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A B S T R A C T   

Olfactory neuroblastoma (ON) is a rare tumor commonly presenting between 50 and 60 years of age. In pediatric 
age this tumor is even rarer, with an estimated incidence of 0.1 per 100,000 children up to 15 years. It arises from 
the olfactory neurorepithelium of the nasal cavity, and it can be locally aggressive, spreading to the orbital 
cavity, skull base, intracranial cavity. In rarer cases it can also give distant metastasis, more frequently to 
regional lymph nodes and less commonly to distant sites like liver, lungs and bones. Prognosis varies depending 
on the stage at presentation (including dural invasion, regional nodal involvement, and distant metastasis), the 
histological grade, and aspects related to the treatment, such as the possibility to achieve clear margins with 
surgery and the multimodal approach. Chemotherapy, surgery and radiotherapy have been used to treat these 
patients and the different approaches have been reported in the literature. Given the rarity of the disease no 
shared guidelines exist for the management of this entity in children, but some suggestions can be given to 
optimize the ON management. 

This study presents the internationally recognized recommendations for the diagnosis and treatment of ON in 
children and adolescents, established by the European Cooperative Study Group for Pediatric Rare Tumors 
(EXPeRT) group within the EU-funded project Pediatric Rare Tumors Network - European Registry (PARTNER).   

1. Introduction 

Olfactory neuroblastoma (ON), also known as esthesioneuro
blastoma, is a rare neuroectodermal tumor, originating from the olfac
tory neuroepithelium of the nasal cavity. It accounts for 1–5% of 
intranasal tumors with an estimated incidence of 0.4 per million popu
lation in adults [1–3]. No gender predisposition has been reported. The 
distribution of age is unimodal with the majority of patients diagnosed 
in the fifth to sixth decades of life and less than 10% of cases occurring in 
patients younger than 20 years [4,5]. In children, ON represents the 
most frequent malignancy of the nasal cavity, but it is extremely rare 
with an estimated incidence of 0.1 per 100,000 children up to 15 years. 
ON can spread from the nasal cavity into the paranasal sinuses, the or
bits and – through the lamina cribiformis – into the cranial cavity. 
Lymphatic dissemination occurs in up to 25% of patients, mainly to 
regional cervical lymph nodes [6–9]. Distant metastases occur in less 
than 10% of patients and may involve lungs, central nervous system, 
bone, liver, and bone marrow [10–12]. Given the rarity of these tumors, 
no standardized recommendations for the diagnosis and therapeutic 
management are available in children. The European Cooperative Study 
Group for Pediatric Rare Tumors (EXPERT) started its activity in 2008 as 
a collaboration between national cooperative groups dedicated to very 
rare tumors (VRT) in children. From the beginning, it was recognized 
that in pediatric VRT randomized or even observational prospective 
clinical trials were very difficult to perform due to the low number of 
affected patients. With this limitation, EXPeRT worked to establish 
recommendations for a series of VRT occurring in pediatric age [13]. 
This document is part of this effort. 

2. Methodology 

According to the Consensus Conference Standard Operating Pro
cedure methodology, the levels of evidence can be classified from levels 
of evidence I to V and grades of recommendation A to E (Table 1) [14]. 
For ON no level I, II, III evidence exists. These recommendations have 
been developed from retrospective series (level IV), case reports (level 
V), and personal expertize (level V). 

3. Initial assessment 

3.1. Clinical presentation 

Clinical manifestations may persist for months prior to ON diagnosis 
and include headaches, sinusitis-like symptoms, unilateral nasal 
obstruction, recurrent epistaxis, and – less common – a visible intranasal 
mass or anosmia and explain why these patients are often first seen by 
Ear Nose and Throat (ENT) specialists [8,12]. Tumors extending beyond 
the nasal cavity may present with visual dysfunction or exophthalmos. 
Occasionally, hormone excess syndromes like inappropriate antidiuretic 
hormone secretion or Cushing syndrome have been reported [15]. 

Table 1 
Levels of evidence and grades of recommendation (adapted from the Infectious 
Disease Society of America-United States Public Health Service Grading System) 
(Orbach 2021).  

Levels of evidence 
I Evidence from at least 1 large randomized, controlled trial of good 

methodological quality (low potential for bias) or meta-analyses of well- 
conducted randomized trials without heterogeneity 

II Small randomized trials or large randomized trials with a suspicion of bias 
(lower methodological quality) or meta-analyses of such trials or of trials with 
demonstrated heterogeneity 

III Prospective cohort studies 
IV Retrospective cohort studies or case-control studies 
V Studies without control group, case reports, expert opinions 
Grades of recommendations 
A Strong evidence for efficacy with a substantial clinical benefit, strongly 

recommended 
B Strong or moderate evidence for efficacy but with a limited clinical benefit, 

generally recommended 
C Insufficient evidence for efficacy or benefit does not outweigh the risk or the 

disadvantages (adverse events, costs, …), optional 
D Moderate evidence against efficacy or for adverse outcome, generally not 

recommended 
E Strong evidence against efficacy or for adverse outcome, never recommended  

1 ORCID 0000 0003 0573 8576  
2 ORCID: 0000–0003-2977–5304  
3 ORCID: 0000–0001-8331–3480  
4 ORCID: 0000–0002-3362–3509  
5 ORCID: 0000–0003-1219–727X  
6 ORCID: 0000–0001-6418–0360  
7 ORCID 0000–0002-2091–2686  
8 ORCID 0000–0001-7093–8975  
9 ORCID: 0000–0003-4031–6619  

10 ORCID: 0000–0001-7603–7828  
11 Orcid: 0000–0002-3651–9416  
12 Orcid: 0000–0001-7973–3300  
13 Orcid: 0000–0000-4724–0517  
14 Orcid: 0000–0002-2529–139X 
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3.2. Imaging assessment 

The primary tumor and its locoregional extension (including the 
neck) should be evaluated by cranial magnetic resonance imaging 
(MRI), to identify loco-regional invasion (orbital, meningeal, intrace
rebral extension, soft tissue involvement) and computed tomography 
(CT) with contrast enhancement, for assessing bone erosion, particularly 
at the cribriform plate, orbit, and air sinuses [16,17] [Level IV; Grade A]. 

18F-Fluorodeoxyglucose Positron Emission Tomography combined to 
whole-body (low-dose) CT scan (18F-FDG PET/CT) are also indicated in 
diagnostic workup to assess the metabolic activity of primary tumor and 
to detect regional extension, especially neck lymph nodes involvement 
[18] [Level IV; Grade B]. When nodal staging is doubtful, nodal biopsy 
should be recommended [Level IV; Grade A]. The value of 18F-FDG PET 
combined to MRI is not defined yet [Level V; Grade C]. 

Distant metastasis can occur at skeletal bone, followed by lungs and 
liver [19]. Initial staging should include chest CT scan to detect pul
monary metastases [Level IV; Grade B] and abdominal ultrasound for 
hepatic metastases [Level IV; Grade B]. 18F-FDG PET/CT was so far not 
routinely performed for staging evaluation but it could be of help in 
detecting bone lesions [Level IV; Grade B]. MetaIodoBenzylGuanidine 
(MIBG) scintigraphy has been reported to give positive results in one 
single patient with ON, therefore it is not routinely recommended [20] 
[Level V; Grade C]. 

[68Ga]-DOTATATE PET combined with whole-body imaging (CT or 
MR) shows to play a role in clinical practice allowing diagnosis, staging, 
and treatment-response monitoring, but it is not routinely recommended 
[Level V; Grade C]. Some case reports described the improved resolution 
and decreased radiation dose exposure in case of somatostatin receptor 
(SSTR)-targeted PET imaging, exploiting the (SSTR) expression of ON 
[21] [Level V; Grade C]. 

MRI and CT scan should also be performed to evaluate response to 
chemotherapy and to plan local treatment every 2 cycles. Imaging 
evaluation should include all primary involved sites [Level V; Grade B]. 

3.3. Diagnosis 

Histopathological evaluation is mandatory after biopsy or upfront 
resection, to confirm the clinical suspicion and allow the histological 
stratification of ON (Level IV; Grade A). A revision of the histological 
slides by a pathologist with proven experience in pediatric tumors and 
especially in head and neck tumors is highly recommended [Level IV; 
Grade A]. Biopsy should be performed preferentially with a transnasal 
technique [Level IV; Grade A]. 

3.4. Histopathology 

The four-tiered Hyams system recognizes well (I, II) and least 
differentiated (III, IV) ON, based on architecture, pleomorphism, 
neurofibrillary matrix, rosettes, mitoses, necrosis, and calcifications 
[22]. This grading system should be used to grade ON at initial diagnosis 
[Level IV; Grade A]. 

Immunohistochemically ON express neuroendocrine markers; S100- 
protein, pan cytokeratins (focal staining in 1/3 of cases), in contrast with 
strong and diffuse positivity in neuroendocrine carcinoma or non- 
intestinal adenocarcinoma carcinomas of sinonasal tract [23]. Immu
nohistochemical staining for calretinin has been reported to be helpful 
to differentiate from other small round blue cells tumor and should be 
included in the panel [Level IV; Grade B]. Ki-67 proliferation index 
varies according to tumor grade [23]. 

3.5. Molecular pathology 

ON is genetically heterogeneous. In a recent study 68% of ON 
harbored at least one somatic mutation, including TP53 (17%), PIK3CA, 
NF1, CDKN2A, and CDKN2C [24]. FGFR3 and CCND1 copy number 

alterations are also reported [25]. Methylation profiling has demon
strated that classic ON form a distinct group, while other ON with var
iable immunophenotype, especially strong cytokeratin expression, or 
selected molecular alterations (such as IDH2 mutations) clustered with 
sinonasal adenocarcinoma, squamous cell carcinoma, and undifferenti
ated carcinoma, highlighting the blurred border with these entities [24]. 
Moreover, any characteristic fusion transcript has not been described, 
helping in the differential diagnosis with other entities. 

3.6. Staging system 

Modified Kadish staging is widely used to define the local tumor 
extension including four different groups based on the anatomical 
extension of the tumor: stage A, B, C, D [26,27] (Table 2). Authors 
suggest adopting the modified Kadish staging system in pediatric setting 
[Level IV; Grade B]. Dulguerov’s staging system is more used in adult 
setting, it is based on the TNM classification of pretreatment imaging 
(CT and MR) findings and it is more specific in the description of the 
involvement of cribriform plaque, and intracranial but extradural tu
mors [19,22] (Table 3). 

4. Treatment details 

4.1. General considerations 

Given the rarity of ON, the discussion by a Multidisciplinary Team 
(MDT) is highly recommended early in the process, and before any 
invasive procedure [Level V; Grade A]. 

The MDT has the aim to represent the different skills needed for the 
best diagnosis and treatment possible and should include radiologist, 
pathologist, pediatric oncologists, ENT surgeons, neurosurgeon, plastic 
surgeon, radiation oncologists, all with pediatric expertize. 

After the MDT discussion the diagnosis must be confirmed with a 
biopsy [Level V; Grade A]. After histological confirmation of ON and 
complete staging results available, the MDT must discuss the most 
adapted treatment strategy, considering that multimodal treatment has 
been associated to better prognosis in advanced disease and that the 
following prognostic factors that have been associated to a worse 
outcome [11] [Level V; Grade A]:  

• High histopathological grade [22]  
• High Kadish stage [12]  
• Dural infiltration [28]  
• Metastases to the cervical lymph nodes or distant sites [4]  
• Positive surgical margin status [29] 

In children, ON usually presents with an advanced stage requiring a 
multimodal approach, including chemotherapy, surgery and radio
therapy [9] (Fig. 1). 

Table 2 
Modified Kadish staging system and distribution of the stages in a pediatric 
cohort [9].  

Stage Extension Stage distribution in 
children 

A tumor confined to the nasal cavity 2.1% 
B tumor involving the nasal cavity and extending into 

the paranasal sinuses 
28.7% 

C tumor extending beyond the nasal cavity and 
paranasal sinuses (includes involvement of orbit, 
base of skull, intracranial cavity, cribriform 
lamina) 

60.6% 

D Involvement of cervical lymph nodes or distant 
sites. 

8.5%  
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4.2. Chemotherapy 

ON in pediatric patients is considered a chemosensitive tumor with a 
reported overall response rate between 65% and 70% [6,8,12,30]. In 
some cases, complete remission (CR) after chemotherapy has also been 
reported [8,30]. Different regimens have been used in different settings, 
as neoadjuvant and/or adjuvant therapy. Commonly used regimens 
have been cisplatin/etoposide or carboplatin/etoposide (neuro
blastoma-based regimen), vincristine/doxorubicin/cyclophosphamide 
or vincristine/ifosfamide/actinomycin (sarcoma-based regimen). Data 
are limited to perform a comparison between the different regimens and 
thus there is no consensus on which type of chemotherapy should be 
used. The number of cycles is also controversial. In literature, the 
duration of chemotherapy ranged from 4 to 15 cycles [11]. Venka
tramani et al. reported a very good partial response after four cycles, 
moreover events seem to occur early in the course of disease, suggesting 
that local treatment should not be delayed [6,12]. In advanced stages 
(Kadish C and D) polychemotherapy should be used in the neoadjuvant 
setting to maximize the reduction of tumor volume and enable surgical 
resection [Level V; Grade B]. Anyway, surgery should not be delayed, to 
avoid early local progression during chemotherapy [Level V; Grade B]. 
Platinum-based regimens or alkylating agents may be considered as the 

first option [Level V; Grade C]. Adjuvant chemotherapy should also be 
considered for these patients, for at least two additional cycles with 
platinum-based regimens or alkylating agents according to the previous 
response [Level V; Grade C] (Fig. 1). 

Metabolic therapy can be mentioned as a future perspective for ON 
treatment, given the positivity of SSTR [28] [Level V; Grade C]. 

4.3. Surgery 

Surgery plays a key role in the multidisciplinary management of ON. 
Only Kadish stage A tumors, especially when presenting with low-grade 
histology (Hyams grade I-II), may be treated by resection only and 
therefore must be carefully selected [5] [Level V; Grade B] (Fig. 1). 

The choice of the approach is based on a careful study of the imaging, 
with the aim to obtain an R0 resection. Historically, the surgical 
approach consisted of an external anterior craniofacial resection. The 
development of transnasal endoscopic surgery (TES) as an alternative to 
open procedures (OP) has been a major advancement, also for children 
[31,32]. There are no prospective studies comparing the results of TES 
vs OP, however, some data highlight that survival outcomes of TES are 
similar to those of OP [33] (Level IV, Grade B). The indications for TES 
have been defined by the Consensus Statement on Endoscopic Skull Base 
Surgery (ICAR:ESBS) which indicates that Kadish A and B ON should be 
resected endoscopically [34] (Level IV, Grade A). Kadish C tumors are 
amenable to TES when negative margins can be obtained. Otherwise, it 
is mandatory to combine TES with an OP. In adults, there are five critical 
extents which lead to consider a tumor unresectable: involvement of the 
orbital apex, cavernous sinus or optical chiasm, encasement of the in
ternal carotid artery, massive brain invasion with perilesional edema 
and major vessels involvement (i.e. anterior cerebral artery) 
(ESMO-ERN Clinical Practice Guidelines for Sinonasal Epithelial 

Table 3 
Dugluerov modified TNM staging system.  

Stage Extension 

T1 Tumor located in the nasal cavity, paranasal sinuses 
T2 Involvement of sphenoid with extension to/erosion of the cribriform lamina 
T3 Extension to orbital cavity, anterior cranial fossa without dural invasion 
T4 Tumor involving brain  

Fig. 1. Overall strategy proposal by the European Cooperative Study Group for Pediatric Rare Tumors (EXPeRT) groups for pediatric patients with thymoma ac
cording to Kadish–Morita staging system. 
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Malignancy, in press 2023). However, in the pediatric/adolescent age 
the presence of other patterns of extension, which would require a 
resection associated with major functional and/or esthetic sequelae, can 
reasonably lead the multidisciplinary team to favor a primary 
non-surgical treatment (Level V, Grade C). 

In patients with positive cervical nodes amenable to resection, lymph 
neck dissection could be indicated (in addition to neck radiotherapy) 
[19] (Level V, Grade B). Prophylactic nodal dissection of neck area does 
not seem justified in relation to the low rate of occult metastasis at 
diagnosis in the pediatric/adolescent age group (Level V, Grade B). 

4.4. Radiotherapy 

Radiotherapy (RT) is a cornerstone in the treatment of ON. Retro
spective studies in the pediatric populations have described a dose range 
between 45.0 and 70.2 Gy (Table 4) using photon-based conformal 

therapy. However, promising results have come from the use of proton 
therapy with overall good outcomes in pediatric ON patients [7] [Level 
IV; Grade C]. 

Based on the Kadish stage at diagnosis, RT indications can be sum
marized as follows:  

• In stage A, a local approach with surgery should be used. Exclusive 
primary RT has been discussed, but, because of the late toxicity, 
cannot be recommended routinely (Level IV; Grade D]. If surgery is 
used and the margins are clear (R0), RT omission could be discussed; 
if surgical margins are positive or if there is residual disease, adju
vant RT needs to be done [Level IV; Grade B].  

• In stage B, surgery followed by adjuvant RT is recommended [Level 
IV; Grade B].  

• In stage C, neoadjuvant treatment with chemotherapy followed by 
RT or surgery if the tumor is unresectable or resectable, respectively. 

Table 4 
RT in ON from published pediatric cohorts.  

Retrospective study 
reference 

Overall 
number of 
patients 

Number of 
RT patients 
(%) 

Median dose 
delivered (Gy) 

Kadish grade 
of RT patients 
(total patients) 

Median age of RT 
patients by 
Kadish 

Median dose (Gy) 
delivered by Kadish 
grade 

Type of RT 
delivered 

Outcome and median 
FU 

Dumont et al., 
Pediatr Blood 
Cancer, 2020 

18 11 (61%) 56.3 Gy 
(range: 
54–60 Gy) 

A = 1[1] 
B = 3[3] 
C = 6[10] 
D = 1[4] 

A = 13 yrs 
B = 13yrs 
C = 10.5 yrs 
(range: 7-14 yrs) 
D = 16 yrs 

A = 56 Gy 
B = 54 Gy (range: 
54 Gy-56 Gy) 
C = 56 Gy (range: 
54 Gy-60 Gy) + 48 Gy 
prophylactic neck (1/ 
6) 
D = 58 Gy primary 
site + 58 Gy curative 
neck 

EBRT 
Photons 

A = 100% alive, FU 
74 months 
B = 100% alive, 
median FU 86 months 
(range: 55-185 
months) 
C = 66% alive, 
median FU 73 months 
(range: 13-250 
months) 
D = 0% alive, FU 24 
months 

Venkatramani 
et al., Pediatr 
Blood Cancer 
2016 

24 21 (87.5%) 56 Gy (range: 
45–68.4 Gy) 

B = 6[8] 
C = 15[16] 

B = 14 yrs 
(range: 5-19 yrs) 
C = 14 yrs 
(range: 6-20 yrs) 

B = 55.8 Gy (range: 
50–60 Gy) 
C = 59.4 Gy (range: 
45–68.4 Gy) 

EBRT 
Photons 

B = 66% alive, 
median FU 57.5mo 
(range: 27-92 
months) 
C = 80% alive, 
median FU 35 months 
(range: 6-263 
months) 

Lucas et al., Pediatr 
Blood Cancer 
2015 

8 8 (100%) 59.4 GyRBE 

(range: 
54–70.2) 

B = 3[3] 
C = 1[1] 
D = 4[4] 

B = 9 yrs (range: 
4-11 yrs) 
C = 4 yrs 
D = 15 yrs 
(range: 6-21 yrs) 

B = 59.4 Gy (range: 
54–59.4 Gy) 
C = 59.4 Gy 
D = 59.4 Gy (range: 
54–70.2 Gy) 

EBRT 
Protons 

B = 66.7% alive, 
median FU 9.6 
months (range: 0.63- 
112.8 months) 
C = 100% alive, FU 
33.6 months 
D = 100% alive, 
median FU 46.2 
months (range: 3.6- 
91.2 months) 

Kababri et al., J 
Pediatr Hematol 
Oncol 2014 

11 10 (91%) 55 Gy (range: 
50–65 Gy) 

B = 4[5] 
C = 6[6] 

B = 14.5 yrs 
(range: 10- 
18 yrs) 
C = 13.5 yrs 
(range: 4-16 yrs); 

B = 55 Gy (range: 
54–65 Gy); 
C = 57 Gy (range: 
50–60 Gy) 

EBRT 
Photons 

B = 100% alive, 
median FU 102 
months (range: 47- 
121 months) 
C = 83.3% alive, 
median FU 105 mo 
(range: 9-197 
months) 

Bisogno et al., BMC 
Cancer 2012 

9 8 
(89%) 

53 Gy (range: 
47–60 Gy) 

B = 3[3] 
C = 4[6] 

B = 11 yrs 
(range: 10- 
16 yrs) 
C = 11 yrs 
(range: 2-18 yrs) 

B = 50 Gy (range: 
48–60 Gy); 
C = 56.5 Gy(range: 
47–60 Gy); 

EBRT 
Photons 

B = 100% alive, 
median FU 156 
months (range: 133- 
168) 
C = 100% alive, 
median FU 224 
months (range: 
138–276) 

Eich et al., 
Strahlenther 
Onkol 2005 

19 15 (79%) 50 Gy (range: 
32–60 Gy)    

EBRT 
Photons  

Kumar et al., JPHO 
2002 

5 4 
(80%) 

50 Gy (range: 
45–55 Gy)    

EBRT 
Photons  

Abbreviations: EBRT, external beam radiotherapy; FU, follow-up; Gy, gray; yrs, years. 
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In addition, prophylactic irradiation to the cervical nodes (level I,II, 
III, retropharyngeal) is warranted [Level IV; Grade B].  

• In stage D chemotherapy first is mainly used, with RT to local and 
metastatic sites either with ablative or palliative intent to be dis
cussed in a multidisciplinary setting [Level IV; Grade C]. 

The dose of the adjuvant RT after surgery is 54 Gy if R0, 60 Gy if R1, 
or 66–70 Gy if R2 [5]. Conversely, for neck irradiation in N+ patients 
the suggested dose ranges between 66–70 Gy. For prophylactic irradi
ation of the neck the suggested dose is 50 Gy (Perez & Brady). For 
distant metastases, palliative dose of 5 × 4 Gy or 10 × 3 Gy can be used. 

4.5. Targeted therapy 

Considering the multimodal approach in the first line treatment of 
ON, targeted therapies might be considered for recurrent or 
chemotherapy-resistant ON, after MTD discussion [Level V; Grade A]. 

However, only a few studies focused on the molecular aspects of ON, 
usually performed in adults. Only cases reports describing the use of 
targeted therapy in adults with recurrent ON are available in the liter
ature and can be summarized as follows:  

- durable response to pazopanib in an adult patient with multiple 
recurrent and heavily pretreated advanced ON [35].  

- CR after cetuximab and sunitinib in a patient with ON relapse and 
somatic alterations in the EGFR, FGFR2, KDR and RET genes [36]. 

- SD for 15 months in a patient with recurrent ON treated with Suni
tinib [37]. 

- Partial response to bevacizumab after 2 months of treatment, fol
lowed by SD for almost 2 years [38]. 

A clinical trial to assess the effectiveness of bintrafusp alfa 
(NCT05012098) is currently open for adult patients with recurrent or 
metastatic ON. 

5. Recurrent disease 

The 5-year EFS in pediatric cohorts ranges from 44.4% to 91% [6,8, 
11,12,30]. In the cohort described by Dumont five patients out of 18 had 
an early progression. For three of them, progression of the tumor 
occurred early, before the local therapy [12]. Data on the treatment of 
recurrent and progressive pediatric ON are very scarce. In the French 
study all patients with relapse or progression of the disease died despite 
further lines of treatment [12]. In the Italian pediatric cohort, 4 patients 
out of 7 who relapsed died (3 due to further PD, 1 due to the treatment 
complications) [8]. Similarly, in the German pediatric cohort, 4 out of 7 
relapsing patients died [11]. All authors have underlined worse out
comes in patients with high Kadish stage (C and D) and high-grade of the 
tumor (Hyams III and IV). Based on the data from small retrospective 
pediatric studies, treatment of relapse of ON is very challenging, mo
lecular profiling should be performed early and therapeutic strategy 
should always be discussed within the MDT [Level V; Grade A]. 

6. Recommendations for follow up 

Due to the possibility of relapse, a surveillance for at least 5 years is 
strongly advised. In literature, there is no standardized follow-up 
schedule available, but the following protocol has been suggested [19] 
[Level V; Grade B]:  

- contrast-enhanced MR of primary tumor site (including the neck) 
performed 2 to 4 months after the end of therapy.  

- MRI every three months in the first year  
- MRI every six-month in the second year  
- MRI yearly until five years after completing treatment 

In addition, a chest X-ray to detect lung metastasis should be per
formed every year. Imaging studies should include every tumor site 
(primary tumor ± metastatic sites), and additional evaluation should be 
proposed according to clinical symptoms [Level V; Grade C]. 

7. Sequelae of the treatment 

Post-surgical acute adverse effects include cerebrospinal fluid (CSF) 
leakage (less common after endoscopic nasal approach, sinusitis, men
ingitis, and anosmia [8,12]. 

After radiotherapy acute AEs include dermatitis, mucositis, rhinitis, 
tissue necrosis, dysphagia [7]. Late AEs due to RT highly depend on the 
age of the patient at irradiation and include facial scoliosis, endocrine 
disorders, cataracts, retinopathy, optic neuritis, keratitis or second tu
mors [6]. 

Standard chemotherapy based on cisplatin, etoposide, doxorubicin 
or ifosfamide can cause acute complications such nausea, weight loss, 
vomiting, febrile neutropenia, mucositis, and chronic disturbances like 
hearing defects, cardiac and renal complications [7]. 

8. Conclusion 

In conclusion, ON is a very rare tumor in pediatric age and given its 
rarity shared guidelines do not exist. In children, it often presents with 
local advanced stage and MTD discussion to plan a multimodal approach 
should be considered as the best strategy to treat these patients. In 
addition, relapse can occur early, justifying the inclusion of molecular 
diagnosis in the diagnostic approach. 

Moreover, functional sequelae related to surgery and radiotherapy 
are common and should be actively followed-up for a correct 
management. 
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