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A B S T R A C T   

Objective: This study aimed to compare the diagnostic efficacy of O-(2-18F-fluoroethyl)-L-tyrosine 
(18F-FET) PET and 2-deoxy-2-[18F]fluoro-D-deoxyglucose (18F-FDG) PET for spinal cord lesions. 
Materials and methods: Paired preoperative 18F-FDG PET/MRI and 18F-FET PET/MRI scans were 
conducted on patients with suspected spinal cord tumors. Clinical manifestations and PET per
formance, including SUVmean, SUVmax, TBRmean, TBRmax, metabolic tumor volume (MTV), 
and total lesion metabolism (TLM), and tumor volume, were compared using group analysis and 
receiver operating characteristic (ROC) curves. 
Results: Thirty-five patients were categorized into three groups based on their pathological 
diagnosis: high-grade tumors (HGTs, n = 6), low-grade tumors (LGTs, n = 19), and non-tumor 
diseases (NTDs, n = 10). The background SUVmean of 18F-FET PET was significantly lower 
than that of 18F-FDG PET (p < 0.0001), while the delineated tumor volumes showed no signifi
cant difference (p > 0.05). The mass SUVmean, SUVmax, MTV, and TLM values of both 18F-FDG 
PET and 18F-FET PET were statistically different between HGTs and LGTs (p < 0.05). Similarly, 
the mass SUVmax, TBRmax, MTV, and TLM values of both 18F-FDG PET and 18F-FET PET, as well 
as the mass SUVmean of 18F-FET PET, exhibited statistical differences between HGTs and NTDs 
(p < 0.05). But none were able to distinguish LGTs and NTDs (p > 0.05). Notably, 18F-FET PET 
provided valuable supporting diagnostic evidence in 1 case of mixed neuronal-glial tumor 
(MNGT) and 2 cases of intramedullary inflammatory lesions. Optimal cut-off values of all 
measured parameters for distinguishing tumors and NTDs were determined through ROC 
analysis. 
Conclusion: 18F-FET PET presented comparable diagnostic performance to 18F-FDG PET in 
differentiating HGTs, LGTs, and NTDs, but exhibited particular utility in MNGT and inflammatory 
lesions.  
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1. Introduction 

Spinal cord tumors are a relatively rare occurrence, constituting approximately 3 % of all primary central nervous system (CNS) 
tumors [1]. Complete resection of intramedullary tumors is challenging due to the dense distribution of neurons and nerve fibers along 
the spinal cord, leading to a high risk of causing additional neurological damage or tumor recurrence [2]. 

Magnetic Resonance Imaging (MRI) of the spinal cord can precisely determine the location and morphology of spinal cord lesions. 
Positron emission tomography (PET) provides a superior demonstration of the biological functions, including metabolic characteristics 
and tumor perfusion. This technique enhances diagnostic efficacy and enables more accurate prediction of disease prognosis [3]. 
Currently, the most commonly used PET tracer is 2-deoxy-2-[18F]fluoro-D-deoxyglucose (18F-FDG), which shows high uptake in 
various CNS tumors and exhibits a strong correlation with their prognosis [3]. However, the specificity of 18F-FDG PET is affected by 
the additional uptake of inflammatory lesions and the presence of high background signals in normal CNS tissues [4–7]. 

Recent studies in CNS PET imaging have focused on amino acids and amino acid analogs as promising tracers [8–10]. 
O-(2-18F-fluoroethyl)-L-tyrosine (18F-FET) PET is an analog of tyrosine that exhibits an exceptionally high metabolic rate in CNS tumors 
and a low background signal. Hence, it serves as a potential PET tracer for spinal cord tumors [10]. Nevertheless, there is limited 
experience in using 18F-FET PET to assess spinal cord involvement in clinical practice, and there is a scarcity of comparative studies 
between 18F-FET PET and 18F-FDG PET for spinal cord lesions [11,12]. Therefore, this study retrospectively compared the diagnostic 
efficacy of 18F-FET PET and 18F-FDG PET in patients with suspected spinal cord tumors. 

2. Materials and methods 

2.1. Patients 

This retrospective study analyzed a consecutive cohort of patients with suspected intramedullary tumors in our center, who 

Abbreviation list 

AA Anaplastic astrocytoma 
AAD Atlantoaxial dislocation 
ACDF Anterior cervical discectomy and fusion 
AUC Area under the ROC curve 
CNS Central nervous system 
DMG Diffuse midline glioma 
DOPA Dihydroxyphenylalanine 
EPN Ependymoma 
18F-FET O-(2-18F-fluoroethyl)-L-tyrosine 
18F-FDG 2-deoxy-2-[18F]fluoro-D-deoxyglucose 
GG Ganglioglioma 
GN Granuloma 
HGTs High-grade tumors 
IDP Intervertebral disc protrusions 
LGTs Low-grade tumors 
MET Methionine 
MNGT Mixed neuronal-glial tumor 
MRI Magnetic Resonance Imaging 
MTV Metabolic tumor volume 
NTDs Non-tumor diseases 
OSEM Ordered-subset expectation-maximization 
PCDF Posterior cervical discectomy and fusion 
PCR Polymerase chain reaction 
PET Positron emission tomography 
ROC: Receiver operating characteristic 
ROIs Regions of interest 
SD Standard deviation 
SUVmax Maximum standardized uptake value 
SUVmean Mean standardized uptake value 
TBRmax Maximum target/background ratio 
TBRmean Mean target/background ratio 
TLM Total lesion metabolism  
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underwent both 18F-FDG PET/MRI and 18F-FET PET/MRI scans before surgery, from January 2022 to June 2023. One patient un
derwent 18F-FDG PET/CT and 18F-FET PET/CT instead due to claustrophobia. Patients who suffered from intervertebral disc pro
trusions and atlantoaxial dislocation with abnormal intramedullary signals on MRI were also included. All of the enrolled patients 
presented abnormal signals within the spinal cord on MRI, with an ECOG performance score below 3. They exhibited no allergic 
reactions to the 18F-FDG and 18F-FET tracers. Intramedullary lesion resections were performed when tumors were suspected, and tissue 
samples were tested and analyzed by experienced pathologists. Patients with intervertebral disc protrusions (IDP) were given the 
options of observation or surgery. Subsequently, the patient’s clinical presentation, pathological diagnosis, and 18F-FDG PET/MRI and 
18F-FET PET/MRI images were collected. Written Informed Consent Forms for both surgery and research were obtained according to 
the Declaration of Helsinki from all patients. This study received approval from the Research Ethics Committee of Xuanwu Hospital of 
Capital Medical University. 

2.2. 18F-FET PET and 18F-FDG PET image acquisition 

Preoperative 18F-FDG PET and 18F-FET PET scans were conducted on separate days within a one-week timeframe. Patients were 
instructed to refrain from consuming food and water for 12 h prior to the 18F-FDG PET examination, and their blood glucose levels 
were required to be below 6 mmol/L on the examination day. Prior to the 18F-FET PET scan, patients were instructed to adhere to a 
low-protein diet for 24 h and maintain fasting from food and water for 6 h preceding the examination. 18F-FET was produced as 
described previously [13]. PET and MR data were acquired simultaneously using a 3-T hybrid PET/MR scanner (uPMR790, UIH, 
Shanghai, China) either 40–60 min after intravenous administration of 3.7 MBq/kg of 18F-FDG tracer or 20 min after intravenous 
injection of 185 ± 10 % MBq of 18F-FET tracer [14]. Time of flight (TOF) and ordered-subset expectation-maximization (OSEM) 
techniques were applied for image reconstruction. 

2.3. Analysis of PET imaging 

Two senior nuclear medicine physicians (Song T. and Huang J.) independently conducted qualitative visual analysis. In cases of 
disagreement, a third nuclear medicine specialist (Lu J.) was consulted. PET attenuation correction maps were generated from MR 
images after image segmentation as previously reported [15]. PET/MR images were quantitatively analyzed using the uWS-MI 
workstation (UIH, Shanghai, China) to identify abnormal signals within the spinal cord and measure the metabolic characteristics 
of the lesions in both 18F-FDG PET and 18F-FET PET scans. Regions of interest (ROIs) were chosen within the intramedullary lesions, 
and their quantitative measurements included the mean standardized uptake value (SUVmean), maximum standardized uptake value 
(SUVmax), metabolic tumor volume (MTV), and total lesion metablism (TLM, TLM = MTV × SUVmean) values. The segment of 
medulla adjacent to the 7th cervical (C7) vertebrae was chosen as the background ROI. If lesions involved C7, the nearest lesion-free 
segment below was selected as the background ROI. The background SUVmean was quantitatively measured, and both the mean 
target/background ratio (TBRmean) and the maximum target/background ratio (TBRmax) were calculated. The impacts of 18F-FDG 
PET and 18F-FET PET on clinical decision-making were independently evaluated by two surgeons (Liu P. and Duan W.). In cases of 
disagreements, a third surgeon (Chen Z.) was consulted. 

2.4. Pathology 

Patients with suspected intramedullary tumors underwent surgeries after comprehensive preoperative analysis, and the obtained 
samples were collected for pathological examination. The samples were immersed in 4 % paraformaldehyde for 48 h to fix, which was 
followed by dehydration using alcohol and xylene gradients (concentrations of 75 %, 85 %, 90 %, and 100 %). The tissues were then 
embedded in paraffin wax, sectioned on a microtome at a thickness of 4 μm, and subsequently subjected to H&E staining and 
immunohistochemical staining. Patients diagnosed with gliomas underwent additional molecular pathological examinations, 
including polymerase chain reaction (PCR) and Sanger sequencing. Pathological diagnosis was made by integrating the histology and 
molecular pathological results. 

2.5. Statistical analysis 

The differences between groups were compared using a non-parametric test (Mann-Whitney test) in this study. Statistical analysis 
was conducted using SPSS (version 26.0, IBM SPSS Statistics software). Graphs were generated using GraphPad Prism software 
(version 8, GraphPad Software). Receiver operating characteristic (ROC) analysis was conducted using MedCalc software (version 
22.002, MedCalc Software Ltd., Ostend, Belgium) to calculate the area under the ROC curve (AUC) and its standard deviation (SD). 
Differences between the ROC curves of 18F-FDG PET and 18F-FET PET were assessed using a two-tailed univariate Z-score test. Sta
tistical significance was defined as a two-tailed p-value less than 0.05. 

3. Results 

3.1. Patient characteristics 

Thirty-five patients (mean age 58 years, 13–75 years, 45.7 % male) underwent paired 18F-FDG PET/MRI and 18F-FET PET/MRI 
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examinations prior to surgery (see Table 1). The lesions were primarily located in the cervical medulla (n = 26, 74.3 %), with 
additional involvement in the thoracic medulla (n = 15, 42.9 %) and lumbar medulla (n = 2, 5.7 %) (see Table 1). Six patients (17.1 %) 
were diagnosed with high-grade tumors (HGTs) based on pathology and clinical presentation. This group included five cases of 
H3K27M-mutant diffuse midline glioma (DMG) of WHO grade IV and one case of anaplastic astrocytoma (AA) of WHO grade III. 
Nineteen patients (54.3 %) were diagnosed with low-grade tumors (LGTs), which included various tumor types: nine cases of epen
dymoma (EPN) of WHO grade II, one case of astrocytoma of WHO grade II, one case of mixed neuronal-glial tumor (MNGT) of WHO 
grade II, one case of MNGT/ganglioglioma (GG) of WHO grade I, one case of schwannoma of WHO grade I, one case of hemangio
blastoma of WHO grade I, and five cases of vascular malformation. Ten patients (28.6 %) were diagnosed with non-tumor diseases 
(NTDs), which included five cases of IDP, three cases of gliosis, one case of granuloma, and one case of atlantoaxial dislocation (AAD) 
(see Supplemientary Table S1). 

The average spinal background SUVmean on 18F-FET PET was 0.54 (standard deviation, SD = 0.19), which was significantly lower 
compared to 18F-FDG PET (mean = 1.17, SD = 0.24, p < 0.0001). In terms of impacts on clinical decision-making, 18F-FDG PET was 
rated as follows: A (influenced clinical management) in one case (2.9 %), B (added important clinical information) in twenty-nine cases 
(82.9 %), and C (supported clinical decision) in five cases (14.3 %). In contrast, for 18F-FET PET, three cases (8.6 %) were rated as A, 
twenty-four cases (68.6 %) as B, and eight cases (22.9 %) as C (see Table 1). 

Among the patients, limb numbness was observed in ten cases, limb pain in four cases, limb weakness in four cases, and seventeen 
patients exhibited a combination of these three symptoms. Additionally, three patients experienced urinary or fecal disorders. Among 
the patients, twenty-eight underwent intramedullary lesion resection, two underwent anterior cervical discectomy and fusion (ACDF), 
one underwent posterior cervical discectomy and fusion (PCDF), one underwent intramedullary lesion resection combined with ACDF, 
and three patients were managed conservatively (see Supplementary Table S1). 

3.2. 18F-FDG PET and 18F-FET PET measurement 

Table 2 presents the values of the mass SUVmean, SUVmax, TBRmean, TBRmax, MTV, TLM, tumor volume, and the spinal 
background SUVmean for all patients in the preoperative 18F-FDG PET and 18F-FET PET. There was no statistically significant dif
ference in tumor volume between the 18F-FDG PET and 18F-FET PET groups (p = 0.78). 

No statistically significant differences were found in the background SUVmean of 18F-FDG PET and 18F-FET PET among the HGT, 
LGT, and NTD groups (p = 0.27, see Table 3). The SUVmean, SUVmax, TBRmax, MTV, and TLM values of the mass in 18F-FDG PET and 
18F-FET PET showed statistically significant differences among the three groups (p < 0.05). Conversely, the TBRmean values of the 
mass in 18F-FDG PET and 18F-FET PET did not show statistically significant differences between the groups (p = 0.096). 

Table 1 
Basic characteristics of the patients with simultaneous18F-FDG 
PET and18F-FET PET.  

Characteristic Data 

Total (n) 35 
Age (median/range) 58/13-75 
Sex 

Male 16 (45.7 %) 
Female 19 (54.3 %) 

Diagnosis 
HGT 6 (17.1 %) 
LGT 19 (54.3 %) 
NTD 10 (28.6 %) 

Involved segments 
Cervical 26 (74.3 %) 
Thoracic 15 (42.9 %) 
Lumbar 2 (5.7 %) 

Spinal background SUVmean 
FDG-PET (mean/SD) 1.17/0.24 
FET-PET (mean/SD) 0.54/0.19 

Impact of FDG-PETa 

A 1 (2.9 %) 
B 29 (82.9 %) 
C 5 (14.3 %) 

Impact of FET-PETa 

A 3 (8.6 %) 
B 24 (68.6 %) 
C 8 (22.9 %) 

Abbreviation: HGT: high-grade tumor, LGT: low-grade tumor, 
NTD: non-tumor diseases. 

a Impact of PET: A: Influenced clinical management, B: 
Added important clinical information, C: Supported clinical 
decision. 
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Table 2 
Parameter measurement of18F-FDG PET and18F-FET-PET on patients with the suspected diagnosis of spinal cord tumors.  

Number Diagnosis WHO 
grading 

Location 18F-FDG-PET 18F-FET-PET 

Background 
SUVmean 

SUVmean SUVmax TBRmean TBRmax MTV TLM Volume/ 
cm3 

Background 
SUVmean 

SUVmean SUVmax TBRmean TBRmax MTV TLM Volume/ 
cm3 

1 DMG IV T11-L1 1.31 2.43 13.36 1.85 10.20 7.58 13.91 4.7 1.07 2.18 4.94 2.04 4.62 3.06 7.23 4.6 
2 DMG IV C4–C6 1.33 3.66 7.94 2.75 5.97 4.26 8.16 2.2 0.56 1.84 2.52 3.29 4.50 8.97 10.24 2.1 
3 DMG IV T8-T10 1.21 2.96 6.15 2.45 5.08 4.16 6.05 4.9 0.85 1.29 1.61 1.52 1.89 1.93 2.4 4.8 
4 DMG IV T11-T12 0.84 3.33 5.99 3.96 7.13 4.77 8.3 3.8 0.77 1.55 2.12 2.01 2.75 1.68 3.5 3.5 
5 DMG IV C1–C3 1.19 1.24 1.67 1.04 1.40 2.8 3.59 2.4 0.65 0.94 1.87 1.45 2.88 2.92 2.6 2.5 
6 AA III T3-T4 0.93 3.25 10.96 3.49 11.78 7.14 11.48 18.2 0.59 1.98 3.88 3.36 6.58 2.75 5.06 19.1 
7 EPN II C3–C5 1.34 2.39 7.83 1.78 5.84 3.69 6.61 1.1 0.46 1.46 1.69 3.17 3.67 1.1 2.53 0.8 
8 EPN II C4 1.54 2.93 6.31 1.90 4.10 3.04 5.7 1.8 0.67 0.86 0.94 1.28 1.40 0.59 1.68 1.6 
9 EPN II C6-T1 1.25 1.59 2.29 1.27 1.83 2.86 3.03 2.4 0.51 1.01 1.33 1.98 2.61 0.89 0.97 2.2 
10 EPN II C7-T1 1.28 1.27 1.32 0.99 1.03 NA NA NA 0.31 0.30 0.32 0.97 1.03 NA NA NA 
11 EPN II C4-5 0.44 3.75 8.64 8.52 19.64 9.21 9.76 1 0.52 1.54 2.82 2.96 5.42 2.97 3.02 1.1 
12 EPN II T12 0.89 1 1.63 1.12 1.83 1.48 1.53 1.5 0.25 0.53 0.67 2.12 2.68 0.91 0.97 1.3 
13 EPN II C4-5 0.88 1.78 2.75 2.02 3.13 2.97 3.02 4.2 0.41 0.42 0.48 1.02 1.17 0.42 0.47 4.4 
14 EPN II T11-L1 1.06 1.89 2.77 1.78 2.61 2.37 3.81 1.3 0.27 0.58 0.79 2.15 2.93 0.6 1.06 1.3 
15 EPN II C6–C7 1.28 2.25 3.49 1.76 2.73 2.37 2.98 1.9 0.49 0.91 1.06 1.86 2.16 0.72 1.59 1.8 
16 Astrocytoma II C1–C3 1.3 1.58 3.05 1.22 2.35 2.19 5.42 3.8 0.66 1.85 2.91 2.80 4.41 2.07 5.09 3.9 
17 MNGT II C4-T4 1.48 2.84 15.51 1.92 10.48 6.86 12 2.3 0.69 1.14 2.26 1.65 3.28 1.19 2.56 2.1 
18 MNGT/GG I T4-T9 1.06 1.43 2.18 1.35 2.06 2.36 4.53 8.8 0.72 1.26 1.96 1.75 2.72 1.79 3.81 10.4 
19 Schwannoma I T10 1.24 1.3 1.99 1.05 1.60 1.74 1.96 1.1 0.32 0.57 0.88 1.78 2.75 1.02 1.08 1 
20 HGB I C2-T2 1.21 1.95 2.29 1.61 1.89 2.69 2.98 3.4 0.6 0.9 0.99 1.50 1.65 0.67 0.74 3.3 
21 VM – C6–C7 1.29 1.95 3.01 1.51 2.33 3.69 3.75 1.7 0.65 1.12 2.24 1.72 3.45 2.87 2.95 1.4 
22 VM – T3 1.38 1.9 2.31 1.38 1.67 2.69 2.76 0.5 0.57 0.57 0.75 1.00 1.32 0.71 0.75 0.5 
23 VM – C5-T1 1.03 1.18 1.22 1.15 1.18 1.19 1.32 1.1 0.35 0.37 0.41 1.06 1.17 0.43 0.52 1 
24 VM – C3–C4 1.41 2.78 3.96 1.97 2.81 2.7 6.27 2.1 0.62 1.28 1.96 2.06 3.16 1.42 3.44 1.9 
25 VM – C5-T2 1.37 1.51 2.61 1.10 1.91 1.28 2.89 4.3 0.82 1.64 2.31 2.00 2.82 1.31 3.05 4.3 
26 GN – C5–C6 1.38 4.45 8.51 3.22 6.17 4.33 8.54 NA 0.71 1.51 1.91 2.13 2.69 1.08 2.74 NA 
27 Gliosis – C1–C4 1.6 3.55 7.66 2.22 4.79 5.87 6.98 NA 0.46 1.53 2.29 3.33 4.98 2.11 2.59 NA 
28 Gliosis – C6–C7 1.02 1.35 2.34 1.32 2.29 2.87 2.98 NA 0.25 0.42 0.56 1.68 2.24 0.43 0.48 NA 
29 Gliosis – C5–C6 1.04 1.77 2.47 1.70 2.38 1.86 2.03 NA 0.41 0.58 0.65 1.41 1.59 1.35 1.43 NA 
30 AAD – C1-3 0.98 0.95 1.67 0.97 1.70 1.68 1.99 NA 0.43 0.52 0.74 1.21 1.72 3 1.31 NA 
31 IDP – C4–C5 1.16 1.15 1.39 0.99 1.20 1.29 1.32 NA 0.34 0.47 0.67 1.38 1.97 0.52 0.57 NA 
32 IDP – C2–C3 1.33 1.51 1.88 1.14 1.41 1.49 3.34 NA 0.77 1.44 1.85 1.87 2.40 0.92 2.18 NA 
33 IDP – C2-5 1.02 2.04 2.89 2.00 2.83 3.68 4.02 NA 0.35 0.35 0.39 1.00 1.11 0.27 0.33 NA 
34 IDP – C6 1.14 1.7 2.79 1.49 2.45 2.35 2.76 NA 0.35 0.6 0.83 1.71 2.37 1.13 1.19 NA 
35 IDP – C5-6 0.68 1.24 1.45 1.82 2.13 2.12 2.87 NA 0.4 0.57 0.74 1.43 1.85 1.21 1.36 NA 

Abbreviation: AAD: Atlantoaxial dislocation, ACDF: Anterior cervical discectomy and fusion, DMG: AA: anaplastic astrocytoma, Diffuse midline glioma H3 K27 M mutated, EPN: ependymoma, GG: 
ganglioglioma, GN: granuloma, HGB: hemangioblastoma, IDP: Intervertebral disc protrusion, MNGT: Mixed neuronal-glial tumors, MTV: metabolic tumor volume, PCDF: Posterior cervical discectomy 
and fusion, SUV: standardized uptake value, SUVmax: maximum standardized uptake value, SUVmean: mean standardized uptake value, TBR: target/background ratio, TBRmean: mean target/back
ground ratio, TBRmax: maximum target/background ratio, TLM: total lesion metabolism, VM: vascular malformation. 
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3.3. 18F-FDG PET and 18F-FET PET in differential diagnosis between high-grade tumors, low-grade tumors and non-tumor diseases 

A comparison was conducted between the HGT, LGT, and NTD groups for the parameters of 18F-FDG PET and 18F-FET PET, 
respectively (see Fig. 1). The mass SUVmean, SUVsmax, TBRmax, MTV, and TLM values of 18F-FDG PET and 18F-FET PET were sta
tistically significantly different (p < 0.05) between the HGT and LGT groups. And significant differences (p < 0.05) were found in the 
mass SUVmax, TBRmax, MTV, and TLM values of 18F-FDG PET and 18F-FET PET, as well as the mass SUVmean of 18F-FET PET, between 
the HGT and NTD groups. The mass TBRmean values of 18F-FDG PET and 18F-FET PET were indistinguishable among HGT, LGT and 
NTD groups. And none of the parameters showed distinguishable differences between the LGT and NTD groups. 

3.4. Diagnostic efficacy of 18F-FDG PET and 18F-FET PET in tumors and non-tumor diseases 

We conducted ROC analysis for each measured parameter of 18F-FDG PET and 18F-FET PET in both tumor and NTD groups. The 
optimal cut-off values for each parameter (SUVmean, SUVmax, TBRmean, TBRmax, MTV, and TLM) in differentiating the two groups 
were calculated (see Fig. 2). In all parameters 18F-FET PET showed non-inferior diagnostic performances to 18F-FDG PET (p > 0.05). 
And 18F-FET PET showed tendency of better performance than 18F-FDG PET in terms of SUVmean, SUVmax, TBRmean, and TBRmax, 
though not statistically significant. Among all parameters, SUVmax was the most promising candidate for distinguishing tumors and 
NTDs, with the optimal cut-off value of 2.54 (AUC = 0.63, 95 % CI 0.42–0.83, sensitivity = 0.64, 95 % CI 0.45–0.80, specificity = 0.60, 
95 % CI 0.31–0.83) in 18F-FDG PET, and 0.86 (AUC = 0.72, 95 % CI 0.53–0.90, sensitivity = 0.76, 95 % CI 0.57–0.88, specificity =
0.70, 95 % CI 0.40–0.89) in 18F-FET PET. 

In Case 17, 18F-FDG PET revealed high uptake with an SUVmax of 15.51 and TBRmax of 10.48, indicative of a HGT. However, 18F- 
FET PET exhibited low uptake with an SUVmax of 1.14 and TBRmax of 1.65, contradicting the previous diagnosis. The pathological 
examination confirmed the diagnosis of a MNGT classified as WHO grade II (see Supplementary Fig. S1). The pathological diagnoses 
for Case 26 and Case 27 were GN and gliosis, respectively. However, the MRI findings and high uptake of 18F-FDG PET indicated the 
possibility of HGTs. The 18F-FET PET of Case 26 exhibited low uptake of with an SUVmax of 1.91 and TBRmax of 2.69 (see Supple
mentary Fig. S2). And the 18F-FET PET of Case 27 exhibited moderate uptake with an SUVmax of 2.29 and TBRmax of 4.98 [16]. 

4. Discussion 

This retrospective study analyzed the imaging presentations of 35 patients with suspected intramedullary tumors, including HGTs 
(n = 6), LGTs (n = 19), and NTDs (n = 10) using 18F-FDG PET and 18F-FET PET. Our primary focus was on quantifying and calculating 
various parameters such as the mass SUVmean, SUVmax, TBRmean, TBRmax, MTV, TLM values, and tumor volumes. It was observed 
that the spinal cord background SUVmean values were lower in 18F-FET PET compared to 18F-FDG PET. Importantly, the diagnostic 
performance of 18F-FET PET was comparable to that of 18F-FDG PET across the HGT, LGT, and NTD groups. A 18F-FET PET exhibited 
certain advantages in identifying specific low-grade tumors and inflammatory lesions as shown below by cases. 

Five out of the six patients who were assigned to the HGT group were diagnosed as H3K27M-mutant DMGs. According to the 2016 
WHO Classification of CNS Tumors, H3K27M-mutant DMGs are categorized as grade IV and predominantly occur in the cerebellum, 
brainstem, and spinal cord, with a dismal prognosis [17,18]. In pediatric patients, the prognosis of DMGs has been correlated with 
18F-FDG uptake, which is currently the most commonly used PET tracer for these tumors [19]. However, there has been growing 
interest in the use of amino acid PET tracers on CNS tumors, including 18F-FET, 18F-dihydroxyphenylalanine (DOPA), and 
11C-methionine (MET) [11,12,20,21]. Nevertheless, most studies have focused on brain tumors, and limited evidence exists regarding 
spinal cord tumors. In a retrospective study evaluating the performance of 18F-FDG PET and 11C-MET PET in intramedullary lesions, 
the SUVmax values of both tracers were effective in delineating HGTs but not LGTs or NTDs [22]. Notably, 18F-FET, with its longer 
half-life compared to 11C-MET, exhibited superior performances in distinguishing inflammatory diseases [23]. Tscherpel C. et al. [11] 
reported the increased 18F-FET PET uptake (TBRmax≥2.5 and/or TBRmean≥1.9) in all patients with high-grade gliomas and in nearly 
half of those with low-grade gliomas involving the brainstem and spinal cord. 

In this study, both 18F-FDG PET and 18F-FET PET demonstrated increased uptake in the HGT group. The mass SUVmean, SUVmax, 

Table 3 
Mean and standard deviation of18F-FDG-PET and18F-FET-PET parameters.  

Parameters/mean (SD) HGT LGT NTD P value 
18F-FDG-PET 18F-FET-PET 18F-FDG-PET 18F-FET-PET 18F-FDG-PET 18F-FET-PET 

Background SUVmean 1.14 (0.20) 0.75 (0.19) 1.20 (0.26) 0.52 (0.17) 1.14 (0.25) 0.45 (0.16) 0.27 
SUVmean 2.81 (0.87) 1.63 (0.46) 1.96 (0.71) 0.96 (0.46) 1.97 (1.14) 0.80 (0.49) 0.044 
SUVmax 7.68 (4.11) 2.82 (1.31) 3.96 (3.48) 1.41 (0.83) 3.31 (2.58) 1.06 (0.68) 0.027 
TBRmean 2.59 (1.07) 2.28 (0.85) 1.86 (1.65) 1.83 (0.64) 1.69 (0.69) 1.71 (0.65) 0.096 
TBRmax 6.92 (3.72) 3.87 (1.70) 3.74 (4.41) 2.62 (1.17) 2.73 (1.56) 2.29 (1.05) 0.027 
MTV 5.12 (1.86) 3.55 (2.71) 3.08 (1.98) 1.20 (0.77) 2.75 (1.46) 1.20 (0.82) 0.0066 
TLM 8.58 (3.70) 5.17 (3.07) 4.46 (2.82) 2.02 (1.34) 3.68 (2.31) 1.42 (0.85) 0.0086 

Abbreviation: HGT: high-grade tumor, LGT: low-grade tumor, MTV: metabolic tumor volume, NTD: non-tumor diseases, SUV: standardized uptake 
value, SUVmax: maximum standardized uptake value, SUVmean: mean standardized uptake value, TBR: target/background ratio, TBRmax: 
maximum target/background ratio, TBRmean: mean target/background ratio, TLM: total lesion metabolism. 
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MTV, and TLM values obtained from 18F-FDG PET and 18F-FET PET proved to be valuable for distinguishing between HGTs and LGTs. 
To be noted, the use of MTV and TLM in relation to 18F-FET PET has never been previously reported. In Case 5, the patient was 
admitted due to the progression of limb weakness and hypoesthesia two years after the surgical resection of an intramedullary 

Fig. 1. Measured 18F-FDG PET and 18F-FET PET parameters in HGT, LGT, and NTD groups. Comparison of A. SUVmean, B. SUVmax, C. TBRmean, 
D. TBRmax, E. MTV, and F. TLM between the HGT, LGT, and NTD groups. 

Fig. 2. ROC curves of the measured parameters of 18F-FDG PET and 18F-FET PET in differentiating tumors and non-tumor diseases. ROC curve 
analysis of A. SUVmean, B. SUVmax, C. TBRmean, D. TBRmax, E. MTV, F. TLM. 
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H3K27M-mutant DMG. Although spinal MRI did not reveal any apparent lesions, cervical hypermetabolic lesions were detected 
through 18F-FDG PET and 18F-FET PET. The lesion was surgically removed, and the pathology confirmed the diagnosis of recurrent 
H3K27M-mutant DMG. In this particular case, both 18F-FDG PET and 18F-FET PET proved advantageous in monitoring recurrent 
intramedullary tumors. 

Distinguishing between low-grade and high-grade intramedullary tumors is crucial as it impacts the extent of surgical resection and 
subsequently influences the severity of iatrogenic injuries. In Case 17 with MNGT, although 18F-FDG PET suggested suspicion of HGTs, 
while 18F-FET PET provided contradicting evidences indicative of an LGT. Meyer P.T. et al. [24] once reported a case of intracranial 
MNGT classified as WHO grade I, with increased uptake on 18F-FDG PET, potentially leading to confusion with HGTs. This case 
suggested the importance of utilizing 18F-FET PET in differentiating intramedullary MNGTs from HGTs. 

In Case 26 and Case 27, 18F-FET PET revealed low to moderate uptake, aiding in their differentiation from HGTs. Glucose is the 
most commonly consumed energy within the body, and its uptake is elevated not only in tumors but also in certain inflammatory 
conditions, such as infection, inflammation, and arterial plaques when there is a substantial recruitment of macrophages [6,25,26]. 
Amino acid metabolism, on the other hand, is more specific to tumors, and therefore, 18F-FET PET has a higher signal-to-background 
ratio [27]. Tumor cells require a large number of amino acids to support protein synthesis during proliferation and simultaneously 
upregulate the expression of cellular amino acid transporters [28]. Studies have demonstrated the superiority of 18F-FET PET over 
18F-FDG PET in distinguishing inflammatory lesions from tumors, and provided additional information on pathophysiological pro
cesses such as radionecrosis, pseudoprogression, and tumor recurrence [16,29,]. Our study further confirmed the additional diagnostic 
value of 18F-FET PET in differentiating tumors from inflammatory lesions when compared to 18F-FDG PET. 

Although 18F-FDG PET and 18F-FET PET have been in development for decades, there remains an absence of established quanti
tative evaluation criteria for CNS tumors. Most studies rely on qualitative visual analysis, with only a few obtaining differential cut-off 
values in small sample sizes [8–10,30,31]. Naito K. et al. [22] conducted an evaluation of intramedullary lesions using 18F-FDG PET 
and identified a SULmax (SUVmax corrected for lean body mass) value of 4.0 as the optimal threshold for distinguishing HGTs from 
LGTs, achieving a sensitivity of 100 % and specificity of 91.70 %. Meyer P.T. et al. [32] found that the TBRmax value of 0.7 for 18F-FDG 
PET in brain tumors was the best threshold for differentiating tumors from NTDs, with a sensitivity of 83.3 % and specificity of 62.5 %. 
Pauleit D. et al. [33] suggested an optimal TBRmean threshold of 1.6 for 18F-FET PET in the diagnosis of brain tumors and NTDs, 
achieving a sensitivity of 92 % and specificity of 81 %. However, these thresholds did not bring satisfactory diagnostic efficacy in our 
cohort, which is likely due to the lack of comprehensive assessment of PET parameters and the small sample sizes in previous studies. In 
our study, we included commonly observed spinal cord lesions suspected as tumors and reported the mean values of the mass SUV
mean, SUVmax, TBRmean, TBRmax, MTV, and TLM in 18F-FDG PET and 18F-FET PET. We conducted ROC analysis to determine the 
optimal cut-off values for these measured parameters in both 18F-FDG PET and 18F-FET PET, aiming to provide quantitative data for 
future research on PET imaging of spinal cord lesions. 

This study has certain limitations, including its retrospective design and small sample sizes for each disease, which may introduce 
potential selection bias. Also, the geographic and demographic diversity of the patient population largely restricted the applicability of 
the conclusions. Hopefully, the research provided a general clinical scenario for the application of the 18F-FET PET in spinal cord 
tumors and revealed the non-inferior diagnostic performances to traditional 18F-FDG PET, with unique value in specific cases. A larger- 
size prospective study should be conducted with strict enrollment criteria and experimental design, focusing on intramedullary in
flammatory diseases or tumor pseudo-progression. 

5. Conclusions 

This study represents the first direct comparison of paired 18F-FDG PET and 18F-FET PET imaging in spinal cord lesions. The spinal 
background SUVmean of 18F-FET PET was lower, increasing its specificity in delineating spinal cord lesions. Overall, 18F-FET PET 
shared comparable performances with 18F-FDG PET in distinguishing HGTs, LGTs, and NTDs. Additionally, our study demonstrated 
that the previously unreported MTV and TLM of 18F-FET PET were valuable in differentiating HGTs and LGTs, as well as HGTs and 
NTDs. We also described the adjunctive function of 18F-FET PET in distinguishing individual cases of MNGT and inflammatory lesions. 
A comprehensive ROC analysis was performed to determine the optimal cut-off values for the measured parameters of 18F-FDG PET 
and 18F-FET PET, providing guidance on further quantitative analysis. Therefore, 18F-FET PET is recommended for suspected spinal 
cord tumors, as it shows promising capability in differential diagnosis, which warrants further clinical validation. 
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