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Abstract. In staging neuroblastomas, the demonstration 
of tumoural invasion of the bone marrow is an impor- 
tant criterion with regard to the therapeutic prospects 
and the prognosis. Iliac crest aspiration sampling has 
been used routinely for the detection of bone marrow 
metastases in neuroblastoma. However, due to the 
limited character of  the sampling, it sometimes leads to 
false-negative results. Another procedure which is used 
to determine the extent of neuroblastoma is meta- 
iodobenzylguanidine (mIBG) scintigraphy. In order to 
establish the respective merits of both diagnostic tech- 
niques retrospectively, 148 iodine-123 mIBG scans of 
26 children with neuroblastoma have been re-evaluated 
and compared with the results of routine bone marrow 
samples obtained within a 4-week period before or after 
scanning. Three types of mIBG uptake in the bone/bone 
marrow could be differentiated: (1) no visualization of 
the skeleton; (2) diffuse uptake in the skeleton with or 
without focally increased uptake, which indicates mas- 
sive, diffuse bone marrow invasion by the tumour; and 
(3) focal tracer accumulation in one or several bones. 
No tracer uptake was observed in the skeleton in 91 
scans. In 89 of  the 91 the bone marrow biopsy was 
negative. Twenty-four scans showed diffuse skeletal up- 
take with or without loci. The bone marrow biopsies 
were negative for eight of those 24 scans. Hyperactive 
foci in one or more bones without diffuse tracer accu- 
mulation in the skeleton were detected in 33 scans. In 
only 7 of these 33 scans did bone marrow biopsy speci- 
mens from the iliac MDP crest contain neuroblastoma 
cells. Available technetium-99m methylene diphos- 
phonate (MDP) whole-body scintigrams were also com- 
pared with the corresponding mIBG scans. Thirty-eight 
mIBG scans showed no visualization of the skeleton; 
99mTc-MDP scintigrams were also normal. Seven 
patients with diffuse mIBG uptake in the skeleton ap- 
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peared as normal on the 99nrI'c-MDP scans. Among 27 
cases showing focal mIBG uptake in the skeleton with 
or without diffuse uptake, only 18 demonstrated a hot 
spot on the bone scintigram. The results of our study 
indicate that for the assessment of  bone marrow infil- 
tration by neuroblastoma, 123I-mIBG scintigraphy is 
more sensitive than the conventional cytological exami- 
nation of bone marrow smears routinely obtained from 
the iliac crest, has a very high sensitivity in excluding 
bone marrow invasion, has a high specificity for detect- 
ing bone marrow invasion, appears to be able to detect 
early tumoural deposits in the bone marrow before os- 
seous invasion occurs as shown on the MDP scans and 
is superior to 99nrFc-MDP bone scan in detecting 
bone/bone marrow metastases of neuroblastoma. In 
patients with a positive mIBG scan in the skeleton, bone 
marrow biopsy will not yield additional information. 
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I n t r o d u c t i o n  

Neuroblastoma in children under the age of 15 years 
occurs at a rate of about 1/100000 per year. The median 
age at the time of diagnosis is around 2 years. The 
turnout may develop in any site where neural crest cells 
are present. Most of  the tumours arise in the abdomen. 
Neuroblastoma may extend to surrounding tissue by 
local invasion or to regional lymph nodes via the lym- 
phatics. Hematogenous spread most frequently involves 
bone marrow, skeleton and liver. 

According to Evans [1], a special designation, stage 
IVs, is reserved for patients with small (stage I or II) 
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or unidentifiable primary tumours in whom remote in- 
volvement is confined to one or more of the following 
sites: liver, skin or bone marrow (not bone). Almost all 
such patients are under the age of 12 months. Patients 
with this form of neuroblastoma generally have a good 
prognosis with minimal or no therapy [1]. 

The degree of cell differentiation in neuroblastoma 
is variable. Most tumours consist of primitive neuro- 
blastoma cells with little evidence of  differentiation. 
Some turnouts show admixtures of cells with larger 
amounts of  cytoplasm, cytoplasmic processes, rosettes 
with central fibrillar material and mature ganglion cells 
[1]. 

Some neuroblastomas have a unique pattern of spon- 
taneous regression. The spontaneous regression occurs 
particularly in patients under the age of 1 year who have 
stage I or stage IVs disease [1]. 

In staging neuroblastomas, the demonstration of 
tumoural invasion of the bone marrow is an important 
criterion with regard to the therapeutic prospects and 
the prognosis. Cytological examination of  bone marrow 
samples has traditionally been used to establish the di- 
agnosis. 

For several years scintigraphy using meta- 
iodobenzylguanidine (mIBG), labelled with iodine- 123 
or iodine-131, which is stored in the neurotransmitter 
storage granules of chromaffin cells [2] and extravesic- 
ularly in the cells [3] and whose specific uptake is only 
provided by norepinephrine transporters in the cells [4], 
has been generally accepted as a very valuable and ad- 
ditional diagnostic tool in neuroblastoma [5, 6]. Scinti- 
graphy using mIBG is employed for: 
1. Primary diagnosis, if the primary tumour has not 
been localized by means of computed tomography (CT) 
or magnetic resonance imaging (MRI) 
2. Identifying the neuroendocrine character of the 
tumour, even if it has been localized by other imaging 
procedures 
3. Tumour staging to differentiate stage IV disease from 
lower stages as long as stage IV disease has not been 
established by bone marrow biopsy or 99nTc-MDP 
whole-body bone scan 
4. Tumour follow-up (progress, recurrencies, metastases) 
[7] 

In this paper the value of  the 123I-mlBG scan in the 
detection of bone/bone marrow invasion by neuroblas- 
toma is evaluated in comparison with routine cytologi- 
cal bone marrow aspiration. 

Materials and methods 

In staging the neuroblastoma patients, at the time of diagnosis, 
we employed all the common imaging techniques (MRI, CT, ul- 
trasonography) for detection of the locoregional extension of the 

12a- 99m tumour, I-mlBG and Tc-MDP scintigraphy, and determina- 
tion of catecholamines and their metabolites and neuron-specific 
enolase (NSE) in the blood and urine. Detection of metastasis 
was also done by the cytological examination of bone marrow 
aspiration biopsy specimens. During the follow-up the same di- 

1155 

agnostic procedures were repeated at 3-month intervals for a min- 
imum of 2 years. Bone scintigrams were not frequently repeated 
if they were negative initially. 

One hundred and forthy-eight 123I-mIBG scans of 26 children 
with neuroblastoma have been re-evaluated retrospectively. These 
scans, performed between 1987 and 1993 at the time of diagnosis 
and during the follow-up period, were compared with the results 
of bone marrow samples obtained within a 4-week period before 
or after scanning. Among 27 children, one had no mIBG uptake 
at the primary tumour site in the abdomen. This patient was not 
included in the study due to the assumption that if the primary 
tumour does not shown mIBG uptake, its metastases are not likely 
to do so. 

The age of the patients ranged from 1 month to 13 years (mean 
3.3 years) at the time of diagnosis. There were 14 boys and 12 
girls. Seventeen of them had stage IV, three had stage IV-s, four 
had stage III and only two had stage I disease (staging according 
to the Evans classification [1]). 

Unguided, unilateral bone marrow aspiration biopsies were 
performed at the anterior iliac crest and various smear samples 
were prepared from the aspiration material. These samples were 
cytologically analysed by an experienced hemato-oncologist. 
May-Grtinwald-Giemsa staining was employed for morphological 
evaluation of the cells. Very few of the bone marrow aspirates 
were inadequate for evaluation. These non-evaluable smears were 
considered negative if they occurred during the interval between 
two negative bone marrow aspirations. This assumption was vali- 
dated by later performed follow-up imaging and biopsy proce- 
dures. No immunocytochemical tests were performed. 

Whole-body scans were performed at 6 and 24 h after the 
intravenous administration of l l l  MBq (3 mCi) 123I-mlBG 
(Medgenix); additional spot views were taken if necessary. Three 
day's premedication with a saturated solution of potassium iodide 
(30 rag/day) was used to block thyroid uptake of free 123I. 

Additionally in 22 patients 69 mlBG scans could be compared 
with concomitant whole-body 99mTc-MDP bone scans. 

All scans were retrospectively and separately read by two resi- 
dents and two experienced nuclear medicine physicians. Inter- 
pretations were compared later in order to reach a consensus. 

Results 

In this study only mIBG uptake in the skeleton and the 
bone marrow was considered. Soft tissue localizations 
were ignored. On the basis of our material, three types 
of mlBG uptake in the bone/bone marrow could be 
differentiated: 

Table 1. Comparison of the mIBG scans with the corresponding 
bone marrow biopsies 

mIBG Bone marrow biopsy Total 

Positive Negative 

Negative 2 89 91 
Diffuse uptake 

Without foci 8 0 
With loci 8 8 24 

Mere foci 7 26 33 

Total 25 123 148 
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Fig. 1. The normal pattern 123I-mIBG distribution; no visualiza- 
tion of the skeleton 

1. No visualization of the skeleton (this is the normal 
pattern) 
2. Diffuse tracer uptake in the skeleton with or without 
focally increased uptake, which indicates massive, dif- 
fuse bone marrow invasion by the tumour 

3. Focal tracer accumulation in one or several bones. 
The following results were obtained by comparison 

of the mIBG scans with the corresponding bone marrow 
biopsies (Table 1): 

1. No tracer uptake was observed in the skeleton in 
91 scans. In 89 of the 91, the bone marrow biopsy was 
negative. In only two cases could a few tumoural cells 
be shown. 

2. Twenty-four scans showed diffuse skeletal uptake 
with or without foci. Among these 24, eight scans show- 
ing merely diffuse uptake correlated with positive bone 
marrow biopsies. Sixteen scans showed diffuse uptake 
with additional foci in one or more bones. In eight of  
these 16 scans the corresponding bone marrow biopsies 
appeared to be positive; the bone marrow biopsies were 
negative for the remaining eight scans. 

3. Hyperactive foci in one or more bones without 
diffuse tracer accumulation in the skeleton were de- 
tected in 33 scans. For only seven of these 33 scans 
did bone marrow aspirates from the iliac crest reveal 
neuroblastoma cells. 

When comparing the m I B G  scans with the concom- 
itant 99m]'c-MDP whole-body bone scintigrams the 
folowing results were obtained: 
1. Thirty-eight mIBG scans showed no visualization of 
the skeleton (Fig. 1); the matching 99n~Tc-MDP bone 
scans were also normal. 
2. Seven cases with diffuse mIBG uptake in the skeleton 
appeared as normal on the 99~Fc-MDP scans (Fig. 2). 
3. Of  27 cases showing focally increased mIBG uptake 
in the skeleton with or without diffuse uptake, only 18 
demonstrated a hot spot on the bone scintigram (Fig. 3). 

i!ii i ~ i  ¸ 
ii!i!il ̧  ̧

a 

Fig. 2. a Diffuse 123I-mlBG up- 
take in the whole skeleton with 
a focus in the skull, b Normal 
99mTc-MDP uptake in the whole 
skeleton (with the exception of 
the focus in the skull) in the 
same patient 
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Fig. 3. a Two foci in the right distal femur and proximal tibia 
showing very clear uptake of 123I-mIBG. b Bone scan of the same 
patient. Normal aspect of the right distal femur and only mini- 
mally increased 99mTc-MDP uptake in the right proximal tibia, 
not convincing for tumoural involvement 

Discussion 

When comparing the 9 1 normal mIBG scintigrams with 
the bone marrow smears, only two false-negative scans 
were detected. It is concluded that 123I-mlBG scintigra- 
phy is a sensitive method for excluding bone marrow 
invasion. The explanation for the false-negative scans 
may be the presence of only a very few tumoural cells 
in the bone marrow which are not able to provide suffi- 
cient tracer accumulation to be detected by the gamma 
camera. Other possible explanations for a negative scan 
are inhibition of the tracer uptake due to drug interac- 
tions or the non-secreting nature of the tumour. A sim- 
ilar opinion is also voiced in respect of such cases by 
Lumbroso et al. [8]. 

An abnormal increased uptake of mlBG in the skele- 
ton may appear as diffuse and/or focal: Diffuse uptake, 
with or without foci, reflects massive, generalized bone 
marrow invasion. In these patients bone marrow biop- 
sies were evidently mostly positive. However, in two 
of our patients several bone marrow biopsies at long 
intervals were all negative. Nevertheless the whole- 
body images showed an undoubtedly pathological dif- 
fuse tracer fixation in the bone marrow including the 
pelvis; in addition, a focus in the right parietal bone 
and at the base of the skull was visualized. We are there- 
fore convinced that in these two patients bone marrow 
biopsies were falsely negative. 

In cases where only focal localizations in the skele- 
ton were found, only a small percentage of the bone 
marrow biopsies were positive. It can easily be under- 
stood that iliac crest biopsies are hardly representative 
for these cases. So, under these circumstances, the neg- 
ativity of bone marrow biopsy is misleading. Similarly, 
Lumbroso et al. noted that bone marrow biopsies may 
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be negative due to the spread of bone marrow 
metastases outside of commonly biopsied bones (ster- 
num and iliac crest) [8]. The clinical evolution of these 
patients was unfavourable and confirmed the spread of 
the tumour. In addition, smears became positive in most 
of the cases approximately 2 months later. One the other 
hand, none of the patients with a negative bone marrow 
biopsy and a negative mIBG scintigram showed positive 
bone marrow smears before mIBG scintigraphy became 
abnormal during the follow-up. 

We conclude that in the detection of bone marrow 
metastases of neuroblastoma, be they diffuse or local- 
ized, mIBG whole-body scintigraphy is a more sensitive 
method than single bone marrow aspiration biopsy. At- 
tention should be given to the fact that routine biopsies 
are performed at the level of the iliac crest and represent 
only very limited sampling whereas mIBG uptake can 
be observed in the whole skeleton. It is therefore likely 
that bone marrow biopsies underestimate the rate of 
bone marrow metastases. It is not surprising that bone 
marrow biopsies from only one site are not capable of 
establishing the marrow involvement. Some studies sug- 
gest that bone marrow trephine biopsies significantly 
increase the detection of marrow involvement in com- 
parison with marrow aspirates alone [9, 10]. One might 
suggest that multiple bone marrow biopsis be performed 
at different sites. However, this procedure is invasive 
and painful even under optimal conditions with local 
anaesthesia. Under general anaesthesia it is risky and 
not repeatable at short intervals during the follow-up. 
Furthermore, it has been reported that bilateral iliac 
crest biopsis do not significantly increase the rate of 
positivity for another tumour type (small cell lung 
cancer) [11]. A recent study by Perrin-Resche et al. [12] 
suggests that the combined use of MRI and bone scin- 
tigraphy is more sensitive than bone marrow biopsy for 
detecting bone marrow metastasis of small cell lung 
cancer. This raises questions as to the supposed absolute 
reliability and irreplaceability of bone marrow biopsy 
for all kinds of metastatic bone marrow disease. A re- 
cently published case report by Jonas et al. [13] demon- 
strates the potential of combined bone marrow scinti- 
graphy and probe-guided bone marrow biopsy in detect- 
ing localized infiltrative lesions. A similar approach 
may also be utilized in neuroblastoma patients. 

Our conclusion that the mIBG scan is the more sen- 
sitive method may be less valid if cytochemical tech- 
niques using monoclonal antibodies are applied in 
routine bone marrow aspiration analysis. It is noted in 
the literature that the sensitivity and specificity of the 
bone marrow smears for the detection of metastases of 
neuroblastoma are much higher when immunocyto- 
chemical techniques are used than with conventional 
staining methods [8, 14-18]. However, in these reports 
mostly non-commercially available monoclonal antibo- 
dies and freshly aspirated specimens are used, which 
makes the technique difficult to perform in daily 
routine. 
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The detection of metastatic neuroblastoma cells in 
bone marrow specimens by immunohistochemical 
methods without methodological constraints has been 
reported [19, 20]. The authors used immunochemical 
staining of NSE and/or chromogranin A in the demon- 
stration of neuroblastoma cells in some histological sec- 
tions that appeared normal. 

Results of a study by Lumbroso et al. [8] support 
the view that histological and cytological examination 
of the bone marrow is more sensitive than mIBG scin- 
tigraphy. The authors report that one clump of meta- 
static cells per million normal bone marrow cells can 
be detected with cytological and histological methods 
whereas for a positive mIBG scan certain conditions 
must be fulfilled. Thus detection by mlBG scintigraphy 
is difficult in cases of non-secreting neuroblastoma 
(usually unable to take up mIBG), a minimum volume 
is required and contrast threshold for the detection of 
involved sites by the gamma camera is critical [8]. In 
addition, during the early phases of bone marrow infil- 
tration, mIBG uptake may not be evident while bone 
marrow biopsy proves positive [21]. 

Another study [22] which was performed on the knee 
region (including tibia and distal femur) suggests that 
MRI is more sensitive than bone marrow cytology and 
mIBG scintigraphy in detecting marrow invasion by 
neuroblastoma; MRI may provide the first evidence of 
bone marrow involvement before positive mIBG and 
bone marrow aspiration biopsy findings appear. Some 
other recent studies have also demonstrated the high 
sensitivity of MRI for different kinds of tumoural infil- 
trations of bone/bone marrow [23-26]. Najean et al. 
[23] reported five cases of neuroblastoma with normal 
mIBG scans and reduced signal in the vertebral body 
on MR images, which may suggest that the mIBG scans 
were falsely negative. In three cases marrow infiltration 
was proven by biopsy; it is suggested that in the event 
of a negative mIBG scan and a positive MRI scan one 
may use 99mTc-MDP bone scintigraphy to complete the 
staging and in order to guide bone marrow biopsy. 

A newly developed radiotracer (carbon-l l  hydroxy- 
ephedrine) introduced by Shulkin et al. [27] for PET 
scanning of neuroblastoma shows significantly higher 
tumour/non-tumour ratios in comparison with mIBG 
and promises much better imaging quality and sensitiv- 
ity for the primary tumour and probably for its 
metastases. 

In our series no false-positive mIBG scans have been 
encountered. Jacobs et al. [28] have presented a case 
with skull metastasis, which was positive with mIBG 
during the follow-up. Following further chemotherapy, 
continuous regression was observed. A few months later 
the authors noticed a small but significant area of ac- 
tivity in the skull on the ~23I-mIBG scintigram whereas 
X-rays were normal and a biopsy performed at the same 
site did not reveal any tumour cells. The next mIBG 
scan was normal. The authors suggest that the mIBG 
scan performed at the time of the biopsy was false-posi- 

tire. It has also been reported that positive mIBG foci 
may be found when no active neuroblastoma cells are 
discernible in the biopsy [21]. On the other hand, in a 
study concerning 115 scans it was reported that there 
were no false-positive mIBG scans for bony uptake [7]. 
The same observation was noted by Shulkin et al. in a 
group of 78 patients [29]. mlBG scans may return to 
normal after an interval of 6 weeks following 
chemotherapy [8]. Furthermore, it is generally accepted 
that roentgenography and X-ray computed tomography 
have a lower sensitivity than mlBG scintigraphy in de- 
tecting bone metastases for this particular disease [21, 
30, 31]. 

mIBG examinations are of great value during the fol- 
low-up for detecting tumour relapse and bone marrow 
infiltration, especially before the onset of clinical symp- 
toms and other indications like the production of cate- 
cholamines (vanillylmandelic acid, homovanillic acid or 
dopamine) [21]. 

It should be stressed that focal mlBG uptake due to 
mere bone marrow involvement without a bone lesion 
is also detectable. Bone metastases are generally re- 
garded as starting in the bone marrow. 

Although the primary aim of our study was to com- 
pare the bone marrow aspiration smears and mIBG 
scans, the available 99mTc-MDP bone scans of this group 
were also re-evaluated and correlated with matching 
~23I-mIBG scans. Although 99mTc-MDP bone scans were 
positive in more than half of the patients with foci on 
their 123I-mIBG scans, they were all negative in the 
patients with diffuse skeletal involvement on 123I-mIBG 
scans. Bone scans were also negative in cases with 
negative 123I-mIBG scans. No positive MDP scans were 
found if the 123I-mIBG scintigram was normal. Our 
limited data suggest that the mlBG scintigram is more 
sensitive than the bone scintigram in the detection of 
bone/bone marrow metastases. The mIBG scan is able 
to show mere bone marrow localizations while the bone 
scan becomes positive at a further stage due to the re- 
active increased bone formation. 

Most authors regard the mIBG scan as superior to 
the 99mTc-MDP bone scan in detecting small foci of bone 
metastases and/or diffuse bone marrow involvement [8, 
21, 28, 32-35]. However, it is also reported that 10% 
of neuroblastomas fail to accumulate mIBG [36] and 
thus involved bony sites may escape detection, whereas 
MDP bone scan clearly demonstrates the lesions; this 
may cause an underestimation of the tumour dissemi- 
nation [29, 32, 37-39]. 

For the clinician it is not essential to differentiate 
bone or bone marrow invasion in stage IV patients be- 
cause in both situations staging, prognosis or therapeu- 
tic approaches are the same. However, for children less 
than 1 year old with a confined dissemination, the 
mmour is classified as stage IVs if bone marrow inva- 
sion exists whereas it is considered as stage IV in the 
case o f  bone involvement. This difference is important 
for the prognosis and the therapeutic approach. In cases 
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where the mlBG scans show positive foci which are not 
visible on the bone scan, one should conclude that there 
is merely bone marrow invasion and this is to be in- 
vestigated further with MRI. 

From our study the following conclusions can be 
drawn: 
1. For the assessment of bone marrow infiltration by 
neuroblastoma, 123I-mIBG scintigraphy is more sensitive 
than the conventional cytological examination of bone 
marrow smears which are routinely obtained from the 
iliac crest. 
2. 123I-mIBG has a high sensitivity in excluding bone 
marrow invasion. 
3. ~23I-mIBG has a very high specificity for detecting 
bone marrow invasion. 
4. 123I-mIBG is able to detect early tumoural deposits 
in the bone marrow before osseous invasion occurs as 
shown on 99mTc-MDP bone scans. 
5. 123I-mlBG scintigraphy is superior to the 99mTc-MDP 
bone scan in detecting bone/bone marrow metastases of  
neuroblastomas. 

The aim of  the authors of this paper is not to suggest 
that bone marrow biopsy be replaced for the diagnosis 
and/or follow-up in neuroblastoma patients. In patients 
with a positive mIBG scan in the skeleton, however, 
bone marrow aspiration biopsy will not yield additional 
information. This is of practical importance during the 
follow-up procedure. Cases with a negative mIBG scin- 
tigram at the skeletal level should be further investi- 
gated by bone marrow biopsy. 

Although in our study we have not detected any 
mIBG negative scan while the 99rrrFc-MDP bone scan 
was positive, it is reported in the literature that in some 
cases mIBG may fail to detect bone involvement which 
can be demonstrated by 99~Fc-MDP bone scan [32, 37-  
39]. Therefore it may be advisable to use the 99mTc-MDP 
scan as a complementary method besides the mlBG 
scintigram and other laboratory techniques in order to 
avoid underestimation of  tumour dissemination. 
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