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Consensus Recommendations  

• Clinical evaluation 

• Investigations (including biomarkers)

• Neuroblastoma treatment 

• Immunotherapy

• Monitoring outcome 

• Vaccination and re-vaccination



Demographics

• First described in 1967 by Kinsbourne in a series of 6 children with a ‘myoclonic 
encephalopathy’

• UK incidence reported as 0.18 cases per million of the population

Ki Pang et al. 2010 Eur J Paediatr Neurol 14(2):156-161 

• Majority presenting before 5 (mean age of onset 18m; median 16.5m)

• Affect boys and girls equally but recent data report more girls (60%)

Sheridan A, et al. 2020 Dev Med Child Neurol 62(12):1444-1449. 



Diagnostic criteria

Genoa criteria
Cancer Letters 2005; 228 275–282

• Opsoclonus

• Myoclonus / ataxia

• Behavioral change and/or sleep 
disturbance

• Neuroblastoma

3 out of 4 features



• Involuntary, arrhythmic, chaotic, and 
multidirectional eye movements

• May be brief, transient

• May be elicited by the ‘squeeze test’

• May develop initially as ocular flutter 
(bursts of saccades in the horizontal plane 
during forward fixation)

Opsoclonus



Ataxia most common symptom at onset in OMAS 
Patient Reported Natural History Study 

9%
13% 14%

26%

37%
44% 46%

58% 60%

85%

0%

20%

40%

60%

80%

100%

% Patients with a given symptom at onset (n=123)



OMAS scoring 

• Opsoclonus Myoclonus Evaluation 
Scale of Motor Performance 
➢12 domains 
➢0-3

• Validated and correlated with 
biomarkers and outcome 

• Lengthy and only motor

• Mitchell and Pike OMS Rating scale
➢ 5/6 domains (stance, gait, arm/hand 

function, opsoclonus, mood/behaviour 
+/- speech)

➢ 0-3

• Easier to use and more widely 
adopted 

• Still requires formal validation 

Pranzatelli et al., 2001  Clin Neuropharm 24: 3527 De Grandis et al., 2009 Neuropediatrics 40(3):103-11 





Tumour

• Peripheral neuroblastic tumour in around 50% of children with 
OMAS – most commonly neuroblastoma

• OMAS in 2-3% of Neuroblastoma

• Presence or absence of tumour does not alter OMAS prognosis

• Identification of tumour crucial to successful treatment



Investigations 

• Key is excluding other diagnosis

➢May identify infectious trigger

• Identifying neuroblastoma

• Defining level of inflammation  





Neuroblastoma screening

• Urine catecholamines metabolites (VMA/HVA)

➢ Spot urine more practical than 24 hour collection

➢ Tumours often small and non-secreting therefore yield may be low (24%)

Biasotti et al. Med Pediatr Oncol 2000;35(2):153-155

• Serum specific enolase and lactate dehydrogenase may be elevated

• Consider other paraneoplastic antibodies (Anti Hu/ANNA1 antibodies)



Neuroblastoma imaging

• Non-axial imaging

➢ CXR/US has limited sensitivity, but may have a role while axial imaging awaited

• CT

➢ No evidence of inferiority to MR but requires pre and post contrast imaging with 
significant radiation load

• MIBG

➢ Highly specific, but false negative rate up to 24%

Biasotti S et al. Med Pediatr Oncol 2000;35(2):153-155.

• MRI

➢ Sensitivity up to 100% in some studies

➢ Requires high resolution and an experienced paediatric radiologists



Investigations – key management points 

• MRI vs MIBG vs Xray/US

• Important to make sure all investigations for immuno-surveillance performed 

• Initiation of OMAS treatment prior to completion of investigation 

➢ Once alternatives with different treatments excluded 



International Neuroblastoma Risk Group stratification 

Courtesy of Dr Paola Angelini
Royal Marsden Hospital  

J Clin Oncol. 2009 27(2): 289–297J Clin Oncol. 2009 27(2): 298–303



Treatment at glance 
Courtesy of Dr Paola Angelini

Royal Marsden Hospital 



Management

• Immunotherapy 

➢No clear optimal treatment 

➢Front loaded vs stepwise escalation

• Symptom management 

• Monitoring 



Early and adequate 
immunotherapy improves 

outcome in 
neuroinflammation 

Nosadini et al., 2015 Expert Rev Neurother 15(12):1391-419

Dale et al., 2017 Curr Opin Neurol. 30(3):334-344

Wells and Hacohen et al., 2018 Nat Rev Neurol. 14(7):433-445

OMS
Average time to diagnosis is 11 weeks
Worse outcome in delay more that 2 months 
Tate ED, et al., 2005 J Pediatr Oncol Nurs 22:8-19
DeGrandis E, et al. 2009 Neuropediatrics 40:103-110



Steroid therapy 

(ACTH or 

corticosteroids) for 

one year

+

IVIG 

+

Cyclophosphamide 

OR Rituximab 

Front loaded

Pranzatelli et al., 2010
Movement Disorders 2010; 25: 238-242 EU Trial NCT01868269



Case 2 17m 40mg OD prednisolone relapsing course over 3 years

Case 3 10m 20mg OD on weaning relapsed @ 2 weeks; 3 relapses started ACTH (complete 
remission)

Case 4 3yrs (presented 18m) 40mg OD after 10 days ACTH effective from 48 hours and symptom 
free 10 days

Case 5 10m ACTH single injection total resolution; continued for 2 weeks; relapsed within 1 week 
and ACTH controlled again but after relapse subtle motor deficit

Case 6 16m Prior to admission started steroids. ACTH superior effect. Continued ACTH



What is a therapeutic window?

• Natural history of disease

• What time course are we 
intervening at?



Better outcome if Rituximab used and used earlier

Dale et al., 2014 Neurology 83; 142-50Mitchell et al., 2015 J Child Neurology 30; 976-82

<12 months >12 months



Relapses are bad for cognitive outcome

Multivariable linear regression model including 34 participants 
number of relapses occurring before neuropsychological testing 
(p<0.001) and OMS severity score at last follow-up (p<0.001) 
predicted FSIQ (adjusted R2 =0.64). 

There was a mean decrease of 2.4 FSIQ points per OMS relapse 

Sheridan et al., 2020 Dev Med Child Neurol 62(12):1444-1449



De Alarcon et al., 2018 
Lancet Child Adolesc Health 2(1); 25-34

Intravenous immunoglobulin with prednisone and risk-adapted chemotherapy for 
children with opsoclonus myoclonus ataxia syndrome associated with 
neuroblastoma (ANBL00P3): a randomised, open-label, phase 3 trial

Patients randomized to receive IVIG received 1 gm/kg on day 0 and 1 of cycle one; day 0 of 

cycles 2 to 6; and then on day 0 of cycles 8, 10 and 12. 





Evaluating treatment response 

Insufficient response: No improvement on clinician-evaluated OMS severity scores 
or Some improvement but symptoms scoring 2 or 3 in one or more category other 
than ‘behaviour’. NB: This should indicate a need for escalation of therapy if 
following an escalation regimen.
Clinical remission may be defined as disappearance of symptoms for two 
successive standardized scorings at 4-weekly intervals as indicated by:
score 0 in the categories stance, gait, arm and hand function, and opsoclonus and 
score 0 or 1 in the category behaviour
Relapse/Recurrence: any recurrence of OMS symptoms or signs in a child who has 
been in clinical remission









NB: Long term sequelae of NB and treatment such as hearing loss, renal, infertility and secondary malignancies 



Vaccinations in children with OMS

• The risk of reactivation of OMAS symptoms due to non-
specific immune stimulation by vaccination 

• The risk of preventable illnesses

• The ability of patients to mount an immune response after 
OMAS treatment.



Summary of consensus

• Early and timely initiation of diagnosis is important

• Clinical severity scales are important to help evaluate and 
monitor OMAS

• Investigations are important but biomarkers still do not 
have an established role in management 

• Initiation of treatment to establish disease remission and 
prevent relapses is crucial in treatment

• Children with OMAS must have long-term follow-up 



Many things we still do not know

• Specific biomarker to aid timely diagnosis

• Optimal pathway for relapsing patients and those 
refractory to current 2nd line treatment

• Outcome in very young patients 

• Late cognitive decline in patients who have made full 
neurological recovery 
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