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Background: Esthesioneuroblastoma (ENB) is a rare neuroectodermal tumor that seldom occurs
during childhood. Multimodal treatments are currently proposed, but the place of each therapy is

determine contributors to tumor progression.

Procedure: Medical charts of all children (<18 years) affected by ENB treated in France from Jan-
uary 1990 to December 2015 were retrospectively analyzed.

Results: Eighteen patients were selected (10 males). Median age at diagnosis was 12.2 years (0.9-
18). Tumor extension was Kadish stage A (n = 1), B (n = 3), C (n = 10), and D (n = 4). Hyams histo-
logical grades were | (n= 1), Il (n=3), lll (n=6),and IV (n = 6) (in two cases not defined). Initial cer-
vical nodal spread was assessed by magnetic resonance imaging (n = 15), computed tomography
scan (n = 16), fluorodeoxyglucose-positron emission tomography-computed tomography (n = 7),
and cytological/histological analysis (n = 2). N1 stage was confirmed by imaging in two of 18 cases
and one of two cases had cervical node dissection with neck irradiation (58 Gy). After a median
follow-up of survivors of 7.6 years (3.8-17.9), 10 patients developed neuromeningeal progression,
whereas no cervical nodal relapse occurred and only eight survived. Both 5-year overall and event-

free survival rates were 44.4% (+11.7%).

Abbreviations: CFR, craniofacial resection; CNS, central nervous system; CPNI, cervical prophylactic nodal irradiation; CR, complete remission; CT, computed tomography; EER, endoscopic
endonasal resection; EFS, event-free survival; ENB, esthesioneuroblastoma; FDG, fluorodeoxyglucose; PET/CT, positron emission tomography-computed tomography; RT, radiation therapy;
SFCE, Société Francaise de lutte contre les Cancers et les leucémies de I'Enfant et de I'adolescent; SUV, standardized uptake value.
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1 | INTRODUCTION

Esthesioneuroblastoma (ENB) or olfactory neuroblastoma (ICD-O
M9522/3) is a neuroectodermal tumor originating from neural crests.
It derives from the olfactory neuroepithelium of the nasal vault. This
malignant tumor remains exceptional during childhood with less than
100 cases reported up to now.1-¢ It mainly occurs during adolescence
(median age: 9.9-14 years). In adulthood, ENB represents 3-6 % of
all sinonasal tumors, whereas this site in children is dominated by
rhabdomyosarcoma.” At diagnosis, clinical signs are nonspecific with
nasal obstruction, rhinorrhea, or epistaxis.> Physical signs depend on
tumor location and its extent. Initial presentation may mimic benign
infections and delay the diagnosis. A magnetic resonance imaging fol-
lowed by an endoscopic investigation is useful, allowing local disease
staging and tumor biopsy. A pathological Hyams grading system uses
histological criteria such as glandular differentiation, the presence of
mitosis and necrosis to evaluate tumor differentiation.® Initial pre-
sentation in children differs from adults often because of large tumor
extension often involving the eye socket and causing ophthalmological
signs, which is the second most frequent sign after nasal obstruction.”
Local extension may concern paranasal sinuses, the eye sockets and
the skull base with involvement of the cavernous sinus, and eventu-
ally the central nervous system (CNS) with the risk of leptomeningeal
involvement. Metastatic extension may involve cervical adenopathy
and other distant organs (bone, liver, and lung). Tumor staging is usu-
ally described with the Kadish system.?1° However, this remains con-
troversial and other staging systems have emerged, such as the TNM
staging system.11

The current treatment strategy in adults includes surgery followed
by radiation therapy.12-16 Chemotherapy might be used in case of
high-grade, recurrent, or locoregionally advanced tumors.17-1? |n
pediatric cases, chemotherapy combined with surgery and radio-
therapy (RT) is often the treatment of choice in advanced diseases
compared to adult ones.3¢ The incidence of cervical node metastases
is about 10% at diagnosis but can increase to 20% during the disease
in adults.20-22 | ocal control with surgery and radiotherapy is a corner-
stone of the treatment to avoid local and regional relapse. CNS relapse
is described in pediatric ENB.4 CNS and leptomeningeal involvement
harbor a very bad prognosis. However, radiation therapy indications
have to be discussed because of the late effects in the specific pediatric
population.

Our objective is to retrospectively describe the initial presenta-
tion and outcome of a pediatric patient cohort affected by ENB and

treated with a multimodal strategy in order to describe the pattern of

Conclusions: The poor prognosis is mainly related to neuromeningeal dissemination that should

be considered during treatment strategy. However, cervical lymph node relapse is rare.

children, esthesioneuroblastoma, leptomeningeal relapse, olfactory neuroblastoma, radiotherapy,

loco-regional relapsein relation with treatments. Secondary objectives
are to identify contributors associated with relapse type and survival
rates in children, the benefit of cervical prophylactic nodal irradiation
(CPNI), and discuss the current treatment strategy through compar-
isons with adult recommendations.

2 | METHODS

This retrospective national study selected all French patients from O
to 18 years of age with a diagnosis of ENB or olfactory neuroblas-
toma (ICD-O M9522/3) confirmed by expert pathologists and treated
from January 1990 to December 2015. Cases were extracted from the
French Registre National des Tumeurs Solides de I'Enfant, the rare pedi-
atric tumor study group database (Fracture),2® and by directly ques-
tioning clinicians and pathologists at the Société Francaise de lutte contre
les Cancers et les leucémies de I'Enfant (SFCE). This study complied with
the reference methodology MR-004 from the Commission Nationale de
I'Informatique et des Libertés (CNIL). Institutional review board approval
was obtained for the study.

The clinical presentation, radiological pattern and histological char-
acteristics, treatment, evolution, and complications were directly
extracted from the medical file. Diagnostic imaging classified the pri-
mary tumor according to modified Kadish criteria: stage A, tumor lim-
ited to the nasal cavity; stage B, tumor infiltrating the paranasal cav-
ities; stage C, tumor extended beyond the paranasal cavities infiltrat-
ing the orbital cavity, skull base, or CNS; stage D, regional extension
(cervical adenopathy) or distant sites.?*10 “Locoregional dissemination”
referred to the involvement of the sinonasal tract directly in con-
tact with primary tumor, the cervical lymph node, the anterior cranial
fossa, and the leptomeningeal compartment due to the proximity of the
tumor’s origin site and the dura mater.

The lesion was histologically graded in accordance with the Hyams
classification when the histological report mentioned it but no spe-
cific pathological review was done.® In addition, we compared two dis-
tinct risk groups of ENB: low grade (Hyams | and II) and high grade
(Hyams Il and 1V). Patients with lumbar puncture at diagnosis were
recorded.

The response to induction chemotherapy was evaluated after two
to three courses according to the RECIST (Response Evaluation Cri-
teria In Solid Tumors) 1.1 criteria.2* Treatment-related sequelae were
classified according to the National Cancer Institute (NCI) Common
Terminology Criteria for Adverse Events (CTCAE) (v4.03).
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(Continued)

TABLE 1

Radiotherapy Cervical
on primary

(Gy)
No

Dulguerov
TNM

Kadish

Follow-up

radiotherapy

(Gy)
No

Neck

Adjuvant

Tumor

Neoadjuvant

(metastatic
sites)

Age
Patient (year)

16

(months)

Outcome

dissection

No

chemotherapy Surgery
No

response
PR

chemotherapy
2VP16-

staging

Sex
F

DOD

No

T4NOM1

D (CSF, BM)

0.9

carboplatin/
21E/2VDC

3VP16-

No DOD

No

No No

No

PR

D (LN, bone) T3N1M1

10

17

DUMONT ET AL.

carboplatin/

2 CADO
1IVA/1IVA+

15

No DOD

No

No No

No

PR

D (BM, liver) T4NOM1

M

18

VCR J8-J15/
3VP16-

carboplatin/
2 CADOX

presence of lymph node

tumor infiltrating the paranasal sinuses, C = tumor extending beyond the nasal cavities and sinuses, D

= tumor limited to the nasal cavity, B =

In accordance with Kadish’s criteria (A

tumor involving the nasal cavity and/or paranasal sinuses [excluding sphenoid], sparing the most superior ethmoidal cells, T2 = tumor involving the nasal

or distant metastases) and Dulguerov TNM staging (T1

tumor extending into the orbit or protruding into the anterior cranial fossa, without dural invasion,

cavity and/or paranasal sinuses [including the sphenoid] with extension to or erosion of the cribriform plate, T3

distant metastasis).

Abbreviations: Adria, adriamycin; BM, bone marrow; CADO, cyclophosphamide-adriamycin-vincristine; CADOX, cyclophosphamide-adriamycin-vincristine-cardioxane; CSF, cerebrospinal fluid; DOD, dead of dis-

ease; DOT, dead of toxicity; EDX, cyclophosphamide; IE, ifosfamide-etoposide; IFO, ifosfamide; IVA, ifosfamide-vincristine-D-actinomycin; LN, lymph node; PD, progressive disease; PR, partial response; SD, stable

disease; VAI, vincristine-adriamycin-ifosfamide; VCR, vincristine; VDC, vincristine-doxorubicin-cyclophosphamide; VIDE, vincristine-ifosfamide-doxorubicin-etoposide; VP16, etoposide.

no metastasis, M1

any form of cervical lymph node metastasis, MO

no cervical lymph-node metastasis, N1

tumor involving the brain, NO =

T4=

TABLE 2 Clinical signs at diagnosis

Symptoms? Number of patients
Epistaxis

Nasal obstruction
Diplopia/visual disorder
Tumor mass
Exophthalmos
Headache/facial pain
Nausea/vomiting
Hyposmia/anosmia

Chronic rhinitis

P R, N 0NN 00 0 0 o

Asymptomatic (cranial trauma)

2@Multiple possible.

2.1 | Statistical analyses

Event-free survival (EFS) was defined as the interval between the date
of diagnosis and the date of progressive disease or relapse. Overall sur-
vival (OS) was defined as the interval between the date of diagnosis and
date of death or last follow-up. Survival analysis was performed using
the Kaplan-Meier method. Time to tumor event outcomes has been cal-
culated from the time of initial diagnosis (first biopsy of initial surgery)
to the time of first tumor progression or relapse.

3 | RESULTS

3.1 | Patient demographics

A total of 18 patients treated in nine different SFCE centers were
selected (Table 1). Among them, 10 were male (56%). Median age at
diagnosis was 12.2 years (range: 11 months-18 years). Four patients
had a personal medical history including type-1 neurofibromatosis,
Charcot-Marie-Tooth disease, Willebrand disease, and unspecified

malformative congenital syndrome (one case each).

3.2 | Clinical characteristics

Clinical signs at diagnosis are summarized in Table 2. Tumor mass
mainly involved the inner angle of the eye (five cases) and the hemiface
inrelation to maxillary sinus involvement (one case). Externalization of
tissue mass through the nostril was observed in three patients. Signs
of intracranial hypertension were present in four patients. Ophthal-
mological signs included decreased visual acuity (three cases), third
cranial nerve palsy (two cases), ptosis (one case), and fundus papillary
edema (one case). Palpable cervical lymphadenopathies occurred in
two of 18 patients (11%). The median time from the onset of clinical

signs to histological diagnosis was 1.5 months (range: 0.5-36 months).

3.3 | Tumor characteristics

At diagnosis, all patients had a diagnostic biopsy of the primary tumor
(Table 1). Among them, two patients had concomitant suspected
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TABLE 3 Bestresponse rate to induction chemotherapy (14 patients, one missing data)

Regimens

CAdO

CAdO + etoposide-carboplatin
CAdO + etoposide-cisplatin
Ifosfamide-based regimen

Ifosfamide-based regimen + cyclophosphamide-adriamycin

Ifosfamide-based regimen + cyclophosphamide-adriamycin + vincristine-actinomycin D

Ifosfamide-based regimen + etoposide-carboplatin + CAdO
Etoposide-carboplatin

Etoposide-cisplatin

Etoposide-carboplatin + ifosfamide-etoposide + vincristine-adriamycin-cyclophosphamide

Number of patients Response rate
2PR1SD
2PR

PR

PR

SD

SD

PR

PR

PR

PR

I N = = = S S I

Abbreviations: CAdO, cyclophosphamide-adriamycin-vincristine; PR, partial response; SD, stable disease.

cervical lymph node samples (one adenectomy, one fine needle aspi-
ration) showing the malignant tumor proliferation of undifferentiated
cells. One patient had a Hyams grade-I, three patients a grade-Il, six
patients a grade-Ill, and six patients a grade-IV tumor (missing data in
two cases).

One tumor extension was classified as a Kadish stage A (6%), three
stage B (17%), 10 stage C (55%), and four stage D (22%) (Table 1;
Figure S1). Two patients had distant metastases: osteomedullar tumor
invasion combined with hepatic metastases (one case) and diffuse
malignant meningitis (one case) without cervical lymph node invasion.
Among five patients with a cerebrospinal fluid analysis, one patient had
meningeal tumor spread.

Eleven patients had tumors evaluated between 5 and 10 cm and six
had smaller than 5 cm (missing data in one case). Seven had an initial
fluorodeoxyglucose (FDG)-positron emission tomography-computed
tomography (FDG-PET-CT) tumor assessment. The average maximum
standardized uptake value (SUV) for the primary tumor was 9.4 (range:
5.2-15.3). One patient with cervical metastases at diagnosis had a
maximum SUV of 16.6 on nodes (maximum SUV on primary tumor was
15.3). Patients with distant metastases did not have an FDG-PET-CT
evaluation.

3.4 | Chemotherapy

Overall, 14 of 18 patients received neoadjuvant chemotherapy
(Table 1). Delivered chemotherapy regimens are summarized in
Table 3. Ten out of 13 patients (77%) had an objective response
to induction chemotherapy, including 83% (five of six cases) after
cyclophosphamide-adriamycin-oncovin-based, 50% after ifosfamide-
based (two of four cases), and 100% after cisplatinum-based regimens
(three of three cases).

At the end of neoadjuvant chemotherapy, three patients devel-
oped early progressive disease with neuromeningeal involvement
and received second-line therapy (one case) or immediate palliative
care (two cases). One patient with a delayed diagnosis and altered
general status received exclusive palliative chemotherapy (patient
no. 6).

3.5 | Local treatment

Fourteen patients received local therapy (Table 1). Tumor resection
was performed for 12 patients, whereas six patients did not have
any surgery due to early progression (four cases), exclusive local RT
(one case), and parental refusal (one case) during first-line therapy.
For three patients, immediate surgery at diagnosis was performed at
diagnosis. A complete craniofacial resection (CFR) was performed for
one patient with a Kadish C (orbital extension)/Hyams |l tumor after
para-lateronasal incision. One patient with Kadish A/Hyams Il tumor
had an endoscopic endonasal resection (EER) and another patient
with Kadish B/Hyams | tumor had CFR. These two latter resections
were microscopically incomplete. For the nine other patients, surgery
was performed after neoadjuvant chemotherapy by CFR alone (one
case) or combined with a craniotomy (two cases) and through isolated
EER (three cases) combined with a craniotomy (three cases). Overall,
the primary resection was microscopically complete in only three of
12 cases (one CFR and two EER) and incomplete in eight of 12 cases
(four CFR, four EER, missing data in one case).

Among the two patients with cervical lymph node metastases, one
patient had a neck dissection and one patient did not due to early dis-
ease progression.

Locoregional treatment included RT in 11 patients (exclusive, two
cases; after surgery, nine cases) and seven did not have RT for various
reasons (early progression, five cases; complete resection or physician
decision, one case each). The average dose delivered to the primary
site was 56.3 Gy (range: 54-60 Gy) with a median dose per fraction of
2 Gy (range: 1.8-2 Gy) and a median number of fractions of 29 (range:
24-33). Two patients received irradiation of the cervical chains at
54 and 48 Gy for initial nodal involvement and prophylactic treatment,
respectively.

3.6 | Adjuvant therapies

Among the 14 patients with local therapy, four received adjuvant
chemotherapy after surgery and RT (three cases) or exclusive RT
(one case). Ten patients did not receive adjuvant therapy due to early
progression (one case), physician decision (two cases), complete
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remission (CR) after surgery (one case), and CR after surgery and RT
(six cases).

3.7 | Outcome

After first-line therapy, 13 of 18 patients were in CR. Ten patients
had local progression combined with a meningeal regional progres-
sion in six, without nodal or distant relapse. All patients with tumor
events died despite further lines of therapy. Overall median time from
tumor event to death was 2.5 months (range, 1 day-14 months). For
leptomeningeal relapse, this delay was 3.1 months (range, 0.03-14.1)
and 2.5 months when a local relapse occurred (range, 1.3-12.4). To
note, among the four patients with local relapse, two patients had a
subsequent tumor event with loco-regional tumor progression includ-
ing leptomeningeal involvement. Among the three patients with early
progression, all tumor progressions occurred soon after neoadjuvant
chemotherapy before the start of the local therapy, despite a very good
partial response to initial chemotherapy (Table 4).

After a median follow-up of 7.6 years (range, 3.8-17.9), eight
patients survived and both 5-year OS and EFS are 44.4% (+11.7%).
The median time of tumor events was 4.5 months (range, 3.1-20.4)
(Figure 1A and B). Patients with high-stage tumors (Kadish C/D)
have a significantly worse prognosis than patients with low-stage
tumors (Kadish A/B), 5-year OS 100.0% versus 28.6 + 12.1% (log-rank
P =.032) (Figure 1C). There were no long-term survivors in Kadish D
patients. Outcome of patients with high-grade tumors (Hyams I11/1V)
was significantly worse than patients with low-grade tumors (Hyams
I/11), 5-year OS 100.0% versus 25.0% (+12.5%) (log-rank P = .026)
(Figure 1D).

3.8 | Sequelae

Total therapy burden for the eight survivors represented chemother-
apy (five cases), primary RT (eight cases), cervical RT (one case, prophy-
lactic), and local surgery (six cases). Among the six survivors treated
with surgery, three patients had chronic grade-3 sinus disorders. Long-
term complications included olfactory nerve damage with anosmia
(five cases, including one grade Il and four grade Ill). All of them were
treated with surgery and RT and only one received platinum-based
chemotherapy. A grade-3 cataract was present in four patients. Of the
eight survivors with a follow-up of more than 2 years, four had CTCAE
grade 3 cataract, three had dry eyes with one grade 3 keratitis, one
had grade 3 postradiation retinopathy, and one had grade 3 extraoc-

ular muscle paresis.

4 | DISCUSSION

There is currently no consensual reference treatment for pediatric
ENB because of the rarity of this tumor during childhood. Local ENB
standard treatment in adults is extensive surgery followed by radia-
tion therapy. Open CFR was the main approach especially for extended
tumors and an endoscopic approach was reserved for limited low-stage

tumors. However, EER showed better local control, better survival, and
less morbidity.2> In a recent study, stage-matched patients had a bet-
ter survival with an endoscopic approach than open surgery especially
in Kadish C patients.2% In our series, seven patients were treated with
EER resulting only in two complete histological resections. Hence, EER
is promising especially in children in order to decrease the morbidity
of CFR, but clinicians also have to focus on occult dural involvement
that may be the origin of relapse.?” In case of an intracranial invasion
at diagnosis, an endoscopic approach needs to be supplemented with
a craniotomy to treat the intracranial component. Indeed, in patients
with sinonasal malignancies eroding the bony anterior skull base with-
out evidence of dural involvement on preoperative imaging, the occult
rate of dural invasion has been estimated as high as 54%, independent
of any surgical technique.?8 Additionally, dural resection significantly
improved margin control and survival exclusively in the ENB cohort.28
Interestingly, the poor prognosis of ENB in children is mainly related to
neuromeningeal dissemination in our series. Indeed, six patients devel-
oped leptomeningeal metastases during the first relapse and a total
of eight patients had leptomeningeal localization during the course of
the disease. The anatomic characteristics of ENB may facilitate neu-
romeningeal dissemination by an occult involvement of the dura mater.
Neoplastic meningitis harbors a poor prognosis as in various cancer
types.2?-31 ENB leptomeningeal dissemination at relapse is already
described in adult population even after a long period of remission and
has a bad prognosis.32-34 We recommend postcontrast T1 and T2 Flair
with axial, coronal, and sagittal sequences to assess intradural exten-
sion and leptomeningeal dissemination at diagnosis and at relapse.

RT is also another cornerstone of the ENB local treatment. It
enables local control with doses between 45 and 65 Gy in pediatric
patients.1:36 RT is mainly used in a postoperative setting, but may also
provide a good response in a neoadjuvant setting.3> RT combined with
neoadjuvant chemotherapy shows significant tumor volume reduction
in patients with an extended unresectable tumor, which allows for com-
plete resection under better conditions.3¢ Therefore, RT seems to be
effective for ENB local control and may prevent dural tumor recur-
rence. New radiation techniques, like proton beam therapy, may limit
long-term toxicity illustrated by reported studies showing a good local
control with less adverse effects but the risk to have to limited margins
is real.37:38

ENB tumor extension is commonly described according to the mod-
ified Kadish classification.?10 Pediatric patients usually present with a
more advanced staged disease than adults.>5 Our results are in agree-
ment as 78% of patients are presented with Kadish C or D tumors. The
only Kadish A tumor in our series was related to an early incidental
diagnosis (brain computed tomography [brain-CT] scan performed for
cranial trauma). In adults, this staging system remains a significant pre-
dictor of survival.39-42 Qur results confirmed this observation show-
ing that patients with high-stage tumors (Kadish C-D) have a signifi-
cantly worse prognosis than patients with low-stage tumors (Kadish
A-B), 5-year OS 100.0% versus 28.6 + 12.1% (log-rank P =.032). How-
ever, the relevance of a modified Kadish classification is still under
debate.37-43 Indeed, Kadish C tumors constitute a very heteroge-
neous group related by their extension beyond paranasal sinuses, but
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TABLE 4 Main pediatric series in the literature

Number
Reference [Year of Median
of publication] patients  Age(range) Sex Kadish
Venkatramani et al 24 14 years F=18 B=8
[2016] (0.6-20) M=6 Cc=8
D=8
Lucaset al 8 10 years F=6 B=3
[2015] (4-21) M=2 C=1
D=4
Kababri et al 11 14 years F=8 B=5
[2014] (0.8-18) M=3 C=6
Bisogno et al 9 9.9 years F=3 B=3
[2012] (0.9-18) M=6 C=6
Eichetal 19 14 years F=10 B=4
[2005] (5-20) M=9 C=15
Kumar et al 5 13 years F=il A=1
[2002] (5-16) M=4 B=1
C=3
This study 18 12.2 years F=8 A=1
[2020] (0.9-18) M=10 B=3
Cc=10
D=4

WILEY—2

Median

First-line treatment follow-up Survivals
S+RT=10 NA 5-year EFS 73.7%
NeoCT+RT=6 (50.5-87.3%)
NeoCT+S+RT=5 5-year OS 72.8%
NeoCT=1 (46-87.9%)
S=1
NeoCT+S=1
Neo CT +RT =2 4.6 years 5-year OS 87.5%
S+RT=2 (0.8-9.4)
NeoCT+S+AdjCT+RT=2
S+RT+AdjCT=1
NeoCT+S=1
NeoCT+S+RT=7 8.8 years 5-year EFS 91% (62-98%)
S+RT=1 (3.8- 5-year OS 91% (62-98%)
S+AdjCT+RT=1 16.4)
NeoCT+S+AdjCT+RT=1
CT+S+RT=5 13.4years  5-year EFS77.8%
CT+RT=3 (9.2- (36.6-93.9%)
S+CT=1 22.9) 5-year OS 88.9%

(43.3-98.4%)
S+RT+CT=7 3.1years 5-year EFS 55% (+13%)
CT+S+RT=5 (0.3-23) 5-year OS 73% (+12%)
S=4
RT+CT=2
S+RT=1
CT+RT=2 NA NA
CT=1
CT+S=1
CT+S+RT=1
NeoCT=4 2.4 years 5-year EFS 44.4%
NeoCT+S+RT=4 (0.3- (+11.7%)
NeoCT+S+AdjCT+RT=3 17.9) 5-year OS 44.4%
S+RT=3 (+11.7%)
NeoCT+S=2

NeoCT+RT=1
NeoCT+RT+AdjCT=1

Abbreviations: Adj CT, adjuvant chemotherapy; CT, chemotherapy; EFS, event-free survival; F, female; M, male; NA, not available; Neo CT, neoadjuvant

chemotherapy; OS, overall survival; RT, radiotherapy; S, surgery.

without discrimination regarding involved anatomic sites.3?-42 In our
study, we observed 10 local recurrences in the initial Kadish C tumor
with involvement of the anterior cerebral fossa and, among them, six
with meningeal progressions. Therisk of alocoregional leptomeningeal
recurrence may be explained by the anatomic connection between
paranasal sinuses and leptomeningeal spaces through the cribriform
plate. Dulguerov et al proposed a TNM-based classification that cor-
relates with outcomes.1? This staging system takes into account the
early involvement of the cribriform plate in stage T2 and separates
the extradural intracranial extension from the invasion of the cranial
frontal lobe.124142 A better assessment of skull base involvement may
predict the risk of recurrence using the Dulguerov staging system.
ENB belongs to the family of small round blue cell tumors in
the nasal cavities and paranasal sinuses, characterized by a wide
morphological heterogeneity. Hyams grading classifies ENB into four
histopathological grades defined by its degree of differentiation.**
High-grade tumors are associated with a high relapse incidence and

poor disease-free survival.#54¢ In our series, 12 of 18 patients had

high-grade tumors and Hyams grading correlated also to outcome.
Moreover, all patients with low-grade tumors were long-term sur-
vivors. Kumar et al reported the same high proportion of high-grade
tumors in children (six of eight patients with Hyams Il or 1V).# Interest-
ingly, adult ENB is more frequently classified as low-grade tumors with
up to 78% of Hyams | or Il tumors.1# This observation may explain the
more aggressive biological behavior of ENB during childhood and the
poor survival in our series. A recent study found that half of ENBs have
clinically relevant genomic alteration, which are identified in different
genes such as TP53, PIK3CA, NF1, CDKN2A, or CDKN2C.47-4? Recently,
Classe et al reported an integrative multiomics analysis of ENB identi-
fying two subgroups of ENBs: neural and basal.?® They showed that the
basal-like subgroup includes poorly differentiated tumors with a high
expression of embryonic genes and a shorter survival for patients shar-
ing some similarities with our cohort of pediatric ENBs (poor survival,
dedifferentiated tumor, high Ki67). Interestingly, basal-like ENBs har-
bor IDH2 mutations in one-third of cases that might represent a thera-
peutic option.>0:51
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FIGURE 1 Outcome of the population of patients with ENB according to initial tumor extension and histological grade. A, Event-free survival
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Lymph node involvement is present in 10% of adult ENB patients
at diagnosis and increases to 20-30% during the course of the
disease.?2>2 |n previous published pediatric studies (Table 5), lymph
node involvement at diagnostic was more frequent and concerns
approximately 25% of patient.13 In our series, only two of 18 patients
were diagnosed with cervical lymph node metastases at diagnosis,
even if this rate might be underestimated as only seven of 18 patients
were assessed by an FDG-PET-CT at diagnosis. Banuchi et al described
the pattern of regional nodes metastases in adult ENB, which mainly
occurred in level I (88%), level | (50%), level IlI (50%), level IV (38%),
and retropharyngeal level (25%).53 One adult study evaluated the util-
ity of an FDG-PET-CT in ENB staging and quantified the additional
benefit of an FDG-PET-CT to conventional imaging. They showed
that an FDG-PET-CT modified disease staging or changed clinical
management in 39% of patients. The more frequent restaging con-

cerned the involvement of cervical node metastases in almost 20%

of patients.5# Cervical node metastases are associated with poor sur-
vival in adults.295> Treatment strategy is consensual for adult patients
with cervical node metastases and is based on systematic neck dissec-
tion with cervical radiation therapy.2! The 2 N1-patients in our cohort
had a poor prognosis without long-term survival. Precise assessment
of cervical lymph nodes at diagnosis is therefore critical. Nodal staging
requires a thorough clinical and radiological examination and any sus-
picious node should lead to a cytological or pathological confirmation.
The role of systematic CPNI in patients with an NO tumor is still under
debate. Some authors claim that CPNI reduces the risk of cervical node
recurrence, but without benefits regarding survival, while others argue
that CPNI plays a limited role in preventing cervical nodal failure.>¢:57
Although frequently described in adult series,>® we did not observe a
relapse in initially uninvolved cervical lymph nodes.

The role of chemotherapy in ENB treatment strategy remains
unclear. Neoadjuvant therapy may reduce the tumor burden in



90of11

"unje|dsio-apiweysodl-9Td A dIA 2pIsodold ‘9T d A ‘opiweydsoydo|dAd-uidignioxop-aullsLdUIA “DJA D|qe|IBAE J0U ‘YN ‘UIDAWOUI}OE--3UIISIIOUIA-DPIWIESOJ ‘YA ‘OpIwe)
-s0J1 ‘0J| ‘apIsodoja-apiweysoy ‘J| @piweydsoydo|dAd ‘KT ‘A}2Ix0) Jo peap ‘| OQ (seasip Jo peap ‘O ‘ullejdog.ed ‘ogueD) BullsiUIA-UAWeLIpe-apiweydsoydo|dAd ‘OQyD (UIDAWELIPE ‘elIpY :SUOIIRIASIGAY

DUMONT ET AL.

(1) AdessyruQ
aoda VN VN VN VN oAljel||ed [ea8ujusWo}daT] T 8T
uon (A2 1¥)
(ETT) -e|peJJ; uo|ssaidwod Adesayjug (AD 09) Adesayiolpey (essoy |eluesd AdesayzuQ
aoda oAljel|ed pJoo [euids d T (2)dIA JoLI9jue) [B207] 144 LT
|ea8ujuawolda
(S) + (essoy |eluesd Adesayjug
aoda VN VN VN VN dAljel|ed JolIajue) [e307] L 91
|easujuawolda
(822) uolissaudoud (€) elapy-xa3 + (essoy |elue.d Adessyl 4O
aoa dAljel|jed [ea8uluswolda d Ly (9) 094eD-9TdA JolIajue) [e307] v6¢ ST
|eaujuawolda
(¥9T) Mo.JJiew auoq (AD 9°81) Adeaayjolipey + (essoy |eluetd Adesayz up
aoa oAljel|ed +2auog d 174 (I1'9seyd) aH edazoly L Joliajue) [e307] T 14
Adesayjolpey
Adeaayjowayd JUDWISA|OAUL
(czy) |evay3eju| [eanpida yyim
aod VN VN VN VN 0GJeD-9TdA |eaguiuawoyda (o13souselp wouy) €19 el
|ea8ujuawolda
(¥2) + (essoy |eluetd Adesayl 44O
aoa VN VN VN VN Joliajue) [e307] 174 (0
(AD 1'65) Adesayiolpe.
auoq ‘Awojolueld
+ siselselawl ym Aiadans
(¢Le) [eutds ypm ‘(¢) 094eD-9TdA/(2T) (essoy |eluead Adesay 4O
aoda oAljel|ed |eaSiuswolda d 14 OPVD) Adessyjowsyd Joliajue) (8207 €S 6
(6€) (essoy |eluesd Adesayl JJO
10d VN VN VN VN (T)oPVD Joliajue) [e307] 69 8
(06)
aod aplweydsoydo|2A2 JO 351N0I SUO pue 9pIs0do]a [BJO JO $3SINOD OM] YHM SISouelp je Juswiesl] sAllel|ed 9
(sAep) juswiead) asdejas Jo aus (d) (sAep) (s394 1 (sAep) Juswieasy Jaquinu
JUDAS Jowin} uoissaidoad/(y) juswieasy 10 Jaquinu) Juswieal) Ise| wody awi | juanjed
1S41j wouy awi | asdejoy 1se| wo.yawi ]
dn-moj|o} JUSAS Jowin} puodas uoissai3oad/asdelal 35414

3se| 3y} Je snyels

syuaized gNJ 404 osdeja. a3je Adedayy aui|-puodas Jo salistapeleyd  § 314V



DUMONT ET AL.

100f 11 Wl LEY

order to facilitate the achievement of negative surgical margins
and improve survival outcomes. Our results confirm that ENB is a
chemosensitive tumor with a best overall response rate of 77% (10 of
13 patients). In adults, chemotherapy is recommended in cases of high-
grade and positive margins tumors, unresectable tumors, metastatic
disease, and relapses.>? Response rate to neoadjuvant chemother-
apy is higher in a Hyams high-grade group compared to a Hyams
low-grade group, 78% versus 50%, respectively.l” Furthermore, Polin
et al showed that patients with a response to neoadjuvant therapy
with chemotherapy and/or RT have a significant lower rate of disease-
related mortality.3> In a pediatric series, due to the initial tumor spread,
neoadjuvant chemotherapy is widely applied using neuroblastoma- or
rhabdomyosarcoma-based protocols?3¢ (Table 5).

In summary, as in adults, the survival of ENB in children seems
related to the Hyams grade, Kadish and N stages. There is currently no
standard treatment, and the overall strategy should always be defined
by specialized multidisciplinary teams including a pediatric oncologist,
ENT surgeon, neurosurgeon, and radiotherapist. Our recommendation
is to deliver neoadjuvant chemotherapy followed by local treatment
with surgery and RT. Due to the possibility of early progression in such
disease, a dose intensity schedule seems necessary soon after diag-
nosis to avoid long breaks and early tumor resistance development.
The incidence of this exceptional disease requires international collab-
oration, such as the one conducted by the European Cooperative Study
Group for Pediatric Rare Tumors (EXPeRT) group.¢® The main goal of this
collaborative initiative is to share experiences on a very rare tumor
type in children, collaborate with medical oncologists, and propose har-
monious therapeutic guidelines in order to improve clinical and biolog-
ical knowledge as well as patient outcomes.
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