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Neuroblastic tumors (ie, neuroblastoma, 
ganglioneuroblastoma, ganglioneuroma) are the 
most common extracranial solid tumors in children.1 
Neuroblastoma (NB) accounts for almost 8% of childhood 
malignancies. Its prognosis is extensively variable, ranging 
from spontaneous regression to fatal disease in spite of 
receiving multimodality therapy.1 Screening programs of 
infants show that many cases escape detection because of 
spontaneous regression or maturation into benign lesions. 
Derivation from precursors of the sympathetic nervous 
system accounts for (a) primary sites in adrenal glands 
and in paraspinal locations from neck to pelvis and (b) 
high urinary levels of catecholamines in 90% of cases.2 

This embryonal neoplasm frequently invades vascular 
structures and usually presents with substantial metastatic 
disease in bone, bone marrow, lymph nodes and liver; 
spread to brain is observed and lung metastasis has been 
reported very rarely to a maximum of 3.6%.3 Hence, 
defining disease extension and precise staging requires 
imaging studies such as computerized tomography scans 
(or MRI), bone scan, metaiodobenzylguanidine (MIBG) 
scan, bone marrow (BM) examinations and biopsy and 
urine catecholamine measurements.4

Multiple imaging and clinical tests are needed to 
accurately assess patient risk with risk groups based on 
disease stage, patient age, and biological tumor markers.1-4 

Around 60% of patients with NB have metastatic 
disease at diagnosis mostly involving bone marrow or 
cortical bones.1,2

Since the spread of tumor cells to the BM is a dismal 
prognostic sign for patients with NB, obviously searching  
for BM infiltration is of the most prominence for both 
staging and therapeutic purposes.5 

Due to the International Neuroblastoma Staging 
System, the presence of metastasis in BM is assessed 
by morphological study of BM smears and trephine 
biopsies.4,5 Bone involvement is detected in 55– 68% 
of patients who have metastatic disease at diagnosis.5,6 
Bone lesions affected by metastatic tumor cells are 
conventionally divided into two categories ; osteolytic 
and osteoblastic.6 

Main contributors in osteolytic lesions are osteoclast 
activating factors such as parathyroid hormone-related 
protein (PTHrP) which stimulates osteoclast maturation 
and in osteoblastic lesions there are factors that stimulate 
osteoblast proliferation, differentiation and bone 
formation.7 Regularly, both osteoclastic and osteoblastic 
processes are observed simultaneously. Hence, osteoclast 
inhibitors like bisphosphonate compounds have begun to 
be used and demonstrate encouraging results.7,8 

The mechanisms involved in the formation of bone 
metastasis in NB have now begun to be elucidated. It 

Iranian Journal of Blood & Cancer

Journal Home Page: www.ijbc.ir

Please cite this article as: Malek F, Alavi S. Bone Involvement in Neuroblastoma. IJBC 2015; 7(5): 203-205.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

bc
.ir

 o
n 

20
25

-0
6-

25
 ]

 

                               1 / 3

http://ijbc.ir/article-1-640-en.html


Malek F et al.

IRANIAN JOURNAL OF BLOOD AND CANCER204 

is documented that, as observed in breast cancer and 
multiple myeloma, NB bone metastases are predominantly 
osteolytic.8 Sohara et al. exploiting a model of bone 
invasion in immunodeficient mice, revealed that NB cells 
recruited osteoclasts to produce osteolytic lesions and 
invade the bone matrix.9 So in support of a causative role 
for osteoclasts in NB bone invasion, they used treatment 
with the bisphosphonate compound; ibandronate, 
which showed  a dramatic delay  in the progression of 
osteolytic lesions.9 The existing data strongly suggest 
that bisphosphonates may be clinically effective in the 
treatment of bone metastases in neuroblastoma.9 

Promising outcomes of trials in the animal models of 
bone metastasis and invasion in NB terminated to the 
allowance for the testing of novel therapeutic pathways 
more particularly focused towards bone metastasis in 
human neuroblastoma.10 

A first target is osteoclasts since it has now been 
clearly clarified that bone metastasis in neuroblastoma 
is primarily an osteolytic process associated with an 
increased activation of osteoclasts. Over the last decade 
several inhibitors of osteoclast activation have been 
developed.9,10 

Proper staging and monitoring of patients with 
neuroblastoma is profoundly dependent on scintigraphic 
studies. Tc-99m-MDP scan has long been known to be 
superior to skeletal survey for detecting metastases in 
cortical bone.11

Functional imaging with 123I-MIBG scintigraphy is a 
crucial tool in patients with NB both for initial staging 
and also response to therapy, allowing visualization of 
the primary tumor and metastatic lesions in the various 
sites including the bones.11,12 

Various radiopharmaceuticals for positron emission 
tomography (PET) such as fluorine-18-fluorodeoxyglucose 
(18 F-FDG), fluorine-18-dihydroxyphenylalanine 
(18 F-DOPA), 68Ga-labelled somatostatin analogues, 
11C-hydroxyephedrine (11C-HED) and 124I-MIBG are 
currently under investigation.12 

Treatment protocols for NB are stratified according to 
risk which is outlined on the basis of biologic and clinical 
prognostic factors. Treatment of high-risk NB continues 
to be a challenge, with a high rate of relapse in the bone 
and bone marrow.11,12

More to add, high quality Tc99m-MDP bone scan images 
are required if the skeletal metastases of neuroblastoma, 
which commonly develop in the metaphyses of long 
bones, are to be detected.13 Meanwhile, it plays a crucial 
role in follow-ups of neuroblastoma in children who 
present with bone involvement initially.12,13

Skeletal involvement in neuroblastoma can be focal or 
diffuse and sometimes bilaterally symmetrical. These 
abnormalities can be recognized on MDP bone scan 
only with expertise and meticulous attention to technical 
details.9,13 

These alterations which have been traced on 
MDP bone scan during follow-ups are beneficial in 
evaluating the effects of the initial treatment as well 
as further modification of the treatment plan.14 Peng 
et al. demonstrated that zoledronic acid has a dual 

antiosteoclastic and antitumoral activity. The data 
emphasize that bisphosphonate in combination with 
cytotoxic chemotherapy in mice with established 
osteolytic lesions ended in preventing bone degradation 
and also extending survival, so could be trialed in children 
with neuroblastoma that has metastasized to the bone.8

Conflict of Interest: None declared.

References

1. Brisse HJ, McCarville MB, Granata C, Krug KB, 
Wootton-Gorges SL, Kanegawa K, Giammarile F, 
Schmidt M, Shulkin BL, Matthay KK, Lewington VJ, 
Sarnacki S, Hero B, Kaneko M, London WB, Pearson 
AD, Cohn SL, Monclair T. Guidelines for imaging 
and staging of neuroblastic tumors: consensus report 
from the International Neuroblastoma Risk Group 
Project. Radiology. 2011;261(1):243-257.

2. Katrien Swerts, Peter F. Ambros, Chantal Brouzes, 
José M. Fernandez Navarro, Nicole Gross, Dyanne 
Rampling, Roswitha Schumacher-Kuckelkorn, 
Angela R. Sementa, Ruth Ladenstein, and Klaus 
Beiske. Standardization of the Immunocytochemical 
Detection of Neuroblastoma Cells in Bone Marrow. 
J Histochem Cytochem .2005; 53: 1433-1440.

3. Dubois SG, London WB, Zhang Y, Matthay KK, 
Monclair T, Ambros PF, Cohn SL, Pearson A, 
Diller L. Lung metastases in neuroblastoma at 
initial diagnosis: A report from the International 
Neuroblastoma Risk Group (INRG) project. Pediatr 
Blood Cancer. 2008;51(5):589-92. 

4. Kushner BH. Neuroblastoma: A Disease Requiring 
a Multitude of Imaging Studies. Journal of Nuclear 
Medicine. 2004;45(7):1172-1188.

5. Sharp SE, Gelfand MJ, Shulkin BL. Pediatrics: 
Diagnosis of Neuroblastoma. Semin Nucl 
Med. 2011;41(5):345-53. doi: 10.1053/j.
semnuclmed.2011.05.001.

6. Mundy GR. Metastasis to bone: causes, consequences 
and therapeutic opportunities. Nat Rev Cancer. 
2002;200: 584 –593.

7. Diel IJ, Solomayer EF, Bastert G. Bisphosphonates 
and the prevention of metastasis: first evidences 
from preclinical and clinical studies. Cancer. 2000; 
88:3080–3088.

8. Peng H, Sohara Y, Moats RA, Nelson MD Jr, Groshen 
SG, Ye W, et al. The activity of zoledronic acid on 
neuroblastoma bone metastasis involves inhibition of 
osteoclasts and tumor cell survival and proliferation. 
Cancer Res. 2007;67(19):9346-55. 

9. Sohara Y, Shimada H, Scadeng M, Pollack 
H, Yamada S, Ye W, et al. Lytic bone lesions in 
human neuroblastoma xenograft involve osteoclast 
recruitment and are inhibited by bisphosphonate. 
Cancer Res. 2003;63(12):3026-31.  

10. Sohara, Yasuyoshi, Hiroyuki Shimada, and Yves 
A. DeClerck. Mechanisms of bone invasion and 
metastasis in human neuroblastoma. Cancer Letters. 
2005:228(1):203-209.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

bc
.ir

 o
n 

20
25

-0
6-

25
 ]

 

                               2 / 3

http://ijbc.ir/article-1-640-en.html


Bone Involvement in Neuroblastoma

Volume 7 | Issue 5 | December 2015  205

11. Heisel MA, Miller JH, Reid BS, Siegel SE. 
Radionuclide bone scan in neuroblastoma. Pediatrics. 
1983;71:206–9.

12. Corrias MV. Role of Bone Marrow Infiltration 
Detected by Sensitive Methods in Patients with 
Localized Neuroblastoma. Neuroblastoma. 2012; 
237-45.

13. Rufini V, Mattoli MV, Garganese MC. Neuroblastoma. 
Clin Nucl Med Pediatr. 2016;255-77.

14. Zhao, RF. The value of bone scintigraphy in 
assessment of bone metastases and follow-ups 
of neuroblastoma in children. J Nucl Med. 2012; 
53(1):2202.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

bc
.ir

 o
n 

20
25

-0
6-

25
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               3 / 3

http://ijbc.ir/article-1-640-en.html
http://www.tcpdf.org

