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Background: The purpose of this study was to evaluate the value of quantitative assessment of intratumoral 
2-deoxy-2-[18F]fluoro-D-glucose (2-[18F]FDG) metabolic spatial distribution (Q-FMSD) in differentiating 
pulmonary lesions with high 2-[18F]FDG uptake.
Methods: In this retrospective study, a total of 564 patients with pulmonary lesions who underwent 2-[18F]
FDG positron emission tomography/computed tomography (PET/CT) examination were analyzed. The 
maximum standard uptake value (SUVmax) of the proximal (pSUVmax) and distal (dSUVmax) regions of the 
lesions were measured, respectively. Then, Q-FMSD was obtained by the ratio of pSUVmax to dSUVmax. 
The diagnostic performance and area under receiver operating characteristic curve (AUC) were compared 
between Q-FMSD and conventional PET/CT methods for the diagnosis of pulmonary lesions with high 
2-[18F]FDG uptake. 
Results: The malignant tumors presented significantly higher Q-FMSD values than the benign lesions 
(1.11 vs. 0.94, P<0.001), which indicated that the 2-[18F]FDG uptake in the proximal region was significantly 
higher than that of distal region in malignant lesions when compared with benign ones. For distinguishing 
hypermetabolic pulmonary malignant and benign lesions, the sensitivity, specificity and accuracy of Q-FMSD 
were 96.9%, 83.2% and 92.7%, respectively. Compared with other traditional methods, Q-FMSD presented 
significantly higher specificity than visual PET/CT (61.8%, P<0.001), retention index (RI) (33.8%, P<0.001) 
and SUVmax (11.0%, P<0.001). The AUC of Q-FMSD was 0.920, which was obviously larger than that of 
the SUVmax  (0.587, P<0.001), RI (0.701, P<0.001), and visual PET/CT (0.781, P<0.001). 
Conclusions: Q-FMSD provides a simply and quantitative indicator for differentiating hypermetabolic 
pulmonary lesions with higher diagnostic performance than conventional PET/CT methods. Therefore, 
Q-FMSD should be recommended as a new promising marker to improve the diagnostic performance of 
hypermetabolic pulmonary lesions in clinical practice.
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Introduction 

Lung cancer is the leading cause of cancer-related deaths in 
the United States (1). Early detection and surgical resection 
are the best options for reducing lung cancer mortality (2).  
Positron emission tomography/computed tomography 
(PET/CT) has been widely used in differential diagnosis 
of pulmonary lesions (3-5). The maximum standard uptake 
value (SUVmax) is a common semiquantitative parameter 
for PET to evaluate the 2-deoxy-2-[18F]fluoro-D-glucose 
(2-[18F]FDG) uptake in tumors. However, 2-[18F]FDG 
is not a tumor specific agent, the overlaps of SUVmax 
between benign and malignant pulmonary lesions were 
observed in a large percentage of patients (6,7). Then, the 
accuracy of SUVmax in differential diagnosis of pulmonary 
lesions is limited. Therefore, a novel alternative diagnostic 
parameter based on PET is urgently needed to improve the 
diagnostic value for pulmonary lesions.

Heterogeneity is one of the significant characteristics of 
malignant tumors. Previous literature has demonstrated the 
heterogeneity of glucose metabolism in lung tumors (8).  
As an analogue of glucose, 2-[18F]FDG reflects the level 
of cellular glucose metabolism. 2-[18F]FDG distribution 
in malignant diseases might be heterogeneous based on 
necrosis, angiogenesis, cell proliferation, blood flow and 
hypoxia. Thus, to characterize the intratumoral 2-[18F]FDG 
metabolic spatial distribution (FMSD) might be helpful for 
the differential diagnosis between benign and malignant 
pulmonary lesions. Due to the different main blood supply, 
the blood perfusion and metabolic distribution between 
pulmonary benign and malignant lesions may be different. 
During tumor development and progression, cancer cells 
migrate to and invade blood vessels (9). Therefore, it can be 
assumed that cell metabolic activity in proximal region will 
be higher than that of distal region in malignant pulmonary 
lesions. Our published findings had firstly confirmed that the 
relative activity distribution (RAD) of 2-[18F]FDG in benign 
and malignant nodules was significantly different (10).  
Moreover, the specificity of 2-[18F]FDG RAD was 
much higher than that of conventional PET methods in 
differential diagnoses of solitary pulmonary nodules (SPNs). 
However, the acquisition of RAD requires complex diameter 
measurement and calculation, which limits its clinical 
application. Recently, we visually assessed the 2-[18F]FDG 
spatial distribution in pulmonary lesions (11). Although this 
simple procedure could improve the diagnostic performance 
for hypermetabolic pulmonary nodules and masses, the 
main limitation lied in the subjective bias of observers, and 

the interobserver agreement needed to be further improved.
In this study, we attempt to further explore a novel 

and simple quantitative method to objectively investigate 
the value of 2-[18F]FDG metabolic spatial distribution in 
differentiating pulmonary lesions with high 2-[18F]FDG 
uptake. We present the following article in accordance with 
the STARD reporting checklist (available at https://qims.
amegroups.com/article/view/10.21037/qims-21-1148/rc).

Methods

Patients

From September 2016 to January 2019, a total of 564 
consecutive patients (359 men and 205 women; mean age 
62.3±10.9 years; range, 23–88 years) who underwent 2-[18F]
FDG PET/CT for suspect malignant pulmonary lesions 
were included in this retrospective study. Inclusion criteria 
of the subjects were listed as follows: (I) all malignant lesions 
were confirmed as primary pulmonary tumors by pathology, 
and the diagnoses of all benign lesions were based on 
either pathology or at least 2 years of clinical follow-up; 
(II) diameter of lesions ≥10 mm; (III) pulmonary lesions 
with SUVmax higher than the mediastinal blood pool. The 
exclusion criteria were the subjects who: (I) had multiple 
hypermetabolic nodules or masses in both lungs; (II) had 
evidence of distant metastasis; (III) received previous lung 
biopsy or preoperative treatment; (IV) had previous history 
of other cancer; (V) had obvious breathing or motion 
artifact. The flow diagram was depicted in Figure 1. The 
study was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013). The Institutional Ethics 
Committee of the First Affiliated Hospital of Wenzhou 
Medical University approved this retrospective study, and 
written informed consent was obtained from all included 
patients.

PET/CT acquisition

After at least 6 hours of fasting, the patients received 
an intravenous injection of 2-[18F]FDG (3.7 MBq/kg). 
Approximately one hour later, the PET/CT (GEMINI TF 
64, Philips, Netherlands) scan was performed. For attenuation 
correction, low-dose unenhanced CT was performed with 
the following parameters: tube voltage 120 kVp, tube 
current 249 mA, detector collimation 64 mm × 0.625 mm,  
pitch 0.829, tube rotation speed 0.5 s, section thickness  
5 mm, reconstruction thickness 2.5 mm. After CT scanning, 

https://qims.amegroups.com/article/view/10.21037/qims-21-1148/rc
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a three-dimensional mode PET scan was obtained with 
the following parameters: field of view 576 mm, matrix 
144×144, slice thickness 5 mm. PET images were iteratively 
reconstructed using the ordered subset expectation 
maximization (OSEM) algorithm. Finally, all collected data 
are transferred to Philips extended intelligence workstation 
3.0 (EBW 3.0, Philips) to reconstruct PET, CT and PET/
CT fusion images.

Image analysis

The 2-[18F]FDG PET/CT data measurements and 
image analyses were performed on the Philips dedicated 
workstation. The SUVmax values of early and delayed 
scans were independently measured by one experienced 
nuclear medicine physician using the automatic method for 
delineation of the volume of interest (VOI). The SUVmax 
was defined as the highest value within the VOI. The 
retention index (RI) was calculated using the following 
formula: 100% × (delayed SUVmax-early SUVmax)/early 
SUVmax (10). For SUVmax assessment, the SUVmax ≥2.5 
was considered as positive (12,13), and for RI assessment, 
RI >0 was defined as positive.

The visual PET/CT assessment was independently 
performed by two experienced nuclear medicine physicians 

who were ignored the characteristics of FMSD and blinded 
to the pathological results. Any inconsistency between the 
two readers was resolved by consensus. The lesions were 
interpreted as malignant when the 2-[18F]FDG uptake of 
which were significantly higher than the mediastinal blood 
pool. For the remaining lesions with mild 2-[18F]FDG 
accumulation, they were interpreted as probably malignant 
or probably benign based on the comprehensive judgments 
of CT morphological characteristics and PET metabolic 
information of lesions. Finally, malignant or probably 
malignant lesions were interpreted as positive and probably 
benign lesions were interpreted as negative.

The quantitative assessment of intratumoral 2-[18F]
FDG metabolic spatial distribution (Q-FMSD) was 
independently analyzed by two other experienced nuclear 
medicine physicians who were blinded to the information 
of pathology. In case of inconsistency between the two 
readers, consensus was reached on a final measurement for 
the statistical analyses. The specific procedures performed 
on MIP images were as follows: Firstly, the lesion was 
divided into two regions taking the pulmonary hilar as a 
reference point. The region close to the ipsilateral hilar 
was defined as the proximal region, and the region away 
from the ipsilateral hilar was defined as the distal region. 
Secondly, VOIs of the lesion proximal and distal regions 

Figure 1 The flow diagram shows the process of patient enrollment. PET/CT, positron emission tomography/computed tomography; 
SUVmax, maximum standard uptake value; Q-FMSD, quantitative assessment of intratumoral 2-[18F]FDG metabolic spatial distribution; 
RI, retention index.

Patients with suspect malignant pulmonary 
lesions underwent PET/CT between September 

2016 and January 2019
(n=2,086)

Potential eligible participants
(n=1,416)

Eligible participants
(n=564)

PET/CT image analysis

(I) All lesions were confirmed by either 
pathology or clinical follow-up

(II) Diameter of lesions ≥ 10 mm
(III) Pulmonary lesions with SUVmax higher 

than the mediastinal blood pool

(I) Had multiple hypermetabolic nodules or 
masses (n=89)

(II) Had distant metastasis (n=197)
(III) Received previous lung biopsy (n=301)
(IV) Received preoperative treatment (n=91)
(V) Had previous history of other cancer (n=79)
(VI) Had obvious artifact (n=95)

(I) Q-FMSD
(II) SUVmax
(III) RI
(IV) Visual PET/CT

Inclusion criteria

Exclusion criteria

Index assessment



Wang et al. 2-[18F]FDG metabolic distribution in pulmonary lesions3824

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2022;12(7):3821-3832 | https://dx.doi.org/10.21037/qims-21-1148

were drawn manually (14). Finally, SUVmax values of 
the proximal (pSUVmax) and distal (dSUVmax) regions 
were automatically obtained and the ratio of pSUVmax to 
dSUVmax (Q-FMSD) was subsequently calculated. The 
result was recorded as positive when Q-FMSD >1, and the 
result was recorded as negative when Q-FMSD ≤1 (10).

Statistical analysis 

Since the distributions between benign and malignant 
groups were skewed, continuous variables were expressed as 
median and interquartile range (IQR), and the differences 
between groups were compared by independent sample 
Mann-Whitney test. For categorical data, presented as 
frequency and percentage, were analyzed by chi-squared test. 
Bland–Altman analysis was used to compare intra-observer 
variability in Q-MFSH. The diagnostic value of SUVmax, 
RI, visual PET/CT assessment and Q-FMSD for detection of 
malignance were calculated in terms of sensitivity, specificity, 
accuracy, positive predictive value (PPV) and negative 
predictive value (NPV). In addition, receivers operating 
characteristic (ROC) was plotted and the area under curve 
(AUC) was calculated to compare the capability of each 

method for distinguishing malignant and benign lesions. 
The McNemar test was analysed to compare the sensitivity, 
specificity and accuracy of Q-FMSD with other methods. All 
data were statistically analyzed using SPSS software, version 
23.0 (IBM Corp., Armonk, New York, USA) and P<0.05 was 
considered to indicate statistical significance. 

Results

General characteristics of subjects

Among all 564 lesions, the malignancy was proven in 391 
(69.3%) lesions, and 173 (30.7%) lesions were benign. The 
median size of the lesion was 25.0 mm (range, 10 –159 mm). 
Among all patients, 383 (67.9%) cases were performed with 
delayed PET scans. The pathological types of malignant 
and benign lesions were shown in Figure 2A,2B. Among 
564 lesions, significant differences were observed in lesion 
size, SUVmax, delay SUVmax and RI, whereby malignant 
tumors presented larger size, with significantly higher 
metabolic activity and RI than benign lesions (Figure 3A,3B).  
The comparisons of general characteristics between 
malignant and benign lesions were shown in Table 1.

Figure 2 The pathological types of malignant and benign lesions.

Figure 3 Scatter plots of SUVmax, RI and Q-FMSD. The horizontal line represents median value of each group. SUVmax, maximum 
standard uptake value; RI, retention index; Q-FMSD, quantitative assessment of intratumoral 2-[18F]FDG metabolic spatial distribution.
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The results of quantitative assessment of FMSD

Bland-Altman analysis showed excellent consistency 
between the two observers in measurement of Q-MFSH 
(P=0.455). The graph of Bland-Altman analysis was shown 
in Figure S1. Among all lesions, the median (IQR) value 
of Q-FMSD was 1.10 (0.98, 1.16). Compared with benign 
lesions, Q-FMSD of malignant tumors was significantly 
higher (P<0.001) (Figure 3C). The median (IQR) value of 
Q-FMSD in malignant tumors was 1.11 (1.06, 1.20), which 
indicated that the 2-[18F]FDG metabolism distribution in 
the proximal region was significantly higher than that in 
the distal region (Figure 4). The median (IQR) value of 
Q-FMSD of benign lesions was 0.94 (0.86, 0.98), which 
indicated that the 2-[18F]FDG metabolism distribution in 
the proximal region was significantly lower than that in the 
distal region (Figure 5). The comparison of Q-FMSD values 

between malignant and benign lesions among different size 
groups were shown in Table 2. 

Diagnostic performance of different methods

The diagnostic performance of Q-FMSD in distinguishing 
benign and malignant lesions was shown in Table 3. When 
Q-FMSD >1 was considered as positive, the sensitivity, 
specificity, accuracy, PPV and NPV were 96.9%, 83.2%, 
92.7%, 92.9%, and 92.3%, respectively. There was no 
significant difference in the sensitivity, specificity and 
accuracy of Q-FMSD method in the diagnosis of lesions 
of different sizes (P all >0.05). Compared with the 
conventional PET/CT method, although the sensitivity 
of Q-FMSD was similar to the other three methods (P 
all >0.05), the specificity and accuracy of Q-FMSD was 

Table 1 General characteristics of subjects

Characteristics Overall (n=564) Malignant (n=391) Benign (n=173) P value

Age, years, median (IQR) 63.0 (56.0, 69.0) 66.0 (58.0, 71.0) 59 (50.5, 66.0) <0.001*

Sex, n (%) 0.039*

Male 359 (63.7) 238 (60.9) 121 (69.9)

Female 205 (36.3) 153 (39.1) 52 (30.1)

Smoking, n (%) 190 (33.7) 146 (37.3) 44 (25.4) 0.006*

Alcohol, n (%) 203 (36.0) 136 (34.8) 67 (38.7) 0.368

Diabetes, n (%) 92 (16.3) 70 (17.9) 22 (12.7) 0.124

Heart disease, n (%) 178 (31.6) 128 (32.7) 50 (28.9) 0.451

Tumor site, n (%) 0.341

RUL 168 (29.8) 113 (28.9) 55 (31.8)

RML 38 (6.7) 29 (7.4) 9 (5.2)

RLL 124 (22.0) 85 (21.7) 39 (22.5)

LUL 141 (25.0) 105 (26.9) 36 (20.8)

LLL 93 (16.5) 59 (15.1) 34 (19.7)

Tumor size, mm, median (IQR) 25.0 (18.0, 35.0) 26.0 (20.0, 36.0) 20.0 (13.5, 33.5) <0.001*

FBG (IQR), mmol/L, median (IQR) 5.4 (5.0, 6.2) 5.5 (5.0, 6.2) 5.3 (4.9, 6.2) 0.758

SUVmax, median (IQR) 5.8 (3.4, 9.2) 6.5 (3.8, 10.2) 4.6 (3.0, 7.2) <0.001*

Delayed SUVmax, median (IQR) 6.0 (4.1, 9.7) 6.5 (4.2, 10.4) 4.8 (3.4, 7.6) <0.001*

RI, %, median (IQR) 10.0 (4.0, 21.0) 13.0 (6.0, 24.0) 5.0 (3.0, 13.0) <0.001*

*, significant difference (P<0.05) between malignant and benign groups. RUL, right upper lobe; RML, right middle lobe; RLL, right lower 
lobe; LUL, left upper lobe; LLL, left lower lobe; FBG, fasting blood glucose; SUVmax, maximum standard uptake value; RI, retention index; 
IQR, interquartile range.

https://cdn.amegroups.cn/static/public/QIMS-21-1148-supplementary.pdf
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Figure 4 Images from a 69-year-old male patient with adenocarcinoma. Transaxial CT (A) showed a soft mass in the right upper lobe. The 
mass presented profound 2-[18F]FDG uptake on transaxial PET image (B). The SUVmax values of the pSUVmax and dSUVmax regions 
were 24.673 and 22.874, respectively (C). The ratio of pSUVmax to dSUVmax was calculated as 1.079, which indicated a malignant lesion. 
PET, positron emission tomography; SUVmax, maximum standard uptake value; pSUVmax, proximal SUVmax; dSUVmax, distal SUVmax.

Figure 5 Images from a 73-year-old male patient with tuberculosis. Transaxial CT (A) showed a soft mass in the left upper lobe. The mass 
presented profound 2-[18F]FDG uptake on transaxial PET image (B). The SUVmax values of the pSUVmax and dSUVmax regions were 
13.806 and 18.706, respectively (C). The ratio of pSUVmax to dSUVmax was calculated as 0.738, which indicated a benign lesion. PET, 
positron emission tomography; SUVmax, maximum standard uptake value; pSUVmax, proximal SUVmax; dSUVmax, distal SUVmax.
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significantly higher than that of SUVmax (P<0.001), RI 
(P<0.001) and visual PET/CT (P<0.001) (Table 4). The 
confusion matrixes between Q-FMSD and SUVmax, RI, 
visual PET/CT were shown in Figure 6.

The ROC curves plotted by different indicators for 
comparison of diagnostic performance were demonstrated in 
Figure 7. The optimal cut off for the SUVmax was 6.15 from 
the ROC analysis. The corresponding diagnostic sensitivity 
and specificity were 34.4% and 79.7%, respectively. The 
AUC of SUVmax, RI, visual PET/CT assessment and 
Q-FMSD was 0.587, 0.701, 0.781 and 0.920, respectively. 

Compared with SUVmax, RI and visual PET/CT, the AUC 
of Q-FMSD was significantly larger (P all <0.001) (Table 5), 
which indicated the diagnostic performance of Q-FMSD 
was better than other three indicators.

Discussion

In the present study, we quantitatively evaluated the 
usefulness of intratumoural metabolic spatial distribution 
on 2-[18F]FDG PET for distinguishing hypermetabolic 
pulmonary malignant and benign lesions. There was 

Table 2 The Q-FMSD values of different size groups between malignant and benign lesions

Groups Malignant Benign P

Overall, median (IQR), n=564 1.11 (1.06, 1.20) 0.94 (0.86, 0.98) <0.001

10–19 mm, median (IQR), n=172 1.14 (1.09, 1.25) 0.94 (0.88, 0.97) <0.001

20–29 mm, median (IQR), n=184 1.11 (1.05, 1.20) 0.94 (0.86, 0.98) <0.001

30–49 mm, median (IQR), n=147 1.09 (1.04, 1.16) 0.92 (0.83, 0.99) <0.001

≥50 mm, median (IQR), n=61 1.10 (1.04, 1.20) 0.95 (0.81, 0.99) <0.001

Q-FMSD, quantitative assessment of intratumoral 2-[18F]FDG metabolic spatial distribution; IQR, interquartile range.

Table 3 The performance of Q-FMSD for distinguishing benign and malignant lesions

Groups TP TN FP FN Sensitivity Specificity Accuracy PPV NPV

Overall, n=564 379 144 29 12 96.9 83.2 92.7 92.9 92.3

10–19 mm, n=172 89 69 14 0 100.0 83.1 91.9 86.4 100.0

20–29 mm, n=184 140 36 6 2 98.6 85.7 95.7 95.9 94.7

30–49 mm, n=147 110 23 7 7 94.0 76.7 90.5 94.0 76.7

≥50 mm, n=61 40 16 2 3 93.0 88.9 91.8 95.2 84.2

Q-FMSD, quantitative assessment of intratumoral 2-[18F]FDG metabolic spatial distribution; TP, true positive; TN, true negative; FP, false 
positive; FN, false negative; PPV, positive predictive value; NPV, negative predictive value.

Table 4 Comparison of diagnostic value among different methods 

TP TN FP FN Sensitivity Specificity Accuracy PPV NPV

Q-FMSD 379 144 29 12 96.9 83.2* 92.7* 92.9 92.3

Visual PET/CT assessment 380 107 66 11 97.2 61.8 86.3 85.2 90.7

Dual time point RI (%) >0 226 45 88 24 90.4 33.8 70.8 72.0 65.2

SUVmax ≥2.5 370 19 154 21 94.6 11.0 69.0 70.6 47.5

*, significant difference (P<0.001) between Q-FMSD and visual PET/CT, dual time point RI and SUVmax. TP, true positive; TN, true 
negative; FP, false positive; FN, false negative; PPV, positive predictive value; NPV, negative predictive value; Q-FMSD, quantitative 
assessment of intratumoral 2-[18F]FDG metabolic spatial distribution; PET/CT, positron emission tomography/computed tomography; RI, 
retention index; SUVmax, maximum standard uptake value.
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Table 5 Comparison of AUCs among different methods

Variable(s) Area Std. Error Significance
95% CI

Z value P value
Lower Upper

Q-FMSD 0.920 0.018 0.000  0.884 0.956

Visual PET/CT assessment 0.781 0.028 0.000 0.726 0.836 4.212a <0.001a

Dual time point RI 0.701 0.029 0.000 0.645 0.757 6.441b <0.001b

SUVmax 0.587 0.030 0.000 0.528 0.646 9.514c <0.001c

a, Q-FMSD vs. visual PET/CT; b, Q-FMSD vs. RI; c, Q-FMSD vs. SUVmax. AUC, area under the ROC curves; Q-FMSD, quantitative assessment 
of intratumoral 2-[18F]FDG metabolic spatial distribution; PET/CT, positron emission tomography/computed tomography; RI, retention index; 
SUVmax, maximum standard uptake value.

Figure 6 The confusion matrixes between Q-FMSD and SUVmax, RI, visual PET/CT. Q-FMSD, quantitative assessment of intratumoral 
2-[18F]FDG metabolic spatial distribution; SUVmax, maximum standard uptake value; RI, retention index; PET/CT, positron emission 
tomography/computed tomography.

Figure 7 The ROC curves plotted by SUVmax, RI, visual PET/
CT and Q-FMSD for comparison of diagnostic performance. ROC, 
receiver operating characteristic; SUVmax, maximum standard uptake 
value; RI, retention index; PET/CT, positron emission tomography/
computed tomography; Q-FMSD, quantitative assessment of 
intratumoral 2-[18F]FDG metabolic spatial distribution.

significant distribution of tracer in proximal and distal 
region between pulmonary benign and malignant lesions. 
Furthermore, the characteristic of Q-FMSD could identify 
hypermetabolic pulmonary malignant tumors with higher 
diagnostic efficiency, especially for specificity, than other 
conventional PET/CT methods. Therefore, this study 
provides a simple and objective indicator to explore the 
benefits of intratumoural metabolic spatial distribution 
analysis in evaluating those pulmonary lesions with high 
2-[18F]FDG uptake.

2-[18F]FDG PET/CT imaging, a noninvasive method, 
has been widely used in the clinical management of lung 
cancer (15,16). Alteration of tumor glucose metabolism 
is often determined by the concentration of 2-[18F]FDG, 
usually described as SUVmax (17). Generally, the malignant 
lesions have higher SUVmax than the benign ones, which 
are consistent with our findings. However, due to the high 
expression of glucose transporters in activated leucocytes, 
T-lymphocytes and macrophages (18-20), increased 
2-[18F]FDG uptake can be found in a large proportion 
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of activated inflammation and granulomatous diseases, 
such as tuberculosis, cryptococcosis, sarcoidosis and so 
on (21-23). Then, the value of SUVmax in differentiating 
malignant and benign lesions is limited. Furthermore, the 
high incidence of tuberculosis in population may result 
in lower diagnostic efficacy of SUVmax in evaluation 
of hypermetabolic pulmonary lesions (24). In our study, 
tuberculosis accounted for 40.5% (70/173) of all benign 
lesions, and we found that the diagnostic specificity was only 
11.0% when using SUVmax ≥2.5 as a positive indicator. For 
improving the diagnostic specificity of pulmonary lesions, 
dual time point scans were suggested. Still, the usefulness of 
this delayed scan is controversial (25). Although PET/CT 
combines CT morphology and PET metabolic information, 
the diagnostic specificity of PET/CT for detecting 
pulmonary nodules with high uptake 2-[18F]FDG was 
variable, which was primarily associated with the possibility 
of high false positive results (24,26,27). Therefore, new 
alternative diagnostic indicators based on PET should be 
explored for enhancing the efficacy of imaging in diagnosis 
of hypermetabolic nodules.

Our previous study has shown that the metabolic 
distribution of 2-[18F]FDG in malignant nodules was 
different from that of benign ones (10). Generally, the 2-[18F]
FDG uptake in the proximal region of malignant lesion was 
higher than that in the distal region, which was also proved 
by our visual assessment of the spatial distribution of 2-[18F]
FDG metabolism (11). Although the visual method can 
be used as an auxiliary indicator to improve the diagnostic 
accuracy of pulmonary lesions with high 2-[18F]FDG uptake, 
the analysis was a subjective empirical judgment method 
which may lead to subjective bias.

Based on the spatial distribution of 2-[18F]FDG uptake 
between proximal and distal region of malignant tumor, 
the present study firstly established a quantitative and 
easy-performed parameter of Q-FMSD for differential 
diagnosing of high metabolic lung lesions. Compared 
with previous visual analysis, Q-FMSD is a more objective 
index and less limited by the size of lesions. The median 
values of Q-FMSD in malignant and benign lesions 
were 1.11 and 0.94, respectively. Compared with benign 
lesions, Q-FMSD of malignant tumors was significantly 
higher. Moreover, our results revealed that the Q-FMSD 
values of malignant lesions in different size groups were 
all significantly higher than that of benign lesions. Those 
findings further confirmed the metabolic spatial distribution 
of lung cancer, namely, the 2-[18F]FDG uptake in the 
proximal region of lung cancer was significantly higher 

than that of the distal region. For benign lesions, the 
2-[18F]FDG spatial distribution was opposite to that of the 
malignant lesions. The sensitivity, specificity and accuracy 
of Q-FMSD in distinguishing benign and malignant lesions 
were 96.9%, 83.2% and 92.7%, respectively. Compared 
with other traditional methods, the specificity and accuracy 
of Q-FMSD were obviously higher than visual PET/CT 
assessment, RI and SUVmax. Similarly, Q-FMSD presented 
higher diagnostic efficacy than the three conventional PET/
CT indexes by using ROC curves analysis (AUCs: 0.886 
vs. 0.781, 0.701, 0.587). It was indicated that Q-FMSD can 
be used as an objective and accurate indicator in diagnosis 
and differential diagnosis of pulmonary lesions. Recently, 
radiomics is a promising field related to the extraction of 
a set of features from CT or PET images to characterize 
malignant and benign lung lesions, even in those lesions 
without an altered glucose metabolism (28). We speculate 
that the radiomics characteristics based on different 
metabolic regions of lesions may provide important 
information for the identification of benign and malignant 
pulmonary lesions, which will be a subject worthy of in-
depth research in the future.

However, the underlying pathological mechanism of 
the metabolic spatial distribution in benign and malignant 
pulmonary lesions was still  uncertain. It has been 
proven that angiogenesis plays an important role in the 
occurrence and development of tumors (29-32). Tumor 
neovascularization may cause alteration in blood volume, 
perfusion and capillary permeability, which is different 
from activated inflammatory lesions. Then, angiogenesis 
and its distribution may be one of the possible reasons 
for the difference of metabolic distribution between 
benign and malignant lung lesions. Our pre-experiment 
findings had revealed that the expression of epidermal 
growth factor receptor (EGFR) and CD31 in the proximal 
region of pulmonary malignant lesion was higher than 
that in the distal region, suggesting that the difference 
of metabolic distribution may be correlated with tumor 
angiogenesis. Another possible reason may be related to 
the different blood supply between benign and malignant 
pulmonary lesions. The main blood supply of pulmonary 
malignant lesion is bronchial artery, most of which 
originated from descending aorta. Different from lung 
cancer, inflammatory lesions are more likely to stimulate 
extrapulmonary circulation arteries to participate in blood 
supply. Therefore, this may be the main reason for different 
distribution of blood supply in the proximal and distal 
regions between lung cancer and inflammation. However, 



Wang et al. 2-[18F]FDG metabolic distribution in pulmonary lesions3830

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2022;12(7):3821-3832 | https://dx.doi.org/10.21037/qims-21-1148

influenced factors for metabolic distribution in pulmonary 
lesions are complicated, and many other factors, including 
tumor microenvironment, genetic heterogeneity and 
immune may be involved (8,33,34). Recent studies show 
that the uptake of 2-[18F]FDG in tumor is related to tumor 
associated macrophages (TAM) (35), and the spatial density 
and distribution of TAM in lung cancer are related to the 
occurrence and prognosis of lung cancer patients (36).  
Therefore, it can be speculated that the metabolic spatial 
distribution of lung cancer may be associated with the spatial 
distribution of TAMs in the tumor microenvironment.

This study has the following limitations. Firstly, there was 
a selection bias. Since patients with hypermetabolic nodules 
and masses were selectively included in this study, the higher 
proportion of tuberculosis might contribute to the main 
component of benign lesions. Meanwhile, the application 
of this novel indicator of Q-FMSD in hypometabolic 
lesions was not verified in this study. Secondly, in order 
to simplify the method, the values of SUVmax between 
proximal and distal regions of lesion was compared in 
this study. However, SUVmax is calculated based on the 
hottest uptake of the lesion, then it is not enough to reflect 
the metabolic information of the entire region of lesion. 
Thirdly, the molecular mechanisms referring metabolic 
spatial distribution did not fully investigated in this study. 
Therefore, prospective studies with possible related 
mechanisms should be explored in the future.

Conclusions

In conclusion, the characteristic of 2-[18F]FDG metabolic 
spatial distribution between pulmonary benign and 
malignant lesions was distinct different. As a quantitative 
parameter, Q-FMSD provides complementary information 
for differentiating hypermetabolic pulmonary lesions with 
higher diagnostic performance than conventional PET/
CT methods. Therefore, the index may be beneficial for 
characterization of pulmonary lesions and is recommended 
to be used as a promising marker to improve the diagnostic 
performance of hypermetabolic pulmonary lesions in 
clinical practice.
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Supplementary

Figure S1 The graph of Bland-Altman analysis for comparison the variability between observers in Q-MFSD measurement. The mean 
value of the difference between the two observers was −0.0072, and the 95% confidence interval of the difference was −0.1201 to 0.1057. 
There was no statistical difference between the two observers (P=0.455), indicating good consistency in Q-MFSD measurement between 
observers. Q-FMSD, quantitative assessment of intratumoral 2-[18F]FDG metabolic spatial distribution.


