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Neuroblastoma

Moroz et al. EJC 2011 Maris et al. Lancet 2007~80 cases per year total
~40 high-risk neuroblastoma

Incidence Age distribution Outcomes



High-risk neuroblastoma

Cancer
57% of childhood deaths 1-19yr
(Centers for Disease Control)

Neuroblastoma
~10% of cancer deaths
~200 annually in US
(Smith et al. JCO 2010)

(Pinto et al. JCO 2015)

Of patients with HR-NBL
10-15% primary refractory disease
50-60% relapse
Significant risk of death from disease … and long-term late effects among survivors



Neuroblastoma risk-stratification

(Cohn et al. JCO 2009)

COMPLICATED!

High-risk neuroblastoma

metastatic disease in patients >18 months

MYCN-amplified disease (except stage 1)

localized disease >18 months, unfavourable histology



Current treatment for high-risk neuroblastoma
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Recent advances in HR-NBL therapy

Addition of immunotherapy to maintenance

(Yu et al. NEJM 2010)



Recent advances in HR-NBL therapy

Benefit of BuMel over CEM (after rapid COJEC induction)

(Ladenstein et al. Lancet Oncol 2017)



Recent advances in HR-NBL therapy

Benefit of tandem HDC (thio/cyclo+CEM) over CEM (COG ANBL0532)

(clinicaltrials.gov)

Single Tandem

Number 179 176

3-yr EFS 48.8 
(41.1–56.5)

61.8
(53.8–69.8)

p=0.0082



Next COG HR-NBL trial: ANBL1531
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ANBL1531
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ANBL1531
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ANBL1531
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Patients with no 

ALK aberration 

and MIBG-avid 

disease…

Main 

randomised 

questions

1) Addition of 

MIBG

2) Tandem vs 

BuMel



MIBG therapy



MIBG therapy practicalities

• Protective isolation
• IV fluids
• Catheterization
• Thyroid protection
• Stem cell rescue



Anti-GD2 immunotherapy

Anti-GD2 GM-CSF Cis-RA
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Relapse HR neuroblastoma

ENSG, 1982-1992
5-yr post-relapse OS: 5.6%

INRG
5-yr post-relapse OS: 8% (stage M at diagnosis)
5-yr post-relapse OS: 4% (stage M MYCN-A)

Treated on COG early-phase trials
4-yr post-relapse OS: 20%
4-yr post-relapse PFS: 6%

(Garaventa et al. EJC 2009)

(London et al. Cancer 2017)



Treatment options for relapse HR neuroblastoma

Temozolomide + irinotecan

Cyclophosphamide + topotecan

131I-mIBG

ALK inhibitors

Other targeted therapy

Other early-phase trial options

Complex decisions:
• Prior therapy
• Previous toxicities
• Current symptoms
• Pattern of disease
• Patient/family preference



ANBL1221: immunotherapy for relapse/refractory disease
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ANBL1221: results

(Mody et al. Lancet Oncology 2017)



ANBL1821: next relapse study

Temozolomide/irinotecan Dinutuximab GM-CSF
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Targeted agents: ALK

Carpenter & Mossé Nature Reviews Clinical Oncology 2012

ALK mutations in ~8% diagnostic samples
Increased rate at relapse

Agents
• Crizotinib – to be tested frontline in COG 

ANBL1531
• Certitinib (LDK378) – paediatric phase I 

complete
• Lorlatinib – paediatric phase I ongoing 

via NANT; crosses BBB



Summary

• Tandem HDC now standard for metastatic HR disease in COG

• Role of MIBG therapy (and ALK inhibitor) being tested in next COG trial

• Temozolomide/irinotecan/dinutuximab/GM-CSF has become standard for 

relapse/refractory disease in COG

• Next COG relapse trial will test addition of DFMO

• Multiple options for relapse HR disease

• Not all neuroblastoma is high-risk


