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1. Opsoclonus-myoclonus syndrome

= Opsoclonus-myoclonus-ataxia syndrome, Dancing eye syndrome, 
Kinsbourne syndrome (SOM, OMS, OMAS, DES…) 

Rare neurological syndrome associating: 

Abnormal, multidirectional eye mouvements (opsoclonus) 
Myoclonus
Ataxia
Irritability, sleep disturbance

Age of onset : 2nd year of life
Most frequently paraneoplastic : neuroblastoma in > 50% of cases

OMS in 1-2% of neuroblastoma patients 
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Pathophysiology

Autoreactive adaptive immune response 
infection (EBV, mycoplasma, others)
peripheral neuroblastic tumor (> 50%)

Biomarkers
CSF immune cells, B cell expansion

oligoclonal bands
cytokines and chemokines of B cells (BAFF, CXCL13), T cells (CCL19),  
microglial activation

pathogenic autoantibogy  -> ongoing search!
glutamate receptor delta2 antibodies?
others?
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OMS in children with or without NB

P. Krug, G. Schleiermacher, et al, EJPN 2010

Retrospective study of
27 children treated for OMS, 
with or without NB,
in Paris/IdF

Neurological outcome was equally poor  in pts with and without NB
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European DES/OMS Trial
Administrative Issues

• International Sponsorship : Institut Curie, Paris

– Delegation of co-sponsorship for each participating country; 
establishment of contracts of delegation

– Funding for administrative steps, ethics committee

– Each participating country will have to fund the trial at a national 
level

• In each country : referent pediatric neurologist/oncologist
6
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Study objectives

In children with OMS with or without NB

▪ To evaluate prospectively the response to the treatment schedule as defined by the
disappearance of all OMS symptoms (i.e. clinical remission) at 12 months after treatment
start

▪ Standardized OMS scale

▪ Standardized evaluation of neurological, cognitive and behavioural deficits.
Neurocognitive and neuropsychological assessment:
2 years after diagnosis (± 1 month)
at age 5 years (± 3 months)*

▪ Collection of samples for biological / immunological studies
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Methods 

Multicenter, phase III, non randomised, open-label study

➢Nomber of patients : 100 patients to be included over a period of 3 years.

➢ Descriptive data analyses: 
➢ Rare disease

➢ In the past, no standard , uniform treatment

➢ No data on response to different treatment to abl a robust statistical design

➢The response rates achieved with this trial will allow to design further trials on this 
entity appropriately. 

➢The inclusion of 100 patients will allow to estimate the response rate with a precision 
(precision being here the 1.96*SE) of at least 10%, that is the 95% confidence interval will 
be of ± 10%. The highest imprecision (10%) will be observed for a 50% response rate
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Patient selection

➢ Patient with a diagnosis of opsoclonus myoclonus syndrome (with or without neuroblastoma)

➢ With at least 3 of 4 diagnostic criteria: 

- opsoclonus (notnystagmus)

- ataxia or myoclonus

- Changing of behaviour, or sleep disturbance

- neuroblastoma

➢ Aged > 6 months, and < 8 years (date of diagnosis= date of confirmation of diagnostic criteria of OMS, and
the date of begin of symptoms should be recorded ).

➢ Prior treatment with steroides according to the protocol: dexaméthasone.

➢ Search for a neuroblastoma according to the recommandations of the  protocole.

➢ Information and informed consent signed by the parents or legal guardians. 10



➢ Clinical : weight, height, head circonference, BP, HR

➢ Neurological examination (scoring).

➢ Opthalmological examination (risk of secondary cataract)

➢ Imaging:  MRI of the brain

➢ 1st line to identify NB: X-ray lungs (AP, optional lateral), ultrasound (neck, abdomen, pelvis), MIBG scintigraphy

➢ 2nd line to identify NB: MRI paraspinal regions (neck, thorax/mediastinum, abdomen, pelvis) and adrenal regions

➢ Biological samples : 

– blood: CBC, complete hemostasis, ESR, electrolytes, urea, uric acid, LDH, lactate, 
creatinine, CRP, liver function tests, glucose (comparison with CSF), IgG/IgM and albumin.

– CSF: cells, proteins, glucose, lactate, IgG/IgM and albumin synthesis index, oligoclonal
bands, FACS analysis (recommended).

Study Design : inclusion
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OMS Scoring

OMS score 

▪prior to therapy
▪at given time points
(total : at least 19 times)



Treatment schedule (first and second step)

months0 2 3 4 5 6 7 8 91 10 12 13 14 1511

Dexamethasone 20 mg/m² **
for 3 consecutive days, 

repeated every 4 weeks for 1 year (= 12 pulses)

*   Add dexamethasone cycle, if no sufficient response or worsening of symptoms

**  Dexamethasone: parallel use of H2-blockers

*** Cyclophoshamide: hydration and cystitis-prophylaxis with Mesna/Uromitexan

if no sufficient response after 3 months of treatment 
(no improvement or 
improvement, but still scoring 2 in one category, for definition see protocol):

16 17 18

1st step (standard corticosteroid treatment):  

Immunosuppression with 

cyclophosphamide***
25 mg/kg or 750 mg/m²,  

6 monthly doses 

(and continue dexamethasone until month 12)

2nd step:  

if no sufficient response
immediately before the 4th cycle of cyclophosphamide, 
escalate to Rituximab within 2 weeks of the 4th dose CP (3rd step)
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Treatment schedule (third step)

Immunosuppression with 

cyclophosphamide***
25 mg/kg or 750 mg/m²,  

monthly doses to be discontinued after the 3rd dose

in case of therapy intensification to 3rd step

months0 2 3 4 5 6 7 8 91 10 12 13 14 1511

Dexamethasone 20 mg/m² **
for 3 consecutive days, 

repeated every 4 weeks for 1 year (= 12 pulses)

*   Add dexamethasone cycle, if no sufficient response or worsening of symptoms

**  Dexamethasone: parallel use of H2-blockers

*** Cyclophoshamide: hydration and cystitis-prophylaxis with Mesna/Uromitexan

if no sufficient response after 3 months of treatment 
(no improvement or 
improvement, but still scoring 2 in one category, for definition see protocol):

16 17 18

*

1st step (standard corticosteroid treatment):  

2nd step:  

3rd step:  Rituximab
(after evaluation of CSF) 

375 mg/m2 x2 : 1 week apart

(discontinue cyclophosphamid after the 4th cycle, 

continue dexamethasone to a total of 12 scheduled pulses)

if no sufficient response immediately before the 4th cycle of cyclophosphamide, 
escalate to Rituximab within 2 weeks of the 4th dose CP 

*



Database : SIOPEN-R-NET

• CRFs for recording of
• Description at presentation

• Tumour description, summary of oncological treatment

• OMS treatment

• Neurological evaluation,neurological FU with cognitive and behavioural 
evaluation

• Event, SAE
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Inclusions

To date: 102 patients.

Enrolled closed since 2020

Country Austria Spain France Italy Sweden Switzerland UK Belgium TOTAL

No. of 

patients 

enrolled

1 7 47 4 12 5 22 4 102



OMS/DES study : Patients update

OMS/DES patients 

101 patients
(F 63, M 38)

Age at inclusion: 
mean 21 months

(range 6-79 months) 

Age

Oncological treatment?

Clinical information 

No NB detected
33

NB detected
66

Missing data
2

Chemotherapy
26/66 (39%)

No chemotherapy
35/66 (53%) 

Missing data
5/66 
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OMS/DES study : Patients update
101 patients
(F 63, M 38)
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Dexamethasone
bolus n = 101
(12 ongoing)

Cylcophosphamide yes
n=35

Cyclophosphamide no n=62
(1 ongoing )

Rituximab yes
N=4

Rituximab no
N=58

Rituximab no
N=11

Rituximab yes
N=23

Rituximab total
27/101 (26%) 



SAEs

• postoperative lymphatic pleural effusion

• Diarrhea (2day hospitalisation )

• Febrile neutropenia (2) 

• Non neutropenic fever (4)

• Catheter related septicemia

• Catheter related infection (Catheter infection with staphyloccocus aureus); Catheter 
site cellulitis

• Septic choc

• Vomiting

• Tachycardia

• malaise

• No SUSARS
19



Data Management

▪ (Complete) Data registered for 67 patients / 102

▪ Sponsor CRA will contact national PIs with details of the site and patients. 

1) Neurological FU data at 2 years not recorded (37 pt) 

2) Neurological FU data at 5 years not recorded (54 pt)

▪ Newletter to all PIs to remind to record data and neurological FU visits at 5y

▪ Next Data export (November 2022)



Protocol Amendement

▪ Actualization of Study Protocol and Informed Consent according to 
GDPR

▪ Intermediary Analysis  : Proposition 

❑Neurological evaluation after 2 years of treatments

❑Epidemiologic statistics

❑Follow-up at 5 years for 33 patients



3. Challenges in treatment of OMS and NB
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Neuroblastoma

• Most frequent extracranial solid tumor in children

• Incidence 8-10/1 Mio/ year

• 8 – 10% of childhood cancers / 15% of cancer related
deaths

• Derived from embryonal cells of the neural crest -> 
sympathetic nervous system

• Tumor Localisation : in paraspinal sympathetic
ganglia or adrenal gland

• Age peak : 18 – 24 months 23



Clinical presentation

• Local or locoregional disease extension 

• Metastasis : bone marrow, bone, liver, skin > lung, CNS

• Rare clinical associations
• Opsoclonus myoclonus syndrome
• Diarrhea (VIP)

• Diagnosis
• Tumor biopsy (Pathology, molecular biology)
• 123I-MIBG (Metaiodobenzylguanidine)
• Urinary Catecholamines

24



IDRF  - Image Defined Risk Factors

Brisse et al, 2011 25



Neuroblastoma Staging system  : INSS -> INRG SS

Brodeur et al, 1993

Monclair et al, 2009
Cohn et al, 2009
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Neuroblastoma : genetic alterations
few recurrent mutations

- ALK (8-10%)
- RAS/MAPK pathway
- Chromatin remodelling

TERT rearrangements /ALT

MYCN (Amplification in 20 – 25%)

Distinct genomic copy number profiles

Numerical chromosome alterations vs
Segmental chromosome alterations

Janoueix-Lerosey et al,2009
Schleiermacher et al, 2010 Ackermann et al, 201827



INRG pretreatment classification schema

Cohn S et al, JCO 2009

INRG database, >18 000 NB patients

Progressively
replaced by 

genomic profile
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Stratification of treatment according to
Age, stage (IDRFs), clinical symptoms (LTS)
Genomic profile (NCA versus SCA)

SIOPEN / LINES : European Low and Intermediate Risk  Neuroblastoma

LINES - Low risk

L2, < 18m, no MNA

Group 1

No LTS

NCA

Observe 
versus CO

Group 2

LTS

NCA

Chemo-
therapy To 
solve LTS

Group 3

+/- LTS

SCA

Chemo-
therapy :

4 VP Carbo

Surgery

Ms, < 12m, no MNA

Group 4

No LTS

NCA

Observe

Group 5

LTS

NCA

Chemo-
therapy

To solve
LTS

Group 6

+/-LTS

SCA

Chemo-
therapy

Surgery

LINES - Intermediate risk

L2, no MNA              

NB or GNB nodular, 

Group 7

differentiated

4 VP Carbo, 

surgery

Group 8

Poorly or 
undifferetiated

6 VP Carbo
/CADO, 

surgery

Radiotherapy, 
maintenance

INSS1, L1

MYCN 
amplified

Group 9

Surgery+ 
Chemo

M 

< 12m, no 
MNA

Group 10

Chemotherapy

4 – 8 VP Carbo
+/- CADO 

surgery

L1
(> 3 

months) 

Chirurgie

Low Risk

29



In NB, the genomic copy number profile is of prognostic significance

30

1. Can we use the genomic copy number profile for prognsotic information in patients 
with NB and OMS?



aCGH/SNP analysis of 44 NB with OMS

44 NB

16/44 : NCA 23/44 : SCA

1 atypical (12q amplicon)

▪ Rate of « unfavorable » genomic profile SCA in localised NB : 25-30%

▪ The observation of an excellent oncological outcome, even for those with an unfavorable 
genomic profile of neuroblastoma, supports the hypothesis that an immune response 
might be involved in tumor control in these patients with OMS.
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Brady et al, Nat Comm 2020

Molecular characterisation of NB



cfDNA quantity

Use of cf DNA for study of genetic alterations in NB

M Chicard, G Schleiermacher, I Curie

Blood 
sample

0.3  - 2 ml blood
EDTA

Plasma collected
at diagnosis



KRTAP9-4 
TMEM247

ITPR2
WWP2

AFAP1
ING2

TET2
ADCY3

EMR2
FOXD4

Modeling clonal evolution

Pathway analysis of genes 
impacted by ctDNA alterations:

-Cell interaction
-Extracellular matrix
-Cell-Cell Communication



2. What about surgery?
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Importance of mulitdisciplinary discussions
To determine optimal timing of
-(dexamethasone) bolus versus
-surgical intervention (respecting a delay)

S.H.
5 years old
Ataxia, speech regression
Paravertebral tumor, MIBG+

Surgery : retroperitoneoscopy
Macroscopically complete resection, ganglioneuroblastoma, MYCN NA
Oncology : no further treatment
Neurology : dexamethasone bolus (x 12 months)



HR-NBL2 Protocol

PI : Dr Dominique Valteau-Couanet 36



3. Compatibility of « Immunotherapy » and OMS?
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Maintenance : 
immunotherapy » using anti GD2 therapy  
+/- IL2 : immunostimulation in the context of OMS?



Re-OMNeH study

Study title: Opsoclonus myoclonus syndrome and high-risk neuroblastoma: An international retrospective 

observational study

Objectives

1. Describe the characteristics of OMS: severity, treatment, evolution and long-term neurological 

outcome (if available) for patients with OMS and high-risk neuroblastoma.

2. Describe the oncological characteristics for these patients: stage at diagnosis, tumour biomarkers, 

clinical evolution, treatments received and long-term oncological outcome

3. Describe the frequency of OMS for children with HR-NBL

Ongoing study



Inclusion criteria

1. OMS and HR-NBL at diagnosis. Definition of high risk as described in the SIOPEN HR-
NBL1 study (INSS stage 2, 3, 4, 4S with MYCN amplification or INSS stage 4 without
MYCN amplification aged at least 12 months at diagnosis)

2. Age at diagnosis under 21 years
3. Patients diagnosed during the period over which the HR-NBL1 SIOPEN trial was open,
variable according to the country (from about 2001 to 31/12/2020)
4. Consent to secondary data use / No opposition from families

Retrospective study:



Data collection

The database of the study is hosted in the REDCap server of the Institut Curie IT infrastructure. This server can
be only accessed via Curie external information system after data rights acquisition.

Authentication to REDCap and the management of access rights is administered by an administrator of the
Data Department (Clinical Research Manager) and the principal investigators of the study.

Data analysis

No formal statistical testing is planned, and all data analyses will be descriptive and explorative.

Hypothesis formulated post hoc will be investigated by descriptive statistics. In particular, descriptive tables
relating neurological and genetic features with basic clinical annotations (stage, age, primary tumor site,
clinical response and survival status) will be produced. Life tables, Kaplan-Meier survival curves, log-rank tests,
and Cox regression will be used to explore the relationship of neurological and other variables to clinical
outcome.

DATA COLLECTION AND DATA ANALYSIS



Approval from Institutional Review Board from Institut Curie

REDCAP data base established

Establishement of contracts

Data collection to be started

ONGOING



What is next?

Diagnosis of OMS

Discussion at ANR 2018 (pediatric oncologists from COG, SIOPEN)

IVIG 

+

Steroids

If response

1 month: 

Neurological 

evaluation

Continue 

IVIG + sterois

If no response

Less than CR 

(score OMS >0)

Rituximab

Cyclophosphamide

To be discussed with 

ped oncologists and 

neurologists



Advances in Neuroblastoma Researh

Rogier Versteeg, 
Frank Speleman

ANR Steering Committee
Gudrun Schleiermacher, 
President
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