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Neuroblastoma is the most common malignancy in children comprising 7.6% of all infantile cancers. MIBG scintigraphy 
is a mandatory neuroblastoma diagnostic test, which is among others methods, semi-quantified by the SIOPEN method. The 
aim of this study was to test both the skeletal and the soft tissue segments of the SIOPEN scoring method in the diagnostic 
milieu and to correlate them with the Curie score. Since there is little knowledge of their diagnostic power, the following 
variables were tested: VMA, HVA, LDH, and MYCN, ferritin, bone marrow infiltration, the INSS and the INPC classifica-
tion. The cross-sectional study with repeated measurements of 143 scintigrams was performed on 76 pediatric patients with 
suspected or proven neuroblastoma, who had been referred to the Center for Nuclear Medicine of the Clinical Center of Serbia 
in the period 2007-2012. The range of the SIOPEN soft tissue scores was 0-5. The range of the SIOPEN skeletal scores was 
0-57. The range of the Curie scores was 0-26. The skeletal SIOPEN scores were significantly higher in bone marrow positive 
children, in children with pathologically elevated urinary VMA levels and in children having a more advanced clinical stage. 
There was no difference in the SIOPEN soft tissue score due to higher VMA levels, or depending on the clinical stage and 
positive bone marrow assessment. There was no difference between the SIOPEN skeletal and soft tissue scores on one hand 
and the histological grade of the tumor; elevated or normal levels of HVA, LDH, NSE and ferritin, or the presence or absence 
of MYNC amplification in the neuroblastoma cell line, on the other hand. The results of both SIOPEN scores showed a high 
linear correlation with the Curie score. The conclusion is that the soft tissue segment of the SIOPEN score needs further 
elucidation in a more controlled milieu. Excellent correlation between all segments of the two semi-quantitative scoring 
methods speaks in favor of the application of the complete SIOPEN scoring system in every day mIBG scanning.
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Neuroblastoma is the most common malignancy in chil-
dren comprising 7.6% of all infantile cancers. The median 
patient age is 15 months, with the survival rate of 59% to 66% 

[1].This tumor of variable biological and clinical behavior 
secretes catecholamines which are readily metabolized into 
vanillylmandelic (VMA) and homovanillic acid (HVA), the 
most sensitive and specific neuroblastoma tumor markers. It 
produces neuron-specific enolase (NSE), lactate dehydroge-
nase (LDH), as well as ferritin. One of its prognostic hallmarks 
is MYCN gene amplification. Neuroblastoma is diagnosed on 
the basis of the unequivocal presence of neuroblasts in tumor 
tissue or on the basis of the presence of neuroblasts in bone 
marrow and increased urinary or serum catecholamine levels. 
The tumor is clinically staged according to the International 
Neuroblastoma Staging System (INSS). Its histology grade is 
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determined by the International Neuroblastoma Pathology 
Classification System (INPC).

Viable neuroblasts accumulate metaiodobenzylguanidine 
(mIBG), an aralkyl-guanidine analogue of catecholamine 
precursors. MIBG scintigraphy has a sensitivity of 88%-93% 
and specificity of 83%-92% in neuroblastoma which is why it 
is incorporated as a mandatory test in the International Neu-
roblastoma Risk Group Staging System (INRGSS), an imaging 
defined staging and risk assessment system. [2, 3]

In order to facilitate the comparison of mIBG scans and to 
increase their reliability and reproducibility semi-quantitative 
scoring systems have been developed. The Curie method [4] 
has been the most evaluated one, in the sense of prognosis and 
treatment evaluation, until the introduction of the SIOPEN 
(International Society of Pediatric Oncology Europe Neu-
roblastoma Group) method. The SIOPEN scoring method is 
currently under prospective evaluation in Europe. However, as 
far as the authors of this study are aware, only its skeletal seg-
ment has been assessed, although it has been shown that failing 
to asses soft tissue lesions could result in an inaccurate response 
evaluation. [5-7] This is why in this study an attempt has been 
made to test both the skeletal and the soft tissue segment of the 
SIOPEN scoring method in the diagnostic milieu and to cor-
relate them with the Curie score. Since there is little evaluation 
of their diagnostic power, the following variables were chosen 
to be tested: VMA, HVA, LDH, MYCN, ferritin, bone marrow 
infiltration, the INSS and the INPC classification. [8] These 
variables were the most accessible ones in our study group.

Materials and methods

76 pediatric patients with neuroblastoma, who had been 
referred to the Centre for Nuclear Medicine of the Clinical 
Centre of Serbia for I-123/131 MIBG scintigraphy from Janu-
ary 2007 to December 2012, were investigated in this study. 
The cross-sectional study with repeated measurements of 143 
scintigrams included 39 girls and 37 boys of the mean age 
31.9 months at the first scintigraphy (range: 0–135 months) 
performed at the Center for Nuclear Medicine. In line with in-
ternational agreement, patients were referred to the Center by 
pediatricians because of suspected or proven neuroblastoma. 
They were sent for an MIBG scan for initial diagnosis or for 
evaluation after treatment.

I-123 MIBG scintigraphy. I-123/131 MIBG scintigraphy 
was performed according to previously published guidelines; 
the images were acquired 24 h or 48 h after slow intravenous 
injection of no less than 80 MBq (I-123) or 35 MBq (I-131) in 
accordance with the EANM (European Association of Nuclear 
Medicine) dosage card. The imaging was conducted using single 
or dual-head gamma cameras equipped with a high–energy or 
low-energy collimator (Digitrac 37, Siemens; NuclineTM Spirit, 
Mediso; ECAM, Siemens). Whole-body planar images were 
acquired at scanning speeds of 6cm/min if I-123 MIBG was 
employed. If 131-MIBG was used, spot images of 250, 000 counts 
per view or 10 minute acquisition time were applied [9, 10]

Image interpretation and scoring. For every patient, the 
I-123 MIBG and I-131 MIBG scans were scored by the Curie 
and the SIOPEN methods. The SIOPEN method included 
both the skeletal (osteo-medullary) and the soft tissue score. 
The scoring was performed as follows. According to the Curie 
semi-quantitative scoring method, the skeleton was divided 
into nine areas, and a  tenth sector counting any soft tissue 
involvement was added. These areas correspond to: the head 
and the face (area 1) the neck and back vertebral column 
(area 2), the ribs and the sternum (area 3), the lumbar and 
sacral column (area 4), the pelvis (area 5), the arms (area 6), 
the fore- arms and the hands (area 7), the thighs (area 8), the 
legs and the feet (area 9). In each region, the number of le-
sions was quoted as follows: 0, no site per segment; 1, one site 
per segment; 2, more than one site per segment; 3, massive 
involvement (>50% of the segment area). The overall absolute 
scores were obtained by adding the scores corresponding to 
each region (maximum 30). 

According to the SIOPEN semi-quantitative scoring meth-
od, the skeleton was divided into 12 anatomical body segments 
as follows: the skull, the thoracic cage, the proximal right upper 
limb, the distal right upper limb, the proximal left upper limb, 
the distal left upper limb, the spine, the pelvis, the proximal 
right lower limb, the distal right lower limb, the proximal left 
lower limb and the distal left lower limb. The extent and pattern 
of skeletal mIBG involvement was scored using a 0–6 scale to 
discriminate between focal discrete lesions and patterns of 
more diffuse infiltration. Each segment was scored as 0, no 
involvement; 1, one discrete lesion; 2, two discrete lesions; 3, 
three discrete lesions; 4 more than 3 discrete foci or a single 
diffuse lesion involving 50% of a bone; 5, diffuse involvement 
of 50% to 95% of the entire bone; 6, diffuse involvement of 
the entire bone, with a maximum score of 72. The soft tissue 
SIOPEN score was calculated in the regions of the head and 
neck, the thorax, the right upper limb, the left upper limb, the 
abdomen, the pelvis, the right lower limb and the left lower 
limb. Each segment was scored as 0: no involvement; 1: one 
solitary lesion and 2: multiple lesions. [7, 11]

Statistical analysis. The concurrence of the SIOPEN scores 
with biological and diagnostic tumor features (VMA, HVA, 
LDH, NSE, ferritin, bone marrow assessment, the INSS and 
the INPC) were tested by the Mann-Whitney U  test, the 
Kruskal-Wallis chi-square test and the Spearman r correlation 
coefficient. The correlation between the SIOPEN scores and 
the Curie score was established by the Spearman r correlation 
coefficient. All statistical tests were two-sided and a p value < 
0.05 was considered statistically significant. 

This investigation was approved by the Institutional Review 
Board of the hospital. MIBG scans were acquired with the 
informed consent of the parents.

Results

Patients’ characteristics. The clinical and histological 
stages of the patient population are shown in Table 1. There 
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were 8 patients in stage 1, 4 patients in stage 2, 10 patients in 
stage 3 and 40 patients in stage 4 at the time of the first mIBG 
scan performed for the purpose of the study.

51 patients out of 76 were histologically classified as follows: 
10 undifferentiated neuroblastomas with unfavorable histolo-
gy; 13 poorly differentiating neuroblastomas with unfavorable 
histology; 16 differentiating neuroblastomas with favorable 
histology; 5 ganglioneuroblastomas; 2 ganglioneuroblastomas, 
nodular; 5 neuroblastomas, unclassified. (Table 1)

Biochemical findings. In our study group, VMA was found 
to be positive in 43 out of 63 tested patients at the time of the 
first scintigraphy; HVA was positive in 32 out of 48 patients; 
MYCN in 7 out of 27; LDH in 28 out of 36 tested patients; NSE 
in 24 out of 26; ferritin in 16 out of 32, and bone marrow was 
infiltrated in 12 out of 39 tested patients. 

Scintigraphic findings. All 76 children had at least one 
scintigraphy. Out of the 76 subjects, 31 children had 2 scin-
tigraphies, 20 children had 3 scans, 8 children had 4 scans, 
5 children had 5 scans, 2 children had 6 and one child had 
7 scintigraphies. The median age at the second and further 
scans was: 38, 46.5, 68, 81,158 and 150 months, respectively. 
The SIOPEN soft tissue scores ranged between 0-5. The SIO-
PEN skeletal scores ranged between 0-57. The Curie scores 
ranged between 0-26.

The skeletal SIOPEN scores were significantly higher in 
bone marrow positive children (Mann-Whitney U=77.9; 
p=0.009), in children with pathologically elevated urinary 
VMA levels (Mann-Whitney U=322; p=0.038) and in children 
in a more advanced clinical stage (Spearman r=0. 37, p= 0,003). 
The SIOPEN soft tissue score showed no difference in relation 
to the aforementioned higher VMA levels, more advanced 
clinical stage and positive bone marrow assessment. (Table 2) 
There was no difference between the SIOPEN skeletal and soft 
tissue scores on one hand and the histological tumor grade; 
elevated or normal levels of HVA, LDH, NSE and ferritin; 
and the presence or absence of MYNC amplification in the 
neuroblastoma cell line, on the other hand. 

Table 1. Clinical and histology stage of patients presented at the first 
scintigraphy.

INSS N
1 8
2 4
3 10
4 40
4s 1

histology grade
undifferentiating unfavourable 10
poorly differentiating unfavourable 13
differentiating favourable 16
ganglioneuroblastoma 5
ganglioneuroblastoma, nodular 2
neuroblastoma non classified 5

Table2. Distribution of the SIOPEN scores by biological/diagnostic fea-
tures of neuroblastoma

SIOPEN score,
soft tissue

SIOPEN score,
bone

Bone marrow biopsy
	 Positive
		  mean ± S.D.
		  median (range)

0.58 ± 0.79
0 (0 – 2)

18.08 ± 20.38*
0 (0 – 55)

	 Negative
		  mean ± S.D.
		  median (range)

0.89 ± 0.89
1 (0 – 3)

1.44 ± 7.31
0 (0 – 38)

VMA
	 Positive
		  mean ± S.D.
		  median (range)

0.53 ± 0.735
0 (0 – 2)

8.74 ± 16.16*
0 (0 – 57)

	 Negative
		  mean ± S.D.
		  median (range)

1.0 ± 1.26
1 (0 – 4)

0.15 ± 0.5
0 (0 – 2)

HVA
	 Positive
		  mean ± S.D.
		  median (range)

0.56 ± 0.8
0 (0 – 2)

8.97 ± 17.35
0 (0 – 57)

	 Negative
		  mean ± S.D.
		  median (range)

0.81 ± 1.17
0 (0 – 3)

1.13 ± 4.24
0 (0 – 17)

MYCN
	 Positive
		  mean ± S.D.
		  median (range)

0.86 ± 0.69
1 (0 – 2)

6.29± 11.93
0 (0 – 31)

	 Negative
		  mean ± S.D.
		  median (range)

0.65 ± 0.93
0 (0 – 3)

4.2 ± 13.28
0 (0 – 55)

Ferritin
	 Positive
		  mean ± S.D.
		  median (range)

0.94 ± 0.85
1 (0 – 4)

8.69 ± 15.75
0 (0 – 55)

	 Negative
		  mean ± S.D.
		  median (range)

1.0 ±1.55
1 (0 – 4)

8.06 ±18.26
0 (0 – 57)

LDH
	 Positive
		  mean ± S.D.
		  median (range)

0.75 ± 1.00
0.5 (0 – 4)

10.11 ± 18.17
0 (0 – 57)

	 Negative
		  mean ± S.D.
		  median (range)

0.75 ± 0.71
1 (0 – 2)

0 ± 0
0 (0 – 0)

NSE
	 Positive
		  mean ± S.D.
		  median (range)

0.63 ± 0.77
0 (0 – 2)

6.54 ± 15.99
0 (0 – 55)

	 Negative
		  mean ± S.D.
		  median (range)

1.0 ± 0
1 (1 – 1)

0.5 ± 0.71
(0 – 1)

*Statistically significance (p<0.05)

The results of both SIOPEN scores and the Curie score 
showed a high linear correlation at the first three examination 
time points, i.e. MIBG scans. (At the first scan (n=75): SIOPEN 
soft tissue, r = 0.696; SIOPEN skeletal, r = 0.676; at the second 
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scan (n=31): SIOPEN soft tissue, r = 0.715 SIOPEN skeletal, 
r = 0.47 (all p < .001); at the third scan ( n=20): SIOPEN soft 
tissue, r = 0.509 (p = 0.22) SIOPEN skeletal, r = 0.656 p = 
0.002). (Table 3) 

Figure 1 shows scintigraphy scoring according to both 
methods in a 49-month-old boy diagnosed as poorly differen-
tiating stage 4 neuroblastoma, MYCN negative, but with 17q 
gain. The SIOPEN method yielded the soft tissue score of 4 
and the skeletal score of 33. The Curie score was 13. 

Discussion

The study of the evaluation of neuroblastoma diagnostic 
and staging markers, with the correlation of both SIOPEN 
scores with the Curie score, led to several findings. Firstly, the 
SIOPEN skeletal score was significantly higher in children with 
pathologically elevated urinary VMA levels, a more advanced 
clinical stage and bone marrow metastases. On the other hand, 
the SIOPEN soft tissue score did not show a correlation with 
VMA levels and the clinical stage of the disease. Neither SIO-
PEN score concurred with the histological tumor grade, VMA, 
LDH, NSE, ferritin levels and MYCN amplification. Finally, 
this study showed a high correlation between both SIOPEN 
scores and the Curie score.

An elevated serum level of VMA, found 16% less frequently 
than an elevated urine level in neuroblastoma, has previously 
shown to be useful as a tumor marker in localized disease but 
not in metastatic neuroblastoma. Our data differs somewhat 
from this, suggesting that urinary VMA positive patients had 
higher scores in the metastatic osteo-medullary segment. 
An elevated VMA level, which is detected in up to 60% of 
metastatic patients, is also seen to significantly follow mIBG 
changes. However, the mIBG scan is considered a  better 
monitoring tool for disease extent evaluation. Therefore, we 
speculated that augmented levels of urinary catecholamines 
may be found in children with poorly differentiated neurob-
lasts, meaning that less differentiated neuroblastoma is more 
prone to metastasize in bone tissue, yielding higher SIOPEN 
skeletal scores in urinary VMA positive patients and in patients 
in a more advanced clinical stage. The correlation between the 
tumor stage and the VMA was reported since patients in a less 
advanced stage or with a localized disease were more likely to 
have a negative urinary VMA result. This was expected because 
the highest clinical INSS tumor grade indicates the presence 
of osteo-medullary metastases, in addition to others, and the 
majority of the subjects in the group examined in the present 
study were patients with stage 4 neuroblastoma (40 of 76). 

The predominance of stage 4 neuroblastoma in this study 
may be explained in several ways. Firstly, the incidence of 
stage 4 neuroblastoma at diagnosis is the highest among all 
tumor INSS stages. Secondly, the introduction of mIBG im-
aging enhanced the ability of detecting metastatic disease. As 
a sensitive and fairly expensive diagnostic tool, mIBG scan-
ning in Serbia is, for the time being, available for preselected 
cases (e.g. children are diagnosed in tertiary referral centers, 
where they are admitted most often in an advanced stage of 
neuroblastoma). [2, 12-14] 

A significant positive correlation was found between the 
clinical INSS tumor stage and the skeletal score but this was not 
the case with the soft tissue score. The studied group comprised 
all five INSS clinical stages (only one patient in the group was 
staged 4s), which differs from similar research conducted in more 
homogenous samples. The majority of the subjects in the group 
were stage 4 neuroblastoma patients (40 out of 76) which is why 
a positive correlation between the clinical INSS tumor stage and 

Table 3. Correlation between Curie score and the SIOPEN scores

Curie score n SIOPEN soft 
tissue score r p SIOPEN 

bone score r p

1st scintigraphy 75 0.691 <0.001 0.676 <0.001
2nd scintigraphy 31 0.715 <0.001 0.470 0.008
3rd scintigraphy 20 0.509 0.022 0.656 0.002
4th scintigraphy 7 0.491 0.263 0.676 0.096
5th scintigraphy 3 0.866 0.333 0.866 0.333

Figure 1. Scintigraphy scoring according to both methods in a 49-month-
old boy diagnosed as poorly differentiating stage 4 neuroblastoma, MYCN 
negative, but with 17q gain; SIOPEN skeletal score 33 (skull and facial 
bones 0; thoracic cage 4; right humerus 3; left humerus 3; right forearm 
0; left forearm 0; spine 4; pelvis 3; right femur 4; left femur 4; right tibia/
fibula 4; left tibia/fibula 4). SIOPEN soft tissue score 4 ( head and neck 0; 
thorax 2; right upper limb 0; left upper limb 0; abdomen 2; pelvis 0; right 
lower limb 0; left lower limb 0). CURIE score 13: head and face 0; neck 
and back vertebral column 2; ribs and the sternum 0; lumbar and sacral 
501 column 0; pelvis 2; arms 2; fore-arms and the hands 0; thighs 2; legs 
and feet 2; soft tissue sector 3.
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the skeletal score was somewhat to be expected. The lack of cor-
relation between the soft tissue SIOPEN score and the INSS stage 
could, therefore, be explained by a small number of patients with 
metastases located in other site than in the skeleton.

The median age of our patients was 31.5 months, which is 
older the median age of 15 months reported by Kaatsch. The 
explanation for this lies in the fact that children in Serbia are 
presented for the first scintigraphy mostly after the diagnosis 
of neuroblastoma has already been established, i.e. for a fol-
low up after treatments. There was a slightly greater number 
of girls than boys.

The SIOPEN skeletal scores were significantly higher in 
patients with a  positive bone marrow biopsy. The authors 
of the present study found that this significant concurrence 
between bone marrow infiltration and the SIOPEN skeletal 
score was similar to a quite high, but not absolute correlation 
between mIBG findings and bone marrow findings, at the 
same site, found by Frappaz et.al. The results of the present 
study are additionally supported by the fact that the 123-I-
mIBG scan finding has a high specificity for detecting bone 
marrow invasion and a very high sensitivity in excluding it; it 
also has a greater sensitivity than the conventional cytological 
examination of routinely obtained bone marrow smears from 
the iliac crest. [15-24]

We found a similar frequency of MYCN amplified patients in 
our group to the one reported by Ihara et al. [25] The SIOPEN 
scores were no different in the sense of amplified or non-
amplified MYCN patients. It has been stated that the MYCN 
amplified gene is a reliable indicator of an unfavorable progno-
sis but its clinical role is controversial and as yet not clarified. 
MYCN amplification determined by the FISH (fluorescence 
in situ hybridization) method is believed to be strongly and 
inversely correlated with the prognosis, therefore it can be cor-
related in a similar manner with the SIOPEN scores, especially 
with the skeletal one. No difference was found between either 
of the SIOPEN scores and MYCN amplification. No conclu-
sion could be drawn from this finding. The result could be the 
consequence of a small number of tested and a small number of 
MYCN amplified patients (7 positive out of 27 tested) in a study 
group that included patients in all clinical stages, or the fact 
that the gene has only a prognostic significance, although some 
researchers have reported no significant association between 
MYCN amplification and the overall and progression-free 
survival, in a relatively homogenous cohort that included only 
stage 4 neuroblastoma patients. [26, 27]

The same was assumed for elevated NSE levels on the ba-
sis of a significant correlation of this marker and the clinical 
stage, as well as its greater incidence in metastatic disease 
especially in the 4s stage. Also, NSE in contrast to LDH was 
found to be far better in detecting metastatic recurrence. On 
the other hand, LDH was an independent prognostic factor 
only in stage 4 patients without MYCN amplification, and 
ferritin levels were positively associated with the stage of the 
disease, without having a predictive power. [28-30] The lack 
of correlation between the SIOPEN scores and NSE, LDH and 

ferritin was attributed to the heterogeneity of the sample and 
the small number of patients with low-grade neuroblastoma, 
this with the knowledge that these markers can better depict 
localized than metastatic disease. 

The histological ICPN tumor grade also showed no dif-
ference between the two SIOPEN scores. There are no data 
in literature, as far as the authors of this study know, that 
significantly links the mIBG scan and the histology grade of 
neuroblastoma. 

Excellent correlation between both SIOPEN scores and the 
Curie score was somewhat expected, bearing in mind their previ-
ously well-established equality in outcome prediction and EFS 
(event-free survival). A recently reported study on 71 neurob-
lastoma patients in clinical stage 4, which compared the Curie 
score and the SIOPEN skeletal score with respect to outcome, 
did not point out either of the scores as a superior one. However 
it clearly stated their prognostic significance and demonstrated 
excellent inter-observer reliability of both. This study applied 
the Curie score, which includes extra-osseous metastases (soft 
tissue involvement score), and the SIOPEN skeletal score, which 
assesses osteo-medullary metastases only. [31] Therefore it is not 
surprising that the SIOPEN soft tissue score had a strong positive 
correlation with the Curie score in the present study. 

Study limitation. The results were based on the analysis of 
a relatively small sample without age stratification. Both the 
I-123 and I-131 mIBG scans were included (54 vs. 89) with 
the authors fully aware of the fact that the I-123 mIBG Curie 
score has a proven greater sensitivity and that risk of higher 
radiation of I-131mIBG is lesser than the risk of not perform-
ing a mIBG scan at all. However, Naranjo et al. reported no 
difference in post induction survival evaluated by the Curie 
mIBG score using both I-123 and I-131mIBG scans [32]. The 
biological markers of neuroblastoma (urinary VMA and HVA, 
NSE, LDH, ferritin, MYCN) and bone marrow biopsy were 
not acquired in all, but in the majority of the patients. Only 
several patients were presented for initial mIBG scintigraphy. 
The majority of the patients were mIBG tested after surgical 
treatment or chemotherapy (there were 34 pre therapeutic 
soft tissue scores: 12 scored 0 and the majority of 15 (44.7%) 
scored 1). This consequently led to few patients with metastases 
located somewhere other than in the skeleton and therefore 
to a lack of correlation between the soft tissue SIOPEN score 
and the INSS clinical stage. This is somewhat supported by Du 
Bois who, in a group of 434 stage 4 neuroblastoma children, 
demonstarted predominant osteo-medullary metastases in the 
older patients ( > 1 year) [33].

In conclusion, in spite of these limitations, the data from 
this study clearly demonstrated once more the reliability of 
the SIOPEN scoring method in detecting skeletal involvement 
in patients with elevated VMA levels and bone marrow infil-
tration. The soft tissue segment of the SIOPEN score needs 
further elucidation in a more controlled milieu. Excellent cor-
relation between all parts of the two semi-quantitative scoring 
methods speak in favor of the application of the complete 
SIOPEN scoring system in everyday mIBG scanning .
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