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Background: This study sought to examine whether iodine-123-labeled metaiodobenzylguanidine
("”’I-MIBG) single-photon emission computed tomography/computed tomography (SPECT/CT), which is
based on the International Society of Pediatric Oncology Europe Neuroblastoma (SIOPEN) score, could
improve the diagnostic efficiency of children with neuroblastoma (NB), and to compare the diagnostic ability
of minimal residual disease (MRD) detection and 'I-MIBG SPECT/CT.

Methods: We retrospectively analyzed 238 scans of patients who underwent '“I-MIBG SPECT/CT at the
Department of Nuclear Medicine, Beijing Friendship Hospital, from January 2021 to December 2021. The
diagnostic study was not registered with a clinical trial platform, and the study protocol was not published.
The standard was established based on pathology, other relevant imaging examinations, and follow-up. The
SIOPEN scores were calculated separately based on planar and tomographic imaging.

Results: In a comparison to the standard mentioned in the method, the diagnostic accuracy of planar and
tomographic imaging was 151 of 238 (63.5%) and 228 of 238 (95.8%), respectively, and the « values of the
SIOPEN score were 0.468 and 0.855 (P<0.001), respectively. The SIOPEN scores differed significantly
among the various subgroups. The polymerase chain reaction (PCR) method used to detect the bone marrow
PHOX?2B gene was able to find bone/bone marrow metastases (P=0.024, k=0.282), while the flow cytometry
(FCM) assay method was not statistically significant (P=0.417, k=0.065).

Conclusions: '“I-MIBG SPECT/CT, which relies on the semiquantitative assessment of the SIOPEN
score, is of clinical importance in the management of pediatric NB. MRD detection can be used to detect
early metastasis and recurrence in the bone or bone marrow; however, '’I-MIBG SPECT/CT has better

diagnostic value. We intend to conduct further investigations on their prognostic value in the future.
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Introduction

Neuroblastoma (NB), which originates from the sympathetic
nervous system, is the most common extracranial solid
malignant tumor in children and has an incidence rate of
approximately 7% (1). The abdominal adrenal region (50%)
is the most frequent site of NB (2). NB is highly malignant,
and bone or bone marrow metastases are generally present
at the time of diagnosis (2). NB is diagnosed on the basis
of pathology, imaging characteristics, and laboratory tests.
The management of children varies according to the staging
and risk classification, but treatment typically includes
chemotherapy, radiotherapy, immunotherapy, iodine-131-
labeled metaiodobenzylguanidine (*'I-MIBG) therapy, and
hematopoietic stem cell transplantation (3,4). Imaging plays
an important role in the diagnosis, staging, and prognosis of
patients with NB (5).

Conventional imaging, including ultrasonography,
computed tomography (CT), and magnetic resonance
imaging (MRI), can reveal the site of a tumor and its
relationship to the surrounding tissues; however, it still
has limitations in evaluating the staging of disease and the
activity of the tumor cells or the residual foci as well as in
administering targeted therapy. '’I-MIBG single-photon
emission computed tomography/computed tomography
(SPECT/CT) is a type of functional imaging with high
sensitivity and specificity in NB (6,7). The plane-based
semiquantitative scoring system assesses tumor activity well,
and thus it has important clinical significance in treatment-
effect evaluations and prognosis assessments (8). However,
"I-MIBG planar imaging has some limitations, including
poor resolution and anatomical localization, especially for
the diagnosis of suspicious lesions nearby physiological
uptake. Currently, the clinical interpretation of images is
mainly conducted with the Curie and the International
Society of Pediatric Oncology Europe Neuroblastoma
(SIOPEN) semiquantitative scoring, and international
multicenter studies have suggested that the SIOPEN
score and the modified Curie score are the two most
commonly used systems and have good reproducibility and
concordance among different observers (9).

Minimal residual disease (MRD) is a factor that causes
relapse and bone or bone marrow metastasis in children
with complete remission. Thus, the monitoring of MRD
levels not only guides treatment but can also be used to
evaluate new drugs and the cutting-edge designs of new
treatment protocols (10). Studies have shown that MRD
results can be used as an independent prognostic indicator
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after two rounds of immunotherapy (11), but only limited
research on the specific clinical value of MRD has been
conducted (12). Given the extreme heterogeneity of NB,
many MRD tests have used different methods and samples
in the last 20 years, but their clinical implications remain
unclear (13). At present, there are 3 main ways to detect
MRD (14); that is, immunocytochemistry, flow cytometry
(FCM) assays, and quantitative real-time polymerase chain
reaction (QRT-PCR). Previous study (15) have mainly
used PCR to detect PHOX2B gene expression in the bone
marrow and peripheral blood, while FCM assays have been
used to detect tumor cells surface antigens, such as CD45/
CD56/ganglioside 2 (GD2) and CD45/immunoglobin G
(IgG). However, the abovementioned MRD measurement
methods are not used widely and are not accurate in clinical
practice, especially in solid tumors (16).

This study sought to examine whether '“I-MIBG
SPECT/CT, which is based on the SIOPEN score,
improves the diagnostic ability in children with NB. We
also evaluated the added clinical value of MRD detection,
which is based on the standard of pathology, other relevant
imaging examinations, and follow-up, and analyzed the
efficiency of PCR and FCM in MRD detection. We present
the following article in accordance with the STARD
reporting checklist (available at https://qims.amegroups.
com/article/view/10.21037/qims-22-1120/rc).

Methods
General information

We consecutively reviewed the data of children with stage
3 or stage 4 NB who had undergone '"“I-MIBG SPECT/
CT at the Beijing Friendship Hospital of Capital Medical
University from January 2021 to December 2021. A
total of 238 scans of patients with NB were included
in this study. The patients were aged from 6 months to
13 years and had a median age of 4 years. To be eligible
for inclusion in this study, the patients had to meet the
following inclusion criteria (17): (I) have postoperative
pathological confirmation of NB; (II) have undergone
"“I-MIBG SPECT/CT at our department; and (III) not
have undergone any treatment between the MRD and
imaging, and MRD and MIBG examination should have
an interval of <6 months (18). Patients were excluded from
the study if they met any of the following exclusion criteria:
(I) were unable to cooperate with the examination; (II)
their guardians did not sign the informed consent; and/or
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(IIT) they were ultimately lost to follow-up. The children
who met the above requirements also underwent MRD
examinations.

All the guardians of the patients were informed of
the study and signed the informed consent form before
the '""I-MIBG SPECT/CT examination. The study
was conducted in accordance with the Declaration of
Helsinki (as revised in 2013). The study was approved by
the Institutional Board of Beijing Friendship Hospital of
Capital Medical University (No. 2022-P3-324-01), and the
requirement of individual consent for this retrospective
analysis was waived.

Imaging and testing methods

Thyroid blockade is essential to protecting the thyroid from
unnecessary irradiation. Thus, all the children took Lugol’s
iodine solution in 3 divided doses with meals 2 days before
and after imaging. The dose was determined in accordance
with the European Association of Nuclear Medicine
Pediatric Committee guidelines (18). The imaging agent,
"I-MIBG 5.2 MBq/kg (37-370 MBq) (19-21), which was
provided by Beijing Atomic High Technology Co., was
injected intravenously on the day before the acquisition
of the images based on each patient’s age and weight.
The SPECT/CT machine was a Siemens Symbia T16
(Siemens Healthcare, Germany) with a low-energy all-
purpose collimator. The planar acquisition conditions were
as follows: 256x1,024 matrix, 150 keV x10% photopeak,
and zoom 1.5-2. Tomography was performed instantly after
the acquisition of the planar images. The SPECT had a
circular orbit with a 360° arc, a 128x128 matrix, and a zoom
of 1.6, with frames being acquired every 6 degrees for 20
seconds. CT scans were acquired for attenuation correction
and localization purpose, and resolution restoration under
the following parameters: 80 kV, 130 mAs. If the planar
images were negative, the tomographic site was selected as
the operative area, and if the planar images were positive,
the tomographic site was chosen as the area of suspicious
lesions. The following MRD method was used: PCR for the
PHOX2B gene fragment in the bone marrow and peripheral
blood samples (15); and FCM assays for the GD2, CD45,
CD56, and surface-specific markers of NB (22,23).

Image interpretation

All the images were reviewed by two nuclear physicians in a
double-blind manner according to the international SIOPEN
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scoring standard to determine the semiquantitative scores.
When the scores were inconsistent, they were rereviewed
by a third nuclear physician who had more experience until
consistent results were obtained. The diagnostic criteria
for the abnormal concentration of the contrast agent
were as follows: the concentration was much greater than
the background tissue or the corresponding part of the
contralateral side, and the suspicious lesion was considered to
be malignant after the exclusion of the physiological uptake
by the liver, glands, or intestine. The following SIOPEN
scoring method was used (24,25): the human skeleton was
divided into 12 segments, and each region was rated from 0
to 6 according to the focal or diffuse lesions.

To be defined as a lesion, 1 or more of the following
criteria had to be met: (I) a pathological histological
diagnosis of the lesion area was obtained; (II) another
relevant imaging diagnosis, including an ultrasound,
radiology, 2-deoxy-2-[fluorine-18]fluoro-D-glucose
positron emission tomography (PET)/CT, or follow-up
'»I-MIBG SPECT/CT diagnosis, was obtained; and/or (IIT)
the 18-month clinical follow-up was clear for the lesion.
The MRD results were used to evaluate the consistency
of the results after the finalized metastasis site images in
combination with the score of the MIBG tomography
images were obtained as the final standard, and the
sensitivity to detect bone metastases, negative or positive,
was compared.

Statistical and data analysis

The statistical analysis was performed using SPSS 22.0
(IBM Corp., Armonk, NY, USA). The qualitative data are
expressed as the number of cases and percentage [n (%)].
The chi-squared test was used to evaluate the associations
between the categorical variables. The inter- and intra-
observer values were estimated using the Cohen’s kappa
coefficient (26) [with 95% confidence intervals (ClIs)].
A « value <0.21 indicated a poor agreement, a k value of
0.21-0.40 indicated a fair agreement, a « value of 0.41-0.60
indicated a moderate agreement, a k value of 0.61-0.80
indicated a substantial agreement, and a « value of >0.80
indicated an excellent agreement. The area under the
receiver operating characteristic curve was calculated to
assess the predictive value of the MRD detection. We then
calculated the sensitivity, specificity, positive predictive
value (PPV), and negative predictive value (NPV). All
the statistical tests were two-tailed, and a P value <0.05
indicated a significant difference. There were no missing
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The children with neuroblastoma examined with '**I-MIBG SPECT/CT
between January 2021 and December 2021 (n=635)

Y

December 2021 (n=387)

Patients with stage 3 or 4 neuroblastoma between January 2021 and

Exclusion criteria:
() Patients who were unable to
cooperate with the examination;

Y

() Guardians who did not sign the
informed consent or those who

were finally lost to follow-up

Patients enrolled in the study (n=238)

A

Inclusion criteria:
() MRD examinations performed;
(Il) No treatment between MRD and

Y

imaging;
(Ill) The interval between MRD and
imaging is less than 6 months

Patients enrolled in the study with MRD results (n=47)

Figure 1 Flow diagram for the inclusion and exclusion of patients. '“’I-MIBG, iodine-123-labeled metaiodobenzylguanidine; SPECT,

single-photon emission computed tomography; CT, computed tomography; MRD, minimal residual disease.

data or uncertain results (either positive or negative).

Results

Comparison of changes and the diagnostic efficacy of the
SIOPEN score after planar and tomograpbic imaging

A total of 238 patients with stage III and IV NB were
enrolled in our study (Figure I), among whom 47 (19.7%)
were in stage III, 171 (71.8%) were in stage IV, and 20
(8.4%) were in stage IV. Of the patients, 135 (56.7%) were
male and 103 (43.3%) were female. The patients had a
median age of 4 years. The patients’ characteristics are
summarized in 7Table 1.

The SIOPEN scores after the planar and tomographic
imaging were calculated separately. The criteria defined as
a lesion were used as a basis to explore the consistency of
the planar and tomographic imaging. A paired comparison
was conducted of 238 planar images and '“I-MIBG
SPECT/CT images, and the accuracy of the ’I-MIBG

planar imaging and '’I-MIBG SPECT/CT was 151/238
(63.5%) and 228/238 (95.8%), respectively (1able 2). The
tomography significantly improved the diagnostic accuracy
to find bone/bone marrow metastases (95% CI, 0.17-0.25)
(Figure 2). In total, 157 of the 238 (66.0%) patients had the
same SIOPEN score after SPECT/CT, among whom 146
(61.3%) had a score of 0 for both the planar imaging and
SPECT/CT. However, the SIOPEN score of 81 of the 238
(34.0%) patients changed after SPECT/CT, among whom,
20 (8.4%) had a decreased score and 61 (25.6%) had an
increased score.

Comparison of the SIOPEN scores between the different
groups for '’I-MIBG planar imaging and SPECT/CT

According to the absolute value of the SIOPEN score,
the children were divided into the 0-score, low-score (a
score of 1-4), and high-score (a score of >4) subgroups.
For the planar imaging, there were 170 (71.4%) scans in
the 0-score group, 39 (16.4%) in the low-score group, and
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29 (12.2%) in the high-score group. For the tomographic
imaging, there were 158 (66.4%) scans in the 0-score
group, 36 (15.1%) in the low-score group, and 44 (18.5%)
in the high-score group. Notably, SPECT/CT changed the
scores of 24 scans, which had a SIOPEN score of 0 in the

planar imaging. Specifically, 16 scans had an increased score

Table 1 Patient characteristics

Characteristics N=238
Gender

Male 135 (56.7)

Female 103 (43.3)
Age

Median (years) 4

<18 months 28 (11.8)

>18 months 210 (88.2)
Primary focal site

Adrenal 94 (39.5)

Nonadrenal 144 (60.5)
Preoperative bone aspiration results

Negative 142 (59.7)

Positive 69 (29.0)

Unknown 27 (11.3)
Staging

3 47 (19.7)

4 171 (71.8)

4s 20 (8.4)
Chemotherapy only

Yes 104 (43.7)

No 134 (56.3)

Data are presented as the median or n (%) of participants.

of <4 (the low-score group), and 8 scans had an increased
score of >5 (the high-score group). The chi-squared
test results revealed a significant difference between the
different groups (P<0.001) (Zable 3). As previously reported
in international studies (9), the patients with a SIOPEN
score of <4 have a better prognosis than SIOPEN scores
of >5, and thus this category (SIOPEN score of <4) was
divided into the following 6 subgroups: the 0, 1, 2, 3, 4
and >5 subgroups. The consistency of the SIOPEN score
with the golden standard was compared across different
imaging situations for the planar and tomographic images,
respectively (Tables 4,5). The tomographic images (k=0.855)
showed better agreement with the standard method than
did the planar images (k=0.468). SPECT/CT had changed
the choice of subsequent treatments for the different groups
of children. To some extent, the SPECT/CT changed the
prognosis by changing the intuitive value of the SIOPEN
score.

The efficacy of PCR and FCM in MRD detection

In total, 47 examinations met the requirements in this study.
Among the 44 examinations for which MRD tests were
used to detect the PHOX2B gene in the bone marrow using
the PCR method, 27 examination results were consistent
with the final results obtained using the standard method,
and 17 examination results were inconsistent, and the
difference was statistically significant (P=0.024, x=0.282).
The sensitivity of diagnostic ability for bone metastases
was 40%, the specificity was 89.5%, the accuracy rate was
62.2%, the PPV was 83.3%, and the NPV was 53.1%
(Table 6). In relation to the MRD tests that used venous
blood to detect the PHOX2B gene using the PCR method,
7 examinations were discarded. FCM assays were used to
detect NB cells in 43 examinations, and 21 results were
consistent with those obtained using the standard method,
and 22 were inconsistent. Their agreement was verified
separately using the chi-squared test (P=0.416, x=0.065)

Table 2 The accuracy of ’I-MIBG planar imaging and '*I-MIBG SPECT/CT

Gold standard

SIOPEN score P value
Consistency Inconsistency

Planer imaging 151 87 <0.001

Tomography imaging 228 10

|_MIBG, iodine-123-labeled metaiodobenzylguanidine; SPECT, single-photon emission computed tomography; CT, computed
tomography; SIOPEN, International Society of Pediatric Oncology Europe Neuroblastoma.
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Figure 2 An 8-year-old boy had high-risk stage IV NB diagnosed by an outside institution. To assess the treatment efficacy, a '“’I-MIBG
SPECT/CT was performed. The whole-body image (anterior and posterior) revealed multiple foci of intense activity (white arrows) but
were not definite. However, on the axial images (SPECT, fusion, and CT), bone metastases were clearly visualized. There was an activity in
pelvis, which had an intensity slightly higher than the background noise, which was easily determined to be intestinal activity. The SPECT/
CT clearly showed that the upper activity (red arrows) represented sacral lesions, and the rest represented the physiological uptake by
the colon (black arrows). NB, neuroblastoma; '“I-MIBG, iodine-123-labeled metaiodobenzylguanidine; SPECT, single-photon emission
computed tomography; CT, computed tomography.

Table 3 The difference between the different groups in '*I-MIBG SPECT/CT

Tomography imaging

Planar imaging Total P value
0 Low score High score

0 146 16 8 170 <0.001

Low score 12 18 9 39

High score 0 2 27 29

Total 158 36 44 238

|_MIBG, iodine-123-labeled metaiodobenzylguanidine; SPECT, single-photon emission computed tomography; CT, computed
tomography.

(Table 6). The sensitivity of diagnostic ability for metastases Discussion
was 12.5%, the specificity was 94.7%, the PPV was 75%, the

We found that '*I-MIBG SPECT/CT was capable
NPV was 46.2%, and the accuracy rate was 48.8%. We used

of altering the SIOPEN score to further improve the

the two methods to build a multifactor model via logistic diagnostic ability of '“I-MIBG and provide additional
regression with a cutoff value of 0.599 (95% CI, 0.483-0.823), information about NB. However, our results did not
a sensitivity of 40.9%, and a specificity of 88.9%. examine the efficacy of PCR and FCM in detecting MRD
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Table 4 The consistency of the SIOPEN score with the standard as compared across different imaging situations for the planar and tomographic

images

Gold standard

Planar imaging Kk value
0 1 2 3 4 >5

0 140 11 3 6 2 8 0.468

1 10 3 3 3 2 3

2 2 0 2 1 1 1

3 0 0 0 0 1 2

4 0 0 0 1 1 3

>5 0 0 0 1 1 27

SIOPEN, International Society of Pediatric Oncology Europe Neuroblastoma.

Table 5 The consistency of the SIOPEN score with the standard as compared across different imaging situations for the tomographic images

Gold standard

Tomography imaging K value
0 1 2 3 4 >5

0 152 6 0 0 0 0 0.855

1 0 8 1 0 0 0

2 0 0 7 1 0 0

3 0 0 0 11 2 0

4 0 0 0 0 6 0

=5 0 0 0 0 0 44

SIOPEN, International Society of Pediatric Oncology Europe Neuroblastoma.

Table 6 The efficacy of MRD detection and '*'I-MIBG SPECT/CT

Parameters P value AUC 95% ClI Sensitivity Specificity PPV NPV

PCR 0.024 0.649 0.485-0.810 0.400 0.895 0.833 0.531

FCM 0.416 0.540 0.362-0.710 0.125 0.947 0.750 0.462

SPECT/CT 0.000 - - 0.928 0.944 0.897 0.962

MRD, minimal residual disease; "**I-MIBG, iodine-123-labeled metaiodobenzylguanidine; SPECT, single-photon emission computed
tomography; CT, computed tomography; AUC, area under the curve; Cl, confidence interval; PPV, positive predictive value; NPV, negative
predictive value; PCR, polymerase chain reaction (bone marrow); FCM, flow cytometry.

in the early detection of bone or bone marrow metastases.
Approximately 50% of patients with NB present with
metastatic disease that typically involves bone and bone
marrow, although soft tissue metastases may also occur (27).
Thus, the accurate assessment of bone or bone marrow
metastases and residual disease in children is clinically
valuable for subsequent treatment selections, efficacy
assessments, and prognosis prediction. Compared to
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conventional imaging, nuclear medicine imaging as a form
of first-line functional imaging has high sensitivity (88-92%)
and specificity (83-92%) (6). Matthay ez a/. (28) found that
semiquantitative scoring in the early stage of treatment
provides valuable prognostic information about overall
survival and event-free survival, which enables children
to achieve appropriate treatment outcomes. However, a
number of interfering factors in clinical work affect planar
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imaging, which results in an increase of false-negative and
false-positive results (29).

To address these issues and improve the diagnostic
accuracy, we performed '“’I-MIBG SPECT/CT, which
is widely used in clinical practice (30). A total of 238
scans were included in this study, of which 81 (34%) had
score changes (P<0.001). Gelfand ez 4. (31) showed that
tomography did not increase the number of lesions but did
improve the accuracy of image interpretation relative to
planar imaging. Following advances in research, Fukuoka
et al. reported (32) that '“I-MIBG, SPECT/CT made 81%
additional lesion findings compared to planar imaging,
and the mean number of lesions was 3.0 vs. 3.7 for planar
tomographic imaging, which is consistent with the results of
our study.

In this study, the SIOPEN scores in the planar images
changed from 0 to non-0 in 24 scans. Furthermore, the
results were divided into the low-score group (a score of
<4) and the high-score group (a score of >4) according to
the SIOPEN cutoff score of 4. In total, 8 of the scans went
from the 0-score group to the high-score group. A further
analysis of the medical history and images showed that this
might have occurred in some of the children because they
had just received chemotherapy and were in the suppression
period of chemotherapy; for other patients, this likely
occurred because the degree of activity of the lesion was
equal to or lower than the background noise, and in others
because the ribs, thoracic spine, or sacrum had been missed
due to the overlapping of the physiological uptake (e.g., by
the liver or bladder), and the physiological uptake of the
intestine was sometimes barely distinguishable from the
pelvis metastases.

We examined the consistency of the two different
imaging modalities in relation to the standard « values
and found that the consistency of planar imaging with
the standard method was moderate (k=0.468), while the
consistency of the SPECT/CT imaging with the standard
method was excellent (k=0.855). Thus, the interreader
agreement for SPECT/CT was considerably higher
than that for planar images. In 4 of the scans, soft-tissue
metastases were treated as bone metastases. In 5 other
scans, due to the physiological uptake, muscle or renal
pelvis filling, for example, was mistaken for metastases. In
3 other scans, issues occurred due to urine contamination.
Thus, SPECT/CT imaging is clinically important in image
interpretation, as depending on the results, such children
may no longer receive subsequent treatments (33).

MRD is one of the main causes of recurrence in children

© Quantitative Imaging in Medicine and Surgery. All rights reserved.
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with NB for early bone or bone marrow metastasis (34).
MRD tests can detect the early infiltration of tumor cells in
<5% of bone marrow, but sometimes clinical and imaging
manifestations are not able to find bone metastases, thus,
presently, MRD is a popular area of research (10). In this
study, we analyzed the abilities of FCM and PCR, which
are commonly used in the clinical detection of MRD, to
detect bone marrow tumor cells. We found that FCM had
low sensitivity. This may be because the ability of FCM to
detect tumor cells is weakened due to the heterogeneity
of the tumors and the treatment regimens. We also found
that MRD detection with FCM is prone to false negatives,
which may be because there is a lack of molecular markers
with high specificity for NB cells. Seeger ez a/. (11) reported
that 100 tumor cells per 105 nucleated bone marrow cells
indicates a poor prognosis. Thus, the FCM technique has
a good ability to detect MRD. The accuracy of the PCR
method in detecting the PHOX2B gene in bone marrow
is higher than that of the FCM method. We found that
combining the FCM and PCR to detect the PHOX2B
gene in the bone marrow improved the sensitivity (40.9%)
of PCR and FCM methods, but the accuracy was not
still as high as that of the '“’I-MIBG method (Figure 3).
This limitation may be related to the detection site used
to obtain tissues for the dynamic monitoring of tumor
samples. However, as an invasive test, the MRD test causes
some damage to children’s bodies. During the clinical work,
we found that some children who underwent the '“I-MIBG
test at our department tested negative for MRD, but lesions
were detected in these children using '“I-MIBG SPECT/
CT (35).

This study had several limitations. First, the sample
size was small, which limited our analysis, especially for
MRD, and might have led to biased results. Second,
the retrospective nature of the study might have caused
selection bias. Additionally, Moss et a/. (36) proposed that
the immunocytologic analysis of bone marrow provides
prognostic information; however, the children in the
present study underwent a variety of treatments, including
chemotherapy, radiotherapy, and immunotherapy, but only
the value in assessing bone or bone marrow metastasis and
recurrence was examined (37). Thus, further investigations
need to be conducted to examine '*'I-MIBG SPECT/CT
prognostic clinical role. Few international clinical studies
have been conducted on the SIOPEN score. The MIBG
metastasis assessment includes only whole-body bones
without soft tissues, which is similar to the MRD test.
Thus, the present research had some limitations in terms
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Figure 3 A 5-year-old girl was pathologically confirmed to have
high-risk stage IV NB. She had received surgery, chemotherapy,
and radiotherapy 2 years prior. A routine surveillance '’I-MIBG
SPECT/CT was performed. The whole-body images (anterior and
posterior) reveled osseous metastasis. However, the MRD results
of the previous day were negative. Both FCM assays and PCR were
used to detect the bone marrow tumor cells. NB, neuroblastoma;
"-MIBG, iodine-123-labeled metaiodobenzylguanidine; SPECT,
single-photon emission computed tomography; CT, computed
tomography; MRD, minimal residual disease; FCM, flow

cytometry; PCR, polymerase chain reaction (bone marrow).

of monitoring high-risk recurrence and prognosis. We
intend to expand the sample size of the study and conduct a
prospective study in the future.

Conclusions

In summary, we found that '*’I-MIBG SPECT/CT
increased the diagnostic ability to discover more lesions and
the accuracy of the lesions, could be used to obtain a precise
SIOPEN score, and thus could be used to design improved
treatment strategies and prevent unnecessary work. The

diagnostic performance of the MRD test was inferior to
that of the '’I-MIBG SPECT/CT; however, MRD can also

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

be used to discover early metastasis and recurrence in the
bone or bone marrow, and its prognostic value needs to be
further investigated.
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