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Abstract  

 

Objective: To semiquantitatively estimate fluorine-18-fluorodeoxyglucose 

(FDG) uptake in primary lung cancer cells using dynamic and dual-time-point 

(DTP) positron emission tomography/computed tomography (PET/CT) to obtain 

a diagnostic index for lymph node (LN) metastasis. 

Methods: Forty-five patients with lung cancer underwent dynamic and DTP 

PET/CT examinations. All primary lesions and LN metastases were evaluated 

pathologically. At each time phase, we assessed the maximum standardised 

uptake value (SUVmax), metabolic tumour volume (MTV), and total lesion 

glycolysis (TLG) of the primary tumours. We investigated the relationship 

between semiquantitative index and the presence of LN metastasis for each 

case and for all cases satisfying indications for segmentectomy. In cases with 

LN metastasis, we assessed the SUVmax of pathologically proven metastatic 

LNs and non-metastatic LNs in each dynamic phase for evaluating temporal 

change. 

Results: Among 45 patients, 15 had 17 LN metastasis. SUVmax, MTV, and 

TLG of primary tumours at each time phase were significantly associated with 
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LN metastasis (p < 0.05). In receiver operating characteristic analysis, dynamic 

second and third phases showed high diagnostic ability for LN metastasis. The 

temporal change in SUVmax in the dynamic phase between primary tumours 

and metastatic LNs were significantly different (p = 0.065). The temporal 

change in SUVmax was significantly lower in non-metastatic LNs than in 

primary tumours and metastatic LNs (p < 0.0001). 

Conclusions: Semiquantitative assessment of FDG uptake in dynamic second 

and third phases and the assessment of temporal changes in SUVmax on 

dynamic PET/CT scans were important predictors in diagnosing LN metastasis. 

 

Keywords: Fluorodeoxyglucose F18, positron emission tomography computed 

tomography, lung cancer, lymphatic metastasis
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Introduction 

In lung cancer, the status of hilar and mediastinal lymph nodes (LNs) is one of 

the most significant factors that determine tumour staging and the most 

appropriate therapy [1,2]. 18F-fluoro-2-deoxy-D-glucose (FDG) positron 

emission tomography (PET) is one of the most widely used molecular imaging 

techniques for detecting and staging tumours, as elevated glucose metabolism 

is indicative of malignancies [3]. Generally, FDG uptake in metastatic LNs is 

significantly higher than that in non-metastatic LNs in patients with lung cancer 

[4,5]. Recently, dual-time-point (DTP) PET/computed tomography (CT) scans 

are useful for evaluating LN metastasis in patients with lung cancer [6,7]. 

However, benign LNs could also show high FDG uptake due to 

hypermetabolism especially in LNs associated with pulmonary infectious or 

granulomatous disease and could cause false-positive results in patients with 

lung cancer even in DTP PET/CT study [4-8]. Moreover, previous reports 

suggested some limitations of single-time-point (STP) and DTP PET/CT in LN 

metastasis detection in lung cancer [4,6]. Al-Sarraf et al. reported that in lung 

cancer patients who are clinically staged as N2/N3 negative in the mediastinum 
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by integrated PET/CT, 16% would have occult N2 disease following resection 

[9]. 

From a different perspective, several studies identified that quantitative 

evaluation by maximum standardised uptake value (SUVmax) of a primary 

tumour is useful in detecting the presence or absence of LN metastasis [10,11]. 

In contrast, Akthar et al. reported that a high SUVmax of a primary tumour on 

STP PET/CT is not associated with occult nodal metastasis in lung cancer [12].  

Dynamic PET/CT is expected to be more helpful in understanding the 

early pathophysiological mechanisms after FDG administration. Previous 

studies reported the usefulness of dynamic PET/CT in tumour diagnosis, 

grading, and prognosis estimation [13,14,15]. Moreover, a recent study 

demonstrated that negative FDG uptake in LNs in dynamic PET/CT scans could 

be an important predictor of non-metastatic LNs [16]. However, the diagnostic 

abilities of dynamic and DTP PET/CT for LN metastasis, which involves 

calculation of SUVmax of the primary tumour, in patients with lung cancer have 

not been clarified. 

In lung cancer surgery, lobectomy is the gold standard [17]. However, 

the indication of segmentectomy is expanding, and several studies have 
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reported non-inferiority of segmentectomy to lobectomy in early stage lung 

cancer. Nevertheless, the absence of LN metastasis is important in indicating 

segmentectomy [18,19,20]. However, some reports demonstrated that LN 

staging is often upstaged after surgery in early stage lung cancer [21,22] and 

showed that obtaining an accurate assessment of the presence or absence of 

LN metastasis before segmentectomy is difficult. Khullar et al. analysed data 

from the National Cancer Database; they found that no LN sampling was 

performed in 21% of segmentectomies and reported that insufficient and 

inadequate lymphadenectomy resulted in worse long-term outcomes [23]. A 

more accurate assessment of the presence or absence of LN metastasis may 

lead to a more accurate decision on the need for segmentectomy, thereby 

improving patient outcomes. We hypothesised that semiquantitative 

assessment of FDG uptake in primary lung tumour by dynamic PET/CT scans 

may help investigate tumour activity and obtain a useful index that determines 

the presence or absence of LN metastasis.  

In this prospective study, we aim to evaluate the FDG uptake in the 

primary lung tumour semiquantitatively using dynamic and DTP PET/CT scans. 

We investigated the diagnostic value of semiquantitative parameters for the 
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presence or absence of LN metastasis as well as the diagnostic significance of 

dynamic and DTP PET/CT scans in the indication of segmentectomy. Moreover, 

we assessed the temporal change in FDG uptake in the primary tumour and 

LNs during the dynamic phase and analysed the differences among primary 

tumour, metastatic LN, and non-metastatic LN. 

 

 

Methods 

Patients 

We prospectively studied patients with suspected primary lung cancer. The 

inclusion criteria were as follows: patients who had been diagnosed with lung 

cancer by pathological analyses; those who were evaluated for the presence or 

absence of LN metastasis by pathological analyses; those without malignancy, 

except lung cancer; those who received no therapy for lung cancer before 

PET/CT examination; and those without history of heart and renal disease. 

Between February 2016 and February 2017, 45 patients who underwent 

dynamic PET/CT and consecutively DTP PET/CT were enrolled in this 

prospective study. We used the TNM 8th edition staging system for pathologic 
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staging, which was defined by the International Association for the Study of 

Lung Cancer (IASLC) [24]. Among the 45 lesions analysed in the present study, 

overall, 30 of our cases overlapped with 34 of those mentioned in a previous 

paper, i.e. 34 patients were assessed for FDG uptake in their LNs, and optimal 

scan timing for nodal staging was determined [16].  

 Moreover, we evaluated the FDG uptake in the primary tumours and 

investigated the diagnostic ability of the evaluation for LN metastasis. This 

prospective study was approved by our institutional review board and ethics 

committee. All patients signed a written informed consent form prior to 

participating. All procedures involving human participants were conducted in 

accordance with the 1964 Helsinki Declaration and its later amendments or 

comparable ethical standards. 

 

Indication for segmentectomy 

We considered the following items as indications for segmentectomy: single 

tumour; suspected non-small cell lung cancer (NSCLC); surgical margin of 

approximately >2 cm; maximum tumour diameter of ≤2 cm; 2 cm < tumour 

diameter ≤3 cm; and a consolidation/tumour ratio (CTR) ≤0.5 (CTR 
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measurement is according to the JCOG0201 definition [25]). These items were 

determined according to the protocols of two on-going clinical trials (i.e. 

JCOG0802/WJOG4607L, JCOG1211) [26,27]. We also investigated the 

diagnostic value of the parameters for the presence or absence of LN 

metastasis in 19 patients who satisfied the aforementioned criteria.  

 

FDG PET/CT procedures 

Before the intravenous administration of FDG (3.0 MBq/kg), all patients fasted 

for >6 h and had a blood glucose level of <160 mg/dL. PET/CT imaging was 

performed using a single PET/CT system (Discovery PET/CT 710; GE 

Healthcare, Chicago, IL, USA), which has list-mode data acquisition and 

enables four-dimensional data acquisition (i.e. dynamic studies). Moreover, all 

patients underwent dynamic and DTP FDG PET/CT examinations. In the first 

acquisition, a low-dose CT scan was acquired for PET attenuation correction, 

anatomical information, and image fusion. In the second acquisition, dynamic 

PET/CT imaging was conducted as list-mode continuous scanning, with every 

measured value stored as raw data with the exact time stamp beginning five 

min after the FDG bolus and continuing for 30 min. 
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Dynamic series was acquired with the field of view over the lung tumour 

of interest and the hilar and mediastinal LNs (limited to the single bed position 

with coverage in the patient’s longitudinal direction of 15.042 cm). Patients were 

asked to lie motionless for the duration of the dynamic study. We subsequently 

reconstructed the data as three frames at 600-s intervals. The list-mode files 

were reconstructed on the PET/CT scanner. The frames were reconstructed 

using three-dimensional attenuation-weighted ordered-subset expectation 

maximisation with two iterations and 16 subsets (VUE Point FX; GE Healthcare) 

with a 4-mm post-reconstruction Gaussian filter, attenuation image 

segmentation, and a 192×192-pixel matrix. Subsequently, the patients were 

transferred to a waiting room and remained there until the next scanning 

procedure, which was conducted 60 min after tracer administration.  

The DTP PET/CT scanning region encompassed the body from the 

vertex of the skull to the proximal thigh on the 1-h early scan and the whole 

thorax on the 2-h delayed scan. Before performing the DTP PET/CT scan, a 

second low-dose CT scan was immediately obtained for attenuation correction 

over the shooting range. Early and delayed PET scans were acquired in eight-

bed positions for 120 s and four-bed positions for 180 s, respectively. Each 
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scan used the identical image reconstruction method of the dynamic FDG PET 

scan. Dynamic and DTP PET/CT procedures used at our institution were similar 

to the procedures described in the literature [16]. 

 

PET/CT image analysis 

All PET/CT images were reviewed by two board-certified nuclear medicine 

physicians with 20 and 18 years of experience. Both were blinded to all clinical, 

pathological, and other imaging findings relevant in the evaluation of FDG 

uptake by the primary tumour. If their results differed, they discussed them until 

a consensus was reached. We carefully placed the volume of interest (VOI) on 

the lung mass and LNs on the viewer (AW server 2.0, GE Healthcare). For the 

semiquantitative analysis of FDG uptake, we adopted the SUV. The SUVs were 

calculated as follows: SUV = radioactivity concentration (Bq/kg) × [body mass 

(kg)/injected radioactivity (Bq)]. To minimise partial-volume effects, the SUVmax 

within VOIs was used. SUVmax was defined as the voxel with the highest count 

within the VOI. Volumetric parameters, such as metabolic tumour volume (MTV) 

and total lesion glycolysis (TLG), were also assessed. For MTV and TLG 

calculation, a fixed SUV value of 2.5 was used to define the VOI boundaries 
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[28,29]. MTV was calculated automatically by summing the total volumes of 

voxels in the VOI. TLG was calculated by multiplying MTV by the average SUV 

value, i.e. 2.5. The SUVmax, MTV, and TLG of the lung mass were measured 

for each dynamic phase (i.e. first dynamic phase, 5–15 min; second dynamic 

phase, 15–25 min; and third dynamic phase, 25–35 min), the 1-h early phase, 

and the 2-h delayed phase. 

Secondarily, we referred to pathology reports when a pathologically 

proven LN metastasis was identified, we carefully placed the VOI on the LN to 

exclude FDG accumulation in the normal tissue and large vessels on PET/CT 

images. We assessed the SUVmax of pathologically proven metastatic LNs and 

non-metastatic LNs in each dynamic phase. For the analyses of LNs, pathology 

reports and previously published LN maps were used as references [30,31]. 

The maximum diameters of each tumour lesion and LN were measured on axial 

low-dose CT images. 
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Statistical analysis 

The Kolmogorov-Smirnov test was used to evaluate the normality of the data 

distribution. For non-normally distributed data, Mann–Whitney U test was 

performed to analyse the differences in semiquantitative parameters in each 

time phase and tumour size according to the presence of metastatic LN in all 

participants and in patients who satisfied the indications for segmentectomy 

based on CT scans. If the Mann–Whitney U test revealed a significant 

difference in each index, an additional receiver operating characteristic (ROC) 

curve analysis was performed to evaluate the predictive performances. 

Discrimination was assessed using the area under the ROC curve (AUC). 

Significant differences between two AUCs, as determined from the ROC curve, 

were assessed with DeLong’s test. In the case with LN metastasis, repeated-

measures analysis of variance (ANOVA) was performed to examine the 

temporal change in SUVmax in the dynamic phase. 

All statistical analyses were conducted using EZR version 1.40 

(Saitama Medical Centre, Jichi Medical University, Omiya, Saitama, Japan; 

available at http://www.jichi.ac.jp/saitama-sct/SaitamaHP.files/statmedEN.html), 

which is a graphical user interface for R [32]. Statistical significance was set at p 
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< 0.05. 

 

 

Results 

Patient characteristics 

Pathological diagnoses of primary lung cancers were made based on surgery (n 

= 36), bronchofibrescopy (n = 7), and CT-guided biopsy (n = 2). Pathological 

diagnoses of the presence or absence of LN metastasis was confirmed by 

surgery (n = 36: 28 lobectomy, eight segmentectomy) and LN biopsy (n = 9). 

Fifteen patients had 17 LN metastases (Table 1). 

 

Semiquantitative analysis of PET/CT 

. The SUVmax, MTV, and TLG of the primary tumour are significantly different 

between the group with and that without LN metastasis in each time phase. 

Tumour size was significantly different between the two groups (Table 2). 

 

ROC curve analysis for lymph node metastasis prediction 

. The cut-off values yielded moderate sensitivity and moderate specificity. 
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Compared with the AUCs of the ROC analysis in other time phases, the AUCs 

of SUV, MTV, and TLG in the second dynamic phase had the highest value 

(AUC for SUVmax = 0.703, MTV = 0.767, and TLG = 0.763). However, 

DeLong’s test did not reveal any significant differences between the AUCs for 

all parameters (p > 0.05 for all) (Table 3). 

 

Semiquantitative analysis of PET/CT for the patients satisfying indications 

for segmentectomy 

Concerning the SUVmax, MTV, and TLG of the primary tumour for patients who 

satisfied the indications for segmentectomy based on CT scans; five had LN 

metastasis out of the 19 patients. Histopathological examinations also revealed 

14 adenocarcinomas (three cases with LN metastasis), three squamous cell 

carcinomas (two cases with LN metastasis), one adenosquamous cell 

carcinoma (without LN metastasis), and one small cell carcinoma (without LN 

metastasis). The SUVmax, MTV, and TLG of the primary tumour were 

significantly different between the group with LN metastasis and that without LN 

metastasis in each time phase. Tumour size showed no significant difference 

between the two groups. (Table 4) 



 17

 

ROC curve analysis for the patients satisfying the indications for 

segmentectomy 

ROC curves were obtained to determine the appropriate cut-off values for each 

parameter for differentiating lung cancers with LN metastasis and without LN 

metastasis for the patients satisfying the indications for segmentectomy on CT 

scans (Figure 1). The cut-off values yielded high sensitivity and high specificity. 

Compared with the AUCs of the ROC analysis in other time phases, the AUCs 

of SUV, MTV, and TLG in the third dynamic phase had the highest value (AUC 

for SUVmax = 0.943, MTV = 0.929, and TLG = 0.957). However, DeLong’s test 

did not reveal any significant differences between the AUCs for all parameters 

(p > 0.05 for all) (Table 5). 

 

 

Temporal changes in SUVmax of the primary tumour, metastatic LN, and 

non-metastatic LN in the dynamic phases 

Of the 15 cases with LN metastasis, five were excluded because the metastatic 

LNs were clustered with the primary lesion (n = 2), the LN number 
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corresponding to LN map could not be specified (n = 2), and biopsy was 

performed in the cervical LN and dynamic PET/CT is out of range (n = 1).  

The enrolled 10 cases had 12 metastatic LNs and 15 non-metastatic 

LNs. The size of metastatic LN was 18.3±12.8 mm (mean±SD, range; 5-51 mm) 

and the size of non-metastatic LN was 7.3±2.6 mm (mean±SD, range; 4-12 

mm). We identified all 27 LNs using PET/CT and assessed the SUVmax in each 

dynamic phase by referring to LN maps [30,31].  

The temporal changes in SUVmax of the primary tumour, metastatic 

LN, and non-metastatic LN. No significant difference in SUVmax between the 

primary tumour and metastatic LN was noted (p = 0.101). In the dynamic phase, 

the SUVmax of non-metastatic LN is significantly lower than that of the primary 

tumour and metastatic LN (p < 0.0001). 

In the repeated-measures ANOVA, no significant difference in the 

temporal change in SUVmax in the dynamic phase between the primary tumour 

and metastatic LN was found (p = 0.065). The temporal change in SUVmax of 

non-metastatic LN is significantly lower than that of the primary tumour and 

metastatic LN (p < 0.0001) (Figure 2). 
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Discussion 

In this study, we investigated the diagnostic value of semiquantitative analyses 

for FDG uptake in primary lung cancer with dynamic PET/CT scans and DTP 

PET/CT scans for detecting LN metastasis. SUVmax, MTV, and TLG of the 

primary tumour in the dynamic scans and DTP PET/CT scans were statistically 

associated with the presence or absence of LN metastasis. In the ROC 

analysis, SUVmax, MTV, and TLG in the second dynamic phase show a high 

diagnostic ability for LN metastasis. In third dynamic phase, the same 

parameters had a high diagnostic ability for the presence or absence of LN 

metastasis specifically in patients satisfying the indications for segmentectomy 

based on CT scans. Moreover, the temporal change in SUVmax of the primary 

tumour is parallel to the SUVmax of metastatic LN and increases more rapidly 

than the SUVmax of non-metastatic LN.  

In this study, FDG uptake is continuously higher in patients with LN 

metastasis than in those without LN metastasis at all time phases in both 

dynamic and DTP scans. In addition, the parameters of dynamic scans tended 

to be better predictors than the parameters of DTP PET/CT scans based on the 
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AUC of the ROC analysis for the accurate diagnosis of the presence or absence 

of LN metastasis; however, DeLong’s test did not reveal any significant 

difference between all parameters. Previous reports demonstrated that the 

primary lung cancer lesions with LN metastasis have a higher activity compared 

with those without metastasis and that the SUVmax of the primary tumour in 

STP PET/CT scans is useful for the diagnosis of the presence or absence of LN 

metastasis in lung cancer [33,34,35]. FDG is transported into cells via glucose 

transporters, with glucose transporter 1 (GLUT1) as the most common mediator 

for glucose uptake [36]. Zhang et al. reported that the primary tumour with LN 

metastasis presents higher levels of GLUT1 expression than that without LN 

metastasis. Moreover, another report also revealed that high expression of 

GLUT1 is also correlated with advanced tumour stages in patients with lung 

cancer [37]. High GLUT1 overexpression and increased FDG uptake in primary 

tumours indicated higher tumour activity and aggressiveness of the tumour. 

These results indicated that FDG uptake in a primary lesion could be a potential 

parameter for LN metastasis and dynamic PET/CT scans may help improve the 

diagnostic capacity of STP and DTP PET/CT scans. 

 In addition, we also investigated the diagnostic value of SUVmax, MTV, 
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and TLG for the presence or absence of LN metastasis in patients satisfying the 

indications for segmentectomy based on CT scans, as described previously. 

SUVmax, MTV, and TLG of the primary tumour in the dynamic phases and DTP 

scans were statistically associated with the presence or absence of LN 

metastasis. In the ROC analysis, the SUVmax, MTV, and TLG in the third 

dynamic phase showed the highest diagnostic ability. An accurate evaluation of 

the presence or absence of LN metastasis is crucial in the decision to perform 

segmentectomy. Nevertheless, Detterbeck et al. reported that the false-negative 

rate is 10% for the presence of LN metastasis with preoperative CT imaging in 

patients with peripheral tumours up to 3 cm [38]. FDG PET/CT scans could 

estimate intratumoural lymphatic vessel invasion (ILVI) in clinical stage 1A 

NSCLC nodules [39]. ILVI is significantly associated with LN metastasis in 

patients with clinical stage 1 NSCLC [40]. Moreover, Higashi et al. reported that 

tumours with a low FDG uptake have a low incidence of ILVI and that small 

lesions (<3 cm) with a low FDG uptake have a low incidence of LN metastasis 

[41]. PET/CT is a useful tool for diagnosing LN metastasis in early stage lung 

cancer. However, Ghaly et al. revealed that pathological upstaging due to nodal 

metastasis occurs in 9.6% in the those with clinical stage N0 based on STP 



 22

PET/CT scans [42]. The results of our study revealed that dynamic scans, 

especially the third dynamic phase, could be an important predictor of the 

indication for segmentectomy in addition to CT imaging.  

Furthermore, we investigated the temporal change in SUVmax of the 

primary tumour, metastatic LN, and non-metastatic LN. The SUVmax of the 

primary tumour and that of metastatic LN showed no significant difference and 

changed in parallel over time. The SUVmax of the primary tumour and 

metastatic LN were significantly higher and increased more rapidly over time 

than the SUVmax of non-metastatic LN. Our study is the first to compare the 

temporal changes in SUVmax of the primary tumour, metastatic LN, and non-

metastatic LN in the dynamic phase and to analyse statistically their 

relationship. The results also suggested that the primary tumour and metastatic 

LN have a similar change in accumulation in the dynamic phase and a different 

change in accumulation from that in non-metastatic LN. The evaluation of the 

temporal change in SUVmax of primary tumours and LNs in the dynamic phase 

could be a potentially new tool for diagnosing LN metastasis. 

This study has some limitations. Our prospective study included a 

relatively small number of patients without detailed pathological information, 
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such as the presence or absence of invasive lymphatic vessels and 

immunohistochemistry findings including the expression of glucose transporters 

in the tumour. We also did not analyse the kinetic modelling of FDG PET. Thus, 

future larger multicentre prospective studies with kinetic analysis and more 

detailed pathological and immunohistochemistry findings are necessary to 

identify the most valuable parameter and determine the timing for LN 

metastasis evaluation with semiquantitative analysis of the primary tumour. 

Despite these limitations, to our knowledge, our study is the first to reveal that 

assessment of FDG uptake in primary lung cancer on dynamic PET/CT scans is 

useful to accurately determine the presence or absence of LN metastasis. 

Moreover, this study showed that dynamic scanning could be a potential 

predictor for segmentectomy indications, specifically in patients who satisfied 

the indications for segmentectomy based on CT scans. In addition, we also 

revealed that assessment of the temporal change in SUVmax of primary 

tumours in the dynamic phase could help estimate the activity of metastatic LNs 

and may in turn lead to a more accurate diagnosis of LN metastasis. 
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Conclusion 

Semiquantitative assessment of FDG uptake on dynamic PET/CT, especially in 

the dynamic second phase as well as in the 1-h early and 2-h delayed phases, 

might be a useful method to assess the presence or absence of LN metastasis 

in patients with lung cancer. In addition, SUVmax, MTV, and TLG in the third 

dynamic phase as well as the 1-h early and 2-h delayed phases show excellent 

diagnostic ability for LN metastasis in patients satisfying the indications for 

segmentectomy. Dynamic and DTP PET/CT procedures might be useful 

diagnostic tools for the indication of segmentectomy. Moreover, the temporal 

change in SUVmax of the primary tumour in the dynamic phase could be 

parallel to the change in SUVmax of metastatic LNs. The assessment of 

temporal change in SUVmax of primary tumour in the dynamic phase might be 

an essential predictor of metastatic LNs. 
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Table 1  Patient and tumour characteristics 

Characteristics Distribution 

Sex (n) 

 Male/Female 

 

30/15 

Age (years) 

 Mean±SD (range) 

 

69±7 (51–84) 

Histopathological type (n) 

Adeno/Squamous/Adenosquamous/Large/Small 

 

21/13/6/1/4 

T stage (n) 

T1a/T1b/T1c/T2a/T2b/T3/T4 

 

13/6/1/13/4/3/5 

N stage (n) 

N0/N1/N2/N3 

 

30/7/4/4 

Tumour size (mm) 

Mean±SD (range) 

 

31.9±16.7 (8–99) 

SD standard deviation, Adeno adenocarcinoma, Squamous cell carcinoma, 

Adenosquamous cell carcinoma, Large large-cell carcinoma, Small small-cell 

carcinoma 
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Table 2  SUVmax, MTV, and TLG of the primary tumour between LN groups 

Item  LN metastasis Non-LN 

metastasis 

p value 

Tumour number  15 30  

First dynamic 

phase  

  

 

SUVmax 

MTV(cm3)

TLG(g) 

5.23±2.02 

47.71±87.16 

177.77±326.31

3.97±2.74 

14.40±35.98 

61.73±166.43 

0.034 

0.005 

0.006 

Second dynamic 

phase  

  

 

SUVmax 

MTV(cm3)

TLG(g) 

7.11±3.27 

51.02±86.94 

199.28±328.23

5.07±4.13 

15.07±36.54 

74.61±199.05 

0.028 

0.004 

0.004 

Third dynamic 

phase  

  

 

SUVmax 

MTV(cm3)

TLG(g) 

8.61±4.12 

55.07±94.05 

262.18±472.83

6.15±5.31 

16.10±37.90 

96.79±274.02 

0.036 

0.004 

0.005 

Early phase  

  

SUVmax 

MTV(cm3)

13.69±6.50 

56.75±98.34 

9.65±8.28 

17.59±40.47 

0.046 

0.008 
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 TLG(g) 380.12±731.04 137.97±383.64 0.011 

Delayed phase  

  

 

SUVmax 

MTV(cm3)

TLG(g) 

17.54±7.87 

61.49±107.64 

472.50±931.99

12.13±10.73 

19.21±42.11 

178.87±485.50 

0.037 

0.004 

0.008 

Size (mm)  39.73±19.02 27.93±14.23 0.014 

The data are presented as mean ± the standard deviation. The p value is based 

on the comparison of the semiquantitative values between metastatic and non-

metastatic lymph nodes (Mann–Whitney U test). 

LN lymph node, SUVmax maximum standardised uptake value, MTV metabolic 

tumour volume, TLG total lesion glycolysis  
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Table 3  Performance parameters of semiquantitative analyses for diagnosing 

the presence or absence of LN metastasis in all patients. 

SUVmax 1st phase 2nd phase 3rd phase Early  Delayed 

Cut-off value 3.81 5.63 6.94 11.69 14.93 

Sensitivity (%) 80.0 73.3 73.3 73.3 73.3 

Specificity (%) 63.3 70 70 66.7 63.3 

AUC 0.696 0.702 0.693 0.684 0.692 

MTV(cm3) 1st phase 2nd phase 3rd phase Early  delayed 

Cut-off value 4.32 4.82 5.69 10.69 14.23 

Sensitivity (%) 80 80 80 73.3 73.3 

Specificity (%) 70 70 66.7 76.7 76.7 

AUC 0.754 0.767 0.766 0.743 0.766 

TLG(g) 1st phase 2nd phase 3rd phase Early  delayed 

Cut-off value 18.85 22.35 22.70 42.75 41.55 

Sensitivity (%) 73.3 73.3 80 73.3 73.3 

Specificity (%) 73.3 73.3 66.7 73.3 63.3 

AUC 0.751 0.763 0.757 0.733 0.746 

SUV standardised uptake value, MTV metabolic tumour volume, TLG total 



 41

lesion glycolysis, AUC area under the curve



 42

Table 4 SUVmax, MTV, and TLG of the primary tumour between the LN groups 

in patients satisfying the indications of segmentectomy based on CT scans 

Item  LN metastasis 

(+) 

Non-LN 

metastasis 

p value 

Tumour number  5 14  

First dynamic 

phase  

  

 

SUVmax 

MTV(cm3)

TLG(g) 

4.38±1.95 

2.16±1.98 

7.20±6.88 

2.22±1.04 

0.28±1.98 

0.74±1.33 

0.034 

0.044 

0.034 

Second dynamic 

phase  

  

 

SUVmax 

MTV(cm3)

TLG(g) 

6.39±3.11 

2.80±2.06 

10.63±8.96 

2.41±1.41 

0.36±0.62 

1.08±1.94 

0.003 

0.014 

0.014 

Third dynamic 

phase  

  

 

SUVmax 

MTV(cm3)

TLG(g) 

8.05±3.78 

3.51±2.16 

14.62±10.35 

2.71±1.89 

0.48±0.87 

1.70±3.20 

0.002 

0.003 

0.001 

Early phase  SUVmax 13.74±4.86 4.08±4.08 0.003 
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MTV(cm3)

TLG(g) 

3.68±1.12 

16.78±7.21 

0.96±1.33 

3.27±5.06 

0.005 

0.002 

Delayed phase  

  

 

SUVmax 

MTV(cm3)

TLG(g) 

18.03±7.26 

4.21±1.42 

23.82±15.30 

5.03±5.41 

1.13±1.51 

4.33±6.92 

0.003 

0.003 

0.002 

Size (mm)  23.40±5.68 18.43±6.43 0.298 

The data are presented as mean ± the standard deviation. The p value is based 

on the comparison of the semiquantitative values between metastatic and non-

metastatic lymph nodes (Mann–Whitney U test). 

LN lymph node, SUVmax maximum standardised uptake value, MTV metabolic 

tumour volume, TLG total lesion glycolysis  
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Table 5 Performance parameters of the semiquantitative analyses for 

diagnosing the presence or absence of LN metastasis in patients satisfying the 

indications of segmentectomy based on CT scans. 

SUVmax 1st phase 2nd phase 3rd phase Early  Delayed 

Cut-off value 2.78 2.39 3.28 7.10 9.35 

Sensitivity (%) 80 92.9 100 100 100 

Specificity (%) 71.4 80 78.6 78.6 78.6 

AUC 0.829 0.929 0.943 0.929 0.929 

MTV(cm3) 1st phase 2nd phase 3rd phase Early  Delayed 

Cut-off value 1.83 2.13 2.35 2.65 2.65 

Sensitivity (%) 60 80 80 100 100 

Specificity (%) 100 100 92.9 85.7 85.7 

AUC 0.814 0.871 0.929 0.914 0.929 

TLG(g) 1st phase 2nd phase 3rd phase Early  Delayed 

Cut-off value 5.80 5.96 9.00 12.4 14.1 

Sensitivity (%) 60 80 80 100 100 

Specificity (%) 100 100 100 92.9 92.9 

AUC 0.829 0.871 0.957 0.943 0.943 
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SUV standardised uptake value, MTV metabolic tumour volume, TLG total 

lesion glycolysis, AUC area under the curve 
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Figure legends 

Figure 1  

A receiver operating characteristic curve shows the performance of the 

maximum standardised uptake value, metabolic tumour volume, and total lesion 

glycolysis of the primary lung tumour in the third dynamic phase for 

differentiating lung cancers with lymph node (LN) metastasis and those without 

LN metastasis in patients satisfying the indications for segmentectomy based 

on computed tomography scans. 

 

Figure 2  

Repeated-measures ANOVA reveal the relationship of temporal changes in 

maximum standardised uptake value (SUVmax) of the primary tumour, 

metastatic lymph node (LN), and non-metastatic LN. Mean attenuation value of 

SUVmax in each phase of each targets. Error bars show the standard deviation. 

SUV1, SUVmax in the first dynamic phase; SUV2, SUVmax in the second 

dynamic phase; and SUV3, SUVmax in the third dynamic phase.  
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Figure 3 

A 69-year-old woman with adenocarcinoma without lymph node (LN) 

metastasis. Primary tumour (arrow) size is 22 mm and segmentectomy is 

performed. Dynamic and dual-time-point positron emission 

tomography/computed tomography images show low fluorodeoxyglucose 

accumulation in the primary tumour and LN (not shown) in all time phases. (a. 

first dynamic phase, maximum standardised uptake value (SUVmax) = 2.19; b. 

second dynamic phase, SUVmax = 2.18; c. third dynamic phase, SUVmax = 

1.98; d. early phase, SUVmax = 2.76; e. delayed phase, SUVmax = 3.07). 

 

Figure 4 

A 65-year-old man with squamous cell carcinoma with lymph node (LN) 

metastasis. Primary tumour size is 45 mm and lobectomy is performed. 

Dynamic and DTP PET/CT images (a,f. first dynamic phase; b,g second 

dynamic phase; c,h. third dynamic phase; d,i. early phase; e,j. delayed phase) 

reveal intense fluorodeoxyglucose (FDG) accumulations in the primary tumour 

(arrow) and pathologically proven metastatic LN (#7, circle) in all time phases. 

The FDG accumulations increases over time. In contrast, FDG accumulation in 
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non-metastatic LN (#11, arrow head) is not increased over time. Maximum 

standardised uptake value (SUVmax) in each phase: primary tumour 

4.19→5.76→7.37→12.16→15.65; metastatic LN (#7) 

5.33→6.79→8.34→13.81→15.66; and non-metastatic LN (#11) 

1.82→1.68→1.91→1.29→1.39. 

 










