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Original Article
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Background: It is crucial to assist neuroblastoma (NB) pediatric patients in accurate risk stratification based 
on the revised Children’s Oncology Group (COG) classification system through non-invasive examinations. 
This study assessed the diagnostic efficacy of integrating multiparametric 2-[18F]fluoro-D-glucose positron 
emission tomography/computed tomography (2-[18F]FDG PET/CT) metabolic parameters with clinical 
variables to differentiate between high- and non-high-risk pediatric NB according to the revised COG 
classification system.
Methods: A retrospective study was conducted involving a total of 89 pediatric NB patients, including 
71 high-risk and 18 non-high-risk patients, who underwent pre-treatment 2-[18F]FDG PET/CT imaging. 
All patients were confirmed by pathology, and clinical variables were collected. The metabolic parameters 
of 2-[18F]FDG PET/CT were evaluated, including maximum standard uptake value (SUVmax), mean 
standard uptake value (SUVmean), metabolic tumor volume (MTV) and total lesion glycolysis (TLG). The 
differences in diagnostic efficacy were evaluated by comparing the differences between receiver operating 
characteristic (ROC) curves. The DeLong test, integrated discrimination improvement (IDI), and net 
reclassification improvement (NRI) were utilized to assess the enhancement in diagnostic performance. The 
clinical utility of the diagnostic model was evaluated through decision curve analysis (DCA).
Results: The ROC curve analysis of TLG showed the highest differentiating diagnostic value [sensitivity 
=0.620, 95% confidence interval (CI): 0.496–0.730; specificity =0.833, 95% CI: 0.577–0.956; area under the 
curve (AUC) 0.764, 95% CI: 0.648–0.881; cut-off =234.70] among metabolic parameters of 2-[18F]FDG 
PET/CT. After multivariate forward stepwise logistic regression (LR) analysis, the combined diagnostics 
model of age, gender, the International Neuroblastoma Risk Group Staging System (INRGSS) stage (L1/L2 
vs. M/MS) and TLG resulted in the highest AUC of 0.932 (95% CI: 0.867–0.998; sensitivity =0.901, 95% 
CI: 0.802–0.956; specificity =0.889, 95% CI: 0.604–0.978). Compared to TLG, the diagnostic efficiency 
of the model demonstrated a significant improvement [Z=3.089, P<0.001; IDI =0.388, P<0.001; NRI 
(categorical) =0.736, P<0.001]. The DCA further validated the clinical efficacy of the model. 
Conclusions: The multiparameter diagnosis model based on 2-[18F]FDG PET/CT metabolic parameters 
and clinical parameters had excellent value in the differential diagnosis of high- and non-high-risk pediatric 
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Introduction

Neuroblastoma (NB) arises from the neural crest cells of 
the adrenal medulla and is the most prevalent and lethal 
extracranial solid malignancy in pediatric patients (1,2). 
The clinical behavior of NB exhibits a wide range of 
heterogeneity, encompassing spontaneous regression as 
well as resistance to treatment, metastasis, and mortality (3).  
Therefore, accurate prediction of patient outcomes and 
stratification of patient risk are crucial for tailoring treatment 
plans specifically designed for NB patients. The Children’s 
Oncology Group (COG) Risk Classifier (version 1) based 
on the International Neuroblastoma Staging System (INSS) 
was established in 2000 (4), but its application has been 
limited due to it being postoperative staging method (5). 
The International Neuroblastoma Risk Group Staging 
System (INRGSS) relies on imaging-defined risk factors 
(IDRF) determined before treatment, upon which the INRG 
risk stratification system was constructed (6). However, 
the INRG classifier was developed using patient data from 
decades ago, so it did not consider the impact of more 
advanced treatments on outcomes (7). In recent years, studies 
have found that segmental chromosomal aberrations (SCAs) 
which involve the loss or acquisition of chromosome arms 
indicate unfavorable outcomes (8-11). The revised COG risk 
classifier (version 2) has been proposed for clinical guidance 
of NB, mainly based on INRG and SCAs in 2021 (7).  
However, due to the high heterogeneity of NB, there may 
be biases in the pathological and genetic detection indicators 
used for defining the risk group of NB patients obtained 
through invasive biopsy (12). Therefore, it is crucial to 
perform accurate risk stratification for patients with NB in 
through non-invasive examinations.

2-[18F]fluoro-D-glucose positron emission tomography 
18F-fluorodeoxyglucose positron emission tomography/
computed tomography (2-[ 18F]FDG PET/CT) i s 
increasingly used in pediatric malignancies (13), including 
NB, for diagnosis staging and predicting prognosis (14-17). 
The clinical application of metabolic parameters of 2-[18F]

FDG PET, including maximum standardized uptake value 
(SUVmax), mean standardized uptake value (SUVmean), 
total lesion glycolysis (TLG), and metabolic tumor volume 
(MTV), in NB has been confirmed (15,18,19). Therefore, 
first, our study analyzed the clinical value of metabolic 
parameters of 2-[18F]FDG PET/CT for noninvasively 
identifying high- and non-high-risk pediatric NB under the 
revised COG classification system; Second, we developed 
a differential diagnosis model to distinguish between high- 
and non-high-risk pediatric NB under the revised COG 
classification system. This model integrates clinical variables 
with metabolic parameters derived from 2-[18F]FDG PET/
CT imaging. Further, we evaluated the performance of 
model. We present this article in accordance with the 
TRIPOD reporting checklist (available at https://qims.
amegroups.com/article/view/10.21037/qims-24-1111/rc).

Methods

Patients 

This retrospective cohort study was approved by the 
Institutional Review Board of Beijing Friendship Hospital 
(approval number: 2020-P2-091-02) and informed consent 
was provided by the guardians of all patients for this 
retrospective study. This study was performed in accordance 
with the Declaration of Helsinki (as revised in 2013). 
Guardians of all patients provided informed consent before 
2-[18F]FDG PET/CT was conducted. 

In this study, we conducted a retrospective analysis of 
the imaging data from all pediatric patients diagnosed 
with NB who underwent 2-[18F]FDG PET/CT scans 
prior to treatment at Beijing Friendship Hospital between 
March 2018 and November 2019. The inclusion criteria 
were as follows: (I) all patients were diagnosed by 
pathology; (II) no anti-tumor treatment before 2-[18F]
FDG PET/CT examination; (III) complete clinical data 
records to assign risk groups according to the revised 
COG classification system (7). The exclusion criteria 
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were as follows: (I) no pathological diagnosis obtained; 
(II) anti-tumor treatment before 2-[18F]FDG PET/CT 
examination; (III) incomplete clinical data. According to 
INRGSS (6), patients were divided into L1, L2, M, and 
MS stages; patients were classified into favorable histology 
(FH) and unfavorable histology (UFH) according to the 
International Neuroblastoma Pathology Classification 
(INPC) (20). According to the revised COG classification 
system (7), we divided the NB patients into high- and 
non-high-risk groups. The clinical variables, including 
age (months), gender, primary lesion site (adrenal or 
extra-adrenal), MYCN status (amplified or not amplified), 
deletion of the short arm of chromosome 1p36 (normal 
or abnormal), deletion of the short arm of chromosome 
11q (normal or abnormal), and histopathological typing 
(ganglioneuroblastoma, differentiated NB and poorly 
differentiated NB) were collected.

Image acquisition

Patients were required to undergo a fasting period of 
at least 6 hours. During this time, their blood glucose 
levels were verified to be below 11.1 mmol/L prior to the 
administration of 2-[18F]FDG at a dose of 3.5–4.5 MBq/kg.  
At 60–90 minutes post-injection, all patients underwent 
2-[18F]FDG PET/CT imaging using a Biograph mCT 
scanner (Siemens Healthineers, Erlangen, Germany). 
Whole-body PET scans were performed to encompass the 
region extending from the base of the skull to the proximal 
femur while patients were in a free-breathing state. The 
parameters for PET include a 3-dimensional (3D) mode, 
a bed interval of 2–2.5 minutes (with 30% overlap), a bed 
count of 4–5 per person, 3 iterations, 21 subsets, and a 
Gaussian filter half-height width of 4.0 millimeters. The 
voltage range is 120–140 kV, the current is 100 mAs, the 
rotation time is 0.8 seconds, the layer thickness is 3–5 mm, 
and the pitch value is 1. The automatic dose modulation 
of the above parameters is applied to collect low-dose CT 
images of the whole body for attenuation correction. Image 
reconstruction is performed utilizing an ordered subset 
expectation maximization (OSEM) algorithm, incorporating 
CT-based attenuation correction (AC).

Image analysis

2-[18F]FDG PET/CT images were evaluated using 3D 
Slicer software (version 4.13.0; https://www.slicer.org/) 
by two experienced nuclear medicine physicians (Y.X. 

and Y.S.) who were unaware of the patients’ clinical 
data. NBs exhibiting abnormal 2-[18F]FDG uptake on 
PET imaging were identified as primary lesions. The 
software automatically generated contours encompassing 
the target lesion within its boundaries, and we manually 
delineated 2-dimensional (2D) regions of interest (ROIs) 
in conjunction with these contours to form 3D volumes 
of interest (VOIs). For quantitative MTV measurement, 
we selected regions within lesions where the standardized 
uptake value (SUV) intensity exceeded 40% of the 
SUVmax. Metabolic PET variables included the primary 
lesion SUVmax and primary lesion SUVmean. 

Statistical analysis

The categorical variables were reported as frequencies 
and percentages [n (%)] in order to provide a qualitative 
description of the data. For continuous variables with 
normal distribution, independent sample t-test [mean± 
standard deviation (SD)] was used for comparison; Mann-
Whitney U test [median (interquartile range)] was used to 
represent skewed continuous variables. The Kolmogorov-
Smirnov test was utilized to evaluate the normality of the 
distribution of data. To evaluate the predicted values of 
PET parameters, we quantified the area under the receiver 
operating characteristic (ROC) curve (AUC) to identify 
the optimal PET parameters for differential diagnosis. 
Additionally, we calculated sensitivity, specificity, positive 
predictive value (PPV), and negative predictive value (NPV). 
Multivariate logistic regression (LR) analysis was utilized 
to construct diagnostic models for distinguishing between 
the high- and the non-high-risk group. Multivariate LR 
analysis was employed to develop diagnostic models for 
discriminating between the non-high- and high-risk group. 
The DeLong test, integrated discriminatory improvement 
(IDI), and net reclassification improvement (NRI) were 
employed to compare the diagnostic performance of the 
model with the PET parameters that demonstrated the 
highest AUC. This comparison aimed to evaluate the 
differential diagnostic performance between the PET 
parameters and the diagnostic model. The clinical utility 
and accuracy of the model were assessed using decision 
curve analysis (DCA), which evaluates the net benefit 
across a range of threshold probabilities, focusing on the 
interval with the highest AUC (21). The DeLong test was 
conducted using the pROC package, and IDI and NRI were 
performed with the PredictABEL package. The DCA was 
performed with the rmda package. Commercial software 
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including SPSS 24.0 (IBM Corp., Armonk, NY, USA) 
and R software program version 4.0.2 (R Foundation 
for Statistical Computing, Vienna, Austria) were used to 
perform statistical analysis on the data. All statistical tests 
were two-tailed with a significance level set at P=0.05.

Results

Clinical variables

A total of 89 pediatric patients with NB were included in 
our study, including 71 high-risk patients and 18 non-high-
risk patients (Figure 1). The clinical variables between high-
risk patients and non-high-risk patients are presented in 
Table 1. 

Regarding clinical variables, a significant difference 
was observed in age (45.9±27.4 vs. 30.2±18.4 months, 
P=0.024) and gender [boy/girl: 36 (51%)/35 (49%) vs. 
4 (22%)/14 (78%), P=0.039] between high-risk patients 
and non-high-risk patients. The INRGSS stage [L1: 0 
(0%) vs. 12 (67%); L2: 11 (15.5%) vs. 3 (17%); M: 58 
(82%) vs. 3 (17%); MS: 2 (3%) vs. 0 (0%), P<0.001], 
MYCN amplification [34 (48%) vs. 3 (17%), P=0.007], 
deletion of the short arm of chromosome 11q [abnormal: 

36 (51%) vs. 2 (11%), P=0.002] and INPC [FH/UFH: 
13 (18%)/58 (82%) vs. 13 (72%)/5 (28%), P<0.001]
between high-risk patients and non-high-risk patients. 
However, there was no statistical difference in primary 
lesion site [adrenal: 52 (73%) vs. 10 (56%), P=0.145], 
deletion of the short arm of chromosome 1p36 [abnormal: 
38 (53.5%) vs. 14 (78%), P=0.062], and pathological 
histological typing [ganglioneuroblastoma: 30 (42%) 
vs. 7 (39%); differentiated NB: 9 (13%) vs. 4 (22%); 
poorly differentiated NB: 32 (45%) vs. 7 (39%), P=0.589] 
between high- and non-high-risk patients.

Comparison of 2-[18F]FDG PET/CT metabolic parameters 
between high- and non-high-risk patients

Compared with high-risk patients, the metabolic parameters 
of 2-[18F]FDG PET/CT in patients with non-high-risk 
patients, including SUVmax (5.38±2.76 vs. 3.73±2.41, 
P=0.023), MTV [165.48 (78.07–357.21) vs. 59.19 (6.67–
107.56), P=0.001] and TLG [381.77 (146.31–805.68) vs. 
126.65 (6.44–213.24), P=0.001] were significantly higher. 
However, there was no statistical difference in SUVmean 
between the two groups (SUVmean: 2.31±1.03  vs. 
1.86±1.15, P=0.114). The 2-[18F]FDG PET/CT metabolic 

Pediatric patients who were pathologically diagnosed with neuroblastoma 
and underwent 2-[18F]FDG PET/CT prior to treatment from March 2018 to 

November 2019 (n=134)

Patients enrolled in the study (n=89)

Inclusion criteria:
•	 All patients are diagnosed by pathology
•	 No anti-tumor treatment before 2-[18F]FDG 

PET/CT examination
•	 Complete clinical data records to assign risk 

groups according to the revised Children’s 
Oncology Group classification system

Exclusion criteria:
•	 No pathological diagnosis obtained (n=3) 
•	 Anti-tumor treatment before 2-[18F]FDG PET/

CT examination (n=8)
•	 Incomplete clinical data (n=34)

Figure 1 Patient inclusion and exclusion flow diagram. After the inclusion and exclusion criteria had been applied, a total of 89 pediatric 
patients with neuroblastoma were included in our study. 2-[18F]FDG PET/CT, 2-[18F]fluoro-D-glucose positron emission tomography/
computed tomography.
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Table 1 Patient clinical variables between high-risk neuroblastoma patients and non-high-risk neuroblastoma patients

Variables High-risk (n=71) Non-high-risk (n=18) P value

Age (months) 45.9±27.4 30.2±18.4 0.024

Boy/girl 36 [51]/35 [49] 4 [22]/14 [78] 0.039

Primary lesion site 0.145

Adrenal 52 [73] 10 [56]

Extra-adrenal 19 [27] 8 [44]

INRGSS stage <0.001

L1 0 [0] 12 [67]

L2 11 [15.5] 3 [17]

M 58 [82] 3 [17]

MS 2 [3] 0 [0]

MYCN status 0.007

Amplified 34 [48] 3 [17]

Not amplified 37 [52] 15 [83]

1p36 0.062

Normal 38 [53.5] 14 [78]

Abnormal 33 [46.5] 4 [22]

11q 0.002

Normal 35 [49] 16 [89]

Abnormal 36 [51] 2 [11]

International Neuroblastoma Pathology Classification <0.001

FH 13 [18] 13 [72]

UFH 58 [82] 5 [28]

Histopathological typing 0.589

Ganglioneuroblastoma 30 [42] 7 [39]

Differentiated neuroblastoma 9 [13] 4 [22]

Poorly differentiated neuroblastoma 32 [45] 7 [39]

Data are presented as mean ± standard deviation or n [%]. INRGSS, International Neuroblastoma Risk Group Staging System; FH, 
favorable histology; UFH, unfavorable histology.

parameters between high-risk patients and non-high-risk 
patients are summarized in Table 2. 

The differential diagnostic performance of 2-[18F]FDG 
PET metabolic parameters and model in high- and  
non-high-risk patients

Table 3 presents the diagnostic performance of 2-[18F]FDG 
PET metabolic parameters and models in high- versus 

non-high-risk patients. The ROC curve analysis revealed 
that TLG exhibited the highest diagnostic accuracy among 
the 2-[18F]FDG PET metabolic parameters, with a cut-off 
value of 234.70 g and an AUC of 0.764 [95% confidence 
interval (CI): 0.648–0.881]. The results showed that the 
sensitivity was 0.620 (95% CI: 0.496–0.730), the specificity 
was 0.833 (95% CI: 0.577–0.956), the PPV was 0.936 (95% 
CI: 0.814–0.983), and the NPV was 0.357 (95% CI: 0.220–
0.520). Meanwhile, according to the difference in 2-[18F]
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Table 2 The difference of 2-[18F]FDG PET/CT metabolic parameters between high-risk neuroblastoma patients and non-high-risk 
neuroblastoma patients

Variables High-risk (n=71) Non-high-risk (n=18) P value

SUVmax 5.38±2.76 3.73±2.41 0.023

SUVmean 2.31±1.03 1.86±1.15 0.114

MTV (mL) 165.48 (78.07–357.21) 59.19 (6.67–107.56) 0.001

TLG (g) 381.77 (146.31–805.68) 126.65 (6.44–213.24) 0.001

Data are presented as mean ± standard deviation or median (interquartile range). 2-[18F]FDG PET/CT, 2-[18F]fluoro-D-glucose positron 
emission tomography/computed tomography; SUVmax, max standard uptake value; SUVmean, mean standard uptake value; MTV, 
metabolic tumor volume; TLG, total lesion glycolysis.

Table 3 Differential diagnostic efficiency of 2-[18F]FDG PET/CT metabolic parameters and different diagnostic models between high-risk 
neuroblastoma patients and non-high-risk neuroblastoma patients

Parameters Cut-off AUC Sensitivity Specificity PPV NPV

SUVmax 3.28 0.707 (0.559–0.856) 0.845 (0.735–0.916) 0.556 (0.313–0.776) 0.882 (0.776–0.944) 0.476 (0.264–0.697)

SUVmean 1.53 0.672 (0.521–0.824) 0.845 (0.735–0.916) 0.500 (0.268–0.732) 0.870 (0.762–0.935) 0.450 (0.238–0.680)

MTV (mL) 88.94 0.758 (0.635–0.881) 0.704 (0.582–0.804) 0.778 (0.519–0.926) 0.926 (0.813–0.976) 0.400 (0.244–0.578)

TLG (g) 234.70 0.764 (0.648–0.881) 0.620 (0.496–0.730) 0.833 (0.577–0.956) 0.936 (0.814–0.983) 0.357 (0.220–0.520)

Model – 0.932 (0.867–0.998) 0.901 (0.802–0.956) 0.889 (0.604–0.978) 0.970 (0.885–0.995) 0.667 (0.431–0.845)

Data are presented as (95% CI). Model: age (>30 months) plus gender (boy) plus INRGSS stage (M/MS) plus TLG (>234.7). 2-[18F]FDG 
PET/CT, 2-[18F]fluoro-D-glucose positron emission tomography/computed tomography; SUVmax, max standard uptake value; SUVmean, 
mean standard uptake value; MTV, metabolic tumor volume; TLG, total lesion glycolysis; AUC, area under the curve; PPV, positive 
predictive value; NPV, negative predictive value; CI, confidence interval; INRGSS, International Neuroblastoma Risk Group Staging 
System.

Table 4 Comparison of the TLG and model to with Delong test, IDI and NRI

Variable
Delong test

IDI (95% CI) P value NRI (95% CI) P value
Z P value

Model vs. TLG 3.089 0.002 0.388 (0.271–0.506) <0.001 0.736 (0.530–0.941) <0.001

Model: age (>30 months) plus gender (boy) plus INRGSS stage (M/MS) plus TLG (>234.7). TLG, total lesion glycolysis; IDI, integrated 
discrimination improvement; NRI, net reclassification improvement (categorical); CI, confidence interval.

FDG PET/CT metabolic parameters between high- and 
non-high-risk patients, based on multivariate LR analysis, 
we constructed a diagnostic model. In the diagnostic model, 
the clinical variables included age (>30 vs. ≤30 months), 
gender (boy vs. girl), INRGSS stage (M/MS vs. L1/L2), and 
TLG (>234.7). The model showed that the AUC was 0.932 
(95% CI: 0.867–0.998), the sensitivity was 0.901 (95% CI: 
0.802–0.956), the specificity was 0.889 (95% CI: 0.604–
0.978), and the PPV and NPV were 0.970 (95% CI: 0.885–
0.995), and 0.667 (95% CI: 0.431–0.845), respectively. The 
model is shown below.

 
[ ] [ ] [ ] [ ]( )1.29 age 30 months 1.24 boy 3.35 INRGSS stage M MS 2.64 TLG 234.7 2.42

1y
1 e− × > + × + × + × > −

=
+  [1]

The model allowed for a significant reclassification, with 
an IDI of 0.388 (95% CI: 0.271–0.506, P<0.001) and a 
categorical NRI of 0.736 (0.530–0.941, P<0.001), compared 
to TLG alone. The Delong test indicated that the AUC 
of the model was significantly higher than that of TLG 
(Z=3.089, P=0.002). These findings, as presented in Table 4,  
highlight the advantages of employing a multiparametric 
approach in statistical diagnostics for distinguishing 
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Figure 2 The predictive value of 2-[18F]fluoro-D-glucose positron 
emission tomography/computed tomography parameters and 
diagnostic model [including age (>30 months) plus gender (boy) 
plus International Neuroblastoma Risk Group Staging System 
stage (M/MS) plus TLG (>234.7)] was assessed by quantifying 
the AUCs. The areas under the ROC curves for the ability 
to differentiate high-risk patients and non-high-risk patients 
for TLG was 0.764 (95% CI: 0.648–0.881, cut-off: 234.70 g, 
sensitivity: 0.620, specificity: 0.833, PPV: 0.936, and NPV: 0.357) 
and for model was 0.932 (95% CI: 0.867–0.998, sensitivity: 0.901, 
specificity: 0.889, PPV: 0.970, and NPV: 0.667), respectively. AUC, 
area under the curve; TLG, total lesion glycolysis; ROC, receiver 
operating characteristic; CI, confidence interval; PPV, positive 
predictive value; NPV, negative predictive value.

Figure 3 DCA for combined diagnostic model [including age  
(>30 months) plus gender (boy) plus International Neuroblastoma 
Risk Group Staging System stage (M/MS) plus TLG, >234.7]. 
The DCA indicates that, irrespective of the threshold probability 
considered by either clinicians or patients, employing the combined 
diagnostic model from this study for differentiating between high- 
and non-high-risk patients is valuable. DCA, decision curve analysis; 
TLG, total lesion glycolysis.

between high- and non-high-risk patients. The diagnostic 
efficiencies of TLG and model are shown in Figure 2 and 
Table 3. According to the Delong test, compared with TLG, 
the model had a statistically significant improvement in 
ROC (Z=3.889, P<0.001).

Clinical application

The DCA for the model is illustrated in Figure 3. The DCA 
indicated that the model achieved a significant net benefit 
across the entire range of risk thresholds.

Discussion

Our study results suggested that 2-[18F]FDG PET/CT 
metabolic parameters could distinguish high- and non-high-
risk pediatric patients with NB based on the revised COG 
classification system. Combining clinical variables age (>30 
months), gender (boy), INRGSS stage (M/MS), with 2-[18F]
FDG PET/CT metabolic parameters (TLG >234.7) could 
better distinguish high-risk and non-high-risk pediatric 
patients with NB based on the revised COG classification 
system.

The high heterogeneity of NB hinders the successful 
development of high-risk NB treatment, with non-high-
risk NB patients having a 5-year survival rate of over 90%, 
whereas high-risk NB patients have a 5-year survival rate 
between 20% and 50% (22,23). The management of high-
risk NB necessitates the formulation of a comprehensive 
therapeutic regimen encompassing chemotherapy, 
radiotherapy, and surgery (24). On the original COG 
classification system, the revised COG classification system 
was proposed, incorporating prognostic factors for NB, 
including MYCN status, ploidy, INPC histology, and SCAs 
at 1p36 and 11q (7). However, the risk stratification of NB 
typically necessitates the utilization of invasive pathological 
and genetic testing (25). Additionally, pathology and bone 
marrow biopsy are employed to determine the underlying 
histopathological subtype of NB as well as the presence of 
bone marrow involvement; however, reliance on fine-needle 
biopsy, which is commonly used, largely depends on the 
number of samples obtained and manual operations may 
introduce sampling errors (26). Therefore, it is crucial to 
develop non-invasive methods for risk stratification in NB 
patients to guide treatment and predict prognosis accurately.

The application of nuclear medicine in NB has 
been confirmed, especially for disease staging and 
treatment evaluation (13). As the most commonly 
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used nuclear medicine examination technique, I-123 
metaiodobenzylguanidine (123I-mIBG) scans has high 
sensitivity and specificity (27). However, 10% of NB are 
non-mIBG avid, and the spatial resolution of 123I-mIBG 
imaging is relatively low, which limits the diagnosis of 
smaller lesions. 2-[18F]FDG PET/CT can partially address 
the aforementioned issues, and current studies have 
demonstrated that 2-[18F]FDG PET/CT holds clinical 
value in the diagnosis, staging, predicting pathological 
classification, and MYCN copy number category, monitoring 
response during treatment, and prognosis prediction of NB 
(5,28-30). A phase I study compared 139 lesions identified 
on concomitant 2-[18F]FDG PET/CT and MIBG scans. 
The overall concordance of positive lesions between the two 
scans was 39.6%. Notably, although MIBG scan exhibited 
significantly higher sensitivity in detecting individual lesions 
in relapsed NB, 2-[18F]FDG PET/CT occasionally played a 
complementary role, particularly for soft tissue lesions (31). 
It should be noted that complete response determined by 
metabolic evaluation using 2-[18F]FDG PET/CT did not 
always correlate with complete response based on MIBG 
uptake. A recent study retrospectively analyzed a cohort of 
39 consecutive pediatric patients with newly diagnosed stage 
4 NB who underwent both baseline and post-chemotherapy 
2-[18F]FDG PET/CT imaging. It was observed that patients 
achieving complete resolution on PET (no residual 2-[18F]
FDG uptake higher than the surrounding backgrounds) 
after chemotherapy exhibited significantly improved 5-year 
OS compared to those without complete resolution (73.6% 
vs. 39.0%, P=0.044) (32). These findings provide evidence 
supporting the utility of 2-[18F]FDG PET/CT in assessing 
treatment response among children with stage 4 NB. 
However, experience with 2-[18F]FDG PET/CT in NB is 
still limited.

Importantly, NB is a highly heterogeneous tumor, and 
2-[18F]FDG PET/CT, as a multimodal imaging technique, 
has broad prospects for non-invasive exploration of 
tumor heterogeneity (33). Our study demonstrated the 
clinical significance of 2-[18F]FDG PET/CT metabolic 
parameters in discriminating between high- and non-high-
risk NB patients, with TLG exhibiting superior diagnostic 
efficacy (AUC =0.764, 95% CI: 0.648–0.881). The TLG is 
considered a more comprehensive parameter compared to 
SUV parameters, as it better reflects the metabolic tumor 
burden (34). Previous studies have demonstrated that 
TLG could predict the prognosis and status of NB patients 
with the MYCN oncogene and chromosome 1p36, all of 
which are related to the revised COG classification system 

(19,35). The MYCN oncogene and chromosome 1p36 in 
the revised COG classification system were also correlated 
with prognosis. Meanwhile, research has also found that 
compared to advanced (III–IV) NB lesions, early-stage 
(I–II) NB may have lower FDG metabolism (36). These 
findings may explain why TLG could effectively distinguish 
between high- and non-high-risk NB patients. However, 
considering the heterogeneity of NB and the non-specific 
uptake of FDG by primary lesions, relying solely on 
metabolic parameters to distinguish high- and non-high-
risk NB may not be accurate enough.

To date, there has only been one study on the application 
of imaging methods to distinguish high- and non-high-risk 
patients based on the revised COG classification system. 
Wang et al. conducted a relevant study using a radiomics 
signature based on CT (25). Their findings demonstrated 
that the construction of radiomics models utilizing linear 
discriminant analysis (LDA), LR, and support vector machine 
(SVM) achieved an AUC exceeding 0.8 in both the training 
and validation datasets. Compared to the above study, when 
we combined clinical variables with 2-[18F]FDG PET/
CT metabolic parameters to construct a diagnostic model, 
including age (>30 months), gender (boy), INRGSS stage (M/
MS), and TLG (>234.7), higher diagnostic efficacy could be 
achieved (AUC =0.932). The model constructed by our study 
achieved excellent sensitivity (0.950) and specificity (1.000), 
enabling more accurate and non-invasive identification of 
high-risk NB patients. Considering that the revised COG 
classification system often requires invasive testing and a 
combination of multiple tests to distinguish between high- 
and non-high-risk pediatric with NB, we only used clinical 
data (age and gender) and imaging examinations (INRGSS 
stage and TLG) from NB patients to non-invasively and 
simply distinguish the degree of risk, and demonstrated high 
diagnostic ability. This can provide assistance for patients’ 
clinical decision-making and might influence patient 
management (Figure 4).

There are still many limitations in this study: (I) the 
study was limited by a small sample size and its retrospective 
design, conducted solely at a single center; (II) our study 
only analyzed the primary lesion and did not consider any 
metastatic lesions; (III) the measurement of 2-[18F]FDG 
PET/CT metabolic parameters may be influenced by 
multiple factors, which may lead to the non-repeatability 
of diagnostic models; (IV) our study only analyzed 2-[18F]
FDG PET/CT metabolic parameters, and other parameters 
such as textural parameters and radiomics signatures were 
not included in our study. The validation of our study 
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findings necessitates the implementation of larger sample 
sizes and multicenter studies in subsequent investigations to 
enhance the diagnostic capability, stability, and repeatability 
of the model. At the same time, we can incorporate textural 
parameters and radiomic signals into future study, which 
can help to more accurately distinguish between high- and 
non-high-risk pediatrics with NB.

Conclusions

Our findings demonstrated that 2-[18F]FDG PET/CT 
metabolic parameters could non-invasively distinguish 
high- and non-high-risk pediatric patients diagnosed with 
NB based on the revised COG classification system. The 
model, combining clinical variables [age (>30 months), 
gender (boy), INRGSS stage (M/MS)], and with 2-[18F]
FDG PET/CT metabolic parameters [TLG (>234.7)] 

could better non-invasively distinguish high- and non-high-
risk pediatric patients with NB based on the revised COG 
classification system. Our findings can assist in the non-
invasive identification of high-risk NB patients, providing 
more guidance for NB patients treatment management and 
prognosis.
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