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Abstract

Purpose To evaluate the prognostic value of metabolic pa-
rameters and bone marrow uptake (BMU) patterns on
pretherapeutic 18-F-fluorodeoxyglucose (18F—FDG) positron
emission tomography/computed tomography (PET/CT) in pe-
diatric patients with neuroblastoma (NB).

Patients and methods Forty-seven pediatric patients with
newly diagnosed neuroblastoma who underwent 18F-FDG
PET/CT were retrospectively reviewed. Clinicopathological
factors and metabolic parameters including maximum stan-
dardized uptake value (SUVmax), metabolic tumor volume
(MTYV), total lesion glycolysis (TLG) and bone marrow up-
take patterns on PET/CT were compared to predict recurrence-
free survival (RFS) and overall survival (OS) by univariate
and multivariate analysis.

Results During the follow-up period, 27 (57.4%) patients ex-
perienced recurrence. MTV (P =0.001), TLG (P = 0.004) and
BMU patterns (P = 0.025) remained significant predictive
factors for tumor recurrence, along with tumor size, histology,
stage, lactate dehydrogenase (LDH) and other distant metas-
tasis (except bone metastasis). Univariate analysis showed
that histology, stage, tumor size (>37.25 cm), other distant
metastasis, MTV (>88.10cm’) and TLG (>1045.2 g) and
BMU patterns correlated with both RFS and OS (P < 0.05).
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On multivariate analysis, TLG remained the only independent
prognostic factor for RFS (P =0.016) and OS (P=0.012), and
BMU patterns and MTV were statistically significant for OS
(P =0.024 and P = 0.038, respectively).

Conclusion Pretherapeutic 18F-FDG PET/CT can provide re-
liable prognostic information for neuroblastoma pediatric pa-
tients, and patients with high MTV, TLG and focal bone mar-
row (unifocal and multifocal) uptake on PET/CT may have
inferior outcomes during subsequent treatment.

Keywords Neuroblastoma - Pet/ct - Metabolic tumor
volume - Total lesion glycolysis - Bone marrow involvement

Introduction

Neuroblastoma is the most common extracranial solid tumor
in children, and accounts for 7% of children’s malignancies
and 15% of pediatric oncology deaths [1-3]. More than half of
patients with neuroblastoma are diagnosed as high-risk cate-
gories with poor prognosis. The unfavorable prognostic fea-
tures include age (>18 mo at presentation), stage (distant me-
tastases in lymph nodes, cortical bone, bone marrow, and liv-
er), laboratory test parameters (high levels of ferritin, neuron-
specific enolase (NSE), LDH, and urinary catecholamine me-
tabolites) and molecular pathology (MYCN oncogene ampli-
fication and chromosomal loss of 1p36) [3—8]. Bone and bone
marrow are the most frequently involved sites, and as a pre-
dictor of poor prognosis, bone marrow involvement can be
used to evaluate the disease response instead of observing
the development of the greater tumor burden [9-11].
18F-FDG PET/CT has been increasingly used in pediatric
neuroblastoma for diagnosis staging and predicting prognosis
[12—16]. Although the maximum standardized uptake value
(SUVmax) on 18F-FDG PET/CT can estimate a tumor’s
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metabolic activity, it cannot reflect the metabolic activity of
the whole tumor. The volumetric imaging parameters based
on 18F-FDG PET/CT, including metabolic tumor volume
(MTV) and total lesion glycolysis (TLG), have also been sug-
gested as prognostic factors for various tumors [17-20]. To
our knowledge, there are few studies that have evaluated the
parameters of volume and bone marrow on PET/CT as prog-
nostic factors in patients with neuroblastoma [14]. Hence, the
aim of this study was to evaluate the prognostic value of met-
abolic parameters and BMU patterns on pretherapeutic 18F—
FDG PET/CT in pediatric patients with neuroblastoma, com-
paring with clinical indices.

Methods
Patients

We retrospectively reviewed the record of 248 pediatric pa-
tients (age < 18 years) with newly diagnosed neuroblastoma
from January 2012 to December 2016 in our department of
Xinhua Hospital affiliated to Shanghai Jiaotong University.
The exclusion criteria included: patients with a history of sur-
gery (n =53), receiving chemotherapy before 18F-FDG PET/
CT imaging (n = 127) or incomplete clinical information
(n =31). Forty-seven consecutive patients with pathologically
confirmed NB were enrolled in this study. The diagnosis was
established by ultrasonography-guided fine-needle aspiration
or biopsy and the final post-operation pathology. All patients
underwent 18F-FDG PET/CT imaging within 2 weeks before
the beginning of treatment. The data obtained from the clinical
medical records included age, sex, stage, pathological charac-
teristics, laboratory test parameters, treatment and follow-up
information.

All patients were followed up at least 6 months, and the
mean duration was 24.34 + 15.71 (range, 6-69mo). For histol-
ogy results, tumors were classified as undifferentiated neuro-
blastoma, poorly differentiated neuroblastoma, differentiated
neuroblastoma, and ganglioneuroblastoma. Bone marrow in-
volvement (BMI) was verified by bone marrow aspirate or
biopsy (BMB) or trephine biopsy containing unequivocal tu-
mor cells. Metastatic lesions found on any image through the
study period were recorded. Blood and urine tests and diag-
nostic imaging examinations were performed every 3—
6 months during the follow-up period after therapy. This ret-
rospective study was approved by the Institutional Review
Board of our hospital, and requirement to obtain informed
consent was waived.

18F—Fdg pet/ct

All PET/CT scans were performed on the PET/CT scanner
(Siemens Biograph MCT). All patients were asked to fast for

at least 6 h before FDG PET/CT scan. Children underwent
whole-body scan after approximately 1 h after intravenous in-
jection of FDG (5 MBg/kg). The whole-body low-dose CT
imaging was performed from the skull to the upper part of the
thigh or feet without contrast medium. The PET scans were
obtained immediately after a whole body CT scan. Sedation
was performed 30-40 min before scanning if necessary.

Image interpretation

18F-FDG PET/CT images were independently reviewed by
two experienced nuclear medicine physicians on the worksta-
tion. The volumes of interest were placed over the tumor based
on axial, coronal, and sagittal projections. Cross-sectional cir-
cles were drawn in all three projections to ensure three-
dimensional (3D) coverage of the entire primary tumor.
SUVmax, the average of SUV (SUVmean), and MTV were
measured by volume viewer software on PET/CT images.
SUVmax was calculated as (decay-corrected activity/tissue vol-
ume) / (injected dose/body weight). MTV were drawn by using
the SUV-based threshold method on the primary tumor without
the metastatic lesions. In our study, 40 % SUVmax was chosen
as the threshold for generating the volume of interest based on
methods which were recommended previously [21-23]. If 40%
of the primary tumor SUVmax was below 2.5, an SUV of 2.5
was used as the threshold. TLG is the product of SUVmean and
MTYV, which calculate the volume of the metabolically active
areas of the tumor. All the parameters of SUV were calculated
by SUVmax of the lesion divided by the mean SUV of the liver.

Based on clinical observations and bone marrow uptake
patterns on PET/CT imaging in Hodgkin’s lymphoma (HL)
[24], the patterns of BMU on PET/CT imaging were classified
into three types: normal uptake (absence of uptake or intensity
equal to or lower than the liver with homogeneous metabo-
lism), diffusely increased uptake (diffuse uptake of the whole
bone marrow with an intensity higher than the liver), and focal
bone lesion (focally increased uptake with one or more lesions
and with or without highly diffuse uptake of the whole bone
marrow). Since diffuse BMU of 18F-FDG could reflect two
phenomena, tumor infiltration or myeloid hyperplasia reacted
by inflammation, patients who underwent 18F-FDG PET/CT
and had abnormal hematological parameters (especially CRP)
with or without a fever within a week were excluded
[25]. No patient had a history of using drugs to increase
leukocytes in our study. Hence, the criteria of BMI on
18F-FDG PET/CT image included focal bone lesion or
diffuse uptake in bone marrow with an intensity higher
than the liver.

Statistical analysis

Statistical analyses were performed using SPSS Software
(version 20.0 for Windows; SPSS INC.). Contiguous data
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Table 1  Patients characteristics and follow up

Characteristic Total(n = 47) No recurrence Recurrence P

Age (y) 0.852
Median 2 2 3
Range 0.20-8.00 080-8.00 0.20-8.00

Sex 0.696
Male 32 19 13
Female 15 8 7

HVA (umol/24 h) 30 0.372
Median 2.80 16.48 13.22
Range 0.44-40.00 0.58-40.00 0.44-12.10

VWM (umol/24 h) 30 0.349
Median 2.56 16.52 13.11
Range 0.23-33.10 0.23-33.10 0.54-13.50

NSE (ug/L) 38 0.837
Mean + SD 29491 +405.96 320.3 +£293.57

Ferritin (ug/L) 29 0.255
Mean = SD 263.82 +341.40 403.3 £293.57

LDH (IU/L) 37 0.005
Median 599.00 368.00 355.00
Range 236.00-5540.00 236.00-5517.00 283.00-5540.00

Tumor size (mm) 66.15 £34.07 5491 +£27.87 81.32 £36.40 0.007

INSS Stage (n) 0.004
I 1 1 0
I 0 0 0
I 12 11 1
v 34 15 19

Histology (n) 0.022
Undifferentiated NB 8 6 2
Poorly differentiated NB 24 9 15
Differentiated NB 6 0
Ganglioneuroblastoma 6 3

Tumor location 0.439
Adrenal 16 10 6
Paraspinal 2 2 0
Periaortic regions 29 15 14

Lymph node metastasis 0.095
Yes 34 17 17
No 13 10 3

Bone metastasis 0.210
Yes 28 14 14
No 19 13 6

BMU pattern 0.025
Normal uptake 18 12
Diffuseuptake 10
Focal uptake 19 12

Other distant metastasis 0.001
Yes 14 3 11
No 33 24 9

Infiltrating across the midline 1.000
N 27 11 16
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Table 1 (continued)

Characteristic Total(n = 47) No recurrence Recurrence P
Y 20 5 15

SUVmax
Median 5.80 4.70 6.20 0.628
Range 1.28-45.40 2.40-11.80 1.28-45.40

MTV (cm?)
Median 200.48 85.60 357.605 0.001
Range 7.00-1538.82 7.00-1149.60 31.96-1538.82

TLG (g) 0.004
Median 575.20 262.68 1212.45

Range 17.50-9255.82

17.50-3400.34 75.68-9255.82

were describe as mean + standard deviation (mean + SD) or
median and range, based on whether they followed the normal
distribution, and categorical variables as numbers. PET/CT
parameters were compared with clinicopathological factors
between recurrence group and non-recurrence group using
independent ¢ texts, Mann-Whitney U tests, thests, and
Fisher exact tests. Recurrence-free survival (RFS) was defined
as the time from the day of diagnosis to evident tumor recur-
rence on any radiographic examination. Over survival (OS)
was defined as the time between the date of the initial 18F-
FDG PET/CT scan and the date of death or the last follow-up.

Receiver operating characteristic (ROC) analysis was used
to evaluate tumor size, SUVmax, MTV and TLG in predicting
disease recurrence. Survival curves were estimated using the
Kaplan-Meier method to calculate cumulative RFS rates and
OS rates. The significance of the predictive value of each
variable was evaluated using log-rank tests on univariate anal-
ysis and COX proportional hazards regression tests were used
in multivariate analysis. The uptake of bone marrow on 18F—
FDG PET/CT image, including SUVmax and the patterns of
lesions between the positive bone marrow biopsy group and
the negative group, were estimated using Mann-Whitney U
tests and x2 tests, respectively. All tests were two-sided, and a
probability of less than 0.05 was considered statistically
significant.

Results

This study consisted of 32 males and 15 females with a me-
dian age of 2 years (range, 2.0 months-8.0 years). The tumors
were staged based on the International Neuroblastoma Staging
System (INNC), and all patients belonged to stage III or IV,
except one patient who was in stage 1. All children received
therapy according to their clinical staging and risk stratifica-
tion as follows: 15 children underwent surgical resection with
adjuvant chemotherapy, 22 patients underwent preoperative

chemotherapy before surgery and postoperative adjuvant che-
motherapy, 3 patients twice underwent surgical resections and
chemotherapy, 5 patients underwent chemotherapy and radio-
therapy after surgical resection, and 2 patients had surgery,
chemotherapy and autologous peripheral blood stem cell
transplantation. During the period of the clinical follow up,
27 (57.4%) patients experienced recurrence, and of all pa-
tients, 18 (38.3%) died. The characteristics of the patients
are shown in Table 1.

In our study, there are significant differences in tumor size,
histology, stage, LDH, other distant metastasis, BMU patterns,
MTYV and TLG between patients with recurrence and those
without (P < 0.05); age, sex, ferritin, NSE, urinary catechol-
amine (VMA and HVA), tumor location, lymph node metas-
tasis, bone marrow metastasis, and SUVmax showed no sig-
nificance between the two groups (P > 0.05).

Survival analysis

Histology, stage, age, LDH, tumor size, lymph node metasta-
sis, bone metastasis, BMU patterns, other distant metastasis
(except bone metastasis), infiltrating across the midline,
SUVmax, MTV and TLG were evaluated as variables in the
survival analysis of NB. From the receiver-operating-
characteristic curve (ROC) analyses, the optimal cutoff values
for tumor size, LDH, SUVmax, MTV, and TLG were
37.25 mm, 1011 TU/L, 4.15, 88.10cm’, and 1045.20 g, with
the AUCs 0f 0.715, 0.782, 0.542, 0.778 and 0.748, respective-
ly. The significance of variables for predicting RFS and OS on
univariate analysis is shown in Table 2. The histology, stage,
tumor size, other distant metastasis, MTV (Fig. 1a), TLG (Fig.
1c) and BMU patterns (Fig. 1¢) showed significant differences
on univariate analysis for RFS. Similarly, the histology, stage,
other distant metastasis, MTV (Fig. 1b), TLG (Fig. 1d) and
BMU patterns (Fig. 1f) were the significant prognostic factors
for OS. For the univariate analysis, the children with an MTV
greater than 88.10cm® showed lower RFS rates (41.9%
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Table 2 Significance of Prognostic Factors on Univariate Analysis

Variable RFS oS

Median(mo) P Median(mo) P

Histology 0.011 0.010
Undifferentiated NB 18 21
Poorly differentiated NB 12 13
Differentiated NB 17 17
Ganglioneuroblastoma 42 43

Age 0.400 0.286
<18m 12 15
>18m 20 26

LDH(IU/L) 0.026 0.074
<1011 19.50 22
> 1011 15 17

Tumor Size(mm) 0.047 0.055
<37.25 17 17
>37.25 16 24

BMU pattern 0.011 0.031
Normal uptake 17 17
Diffuse uptake 38.50 38.50
Focal uptake 15 15

Other distant metastasis 0.001 0.001
No 21 26
Yes 10.50 11.50

SUVmax 0.303 0.333
<4.15 17 21.50
>4.15 16.50 18.50

MTV(cm?) 0.005 0.008
<88.10 22.5 31
> 88.10 14.50 16

TLG (g) 0.008 0.022
<1045.20 20 24
> 1045.20 14.50 16

LNS metastasis 0.088 0.127
N 29 32
Y 16.50 17

BONE metastasis 0.092 0.089
N 18.50 25
Y 15 15.50

Stage 0.031 0.027
3 24 35.50
4 17 17

Infiltrating across the 0.539 0.611
midline
N 20 25.50
Y 17 20

vs8.87.5%, P = 0.005) and OS rates (48.3%vs. 87.5%,
P =0.008) than those with an MTV of 88.10 cm’ or less; the
children with a TLG greater than 1045.20 g also had lower

@ Springer

REFS rates (48.6% vs.81.4%, P = 0.008) and OS rates (51.8%
vs. 84.2%, P = 0.022) than those with a TLG of 1045.20 g or
less. In our study, the index of SUVmax was not a significant
prognosis factor for either RFS (P =0.303) or OS (P =0.333).
Variables with a P value of less than 0.05 were enrolled in
multivariate analysis using Cox proportional hazards regres-
sion. As expected, TLG was calculated by multiplying MTV
and the mean SUV, and there was a significant correlation
between MTV and TLG (» = 0.943,P < 0.001). Therefore,
the two different variables of MTV and TLG were assessed
separately for multivariate analyses. TLG was determined to
be the only independent significant prognosis factor for RFS
and OS, and BMU patterns, MTV and TLG were statistically
significant for OS. Histology, stage, BMU patterns showed
marginal significance for RFS, and histology and other distant
metastasis showed marginal significance for OS. The signifi-
cant variables for predicting RFS and OS on multivariate anal-
ysis are shown in Tables 3 and 4. There were three patterns of
BMU of FDG, and we found that focal bone lesions on PET/
CT scan had lower survival rate than diffuse uptake pattern.

Bone marrow metastasis analysis

Of 47 pediatric patients, 26 patients underwent bone marrow
aspirate or trephine biopsy containing tumor cells, and then
BMI were verified in 16 patients. In this study, 10 (62.5%)
patients had focal bone marrow lesions (Fig. 2a), and 6
(37.5%) had diffuse FDG uptake (Fig. 2b). When considering
only positive BMB as a reference standard, the sensitivity,
specificity and accuracy of PET/CT on diagnosis of BMI were
100% (16/16), 50% (5/10) and 80.7% (21/26), respectively.
PET also detected two multifocal BMI with negative BMB
which were verified by guided biopsy of the PET-positive
sites during the follow-up visit in our study. For these patients
with confirmed bone marrow results, clinical metastasis high-
ly associated with the patterns of bone marrow on PET/CT
image (x2 =8.53, P = 0.014 < 0.05), and patients with the
focal bone lesions were more likely to be metastatic lesions
than those with diffuse FDG uptake in bone marrow. No sig-
nificant difference was noted for SUVmax between patients
with or without bone marrow metastasis according to the re-
sult of BMB (U =39.00, P = 0.067).

Discussion

In the present study of 47 pediatric patients with NB, we inves-
tigated the prognostic value of SUVmax, MTV, and TLG of
18F-FDG PET/CT indices, compared with the conventional
clinical parameters, and gave a preliminary description of bone
marrow FDG uptake patterns for assessing the BMI on
pretherapeutic PET/CT in patients with neuroblastoma. Our
results demonstrated that TLG is determined to be the only
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Fig. 1 Cumulative RFS curves
according to MTV (a), TLG (c)
and BMU patterns (e) and
cumulative OS curves according
to MTV (b), TLG (d)and BMU
patterns (f) of neuroblastoma
lesions in enrolled patients

(n =47). (a and b) Upper line
MTV <88.10 cm3, N =17, lower
line MTV > 88.10 cm3, N=30. (¢
and d) Upper line

TLG <£1045.20 g, N = 18, lower
line TLG > 1045.20 g, N = 29. (e
and f) Upper line normal uptake,
N = 17, middle line diffuse
uptake, N = 10, lower line focal
uptake, N =20

independent significant prognosis factor for RFS and OS, and
MTV and BMU patterns are the independent prognostic factors
for predicting OS, comparable to histology, stage, other distant
metastasis and MTV. In addition, MTV, TLG and BMU pattern
are also determined to be statistically significant predictors of

Table 3 Multivariate Analysis of
Prognostic Factors for RFS

Recurrence-free survival(%) @
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recurrence. For bone marrow assessment by PET/CT, the pat-
tern of focal bone lesions should be considered as a harbinger
of bone metastases and patients having shorter OS time.
18F-FDG PET/CT has been increasingly used to predict
survival prognosis and therapy response for malignancies;

RFS RFS

Variable HR P HR P
Histology 0.025(0.001-.0640) 0.026 0.073(0.004—1.235) 0.070
Stage 0.043(0.003-0.718) 0.028 0.098(0.008-1.210) 0.070
BMU pattern 0.045(0.002-0.834) 0.037 0.085(0.006-1.134) 0.062
Other distant metastasis 0.145(0.015-1.351) 0.090 0.313(0.087-1.126) 0.075
LDH 0.409(0.070-2.395) 0.321 0.531(0.102-2.766) 0.453
MTV(cm®) 0.998(0.996—-1.000) 0.098
TLG (g) 0.999(0.999-1.000) 0.016
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Table 4 Multivariate Analysis of

Prognostic Factors for OS 0s 0s

Variable HR P HR P
Histology 0.025(0.001-0.711) 0.031 0.007(0.000-0.333) 0.063
stage 0.129(0.010-1.580) 0.109 0.058(0.003-0.973) 0.048
BMU pattern 0.057(0.004-0.882) 0.040 0.032(0.002-0.592) 0.021
Other distant metastasis 0.110(0.011-1.109) 0.061 0.042(0.003-0.655) 0.024
LDH 0.536(0.108-2.651) 0.445 0.411(0.08-2.108) 0.287
MTV(cm?) 0.997(0.995-1.000) 0.038

TLG (g) 0.999(0.999-1.000) 0.012

nevertheless, only one study has evaluated the value of volu-
metric parameters on PET/CT for risk stratification in patients
with neuroblastoma [14]. Chia-Ju Liu et al. [14] performed
pretreatment 18F-DOPA and 18F-FDG PET in 25 children
and provided complementary information that lower 18F—
DOPA uptake and higher 18F-FDG uptake were associated
with poor prognosis, and volumetric indices correlate highly
with risk grouping. In this study, we enrolled 47 pediatric
patients with newly diagnosed neuroblastoma to evaluate the
prognostic value of volumetric parameters measured on PET/
CT in different models, compared with conventional prognos-
tic factors. The results of our study showed that TLG is the
independent significant prognosis factor, and had a stronger
association with RFS (P = 0.016) and OS (P = 0.012) than
MTV and SUVmax. SUVmax represents the maximum up-
take of region of interest (ROI) on PET/CT. MTV is defined as
the volume of the tumor representing metabolic activity and
indicating the distribution ofl 8F-FDG uptake. TLG is repre-
sentative of the metabolic activity throughout the entire tumor
lesion above a minimum threshold designed to exclude back-
ground activity. A large TLG may reflect a small volume of
tumor tissue with high 18F-FDG uptake or a large volume of
tumor tissue with low 18F-FDG uptake [20]. Hence, com-
pared with SUVmax, MTV and TLG can more accurately
reflect the metabolic burden of tumor lesions and predict sur-
vival prognosis. Our results also demonstrated that pediatric
patients who showed higher MTV (>88.10 cm®) and TLG
(>1045.20 g), focal bone lesions, higher serum level of LDH
(>1011.00 IU/L), larger tumor size (>37.20 mm) and other
distant metastasis were more likely to relapse than those
who did not.

Metastasis of NB occurs through lymphatic and hematog-
enous routes, with involvement of bone, bone marrow, liver
and skin [1, 8]. In approximately 70% of patients, metastasis is
present at the time of diagnosis and most commonly involves
cortical bone and bone marrow. 18F-FDG PET, MIBG scin-
tigraphy [26] and bone scan (BS) have different advantages in
detecting bone metastasis, however, there is no consistent con-
clusion as to which was better [27]. The study of Yun Jung
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Choi et al. found 18FDG PET was superior to BS in detecting
bone metastasis (100% vs. 94.4% insensitivity, 100% vs.
77.8% in specificity) [28]. In our study, the results showed
that the sensitivity, specificity and accuracy of PET/CT on
diagnosis of bone marrow metastasis were 100%, 50% and
80.7% in 26 patients, considering BMB as the only gold stan-
dard for BMI. In addition, PET detected multifocal bone mar-
row involvement in two NB patients with negative BMB in
this study. It is well known that BMB cannot be considered as
a histological gold standard for bone marrow infiltration, be-
cause it allows the analysis of a very limited area and can
consequently miss the lesions not located in the iliac crest.
Our results suggest that focal BMU of FDG on PET/CT could
detect marrow metastasis more accuracy compared to BMB.
The conceivable reasons for the low specificity of PET/CT
may include high physiological uptake and non-
inflammatory myeloid hyperplasia response in patients.
Though there existed some limitations in detecting bone mar-
row metastasis by FDG PET/CT, Papathanasiou et al. [15]
found that FDG uptake of the tumor and the FDG skeletal
extent were significant prognostic factors for overall survival
in contrast to the 1-123 MIBG skeletal score. In the present
study, bone/bone marrow metastasis is associated with BMU
patterns rather than the SUVmax of bone marrow. The results
also demonstrated that the focal bone lesions on PET/CT im-
aging probably indicate bone marrow metastasis with an ac-
curacy up to 85.7%. Bone/bone marrow involvement pattern
was the significant independent prognostic factor for OS, and
patients with focal bone marrow lesions on preoperative 18F—
FDG PET/CT imaging can be assumed to have lower OS
rates, and intensive adjuvant treatment or close follow-up is
needed with or without surgical resection for these patients. To
our knowledge, this is the first study using the BMU patterns
together with other 18F—FDG PET parameters to evaluate the
prognostic values at the time of neuroblastoma diagnosis.
The limitations of this study are as follows. First, our study
had a relatively small sample size, because the pediatric pa-
tients were excluded without certified pathology or with ther-
apy before PET/CT examination. Second, only the primary
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Fig. 2 A. Example of normal
BM uptake < liver uptake on
18FDG-PET/CT with negative
BMB (coronal slices of CT (a),
PET (b), fused PET/CT (c) and
MIP (d)). The patient had no re-
currence (follow-up:

+47 months). B. Example of a
pure diffuse BM uptake > liver
uptake on 18FDG-PET/CT with
negative BMB (coronal slices of
CT (a), PET (b), fused PET/CT
(c) and MIP (d)). The patient was
in complete remission (follow-up:
+20 months). C. Example of a
multifocal BM lesions on
18FDG-PET/CT and with con-
firmed positive BMB (coronal
slices of CT (a,d), PET (b,e),
fused PET/CT (c,f) and MIP (d)).
The patient relapsed after 6
courses of chemotherapy (follow-
up: +13 months)

tumor was calculated in the volumetric parameters as whole-
body metabolic burden, without metastatic lesions, because
the aforementioned technical difficulty further limited this
study. Third, necrotic lesions are commonly seen in huge

neuroblastoma and partial-volume effects could affect the
18F-FDG uptake, which would be underestimated in the
values of MTV and TLG. Finally, as a retrospective single-
center study, the results might be subject to selection bias.
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Conclusion

Of the parameters of 18F-FDG PET/CT, TLG is the only
independent prognosis factor for the RFS and OS, compared
with SUVmax, MTYV, and other conventional prognostic fac-
tors. MTV and patterns of BMU on PET/CT are the indepen-
dent prognosis factors for OS. Only focal bone lesion uptake
should be considered as a harbinger of bone marrow metasta-
sis in neuroblastoma patients. Pretherapeutic MTV, TLG and
patterns of BMU may play important roles on planning treat-
ment schedules and follow-up, and large-scale prospective
trials are also needed to validate the results by longer follow-

up.
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