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Abstract

Objective: To analyze and compare the diagnostic value of fluorine-18-fluorodeoxyglucose (*F-FDG) po-
sitron emission tomography/computed tomography (PET/CT) imaging and integrated PET/magnetic re-
sonance imaging (MR) in pediatric tumors. Subjects and Methods: A retrospective analysis was conduc-
ted on the clinical data of 61 pediatric patients with malignant tumors admitted to our hospital from Sep-
tember 2022 to December 2023. All patients underwent pathological examinations as well as "°F-FDG PET/
CT and integrated PET/MR imaging. The pathological diagnosis results were used as the gold standard. Pe-
arson correlation analysis, Bland-Altman analysis, and t-tests were used to compare the maximum standar-
dized uptake value (SUVmax), signal-to-noise ratio (SNR), and target-to-background ratio (T/B) between
the two methods. Chi-square tests were employed to compare the diagnostic efficacy differences of each
index. Results: Among the 61 pediatric malignant tumor patients, a total of 417 lesions were detected, of
which 363 lesions showed high uptake on both PET/MR and PET/CT. Among the remaining 54 PET-nega-
tive lesions, 9 were CT-positive but MR-negative, including 6 in the lungs and 3 in the vertebrae, while 12 le-
sions were MR-positive but CT-negative, including 5 in the liver, 4 in the brain, and 3 in the breasts. No sta-
tistically significant difference was found in the PET positivity rate or diagnostic results between the two
devices (P<0.05). Bland-Altman analysis showed that the background uptake of PET/MR images was lower
than that of PET/CT, and the SNR was higher (P<0.05); the SUVmax of the lesions on PET/MR was higher
than that on PET/CT (P<0.05); the T/B value of PET/MR images was higher than that of PET/CT (P<0.05). In
terms of correlation, the SUVmax, SNR, and T/B values between PET/MR and PET/CT were positively corre-
lated (r=0.919, 0.507, 0.698, P<0.05). Conclusions:In the diagnosis of pediatric malignant tumors, PET/MR
and PET/CT have relatively consistent lesion detection rates. PET/MR images have a higher SNR and better
resolution, making them more advantageous than PET/CT for evaluating lesions in the liver, brain, and ot-
her soft tissue organs, thus warranting clinical application.
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Introduction

n recent years, the incidence of pediatric tumors has been gradually rising, making it
one of the leading diseases threatening children's health worldwide [1]. Early and accu-
rate diagnosis is crucial for improving the survival rate and quality of life for pediatric
tumor patients. Imaging examinations play a key role in the early detection, staging, and
treatment evaluation of tumors [2]. Selecting an efficient and accurate imaging tool has
become an important topic in clinical medicine. Currently, positron emission tomogra-
phy/computed tomography (PET/CT) is widely used as a conventional imaging tool for tu-
mor detection and staging [3]. Positron emission tomography/CT captures the metabolic
activity of tumor cells in the body using the tracer fluorine-18-fluorodeoxyglucose (*°F-
FDG) combined with anatomical information from CT, thus providing functional and ana-
tomical images of tumor lesions [4]. However, PET/CT has certain limitations in soft tissue
resolution, especially when detecting lesions in complex organs such as the liver and
brain, where magnetic resonance imaging (MRI) often provides clearerimages [5].
Integrated PET/MR, a rapidly developing imaging technology in recent years, combines
PET's functional imaging with MRI's high-resolution anatomical imaging of soft tissues [6],
offering the potential to provide more detailed and accurate information for the diagnosis
of pediatric tumors. Compared to PET/CT, PET/MR can further improve tumor imaging
quality, particularly in displaying lesions in the liver, brain, and other soft tissue organs. It
also reduces radiation exposure, which is especially important for growing pediatric pati-
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ents [7]. Therefore, PET/MR technology is considered an im-
portant development direction in future tumor diagnosis.
Although PET/MR has advantages in imaging quality, its ap-
plication is still in the early stages, and the costs are high, li-
miting its widespread adoption. Thus, comparing the diag-
nostic value of PET/MR and PET/CT in pediatric tumors has
become a highly relevant research topic. For these reasons,
this study aims to retrospectively analyze the imaging data
of 61 pediatric patients with malignant tumors treated at
our hospital, to explore the differences and advantages of
"F-FDG PET/CT imaging and integrated PET/MR imaging in
the diagnosis of pediatric tumors, and provide valuable refe-
rences for clinical decision-making.

Subjectsand Methods

Basicinformation

A retrospective analysis was conducted on the clinical data
of 61 pediatric patients with malignant tumors who were
admitted to our hospital between September 2022 and De-
cember 2023.These patients had clinical indications for sta-
ging or re-staging using PET/CT. Among the 61 patients, 24
were male and 37 were female; their ages ranged from 0 to
12 years, with an average age of (4.79+3.26) years. All pati-
ents underwent pathological examinations, as well as "F-
FDG PET/CT imaging and integrated PET/MR imaging. The
pathological results of the primary lesions were confirmed
through postoperative pathology or biopsy pathology, whi-
le the diagnosis of metastatic lesions was based on a com-
prehensive clinical assessment.

Examination methods

"“F-FDG PET/CT imaging

Before undergoing *F-FDG PET/CT imaging, all patients we-
re required to fast for at least 6 hours. At the time of *F-FDG
injection, the blood glucose level of the patients had to be
controlled below 7.8mmol/L. Each patient received an injec-
tion of “F-FDG at a dose of 3.7MBq/kg based on their weight,
and whole-body scanning commenced 40 minutes after in-
jection. During the scan, patients were positioned supine for
static imaging. For younger patients or those unable to co-
operate, sedation or hypnosis was induced 30 minutes prior
to the examination using a 10% chloral hydrate solution ad-
ministered orally or by enema. Additionally, all patients and
their legal guardians signed informed consent forms before
the examination.

The "“F-FDG PET/CT imaging was performed using the Dis-
covery 710 PET/CT system manufactured by GE, USA. For the
CT portion, the tube voltage was set at 120kV, and the tube
current was 120mA. The slice thickness and interval were
both 3.75mm, with a pitch of 0.984mm, and the reconstruc-
ted slice thickness was 1.25mm. Positron emission tomogra-
phy scanning was performed in 3D mode, with each bed po-
sition scanned for 3 minutes. Image reconstruction of the PET
images employed the ordered subset expectation maximiza-
tion (OSEM) algorithm, using time-of-flight (TOF) and point

spread function (PSF) correction to improve image quality
and accuracy.

Integrated PET/MRimaging

Immediately following the PET/CT scan, integrated PET/MR
imaging was conducted using a SIGNA PET/MR (3.0 T) sys-
tem manufactured by GE, USA, for whole-body imaging,
with the patient remaining in a supine position. The MR se-
quences usedin PET/MR scanningincluded axial LA-VA-Flex
T1-weighted imaging, fat suppression (FS) PROPELLER T2-
weighted imaging, and diffusion-weighted imaging (DWI)
with a b-value of 800s/mm?. The slice thickness was set at 6.0
mm, and the interslice gap was 1.0mm, with a field of view
(FOV) of 34.0mm; for coronal scanning, the slice thickness
was 5.5mm, with an interslice gap of 1.0mm, and the field of
view was 42.0mm. The total examination time was approxi-
mately 40 minutes. Respiratory gating technology was em-
ployed during data acquisition to reduce respiratory motion
artifacts. Positron emission tomography images were ac-
quired in 3D mode, with both respiratory-gated data (about
3 minutes) and non-gated data (6 minutes) collected. The
image reconstruction method used was also OSEM, with
TOF and PSF correction to ensure consistency in image qu-
ality with PET/CT.

Image processing

Image processing was completed using GE's AW Server 2.0
workstation. High FDG uptake lesions detected in PET/MR
and PET/CT imaging were marked, and their morphological
information from MRI and CT scans was compared and ana-
lyzed. Additionally, lesions that did not show significant "°F-
FDG uptake on PET imaging but were highly suspected of
being malignant based on MRI or CT were recorded and
analyzed. All PET/MR lesions were compared with the cor-
responding PET/CT clinical reports to assess differences and
complementarity between the two modalities. The size, loca-
tion, and extent of the tumors were determined by combi-
ning the morphological characteristics of the tumors with
the "°F-FDG metabolic data. In both PET/MRand PET/CT ima-
ges, regions of interest (ROI) were delineated, and the maxi-
mum standardized uptake value (SUVmax) for each ROl was
measured. Additionally, the average liver background SUV
and standard deviation were measured in the same planes
and positions to ensure comparability of liver SUV values.
Using these measurements, the target-to-background ratio
(T/B) and the signal-to-noise ratio (SNR) of the PET images
were calculated.

Resultevaluation

Two experienced clinicians independently assessed the ima-
ge quality using a double-blind method. The image quality
grading standard was divided into four levels: Grade 1 indica-
ted the image was not diagnostic; Grade 2 indicated poor ima-
ge quality; Grade 3 indicated moderate quality; and Grade 4 in-
dicated excellent quality. The characteristics of malignant tu-
mors mainly included large tumor volume, lobulated or spi-
culated margins, punctate or "sand-like" calcifications, as well
as signs of tumor invasion into surrounding tissues or distant
metastasis, all of which were accompanied by significantly
increased "F-FDG metabolism. Based on the above imaging
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features, PET/CT and PET/MR images were analyzed for di-
agnosis.

Statistical analysis

GraphPad Prism 8 software was used for plotting, and SPSS
22.0 software was used for data processing. Pearson correla-
tion analysis was applied to compare the consistency of the
SUV values between the two imaging modalities. Bland-Alt-
man analysis and t-tests were conducted to compare SUV
andT/B values between the two. The chi-square test was used
to compare the differences in imaging results between the
two modalities. A P-value of <0.05 was considered statistically
significant.

Results

Pathology and follow-up results

The main tumor types in the 61 pediatric patients in this stu-
dy included: 35 cases of neuroblastoma, accounting for the
largest proportion; followed by 7 cases of nephroblastoma, 6
cases of rhabdomyosarcoma, 5 cases of pancreatoblastoma,
2 cases of adrenocortical carcinoma, and 6 cases of lympho-
ma. Among all diagnosed patients, a total of 417 lesions were
detected, of which 351 were malignant (including primary
lesions, tumor recurrence, and metastases), and 66 lesions
were benign.

Comparison of imaging findings

Comparing the PET images from both methods, it was evi-
dent that PET images from PET/MR showed clearer lesions,
with more pronounced uptake and better contrast. Bland-
Altman analysis showed that PET/MR images had lower back-
ground uptake and higher SNR compared to PET/CT (P<
0.05); the SUVmax of lesions shown by PET/MR was higher
than that of PET/CT (P<0.05); the T/B value of PET/MR images
was higher than that of PET/CT (P<0.05), as shown in Table 1

and Figure 1. Regarding Pearson correlation, SUVmax, SNR,
and T/B values between PET/MR and PET/CT were positively
correlated (r=0.919, 0.507, 0.698, P<0.05), as shown in Figure
2.

During the study, 8 patients were unable to complete the
PET/MR examination, with 6 of them becoming emotionally
unstable due to prolonged fasting and scanning time, and
the remaining 2 cases ending prematurely due to tumor-in-
duced pain. Nevertheless, these patients successfully com-
pleted the PET/CT examination, and the aforementioned is-
sues did not affect the final diagnostic results. In terms of sub-
jective image quality scoring, approximately 98.4% of CT
images met diagnostic standards, with artifacts mainly ari-
sing from respiratory motion, physiological artifacts from the
intestines and bladder, etc.; about 95.1% of PET/MR images
met diagnostic standards, with artifacts in MR images mainly
caused by respiratory motion, vascular pulsation, and metal
implants.

Comparison of PET/CT and PET/MR diagnostic re-
sults

In this study, a total of 417 lesions were detected among the
61 pediatric patients with malignant tumors. Positron emis-
sion tomography/MR and PET/CT both detected 363 lesions
with high "F-FDG uptake. There were 54 lesions that did not
show significant "*F-FDG uptake on PET imaging (i.e., PET-
negative). Among these PET-negative lesions, 9 were posi-
tive on CT imaging but did not show abnormalities on MR
imaging; these included 6 lung lesions and 3 vertebral lesi-
ons. Conversely, 12 lesions were positive on MR imaging but
undetected by CT imaging, including 5 liver lesions, 4 brain
lesions,and 3 breastlesions.

In addition, new metastatic lesions were detected in 5 pa-
tients due to the advantages of PET/MRimaging andits high
soft tissue resolution, resulting in changes in tumor staging.
In 3 post-operative pancreatoblastoma patients, lesions ori-
ginally suspected to be liver metastases were reclassified as
benign lesions during PET/MR examination, avoiding incor-
rect treatment plans. The tumor T staging of 2 pelvic rhab-

Table 1. Comparison of Lesion SUVmax, SNR, and T/B Values (X £s).

Bland-Altman

Parameter Value t P
Mean Difference 95% CI

CT-Lesion 453+2.29 1.59 -0.83~4.02 3.283 0.001

SUVmax

MR-Lesion

SUVmax 6.12+3.01

CT-SNR 6.74+1.70 1.95 -2.79~6.64 4.686 <0.001

MR-SNR 8.69+2.77

CT-T/B 4.25+2.53 3.07 -6.71~12.89 3.479 <0.001

MR-T/B 7.32+6.41
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Figure 1.Bland-Altman plots comparing lesion SUVmax, SNR, and T/B values.
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domyosarcoma patients was adjusted after PET/MR ima-
ging, demonstrating the advantages of PET/MR in pelvic
soft tissue tumors. Moreover, in one case of lymphoma with
pulmonary and systemic lymph node infiltration, PET/CT
was found to be superior to PET/MR in T and N staging. It is
worth noting that 8 patients who were initially scheduled for
PET/MRI examinations were excluded from the analysis be-
cause they were unable to complete the procedure. Among
these, 6 patients became emotionally unstable due to the
prolonged scanning time, while 2 patients discontinued the
exam prematurely due to tumor-related pain. The extended
duration of the scan was particularly challenging, as prolon-
ged immobilization is difficult for children, and sedation is
not always a viable solution. In addition, claustrophobia,
which can be exacerbated by the enclosed MRI environ-
ment, may further complicate the procedure in pediatric pa-
tients. These patients' results were not included in the final
diagnosticcomparison.

No significant difference was observed in the diagnostic
results between the two devices across the 61 patients (P>
0.05).

Discussion

The diagnosis of pediatric malignant tumors often requires
multiple imaging examinations, including X-ray, ultrasound,
MRI, CT, and PET, which have been proven to have high sensi-
tivity and specificity over the past few decades. These exami-
nations play a crucial role in the detection, localization, and
staging of tumors [8, 9]. However, for pediatric patients with
malignant tumors, undergoing multiple imaging examina-
tions can be time-consuming and may easily lead to issues li-
ke repeated sedation, causing unnecessary stress and risks to
the child [10]. Therefore, optimizing the imaging examination
process, reducing unnecessary examinations, and improving
diagnostic accuracy and efficiency have become urgent issu-
es for clinicians to address.

Among the existing imaging techniques, “F-FDG PET/CT is
widely used in the staging, restaging, and therapeutic moni-
toring of pediatric malignant tumors due to its high sensiti-
vity and specificity [11]. This technology allows for the detec-
tion of tumor lesions throughout the body via whole-body
scanning, with a notable advantage in localizing recurrent
and metastatic lesions [12]. However, conventional CT and
MRI have their respective advantages and limitations in de-
tecting tumor lesions in different regions [13]. For example,
CT performs well in imaging bony structures, while MRI has a
distinct advantage in soft tissue contrast. The results of this
study demonstrate that the clinical application of whole-bo-
dy integrated PET/MR is feasible, and it shows high consis-
tency with PET/CT in lesion detection, with 96.1% of lesions
accurately localized by either of these imaging modalities. In
certain specific cases, lesions that were unclear on CT could
be definitively diagnosed by MRI, and vice versa, suggesting
that PET/MR and PET/CT have a degree of complementarity
inimaging specific anatomical regions. Particularly in the ima-
ging of soft tissue tumors, MRI's contrast advantage makes it

superior to CT in detecting lesions in areas such as the liver,
brain, and breast. In this study, of the 54 PET-negative lesions,
12 were confirmed as positive by MRI but were negative on
CT,including 5 in the liver, 4 in the brain, and 3 in the breast. In
this context, other studies have also supported the clinical va-
lue of PET/MR. Drzezga et al. (2012) [14] analyzed 32 patients
with various tumors, confirming the feasibility of whole-body
imaging with PET/MR and noting that the quality of PET ima-
ges was similar to that of PET/CT. Furthermore, Saade-Lemus
etal. (2020) [15] further revealed the advantages of PET/MRin
anatomical localization, particularly in soft tissue-rich regions
such as the head and neck, upper abdomen, and pelvis, whe-
re its contrast is significantly superior to that of PET/CT, incre-
asing the accuracy of anatomical localization. Although PET/
MR shows clear advantages in certain anatomical regions,
PET/CT remains irreplaceable in the detection of lesions in
areas such as the skeleton and lungs. In this study, of the 54
PET-negative lesions, 9 were confirmed as positive by CT but
were negative on MRI, including 6 in the lungs and 3 in the
vertebral bodies. Therefore, PET/MR and PET/CT can comple-
ment each other in tumor lesion imaging. The combination of
both imaging techniques can provide more comprehensive
diagnostic information, effectively improving diagnostic ac-
curacy and avoiding misdiagnosis or missed diagnoses due to
reliance on a single imaging modality.

Radiation dose management is crucial for pediatric pati-
ents. Compared with adults, children are more sensitive to io-
nizing radiation [16], so reducing radiation doses as much as
possible while ensuring image quality is an important consi-
deration in imaging examinations. Although "“F-FDG PET/CT
can provide precise diagnostic information for the staging
and restaging of pediatric malignant tumors, the ionizing ra-
diationrisk it presents cannot be ignored [17]. In recent years,
low-dose "F-FDG PET/CT technology has gained widespread
attention, effectively reducing radiation exposure by low-
ering the activity of radiotracers and using low-dose CT scan-
ning [18, 19]. However, PET/MR technology itself does not in-
volve ionizing radiation, making it significantly advantageous
compared to CT[20, 21], especially since its longer acquisition
time allows for further reduction in the injected dose. Eldib et
al. (2015) [22] demonstrated that by increasing the PET/MR
acquisition time (which is required for MR imaging) from 8 mi-
nutes to 24 minutes, the °F-FDG dose could be reduced by up
to 75%. Unlike the low-dose strategy of PET/CT, PET/MR relies
onitslonger MR scanning time. Thus, by matching the PET ac-
quisition time with the MR imaging time, it is possible to ma-
intain high-quality images while reducing the dose of radio-
tracers.

Conclusionand limitations

This study compared the application effects of “F-FDG PET/
CT and PET/MR in the diagnosis of pediatric malignant tu-
mors. The results indicate that PET/MR and PET/CT exhibit
high consistency in the detection of most lesions, with both
technologies showing certain complementarity in specific
anatomical regions. Therefore, combining the two tech-
niques allows for more comprehensive lesion localization,
which helps improve diagnostic accuracy in complex cases
while reducing the harm caused by ionizing radiation to chil-
dren. It should be noted that, despite many valuable conclu-
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sions drawn from this study, there are still some limitations
that need to be addressed and explored in future research: 1)
Limited sample size: The sample size of this study is relatively
small, covering only a limited number of pediatric patients
with malignant tumors, which may limit the generalizability
of the study results; 2) Insufficient lesion classification: This
study did not conduct detailed classification and subgroup
analysis of different types of tumor lesions, while different ty-
pes of tumors may exhibit significant differences in imaging
characteristics and lesion growth patterns; 3) Technical Chal-
lenges and Feasibility for Pediatric Populations: While PET/
MR offers clear advantages, particularly in soft tissue resolu-
tion, its widespread clinical use, especially in pediatric popu-
lations, is hindered by certain challenges. The extended scan
duration required for PET/MR makes it difficult for younger
patients to remain still, often necessitating sedation. How-
ever, sedation is not always a viable solution due to medical
risks and individual patient factors. Additionally, the enclosed
nature of the PET/MR scanner increases the likelihood of cla-
ustrophobia, further complicating its use in children. These
factors highlight the need for further technical advancemen-
ts, as well as patient-centered strategies, to improve the feasi-
bility and accessibility of PET/MR imaging in clinical practice;
4) Lack of long-term prognosis data: This study primarily fo-
cused on the accuracy of diagnosis and the optimization of
examination processes but lacked an analysis of the impact
of imaging examinations on patients' long-term prognosis. In
summary, this study made some progress in the selection
and optimization of imaging technologies for the diagnosis
of pediatric malignant tumors. However, limitations remain
in terms of sample size, lesion classification, cost-benefit ana-
lysis, and the lack of long-term prognosis data, which need to
be furtherimproved and refined in future research.
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