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Origins of neuroblastoma
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Tom Monclair et al. The INRG staging system. J Clin Oncol 2009;27:298

INRGSS

1 - metastatic disease ?
2 – Surgical risk factors (IDRF)?
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International NBL Risk Group (INRG)

Cohn SL et al. The INRG classification system. J Clin Oncol 2009;27(2):289

M

Risk Group Predicted
5-year EFS

Proportion
of patients

Very low >85% 28%

Low 76-85% 27%

Intermediate 50-75% 9%

High <50% 36%



Tom Monclair et al. The INRG staging system: an INRG Task Force report.
J Clin Oncol 2009;27(2):298-303.

IDRFs



« Separation »
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Artery Vein

No IDRF No IDRF

Definitions of terms

Brisse HJ et al, Radiology 2011

Definition of terms in the IDRFs classification

Brisse HJ et al, Radiology 2011
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encasement
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Brisse HJ et al, Radiology 2011
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Critical questions for surgeons 

• To operate or not to operate?
• When to operate ?
• What should be the extent of resection?



The wait and see strategy

Fœtal NBL

- Prenatal
- Neonatal < 3 months
- L1, Size < 5 cm
- No LTS 

Ms Neuroblastoma 

-    < 6 months
- Liver, BM, SC mets
- No bone mets
- No LTS

Beckwith JB and Perrin EV, Am J Pathol 1963
Nutchern JG et al, Ann Surg 2012
SIOPEN communication, 2020

72- 81% are cured without any treatment



LINES SIOPEN study for perinatal NBL 
(ClinicalTrials.org:NCT01728155)

• Infants < 90 days

• Mass < 5 cm

• No lymph node or distant spread
• US, MRI and urinary CA

• Surgery indicated if 
o>40%volume increase or 
omass persisting after 48 weeks

Vassilios Papadakis et al, Cancers 2022

• N=128
o 42% detected prenatally
o 58% detected postnatally

• All MYCNA
• Surgery in 30% of case

o 45% before and 
o 55% after the 48 wks observation

• 74% NBL on pathology



• 3years OS: 100%
• 3 years EFS: 87.1% 
• Lesser chance of spontaneous regression
• solid masses 
• mass volume 

16 events (12.5%)
o11 volume increase
o5 progression to MS 

Vassilios Papadakis et al, Cancers 2022



Wait and See strategy: GPOH experience
< 1 year
INSS stage 1,2,3
Non MYCA

B.Hero et al, 
JCO 2008

60% are cured without any treatment 



Janoueix-Lerosey I, J Clin Oncol 2009, 27:1026-1033
G.Schleiermacher et al, Br J Cancer 2011
Ambros IM et al, JCO 2020

Localised unresectable

Stage 4S Stage 4

All patients
< 1 year,  NMYC NA

NCA

SCA



Low risk: Ms < 12 months

No surgery
No surgery

Low risk: L2< 18 months

Wait and see strategy in the LINES protocol (SIOPEN)

NCA NCASCA
NCA NCASCA

Surgery if IDRF negative ….if IDRF+, discussion with SIOPEN surgeon committee



Surgery

Localized L1 tumors
(MYCNA or not)

Adjuvant chemotherapy

Localized L2 tumors 
• 18 months
• < 18 months with LTS 

and/or SCA

High Risk NBL  
• L2 MYCNA
• M > 18 months 
• M > 12 < 18 months & SCA (SIOPEN)

Timing of surgery in all others situations 

Post-op treatment according to risk group



HR-NBL2 design: timing of surgery

Criteria to postpone surgery:
• Encasement of celiac axis AND/OR
• Encasement of superior mesenteric artery AND/OR
• Encasement of both renal pedicles 



What could the surgeon expect from 
neoadjuvant chemotherapy ?

• 39 patients, 
• Mean age at dg: 30 months
• INRGSS: L2= 13, M= 25, Ms= 1 

60%- 70% of IDRFs remain after chemo Irtan S et al, PBC 2015
Avanzini S et al, PBC 2017

Factors influencing IDRFs evolution

• Number of IDRFs at diagnosis
• Decrease in tumor volume
• Metastatic status 
• Type of IDRF (vascular, infiltrative, 

extensive, neurological)

143 children > 1 year age with unresectable 
(L2)  localized NB w/o MYCNA
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Surgical challenges of neuroblastoma surgery



Brisse HJ et al, PlosOne 2017



Abdominal -Pelvic NBL

L2

L2

L2

L1L2



Other abdominal locations

High risk of nephrectomy



Cervical – Thoracic NBLs

L2

L2 M



Manubrium

Pectoral muscle

First cartilage

Grunenwald D et al, Ann Thorac Surg 1997
El Madi A et al, PBC 2017

Sauvat F et al, Surgery 2006



Foroulis CN et al, J Thorac Disease 2013



Paravertebral NBL : risk of spinal canal extension



Dumbell NBL
1. Neurological impairment
- chemotherapy + steroid in emergency
- Neurosurgery only if neurological symptoms 

does not resolve
2. No neurological impairment

- Primary chemotherapy if IDRF + (> 1/3 
extension in the spinal canal in the axial plane)
• Surgery of the extraspinal component if IDRF -

L2L1

Plantaz D et al, Cancer 1996
De Bernardi B et al, JCO 2001

De Bernardi B et al, Pediatr Blood & Cancer 2014
Kraal K et al, Pediatr Blood & Cancer 2016

Trahair T et al, J Pediatr. 2017 
L.Pio et al, Pediatr Blood & Cancer 2019



Role of surgery in Neuroblastomas
• High Risk

• Pro: 
o La Quaglia MP et al, Stage 4 neuroblastoma diagnosed at more than 1 year of age: gross 

total resection and clinical outcome. J Pediatr Surg 1994
o La Quaglia M.P. The role of Primary Tumor resection in Neuroblastoma: When and How 

Much? Ped Blood Cancer, 2015
o Englum B.R. et al. Value of surgical resection in children with high risk neuroblasoma. 

Ped Blood Cancer. 2015
o Von Allmen D et al: Impact of Extent of Resection on Local Control and Survival in 

Patients From the COG A3973 Study With High-Risk Neuroblastoma,  JCO 2017
o Holmes K et al: Influence of surgical exicision on the survival of patients with 4 HR NBL: 

a report from the HR-NBL1/SIOPEN study, JCO 2020
• Contra: 
o Losty P.D.et al. Does aggressive surgical resection improve Survival in Advanced Stage 3 

and 4 Neuroblastoma? A Systematic review and meta-analysis. Ped Hemat Onco, 2014 
o Simon T. et al Role of surgery in the treatment of patients with stage 4 neuroblastoma 

age 18 months or older at diagnosis. J Clin Onco 2013

• Localized
o De Bernardi et al. Treatment of localised resectable neuroblastoma. Results of the 

LNESG1 study by the SIOP Europe Neuroblastoma Group. Br J Cancer 2008
o Fischer J et al, Complete surgical resection improves outcome in INRG high-risk patients 

with localized neuroblastoma older than 18 months, BMC cancer 2017.



Quality of resection improved 
EFS and OS in HR NBL

2002-2015
1531 patients



Neuroblastic
Tumours (n=259)

Resection 
(n=222)

Gross total 
resection  (GTR) 

(n=167, 75%)

>95% resection 
(n=44, 20%) 

Incomplete resection 
(debulking) (n=8, 3.6%)

Biopsy (n=3, 1.4%)
Biopsy (excluded)

(n=37)

Stage
L1: 114
L2: 40
M: 47
MS: 17
MYCN amplified: 26

Locations
Adrenal : 116
Abd non adrenal : 26
Thoracic: 77

Histology
Neuroblastoma 137
Ganglioneuroblastoma: 27
GGNB intermixed: 17
Ganglioneuroma: 38

Median age 3 years
Ø 18 mois: 150
Ø < 18 mois: 69



Risk factors in 
multivariate analysis
• Conversion
> 1IDRF & vol > 100ml
• GTR 
L2 & MYCA
• Recurrence
M
Complications
L2 & vol > 100ml

Gabra H et al, EJSO 2021 



Indications of MIS: L1 tumors +/- some L2

Stage L1

Stage L2



Multifocal ganglioneuroma in a 5 years old girl

1

2
3

2

5

3

5:Thoracotomy3 & 4 :
Thoracoscopic robot-

assisted

1

1

1

1.Presacral

2.Pre-renal

4

1 & 2 laparoscopic 
robot-assisted





Petite fille de 3 ans
Neuroblastome pelvien localisé, biologie favorable 

Vue latérale gauche

Vue postérieure gauche

Vue antéropostérieure

Vue antéropostérieure



Colloque de la recherche 2026 35



Preop

Postop
(3 mois )

Postop
(12 mois)

Vue postérolatérale droite

EJCPO 2024

Vue antéropostérieure Vue antéropostérieure



Suivi après la chirurgie

37

tumeur

bassin

sacrum

L5



Colloque de la recherche 2026 38

La chirurgie guidée par l’image



The International Neuroblastoma Surgical Report Form (INSRF)

To be integrated in each protocol database, filled by the surgeon

Matthyssens L et al, Ann Surg 2020



One SRF for every surgical procedure
(including biopsy)

q Diagnosis
q Relapse /Progression
q Other:…

q Needle cor biopsy 14-16 Ga
q Open
q Laparoscopic / Thoracoscopic
q Endoscopic
q Other: ….

BIOPSY

Timing
q Diagnosis
q During Induction (primary site resection)
q After induction
q After High dose CT
q Relapse/progression
q Other

Open
q Laparotomy
q Thoracophrenicolaparotomy
q Thoracotomy
q Clamshell
q Trap-door
q Transmanubrial
q Cervical incision

MIS
q Laparoscopy
q Thoracoscopy
q Both

Extent of resection
q Complete excision
q Minimal Residual Tumor < 5 cm3

q Incomplete excision > 5 cm3

q Other: ...

RESECTION

Matthyssens L et al, Ann Surg 2020



One SRF, for every anatomical region
CERVICAL(
1. Encasement+vascular+structures+
2. Encasement+neural+structures+
3. Infiltration+of+adjacent+organs+
4. Intraspinal+extension+

(
THORACICAL(/(MEDIASTINAL(
5. Encasement+vascular+structures+
6. Encasement+neural+structures+
7. Infiltration+of+adjacent+organs+
8. Intraspinal+extension+

(
ADRENAL(
9. Encasement+vascular+structures+
10. Encasement+neural+structures+
11. Infiltration+of+adjacent+organs+
12. Intraspinal+extension+
13. Bilateral+

(
ABDOMINAL/NON(ADRENAL(
14. Encasement+vascular+structures+
15. Encasement+neural+structures+
16. Infiltration+of+adjacent+organs+
17. Intraspinal+extension+

(
PELVIC(
18. Encasement+vascular+structures+
19. Encasement+neural+structures+
20. Infiltration+of+adjacent+organs+
21. Intraspinal+extension+

(
OTHER(
(
(
SURGICAL(METASTATIC(SITE(
22. Brain+
23. Liver+
24. Lung+
25. Lymph+nodes+

Other:+…+

Matthyssens L et al, Ann Surg 2020



One SRF, for all structures involved
!

VASCULAR(INVOLVEMENT( Side(
Involvement:(
Encasement:((
(>50%(circumference)(

Injury( Solution(
Macroscopic(residual(
tumor(

□ Carotid!artery! □ L!
□ R!
□ Bilateral!

□ Encasement!
□ Adherent!

□ No!!
□ Yes!

□ Repair!
□ Reconstruction!
□ Ligation!

□ No!!
□ Yes!

1. Jugular!vein! □ L!
□ R!
□ Bilateral!

□ Encasement!
□ Adherent!

□ No!!
□ Yes!

□ Repair!
□ Reconstruction!
□ Ligation!

□ No!!
□ Yes!

□ Subclavian/innominate!
artery!

□ L!
□ R!
□ Bilateral!

□ Encasement!
□ Adherent!

□ No!
□ Yes!

□ Repair!
□ Reconstruction!
□ Ligation!

□ No!
□ Yes!

Matthyssens L et al, Ann Surg 2020



One SRF, for all complications & management

Matthyssens L et al, Ann Surg 2020



Conclusions
• Neuroblastomas are heterogenous in their clinical presentation and biology depending 

on their origin in the sympathetic system
• Treatment is mostly multimodal and neoadjuvant chemotherapy is indicated in all HR 

tumours and in localized L2 tumours
• The wait and see strategy apply to 
• perinatal NB
• L1- LTS neg - NCA tumours in children less than 18 months

• Surgery should be discussed if the tumour is persisting after observation
• Resection should be as complete as possible but safe – residue being treated by 

radiotherapy in tumours with intermediate or high risk
• MIS is a good option in L1 tumours
• INSRF should be used to better compare surgical series
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