-deoxy-2-[18F]-fluoro-D-glucose positron emission tomography-computed 
tomography imaging showed high diagnostic value in the staging of non-small cell lung cancer and fluoro-
D-glucose hypermetabolic lymph nodes, and can be of great use in non-small cell lung cancer lymph node 
staging and surgical decision-making.
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Introduction

Lung cancer is one of the leading causes of cancer-related 
deaths worldwide, accounting for approximately 22% of 
total annual cancer deaths (1). Adenocarcinoma (ADC) 
and squamous cell carcinoma (SCC) are the most common 
subtypes of lung cancer (2), prone to hilar and mediastinal 
lymph node metastases. Evidently, improved treatment 
and prognosis (3) have recently become a clinical research 
hotspot. Considering that ADC and SCC have different 
treatment options, accurate identification of the pathological 
types is essential for appropriate treatment and prognosis. 
Positron emission tomography-computed tomography 
(PET/CT) combines the anatomical accuracy of CT with 
details of molecular metabolism from PET. It has become 
an imaging method of choice for molecular targets in the 
extensive biochemical process of the quantitative assessment 
of tumor physiology in vivo (4), thereby providing an 
important basis for differential diagnosis and efficacy 
evaluation of tumors (5). Static 2-deoxy-2-[18F]-fluoro-D-
glucose (18F-FDG) PET/CT imaging and semi-quantitative 
evaluation (especially standard uptake values; SUV) are 
often used in clinical practice, especially for tumor diagnosis 
and staging. However, the static 18F-FDG PET/CT is only 
a display of the cumulative results after 60 min of tracer 
injection, ignoring the intermediate processes, namely 
delivery of the tracer by blood flow, its exchange between 
blood vessels and tissues, and its binding and separation 
from the target (6). SUV, an important diagnostic indicator 
of PET imaging, is a standard for drug activity and weight 
given and is a relative measurement value (7,8) that is 
influenced by many factors related to physical effects, 
hardware and software system specifications, tracer 
dynamics, motion, scanning protocol design, and current 
image-derived PET metrics limitations (4). Concurrently, 
the SUV average varies according to the voxels included in 
the average; therefore, it is sensitive to ROI definitions and 
subject to intra-observer and inter-observer variation (9).  
Due  to  the  cons iderab le  over l ap  be tween  SUV 
measurements for malignant and benign lesions, there are 
limited quantitative measures, such as SUVs, that can be 
used to interpret PET scans (9). Therefore, early dynamic 
18F-FDG PET/CT imaging has increasingly become 
a novel method for quantitative evaluation in clinical 

oncology. It describes the spatial and temporal distribution 
of 18F-FDG from the time of injection, reflects the early 
blood perfusion and metabolism in real-time, distinguishes 
free 18F-FDG from bound 18F-FDG-6-PO4, and reveals the 
pattern of tracer activity over time. Through the application 
of a dynamic model of dynamic PET imaging in the later 
stage, functional parameters of tissues and organs, such 
as blood flow volume and material transport rate can be 
obtained (10). For dynamic PET imaging, Karakatsanis  
et al. (2-13) proposed a new four-dimensional (4D) whole-
body PET acquisition protocol, promoting the transition 
from a traditional static SUV to a dynamic SUV for the 
first time. They demonstrated the clinical feasibility of 
multi-bed dynamic PET imaging, providing better tumor 
quantification. Studies have shown a difference in glucose 
metabolism between ADC and SCC. SCC has a higher 
metabolic rate than ADC, while vascularization, blood 
perfusion, and transport rate may be better in ADC than in 
SCC (14-16). Furthermore, PET/CT texture analysis has 
shown good diagnostic efficacy in differentiating non-small 
cell lung cancer (NSCLC) tissue types (17,18). The current 
study aimed to combine early dynamic 18F-FDG PET/
CT imaging and texture analysis to diagnose NSCLC and 
its FDG hypermetabolic lymph nodes, providing effective 
information for the differential diagnosis of NSCLC and its 
metastatic lymph nodes. We present the following article in 
accordance with the STARD reporting checklist (available 
at https://qims.amegroups.com/article/view/10.21037/
qims-22-725/rc). 

Methods

Patients

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
was approved by the Ethics Committee of Shengjing 
Hospital, Affiliated with the China Medical University (No. 
2020PS683K) and informed consent was taken from all the 
patients. From October 2020 to November 2021, patients 
who made an active appointment for PET/CT examination 
were randomly enrolled by referring to previous imaging 
data and clinical information. Prospective patients who had 
applied for clinical applications of whole-body 18F-FDG 
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PET/CT and had agreed to participate in early dynamic 
18F-FDG PET/CT scans were included. Inclusion criteria 
were as follows: (I) first diagnosis of a primary lung tumor; 
(II) no surgery or any related treatment; (III) possibility of 
obtaining surgical pathology results and follow-up blood 
glucose. Exclusion criteria were as follows: (I) inability to 
complete the 18F-FDG PET/CT scan; (II) fasting blood 
glucose >8.0 mmol/L. Three patients were excluded, 
including one with large-cell lung cancer, one with small-
cell lung cancer, and one with tuberculosis. Finally, patients 
with pathologically diagnosed SCC (16 cases) and ADC 
(18 cases) were included in this study, along with 43 FDG 
hypermetabolic lymph nodes with confirmed surgical 
pathology results (19 malignant lymph nodes and 24 benign 
lymph nodes). Table 1 summarizes the clinical characteristics 
of the 34 patients under study.

Data collection

Each patient, placed in a supine position, underwent a 40-min 
early dynamic 18F-FDG PET/CT scan of the chest, followed 
by a whole-body static 18F-FDG PET/CT scan using the 
Discovery Elite PET/CT (GE Healthcare, Waukesha, 
United States). Before the examination, all patients fasted 
for more than 6 h and rested for at least 20 min in a quiet 
environment. First, a very low-current CT localization scan 
(120 kV, 80–120 mA, with a tube-rotation time of 1.0 s per 
rotation) was performed to locate the lung cancer and lymph 
nodes in the scanner field. Then, 1.0 mL of 4.44 MBq/kg  
of 18F-FDG, which was obtained using the MINItrace II 
cyclotron (GE Healthcare, USA) and FX positron drug 
chemical synthesizer (GE Healthcare), was injected into 
the median cubital vein of the patient. At the moment of 
dosing, chest dynamic 18F-FDG PET image acquisition was 
initiated, and the Ordered Subsets Expectation Maximization 
(OSEM) was used to reconstruct the acquired list mode (List) 
data. The frame protocol was 12×5 s, 3×360 s, and 3×420 s. 
After performing dynamic imaging, patients were advised 
to rest comfortably in the waiting room. Sixty minutes after 
injection, standard whole-body 18F-FDG PET/CT imaging 
was performed from the apex of the skull to the proximal 
thigh. Before the whole-body 18F-FDG PET/CT scan, a 
second low-dose CT scan (120 kV, 80–120 mA, with a tube-
rotation time of 1.0 s per rotation) was performed to correct 
for the attenuation from the apex of the skull to the proximal 
thigh. Thereafter, 18F-FDG PET images of the whole 
body were collected in six to seven beds, in approximately 
90 s per bed. The data acquisition process is shown in  

Figure 1. Early chest dynamics and standard whole-body 
images were acquired in three-dimensional (3D) mode, 
attenuation correction was performed using the attenuation 
map derived from CT, and a 3D iterative algorithm (OSEM) 
was used for reconstruction.

Data analysis

Image analysis and modeling of 18F-FDG PET/CT were 
performed under the supervision of three experienced 
nuclear medicine physicians (Dr. Li., a physician with 3 
years of experience in nuclear medicine diagnosis; Dr. 
Shu., a physician with 20 years of experience in nuclear 
medicine diagnosis; Dr. Jun., a physician with 25 years 
of experience in nuclear medicine diagnosis), who were 
unaware of the clinical, pathological, and other imaging 
manifestations associated with uptake by the primary tumor 
and lymph node for FDG assessment. If the results of the 
three doctors differed, they discussed the results until a 
consensus was reached. The GE Advantage Workstation01 
workstation was used to semi-automatically place the 
volume of interest (VOI) on the primary tumor and lymph 
nodes using a threshold of 40% of the maximum pixel 
value on static PET/CT images for SUV measurement 
and analysis. Lymph nodes with SUVmax >2.5 were 
considered FDG-high uptake lymph nodes. Dynamic PET/
CT images were processed by PET Dynamic software 
(GE Healthcare, Beijing, China). First, the PET Dynamic 
software automatically searched for the thoracic aorta to 
obtain the arterial input function (AIF) and time activity 
curve (TAC). ITK-SNAP software was used to delineate 
lesions and lymph nodes in CT images of dynamic PET/
CT imaging by two nuclear medicine physicians (Dr. Li. 
and Dr. Shu., separately). When encountering lesions or 
lymph nodes that were complicated in shape, had calcified 
necrosis, or were indistinguishable from blood vessels and 
esophagus, three nuclear medicine physicians (Dr. Li., 
Dr. Shu., and Dr. Jun.) discussed and delineated the VOI 
together. Finally, the two groups of VOI were compared 
for similarity, yielding a Dice coefficient between 0.83 
and 0.91. The final dynamic PET image was fused and 
calibrated with CT to obtain the VOI of the dynamic PET 
image. The fusion and registration were rigid registration, 
which can automatically register the PET image to the 
CT image through software. By determining the area-
weighted average of the mean metabolic activity in each 
primary lesion and lymph node, the ROI of all sections of 
the dynamic PET image and TAC of the primary lesion 
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Table 1 Clinical characteristics of the patients

Characteristics SCC ADC P value All lesions

Number of tumors [%] 16 [47] 18 [52] 34

Sex, n [%] 0.02

Male 3 [9] 11 [32] 14

Female 13 [38] 7 [21] 20

Age (years), mean ± SD [range] 61.5±8.3 [49–78] 61.6±7.3 [51–74] 0.98 61.5±7.7 [49–78]

Smoking history, n [%] 0.16

Yes 7 [21] 13 [30] 20

No 9 [26] 5 [15] 14

Tumor size (mm), mean ± SD [range] 41.5±21.0 [19–99] 30.4±10.7 [15–56] 0.05 35.6±16.5 [15–99]

T stage, n [%]

T1a 1 [3] 4 [12] 5

T1b 3 [9] 5 [15] 8

T2a 7 [21] 5 [15] 12

T2b 2 [6] 2

T3 3 [9] 2 [6] 5

T4 2 [6] 2

N stage, n [%]

N0 7 [21] 7 [21] 14

N1 2 [6] 11 [32] 13

N2 4 [13] 4

N3 3 [9] 3

NX –

TNM stage (7th edition), n [%] 0.48

Stage I 4 [13] 7 [21] 11

Stage III 12 [35] 11 [32] 23

FDG hypermetabolic lymph nodes, n [%] 16 [37] 27 [63] 43

Superior mediastinal nodes (2R, 4R, 2L, 4L) 3 [7] 5 [12] 8

Aortic nodes (5, 6) 4 [9] 9 [21] 13

Inferior mediastinal nodes (7, 8R, 9R, 9L) 7 [16] 9 [21] 16

Pulmonary nodes (10R, 11R, 12R, 13R, 10L, 11L, 12L, 13L) 2 [5] 4 [9] 6

Malignant lymph nodes, n [%] 4 [9] 15 [35] 19

Benign lymph nodes, n [%] 12 [28] 12 [28] 24

SCC, squamous cell carcinoma; ADC, adenocarcinoma.
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and lymph node could be obtained. Kinetic modeling used 
PET Dynamic software (GE Healthcare) for voxel-based 
analysis based on the VOI. Patlak graphical analysis and 
irreversible two-tissue compartment model (2TC-3k) were 
used to analyze the data. Patlak graphical analysis produced 
the relevant first-order characteristic parameters of net 
phosphorylation rate Ki and blood volume V (19-22). 2TC-
3k, as shown in Figure 2, produced the related first-order 
characteristic parameters of transport rates (K1, k2, and k3) 
and blood volume fraction (VB).

Statistical analysis

MedCalc v20.0.3 and SPSS 26.0 were used for statistical 
analysis. The description of continuous variables in the data 
was expressed as mean ± standard deviation. Comparison 
between groups of parameters was analyzed by an 
independent sample t-test for normally distributed data or 
the Mann-Whitney U-test for skewed distribution data. 
The categorical variables were tested by the chi-square test. 
Binary logistic regression analysis was used to obtain the 
best-predicted probability of each kinetic parameter. The 
fit of the model was assessed by the Hosmer-Lemeshow 
test (a test used to judge the goodness of fit of a model, 
whose function is to show the degree of agreement between 

the fitted and the observed values). Receiver operating 
characteristic (ROC) curve analysis and the DeLong 
test were used to obtain the test efficacy of each kinetic 
parameter for comparative analysis. P<0.05 was considered 
a statistically significant difference.

Results

Patient and clinicopathological characteristics

Pathological diagnosis of patients was based on surgery 
(n=18), bronchofibroscopy (n=8), and CT-guided biopsy 
(n=8), which were completed 1–5 days after PET/CT 
imaging; post-operative pathology confirmed 27 FDG 
hypermetabolic lymph nodes derived from adenocarcinoma 
and 16 SCC-derive FDG hypermetabolic lymph nodes. 
The specific selection process is shown in Figure 3. None 
of the participants experienced any adverse reactions due to 
the increased scanning time.

Diagnostic efficacy of each parameter and kinetic model for 
NSCLC

The lesions were pathologically confirmed in 18 cases of 
ADC and 16 cases of SCC. Figure 4 shows the difference 

ED phase for 1 bed (chest portion) WB phase

FDG injection

60 s

5 s/frame
× 12 frames

6 min/frame
× 3 frames

7 min/frame
× 3 frames

90 s/bed
× 6–7 beds

60 min0

Figure 1 Early dynamic (ED) and whole-body (WB) FDG PET/CT scan flow chart. ED acquisition started in list mode at the same 
time as a single intravenous bolus of FDG and lasted for 40 min, with the patient in bed in the supine position. The WB 18F-FDG PET/
CT scan started approximately 60 min after the tracer injection. 18F-FDG PET/CT, 2-deoxy-2-[18F]-fluoro-D-glucose positron emission 
tomography-computed tomography.

18F-FDG in plasma 
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18F-FDG in tissue  
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Figure 2 Irreversible two-tissue compartment model (2TC-3k); K1, k2, k3, and k4 are rate constants. K1 is the forward transport rate 
constant of 18F-FDG from blood to tissue, k2 is the reverse rate constant between the two compartments, k3 represents the rate of 
phosphorylation of 18F-FDG by hexokinase, and k4 represents the dephosphorylation rate of FDG-6-PO4 (negligible); VB can be calculated 
using non-linear least squares regression; 18F-FDG, 2-deoxy-2-[18F]-fluoro-D-glucose; VB, blood volume fraction.
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between the static PET parameter SUV and the statistically 
significant dynamic PET parameter of ADC and SCC. 
The static PET parameters in SCC, SUVmax (14.73±6.56 
vs. 11.03±6.85, P=0.12), and SUVmean (8.96±4.04 vs. 
6.70±4.33, P=0.13), were higher than those in ADC, 
although the difference was not statistically significant.

In contrast, the dynamic PET parameter, V_Median 
(−0.0001±0.00063 vs.  0.0004±0.0007, P=0.04), was 
significantly lower in SCC than in ADC. With the help 
of binary logistic regression analysis, the first-order 
characteristic parameters, Ki, V, K1, k2, k3, and VB, of 
SCC and ADC were selected to generate the prediction 
probability of lesions. The Hosmer-Lemeshow test showed 

the predictive probability models of K1, k3, and V to have 
good predictive performance in the differential diagnosis 
of squamous adenocarcinoma (Table 2). ROC curve analysis 
showed K1 to have the best diagnostic power, with an area 
under the curve (AUC) of 0.91, sensitivity of 0.83, and 
specificity of 0.94 (Figure 5); the DeLong test showed that 
the differences in AUC among the three models were not 
statistically significant (Table 2).

Diagnostic efficacy of each parameter and kinetic model for 
hypermetabolic lymph nodes

FDG hypermetabolic lymph nodes, with SUVmax >2.5 in 

Inclusion: first diagnosis of primary lung tumor, no surgery or any related treatment, possibility 
of obtaining surgical pathology results and follow-up blood glucose (n=37)

Excluded patients:
- Postoperative pathology confirmed large cell lung cancer (n=1)
- Pathological tuberculosis by puncture biopsy (n=1)
- Postoperative pathology confirmed small cell lung cancer (n=1)

No surgery (n=16):
- Bronchofibroscopy (n=8)
- CT-guided biopsy (n=8)

34 NSCLCs in 34 patients:
• 16 squamous cell carcinoma
• 18 adenocarcinoma

43 FDG hypermetabolic lymph nodes in 18 patients:
• 27 FDG hypermetabolic lymph nodes derived from adenocarcinoma 
• 16 FDG hypermetabolic lymph nodes derived from squamous cell carcinoma

Figure 3 Flowchart for patient enrollment. NSCLC, non-small cell lung cancer. FDG, 18F-FDG, 2-deoxy-2-[18F]-fluoro-D-glucose.
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Figure 4 Comparison of SUVmax, SUVmean, and V_Median between SCC and ADC (A,B). The box represents the lower quartile, median, 
and upper quartile; the upper and lower edges represent the maximum and minimum values. V_Median value shows a clearer separation 
between SCC and ADC. The V_Median value of ADC is significantly higher than that of SCC, whereas the distribution of SUVmax and 
SUVmean shows no significant difference between the two. ADC, adenocarcinoma; SCC, squamous cell carcinoma.
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static PET and confirmed by surgical pathology, including 
19 malignant lymph nodes and 24 benign lymph nodes, 
were selected. The size (0.85±0.31 vs. 0.70±0.24, P=0.07) 
of malignant lymph nodes was slightly larger than that 
of benign lymph nodes; however, the difference between 
the two was not statistically significant. Figure 6 shows the 
differences in static PET parameters, SUV, and statistically 
significant dynamic PET parameters between benign 
and malignant lymph nodes. The static PET parameters, 
SUVmax (7.32±2.61 vs. 5.97±2.10, P=0.07) and SUVmean 
(4.37±1.65 vs. 3.49±1.21, P=0.06) of malignant lymph nodes 
were higher than those of benign lymph nodes, although 
the difference was not statistically significant; however, 
the dynamic PET parameters of malignant lymph nodes, 
k3_Entropy (6.4×10−4±5.5×10−4 vs. 3.5×10−4±2.9×10−4,  
P=0.03), and VB_Entropy (8.0×10−4±6.0×10−4 vs. 4.1×10−4 

±3.0×10−4, P=0.003) were significantly higher than those of 
benign lymph nodes. Ki_Uniformity (0.999918±6.4×10−5  
vs. 0.999960±2.5×10−5, P=0.005) and K1_Uniformity 
(0.999938±5.8×10−5 vs. 0.999965±3.0×10−5, P=0.03) in 
malignant lymph nodes were significantly lower than in 
benign lymph nodes, and the difference was statistically 
significant. With the aid of binary logistic regression 
analysis, the first-order feature parameters, Ki, V, K1, k2, 
k3, and VB, of benign and malignant lymph nodes were 
selected to generate the predicted probability of lymph 
nodes. The Hosmer-Lemeshow test showed the predictive 
probability models of Ki, VB, and k3 to have good predictive 
performance for the differential diagnosis of benign and 
malignant lymph nodes (Table 3). ROC curve analysis 
showed Ki to have the best diagnostic power, with an AUC 
of 0.87, sensitivity of 0.79, and specificity of 0.84 (Figure 7). 
The DeLong test showed that differences in the AUC of the 
three models were not statistically significant (Table 3).

Discussion

Cancer management has entered the era of precision 
medicine. Precision medicine relies on validated biomarkers 
and a series of related technologies to classify patients 
according to their possible disease risk, prognosis, and/or 
treatment response. Early and accurate diagnosis of lung 
cancer subtypes is particularly important. PET/CT is a 
mature fusion-based functional imaging technology that can 
perform non-invasive tumor assessment for classification, 
staging, efficacy, and prognostic evaluation. However, its 
utility in the differential diagnosis of ADC and SCC is 
limited to interpreting images in a conventional way.

In this study, we used dynamic 18F-FDG PET/CT 
imaging and modeling to obtain transport rates (Ki, 
K1, k2, k3) and blood volume (V, VB) related to target-
specific molecules/metabolic processes, further verifying 
the diagnostic utility of dynamic PET/CT in NSCLC. 
Unlike the semi-quantitative evaluation of single time-
point measurement of conventional clinical 18F-FDG 

Table 2 Predictive performance and test efficacy of kinetic parametric models of squamous cell carcinoma and adenocarcinoma 

Model Chi-square value Hosmer-Lemeshow’s P AUC (95% confidence interval) Sensitivity Specificity Accuracy DeLong’s P

K1 7.11 0.53 0.91 (0.82–1) 0.83 0.94 0.88 0.49

k3 5.84 0.67 0.85 (0.73–0.98) 0.72 0.88 0.79 0.73

V 8.13 0.42 0.89 (0.78–1) 0.78 0.88 0.82 0.64

AUC, area under the curve.
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Figure 5 Comparison of the AUC of kinetic parameters K1, k3, 
and V for the differential diagnosis of SCC and ADC. AUC is 0.91, 
with sensitivity of 0.83 and specificity of 0.94 for the K1 model; 
AUC is 0.85, with sensitivity of 0.72 and specificity of 0.88 for the 
k3 model; and AUC is 0.89 with sensitivity of 0.78 and specificity 
of 0.88 for the V model. AUC, area under the curve; ADC, 
adenocarcinoma; SCC, squamous cell carcinoma.
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PET/CT imaging (6), dynamic 18F-FDG PET/CT is 
a multi-time-point measurement after injection, which 
can capture the whole process of 18F-FDG uptake and 
distribution. It retrieves quantitative evaluation indicators, 
such as transport rate and blood volume, through kinetic 
modeling to distinguish between ADC, SCC, and benign 
or malignant FDG hypermetabolic lymph nodes, providing 
objective imaging evidence for clinical treatment plans and 
prognostic evaluation. In addition, we included the texture 
parameter (23,24) as an indicator based on the quantitative 
evaluation of dynamic PET/CT. Combining the two, 
18F-FDG PET/CT kinetic modeling yielded the first-
order texture parameters based on transport rate and blood 
volume, thereby suggesting a theoretical basis and technical 
support for early, accurate, and individualized treatment.

Although there was no statistically significant difference 
in the SUV value of static PET between ADC and SCC, the 
overall trend showed that, compared to ADC, SCC had a 
higher SUV, similar to the results of previous studies (2,15). 
Schurbiers et al. (15) suggested that this could be because 
ADC is involved in glycolysis under normoxic conditions, 
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Table 3 Predictive performance and test efficacy of kinetic parametric models of benign and malignant lymph nodes

Model Chi-square value Hosmer-Lemeshow’s P AUC (95% confidence interval) Sensitivity Specificity Accuracy DeLong’s P

Ki 3.72 0.88 0.87 (0.76–0.97) 0.79 0.84 0.81 0.49

VB 5.59 0.69 0.82 (0.69–0.95) 0.74 0.83 0.79 0.57

k3 9.13 0.34 0.85 (0.73–0.98) 0.83 0.90 0.86 0.87

AUC, area under the curve; VB, blood volume fraction.
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Figure 7 Comparison of AUC of the kinetic parameters Ki, 
VB, and k3 model for the differential diagnosis of benign and 
malignant lymph nodes. AUC is 0.87, with sensitivity of 0.79 and 
specificity of 0.84 for Ki model; AUC is 0.82, with sensitivity of 
0.74 and specificity of 0.83 for the VB model; and AUC is 0.85, 
with sensitivity of 0.83 and specificity of 0.90 for the k3 model. 
AUC, area under the curve; VB, blood volume fraction.
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whereas SCC is in a diffusion-restricted hypoxia state, 
resulting in a very high anaerobic glycolysis rate. In addition, 
our dynamic PET parameter, V_Median, and the logistic 
model, constructed by the first-order texture parameters of 
K1, k3, and V, could distinguish between ADC and SCC 
well, similar to the results of Meijer et al. (25). The transport 
rate and blood volume in ADC and SCC significantly 
differed. Compared to that in ADC, the k3 and VB in SCC 
had greater heterogeneity. Wang et al. (26) also demonstrated 
the advantages of dynamic PET imaging in assessing the 
metabolic heterogeneity of primary tumors and lymph nodes 
in patients with NSCLC. This could be because, compared 
to the high perfusion and low glucose phosphorylation 
rate in ADC, SCC had a higher glycolysis rate and less 
vascularization (27). In addition, due to the histopathological 
differences between ADC and SCC in metabolic transporters 
and enzymes (15), liquefactive necrosis can often be observed 
in SCC (28), thereby rendering the whole tumor of SCC 
to have higher metabolic heterogeneity, with increased 
glucose transport and phosphorylation in the area of reduced 
blood volume. Moreover, the study showed that compared 
to the high degree of confusion across malignant lymph 
nodes, benign lymph nodes demonstrated better uniformity. 
The logistic model constructed by the first-order texture 
parameters Ki, k3, and VB, showed appreciable efficiency 
in the differential diagnosis of benign and malignant 
lymph nodes. Previous studies had initially confirmed the 
importance of dynamic 18F-FDG PET/CT imaging for 
diagnosing chest lymph nodes (29,30). This may be due to 
the rapid growth of malignant lesions, increased demand 
for glucose, presence of a large number of new capillary 
networks, immature vascular wall, increased predisposition 
to necrosis, cyst degeneration, bleeding, other complex 
conditions, and poor uniformity (31), which resulted in 
differences in the kinetic parameters.

Our study has several limitations. First, the manual AIF 
VOI definition of the thoracic aorta may introduce inter- 
and intra-observer variability. However, Kramer et al. (32)  
conducted a study on the reproducibility of 18F-FDG 
indicators in NSCLC, and the results showed that test 
and retest values of all uptake measurements in whole-
body static 18F-FDG PET/CT dual scan, performed within  
3 days, were highly correlated. In addition, de Geus-Oei  
et al. (33) found the glucose metabolism rate based on AIFs 
and that based on continuous arterial sampling (reference 
standard) to be highly correlated [intra-group correlation 
coefficient (ICC); ascending aorta 0.98, left ventricle 0.94, 
and abdominal aorta 0.96]; therefore, the use of AIF was 

accurate and could be considered as a clinical alternative 
to arterial blood sampling. We used the thoracic aorta 
as the AIF instead of the heart, as the heart is not fully 
imaged in all dynamic scans. Second, since dynamic PET 
is an unconventional clinical examination item, the data 
acquisition method is cumbersome, and the patient’s 
cooperation degree was higher, the sample size included 
in the study was small. However, it should be noted that 
existing reports studied the simpler version of dynamic 
PET scan mode, showing good feasibility and accuracy, 
which makes dynamic PET imaging suitable for clinical 
application (34,35). Samimi et al. (35) confirmed that 5 
minutes of dynamic PET imaging combined with 3 minutes 
of static PET imaging could accurately and robustly 
estimate the parameters of the two-tissue compartment 
model. In future studies, the sample size should be increased 
by recruiting more patients to verify the currently obtained 
conclusions. Third, since this is a prospective study, there 
is no relevant experience reference before this, and the 
data collection in the experiment is as close to the actual 
clinical collection scheme as possible. In addition, the 
specific collection conditions of the patients participating 
in the data collection were considered in the design; hence, 
the collection time was relatively flexible in the design of 
the experiment, especially in the early stage. Nonetheless, 
the instability of the Patlak and 2TC-3K models reduces 
the accuracy and reliability of the parameters. In future 
studies, we aim to refer to the data segmentation protocol 
of Häggström et al. (36) and adopt a robust direct 4D 
parametric image reconstruction algorithm to reduce 
unnecessary bias (37-39), in order to explore the aspects 
that the current research could not fully elucidate. In 
addition, although we assumed that the kinetics of the FDG 
study are irreversible, the possibility of non-negligible FDG 
uptake reversibility to some extent cannot be ruled out. If 
the model ignores their effects, the Ki and k3 parameters 
in these regions will be underestimated (40,41). Therefore, 
we plan to collect more samples in future and apply more 
models, including the reversible atrioventricular model 
and other parameters of the unorganized atrioventricular 
model, such as the fractal dimension (42,43). Based on 
previous studies, the estimation error of model 2TC-3K is 
usually larger than that of Patlak (19,20,44). However, the 
positive results we have obtained so far are mainly 2TC-
3K. We have combined first-order texture parameters, 
which will need to be verified by enrolling more patients. 
Moreover, FDG low-metabolic lymph nodes may also be 
included in the study to discuss the diagnostic sensitivity 
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of dynamic 18F-FDG PET/CT. In addition, the lack of 
external verification in this study limited the universality of 
the results to a certain extent. Finally, although the primary 
lesions and lymph nodes of the study were calibrated by 
three nuclear medicine physicians, distinguishing across 
some lesions, lymph nodes, and blood vessels was difficult 
and could introduce errors in the measurement results. 
Furthermore, due to the relatively small lymph nodes 
and a large number of interference items in the location, 
the artifact issue was not paid attention to; consequently, 
registration correction was performed, following which 
corresponding research was conducted to focus on this 
point and improve it. In addition, there were several cases 
of patients with ADC who exhibited weak FDG uptake, 
which could not be delineated and modeled. Tumor lesions 
or lymph nodes that were too small for kinetic modeling 
were also excluded. 

With the increase in lung cancer screening, many small 
lesions have become easier to detect at an early stage. 
Therefore, a smaller size and smarter delineation-modeling 
tool would provide an important direction for future research.

Conclusions

In conclusion, dynamic 18F-FDG PET/CT imaging has 
certain clinical significance for the classification of NSCLC 
and the differential diagnosis of lymph nodes, thereby 
helping clinicians improve the histopathological diagnosis 
of lung cancer in a non-invasive manner.
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