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Neuroblastoma: Factsheet 

477,000 new cancer cases per year              (GLOBOCAN, IARC 2012)

7600 – 22800 childhood cancer,<15yrs age (Arora et al, IJC 2009)

304-912 neuroblastoma cases per year       (Jignasa B et al, NJCM India 2011)

750-800 new cases per year in US



Radiotherapy in Neuroblastoma

Whom to treat?

When to treat?

What to treat?

How to treat?



“It “It “It “It is a capital mistake to theorize before you have is a capital mistake to theorize before you have is a capital mistake to theorize before you have is a capital mistake to theorize before you have 

all the evidence. It biases the all the evidence. It biases the all the evidence. It biases the all the evidence. It biases the judgment”…judgment”…judgment”…judgment”…

Sherlock Holmes



Neuroblastoma

Unique biology

Commonest malignancy in infants & 3 rd most common in children

Molecular biological assays influence treatment and  prognosis



Natural History

• Arise from any site in Sympathetic NS
•Adrenal medulla, paraspinal ganglia, thorax, H&N.

• >70% metastatic disease at presentation
•nodes, bone, liver, marrow, skin.

• Spontaneous remission known



Pathology

Blue Round Cell Tumor

Ganglioneuroma

Ganglioneuroblastoma
Neuroblastoma

Shimada Grading System -
Favorable OR Unfavorable

Stromal Development, MKI, neuroblastic differentiatio n
Shimada H et al, J Natl Cancer Inst 1984

BE ReD RAM With MeN !!

Burkitt's lymphoma and other 
lymphoblastic lymphoma

Ewing Sarcoma 

Retinoblastoma

Desmoplastic small round blue cell 
tumor 
Rhabdomyosarcoma

Acute lymphoblastic Leukemia 
Medulloblastoma, and other PNET

Wilms tumor 

Mesothelioma, small cell

Neuroblastoma



International Neuroblastoma Staging System (INSS)

Brodeur GM, JCO 1993



COG Risk Grouping



Treatment of Neuroblastoma

Surgery –
Pivotal role both diagnostic & therapeutic
Second look surgery
Extent of Resection – ‘Controversial’

Chemotherapy –
Dominant modality in IR and HR disease
Low Risk patients with symptomatic involvement of v ital organs

Radiotherapy –
Radiosensitive BUT not a radiocurable tumor
Limited role –
High Risk patients, Unrersectable, Progressive dise ase, Palliation, TBI



Treatment Recommendations and 
Role of Radiation

Low Risk Group



Low Risk Group

INSS Stage Age 
(days)

MYCN Histology Ploidy

1 Any Any Any Any

2A/2B Any Non amplified Any Any

4S <365 Non amplified Favorable DI>1



Treatment: Low Risk NB 

Surgical removal in Stage 1 and 2

No role of radiotherapy in INSS 1 or 2
(even with macroscopic residual disease)

Role of chemotherapy or RT –
� Cord compression, respiratory compromise

� In Unresectable tumors after chemotherapy



Treatment: Low Risk NB 

Surgical removal in Stage 1 and 2

Perez et al, JCO 1991:
93% EFS for Stage 1 with Surgery alone

6/10 recurrences – distant, OS - 99%

Atkinson JB et al , CCG Study, JCO 2000:
233 stage 2 pts, no MYCN amplification, Sx alone

4yr EFS – 81%, 4yr OS – 98%



No role of chemotherapy or radiotherapy in INSS 1 o r 2
(even with macroscopic residual disease)

Low Risk NB

Strother D et al , COG P9641, JCO 2012 –

Prospective study, 915 INSS Stage 2A/2B pts

Sx alone, Chemotherapy for<50% resection or progress ion

Stage 2A/2B – 5yr EFS: 89%, OS: 97%
Stage 1 – 5yr OS:99%
Stage 4S – 5yr OS:91%

Role of chemotherapy or RT –
Cord compression, respiratory compromise

In Unresectable tumors as pre-op chemotherapy



Chemotherapy or Radiation Did not Improve DFS

Matthay’s series, non randomized, EDIIA disease

# of pts Treatment 6 yr DFS
75 Surgery alone 89%
66 Surgery+ Chem or RT 94%, p=NS
40 (R1/R2) Surgery alone 92%
59 (R1/R2) Surgery+RT 90%, p=NS

Matthay KK et al, JCO, 1989

No improvement in  DFS with RT in patients with gro ss or microscopic
residual disease!



Radiotherapy in Neuroblastoma
Low Risk

Whom to treat?
Cord compression, Respiratory compromise

When to treat?
Immediate or Sx/chemotherapy failure

What to treat?

How to treat?

No role in low risk, completed resected, localized d isease



Treatment Recommendations and 
Role of Radiation

Intermediate Risk Group



Intermediate Risk NB

INSS Stage Age (days) MYCN Histology Ploidy

3 <547 Non amplified Any Any

≥547 Non amplified Favorable -

≥365 <547 Non amplified Any 

4 <547 Non amplified Any Any

4S <365 Non amplified Favorable DI=1

<365 Non amplified Unfavorable Any 



Treatment: IR NB

Options –

Surgery + Adjuvant Chemotherapy

Pre-op CT (if unresectable) followed by Surgery

Surgery + Observation in infants

Radiotherapy – Limited role/Controversial



• CCG Study, Evans Stage 3
• 143/228 pts met IR criteria
• CT f/b Sx. RT for R2 resection
Results –
1. Normal MYCN, Fav Shimada/ Low Sr Ferritin:

4yr EFS = 100%

2. Infants with at least one unfav factor:
4yr EFS = 90%, OS = 93%

3. >1yr and atleast one unfav factor:
4yr EFS = 75%

4.  RT not prognostic for EFS

Multivariate analysis – Age, MYCN



• Phase 3 Trial
• >1yr <21, POG Stage C, +ve regional nodes
• Randomised to CT alone or CT+RT
RT –
24Gy (age 12-24mths), 30Gy (age>24mths)@1.5Gy/#

Results –
Significant increase in EFS & OS with RT

DeBernardi et al.  Cancer 1987– Italian Cooperative Group for Neuroblastoma
Prospective randomized trial
age > 1 yr
minimal gross residual  post-op or involved nodes
Randomization: (1) RT (20-30 Gy)OR (2) no RT
No difference in RFS rate



Prospective study, 479 pts
IR, normal MYCN
Pre-op CT –
4 cycles – pts with fav features
8 cycles – unfav profile or incomplete response

Results –
3yr OS – 96%
Fav biology – 98%, Unfav features – 93%



Role of Radiation in Neuroblastoma
Intermediate Risk, EDII, LN- pts

� Institution Radiation Patients  Survival
� CCSG No 76 89%
� SJCRH No 15 100%
� POG No 61 (14III) 87%
� CCSG Yes 66 94%
� Duke Yes 7 86%
� SJCRT Yes 9 100%
� HSC,UK Yes 24 79%

Radiation is therefore not warranted for this group  



Results of Surgery and Chemotherapy 
Intermediate Risk

Strother et al, Eur. J. Cancer, 1997

Complete resection

Incomplete resection

Event free survival with 
INSS stage 2B or 3, 
treated by POG 8742 
and 9244 

Positive surgical margin does not warrant postopera tive radiation 
therapy in intermediate risk neuroblastoma



Role of Radiation in Neuroblastoma
Intermediate Risk, EDIII/POG C or LN+pts

� Institution Radiation Patients Survival
� SJCRT No 27 41%
� CHOP No 9 11%
� POG No 29 41%
� ICGN No 129 (B&C) 52%
� Duke Yes 13 69%
� JCRT Yes 16 81%
� CHOP Yes 7 86%
� ICGN Yes 14 64%
� POG Yes 33 73%

Radiation may improve tumor control & survival rate s in this group



Radiotherapy in Neuroblastoma
Intermediate Risk

Whom to treat?

Unresectable Primary s/p Chemotherapy

Progressive disease post Surgery/Chemotherapy

Stage 3, node +ve pts (Level III evidence)

When to treat?

Post surgery for node +ve pts
Post chemotherapy for unresectable disease

What to treat?

How to treat?

No unequivocal recommendations in Stage 3 disease



Treatment Recommendations and 
Role of Radiation

High Risk Group



High Risk NB

INSS Stage Age (days) MYCN Histology Ploidy

1
2A/2B

Any Amplified Any Any

3 Any Amplified Any Any

≥547 Non amplified Unfavorable -

4 Any Amplified Any Any

4S <365 Amplified Any Any



Treatment: High Risk NB

Poor survival rates (15-30% @ 5yrs)

Intensive protocols  

Three phases –
Induction Therapy – max reduction in bulk at primary  & metastatic sites
Consolidation Therapy – eliminate resistant tumor cl ones
Maintenance Therapy – eradicate any residual tumor c ells

Local control (Stage 4 Neuroblastoma)
Predilection of recurrences in previous sites of di sease

Surgical resection of primary a/w improved local con trol & survival

Role of RT @ Primary site & bulky metastatic sites to improve tumor 
control rates

Matthay KK, JCO 1993; Sibley GS, IJROBP 1995











Radiotherapy in Neuroblastoma
High Risk

Whom to treat?

Primary site (regardless of extent of resection)

Sites of metastatic disease with MIBG activity

When to treat?

Post surgery before Consolidation phase

What to treat?

How to treat?



Radiotherapy in Neuroblastoma
RT Planning 

Patient Positioning & Immobilisation

Target volumes & Critical structure delineation

Dose

Techniques



Radiotherapy in Neuroblastoma
Positioning & Immobilization

Supine position, usually sedated

Arms overhead

Thermoplastic mould or Vac-Lock

Contrast CT/MRI scans (3mm axial images) 



Radiotherapy in Neuroblastoma

Target Delineation 

Pre surgery or Pre chemo (if unresectable) imaging studies determine
volume of irradiation

Nodal sites –
• If radiologically/pathologically involved

• Routine un-involved or next echelon nodal irradiati on not done

• Symmetrical irradiation of bone



GTV – if any residual disease or volume of tumor prior to  Sx, but after CT

CTV – GTV+1.5-2cm margin 
(include all areas of µscopic disease as per I/o and  Path findings)

PTV – Institution protocol (5-10mm)

OARs – Kidneys, Spleen, Liver, Stomach, Iliac crests, Bowe l, Gonads

Radiotherapy in Neuroblastoma

Target Delineation



Radiotherapy in Neuroblastoma

Dose

Debatable (10-45Gy) 

Conventional or Hyperfractionated RT

May be age dependent (Jacobson GM, Am J Clin Oncol 1984, Rosen EM, JCO 1984)

Presence of residual disease



RT Dose

< 1 yr – 12Gy

1-2 yrs – 14.4Gy

>3yrs – 45Gy



RT Dose

21Gy, 1.5Gy BID



RT Dose

10Gy EBRT + 10Gy TBI



RT Dose

36Gy to the residual disease



RT Dose

Primary site – 24 to 30Gy
MIBG avid Mets – 24Gy



Radiotherapy in Neuroblastoma
Dose Recommendations

Completely resected tumor –

� 21Gy, either 1.8Gy daily or 1.5Gy BD

Residual disease – boost up to 30-36Gy

� Microscopic disease, min 15 Gy wide field, followed by 5-10 Gy boost

� Gross disease 15-20 Gy initial volume, followed by 5 -10 Gy boost

� For gross disease, age dependent:
<1 Yr - 12 Gy, 1-4 Yr - 25 Gy , >4Yr - >25 Gy

Jacbson GM Am J Clin Oncol 1984
Michalski JM, Proc Am Radium Society, Paris 1995



Radiotherapy in Neuroblastoma
Ongoing trial

ANBL0532, COG High Risk Phase III Trial

Incompletely resected pts -

RT – 21.6Gy to pre-op primary tumor volume
14.4Gy to the gross residual volume



Radiotherapy in Neuroblastoma

Dose Recommendations

Liver –
Dose to whole liver not to exceed 19Gy. 21Gy is acc eptable for one lobe

<50% to receive 9Gy and <25%  more than 18Gy

Spinal Cord –
A  dose of 21Gy is acceptable for any length of spi nal cord

Kidney –
If single kidney, then dose should not exceed 12Gy

A dose of 21Gy is acceptable for up to half a kidne y, if the patient has both   
kidneys

Contralateral Kidney - <50% to receive >8Gy & <20% to  receive >12Gy

HR-NBL-1/SIOPEN Study Protocol



Bone –
Maintain the symmetry by irradiation of whole verte bra

If possible, shield the epiphysis of bone

Gonads –
<5Gy if possible

Radiotherapy in Neuroblastoma

Dose Recommendations



Radiotherapy in Neuroblastoma

Technique 

Parallel opposed, 3DCRT, IMRT, VMAT

Individualization for each patient

IMRT for abdominal/pelvic disease, Re- irradiation
Better renal sparing
Watch for mean doses to stomach, spleen etc

Lateralised tumor – either of the technique



Case 1 

2/F

L1-L3 Paraspinal mass

Dumbbell NB, ‘IR’

Limited Excision + CT





Two 3DCRT plans

Ist Plan  - more spillage in bowel, better conformity



Conv vs Rapid Arc Plans

Rarc -
Better conformity, 

Less spillage in high dose region

30% isodose region

Conv – liver, bowel

RArc - s/c tissues 



Rarc Plan –
Better conformity & homogeneity
Lower doses to OARs



Case 2

11/F

Paraparesis

D10/L1 paraspinal mass

Sx+Chemotherapy

Residual/Recurrent disease



Case 2

Dose -
Phase 1 PTV – 21.6/12frs
Phase2 PTV – 32.4Gy/18frs 

Mean dose:
Lt Kidney – 15Gy
Rt Kidney – 10Gy



Case 3

1/F

D1-8 Pre/Para vertebral mass

Limited Excision+Chemo



Rapid Arc Plan
24Gy/15frs, 1.6Gy/fr



Less spillage in low dose region
Low dose to OARs – Lungs, Breast buds, Heart



Case 3

1yr/F

Lt Suprarenal mass

Stage 4S, liver mets

Post Chemo – CR

Recurrent Tm – s/p Sx



Rapid Arc Plan, 25.2Gy/14frs
Good conformity



Mean Dose –
Lt Kidney – 9.9Gy 
Rt Kidney – 5.6Gy
Liver - 7.3Gys



Radiotherapy in Neuroblastoma

Metastatic sites 

•Generous margins for the bony lesions

•Orbital mets – treat entire orbit

•Liver mets – adquate margins (no whole liver irradiati on)

•Dose/# -
symptoms, volume, life expectancy
16-20Gy in 4/5fractions
Or 20-30Gy in 2 to 3Gy/fraction, if large fields



Radiotherapy in Neuroblastoma

Hepatomegaly in Stage 4S –

•Entire liver need not be irradiated
•Spare kidneys, ovaries
•Usually lateral opposed
•2-6Gy in 2-4 fractions

Borders –
Anterior – 2cm ant to liver
Posterior –anterior vertebral body
Superior –2cm sup to liver
Inferior – superior iliac crest to avoid

ovarian exposure 



Radiotherapy in Neuroblastoma

Intraoperative Radiotherapy –
Rationale:
Increased risk of late toxicities with EBRT as larg e volume of 
normal tissue exposed

Reduced renal function which may compromise toleran ce to 
chemotherapy with SCT

Higher dose deliverable with minimal exposure to no rmal tissues



Well tolerated
Good local control

Late sequelae



Radiotherapy in Neuroblastoma

Complications 

Acute Side-effects:
Nausea/Vomiting
Diarrhea, Abdominal pain
Hematological toxicity

Long term Sequelae:
Musculoskeletal –

Kyphoscoliosis, bone shortening

Hearing loss

Hypothyroidism , ovarian dysfunction

Vascular – Middle Aortic syndrome



Radiation in Neuroblastoma
Conclusions

Radiation is only indicated in very rare occasion i n Low risk 
patients

Radiation is controversial in Intermediate risk patients

In High risk group, local radiation may be used as a boost  to 
primary or bulky metastatic site, TBI as a part of BMT, palliative 
measure in life threatening situations

Structure Delineation:
Pre surgery CT/MIBG scans
Nodal irradiation for involved nodes ONLY
Symmetrical irradiation of vertebrae

Dose - 21Gy for R0 resection, 30-36Gy for R1/R2 resection




