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Abstract

Original Research Article

Esthesioneuroblastoma (ENB), also known as olfactory neuroblastoma, is a rare malignant neuroepithelial tumour of
the nasal cavity. Its presentation is often non-specific, dominated by nasal obstruction, epistaxis or hyposmia, sometimes
associated with ophthalmological or neurological signs, which explains why diagnosis is often delayed. Histologically,
it is a proliferation of small, undifferentiated round cells, confirmed by immunohistochemistry. The most commonly
used classification system for staging is the Kadish classification. This tumour is locally aggressive and characterised
by a high risk of recurrence, sometimes late. The standard treatment is complete surgical excision followed by
radiotherapy, while the role of chemotherapy remains controversial. Recent advances in radiotherapy and the adoption
of endoscopic approaches offer hope for better local control with reduced morbidity. However, the prognosis remains
uncertain, highlighting the importance of early diagnosis, prolonged follow-up and multidisciplinary management in

specialised centres.
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INTRODUCTION

Esthesioneuroblastoma (ENB), also referred to
as olfactory neuroblastoma, is a rare malignant tumor
that comes from the olfactory epithelium of the nasal
cavity, indeed, only approximately 300 cases had been
reported between 1924 and 1989. At first, it was
described by Berger et al, in 1924 as
“esthesioneuroepitheliome olfactif"[1] and accounts for
approximately 5 to 6% of all malignant sinonasal tumors

[2].

ENB isn’t age related, it can occur at any age
with a bimodal incidence peak reported in the second and
sixth decades of life [3-5]. Its clinical presentation is
often nonspecific, typically including unilateral nasal
obstruction, epistaxis, or hyposmia, which may lead to
delayed diagnosis.

This tumor is diagnosed mainly by imaging,
especially MRI in the first place, but also by
histopathological examination supported by
immunohistochemistry.  Regarding its  biological

behavior, it is variable. Some patients follow a slow,
indolent course while others show a rapid progression
with potential for local invasion and distant
metastasis.[2,6]

The most common treatment of ENB consists of
craniofacial surgical resection followed by adjuvant
radiotherapy.  but minimally invasive endoscopic
approaches are increasingly adopted in early-stage
disease, with promising oncological outcomes [7].

Due to its rarity, available clinical data are
limited and largely based on retrospective studies or
small case series. In this context, we present a series of
six patients with esthesioneuroblastoma managed in our
department, describing their clinical, radiological,
therapeutic, and follow-up characteristics, in comparison
with findings reported in the literature.

MATERIEL AND METHODS

We conducted a retrospective descriptive study
on patients diagnosed with esthesioneuroblastoma and
managed in the Radiation Oncology Department of

the Literature. SAS J Med, 2025 Sep 11(9): 865-873.
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Mohammed VI University Hospital in Marrakech, over
a nine-year period from April 2016 to June 2025.

The study included all patients with
histologically confirmed esthesioneuroblastoma treated
in our department during the study period. Patients with
incomplete or non-exploitable medical records were
excluded.

Data was collected from hospitalization
registers, electronic medical records, and radiotherapy
software.  The  variables  analyzed  included
epidemiological data (age, geographic origin,
socioeconomic level, risk factors), clinical features,
paraclinical findings, therapeutic approaches, and patient
outcomes. All data were recorded on a standardized data
collection form.

All patients were regularly followed up to
assess treatment response, recurrence, and survival. Data
collection was conducted in compliance with
institutional ethical standards

RESULTS

A total of six patients with histologically
confirmed esthesioneuroblastoma were included in this
study, representing 11.4% of all sinonasal tumors treated
at our department between 2016 and 2025. The study
included four males and two females, with a mean age of
23.1 years (range: 656 years). No risk factor was
clearly identified. The mean consultation delay was 3.5
months, ranging from 1 to 9 months

The most common grounds of consultation
were sinonasal symptoms such as unilateral nasal
obstruction, epistaxis and hyposmia that were present in
all our patients. (see table Nol)

Neurological symptoms were present in 83% of
patients, including facial pain (n=3) and signs of
intracranial hypertension (n=1). Ophthalmological signs
such as exophthalmos, tearing, and decreased visual
acuity were also observed. In addition, two patients had
cervical lymphadenopathy at diagnosis.

Table 1: Symptoms

Cheek swelling

50%

Nasal obstruction

83%

Epistaxis

50%

Eyelid edema

17%

General health impairment

83%

Lymph node syndrome

33%

Visual disturbances

17%

Tearing (epiphora)

33%

Intracranial hypertension syndrome

33%

Facial pain

66%

Exophthalmos

33%

Vomiting

—INRININ[—|N[n[—=]|W L W

17%

Nasal endoscopy, sinus scan and face MRI were
the most common radiological examinations of 100%,
66% and 66 in the same order, other complimentary

examinations were demanded; cerebral CT and cerebral
MRI of 33% each.

Figure 1: Brain MRI of child showing axial T1, T1 with Gadolinium, and coronal T2 sections demonstrating a
tumoral process centered on the right maxillary sinus with local extension
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Figure 2: Brain MRI T2-FLAIR sequences in axial and sagittal planes sht‘)Wing a midfacial lesion centered on the
ethmoid with intracranial extension

Following the results of the physical and
radiological examinations, The Kadish classification
modified by Madira gave the following results: five
patients (83.3%) were stage C and one patient (16.7%)
was stage D.

All the diagnosis were confirmed by an
anatomo-pathologic examination that showed tumor
proliferation with round undifferentiated cells with
necrosis for 3 patients and without for the rest. The
immuno-histochemical examination, the only antibody
done to all the cases was positive in 80%.

Locoregional imaging assessment was
performed using facial MRI in 83% of cases and facial
CT in 60%. Distant staging included thoracic CT in all
cases, abdominopelvic CT in 66%, and abdominal
ultrasound in 33%.

Surgical treatment was carried out in 66% of
patients, using various approaches including segmental
nasomaxillary maxillectomy, a two-stage procedure

combining craniotomy and transfacial resection, and
endoscopic  resection with ethmoidectomy and
sphenoidal/pterygoid extension removal.

Radiotherapy was delivered in five cases: as
adjuvant therapy in three, as exclusive treatment in two,
and for spinal cord decompression in one palliative case.
The total dose ranged from 30 to 66 Gy, administered in
10 to 33 fractions of 2 to 3 Gy. The last patient just got
out of surgery and has radiotherapy planned but he
beneficiated from embolisation pre-operatoire

five patients received chemotherapy. Three
were treated with etoposide—cisplatin, one with
doxorubicin—vincristine—etoposide, and one pediatric
patient with the HR-NBL-M10 protocol. Chemotherapy
was given as neoadjuvant treatment in four cases,
adjuvant in two, and concomitant in one

The overall outcome was poor. All the patients
developed locoregional or metastatic recurrences for
which they received palliative care.,

Figure 3: Profile picture of patient after the third cycle of chemotherapy (A) and at the time of recurrence (B)
The mean overall survival was 15.4 months, ranging from 9 to 26 months

DISCUSSION

Malignant sinonasal tumors are rare, with
esthesioneuroblastoma (ENB) accounting for only 3—5%
of cases; approximately 1,500 cases have been reported
worldwide [8]. The increase in published cases in recent

years reflects improved diagnostic capacity rather than a
true rise in incidence. Epidemiological analyses,
including the one of Broich et al. (747 cases), show no
major sex difference, although a slight male
predominance has been noted (55% vs. 45%) [2]. ENB
can occur at any age, with a bimodal distribution peaking

| © 2025 SAS Journal of Medicine | Published by SAS Publishers, India

| 867 |




Anas CHAFRI et al., SAS ] Med, Sep, 2025; 11(9): 865-873

in the 2nd and 4th—5th decades [8]. More recent studies
report cases from 18 months to 85 years, with a
predominance in the 5Sth—6th decades [9,10].

Clinically, the diagnostic delay ranges from 1 to
4 months with an average of 2.4 months, often shorter
than in other regional series, explained by early,
disabling symptoms [11,12] (Rhinonasal signs are most
frequent, present in 75% of cases, including nasal
obstruction (53-100%), epistaxis (10-52%), and
hyposmia/anosmia (6—35%) [13]. Neurological signs
such as facial pain, intracranial hypertension (headache,
vomiting), or rarely seizures and STADH may occur [13].
Ophthalmologic involvement is reported in up to 20% of
cases [12,13], including decreased visual acuity,
diplopia, lacrimal obstruction, or exophthalmos.
Cervical nodal metastases are observed in about 20% of
patients [14], while distant metastases occur in 6—40%,
most often pulmonary, osseous, or less frequently
neurological [15]

Diagnostic work-up relies on CT for initial
assessment by providing information regarding bony
erosion and MRI for locoregional extension evaluation,
particularly towards the skull base and into soft tissue
including dura and brain. It provides better
discrimination between the tumor and nasal secretions,
as well as a more accurate assessment of the orbit and
intracranial structures.The contribution of MRI has been
crucial in improving the preoperative evaluation of these
tumors, allowing a more precise characterization of
possible intracranial or intraorbital extensions suspected
on CT analysis, especially in cases of bone lysis [16-20].

More recently, the addition of positron-
emission tomography (PET) scanning has been

recommended, both for staging and restaging. A
retrospective review of 77 PET/CT scans in 28 patients
found that 36% of patients were upstaged on the basis of
the PET/CT.[21] Endoscopic examination is essential for
evaluating the extent of the tumor and for obtaining a
biopsy specimen.

Most olfactory neuroblastomas arise in the
superior nasal cavity and are intimately related to the
cribriform niche through which they readily spread
macroscopically and microscopically to involve the
olfactory bulbs and tracts. This spread may not be
apparent, even on detailed imaging, and may only be
confirmed on subsequent histological examination[8]

Histological diagnosis of olfactory
neuroblastoma requires expertise as it may not be easily
distinguished from other sinonasal tumors, including
neuroendocrine carcinoma, sinonasal undifferentiated
carcinoma, melanoma, lymphoma, plasmacytoma,
embryonal rhabdomyosarcoma, Ewing sarcoma, and
primitive neuroectoderma tumors.[5]

The typical histologic appearance of an
olfactory neuroblastoma includes the presence of
characteristic cells separated into nests or compartments
by fibrovascular septae, neurofibrillary interce llular
matrices, and rosette format ions [22]

ultrastructural
required for

Immunohistochemical  and
investigations are therefore

diagnosis.[23]Olfactory neuroblastomas are usually
positive for S-100 protein, chromogranin, and
synaptophysin.[24,25]

architecture is almost always present (b). Calcifications may be observed (c). Tumor necrosis (d) and increased
mitotic activity are generally seen in higher-grade tumors[26]
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The Hyams classification (grades I through IV)
is based on histologic differentiation; the grade IV

designation is used to describe undifferentiated sinonasal
carcinomas. [22]
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Figure 5: Tumor cells identified w'ith‘ neuron-specific enolase (A, B), synaptophysin (C), S-100 protein (D), and
chromogranin (E)

Because malignant lesions of the nasal cavity
are so rare and because many different histologic types
of tumors abound, no approved classification and staging
system has been universally accepted. but stage at
presentation has been shown to be highly predictive of
survival.[3,27]

In fact, the more well accepted staging is the
Kadish classification system (stages A through C) who
was the first to propose a staging classification for ONB,
[28] which is based on the clinical spread of the tumor;
stage A tumors are confined to the nasal cavity, stage B
lesions involve the sinuses; and stage C masses involve
the midd le cranial fossa and the retrobulbar orbit."
Which was later modified by Morita to include stage D
(nodal/distant metastases), while Dulguerov proposed a
TNM system, though with limited prognostic validation
[4,29].

According to the meta-analysis by Marinelli et
al., (678 patients), metastatic spread occurred in 6% of
cases, usually at a late stage in the disease course, with a
mean onset of 15 months after initial diagnosis [15].
However, other series have reported higher rates ranging
from 30% to 40% [30]. The most common metastatic
sites are lymph nodes, lungs, and bones, with less
frequent neurological involvement. In our series, 3 out of
5 patients developed metastases within a maximum
period of 13 months, with a mean of 6.5 months. Distant
staging primarily relies on chest CT, considered the gold
standard, while abdominal ultrasound is useful for
detecting hepatic or nodal metastases. However, its
diagnostic value may be limited by obesity or bowel gas,
requiring an abdominal CT in case of uncertainty [31].
Finally, depending on clinical presentation, further
investigations such as brain MRI, bone scintigraphy,
spinal MRI, or PET scan may be indicated.

Management of esthesioneuroblastoma is based
on a multimodal strategy combining surgery,
radiotherapy, and chemotherapy.

Surgical resection is considered the treatment of
choice for esthesioneuroblastoma. The gold standard is
complete excision via craniofacial resection (CFR),
introduced in 1976 at the University of Virginia by Jane
and Fitz Hugh. This approach allows en bloc resection of
the tumor, including the ipsilateral cribriform plate and
crista galli.[32] It often requires a multidisciplinary
strategy involving otorhinolaryngology, neurosurgery,
as well as plastic and maxillofacial surgery.

Due to the close anatomical relationships of the
tumor with the orbit and the anterior skull base,
achieving clear surgical margins is often challenging.
Preservation of these structures when uninvolved, or
their resection in case of invasion, further complicates
the surgical procedure[10]

The adoption of CFR significantly improved
survival (from 37.5% to 82%) and reduced recurrence
rates (from 60% to 40%) in some series. However, it
remains associated with considerable morbidity and
mortality [6].

More recently, purely endoscopic resections, or
combined endoscopic—open approaches, have gained
popularity, especially for tumors with minimal or no
intracranial extension [3].

A meta-analysis of 361 patients reported
superior survival with endoscopic versus open surgery
[33] However, this apparent advantage may reflect
selection bias due to uneven tumor stage distribution
between treatment groups( as advanced tumors (Kadish
C-D) are generally treated by open CFR) [34].
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Overall, the literature suggests that endoscopic
resections may be appropriate for limited tumors (Kadish
A-B), whereas advanced stages (Kadish C-D) are better
managed with craniofacial approaches.

Surgical resection, whether open or endoscopic,
should aim for en bloc removal with negative margins.
Positive margins are considered an adverse prognostic
factor, although their impact may be mitigated by
adjuvant radiotherapy [27,35]

RADIOTHERAPY

Although no high-level evidence is available,
adjuvant radiotherapy is currently considered the
standard  of  approach  after  surgery  for
esthesioneuroblastoma,  regardless of  resection
completeness. Retrospective  studies  consistently
demonstrate improved local control with adjuvant
radiotherapy, with significantly higher recurrence-free
survival rates when combined with surgery compared to
either modality alone. [35] Nevertheless, no long-term
overall survival benefit has been established.[36,37]
Exclusive radiotherapy should only be considered in
cases of absolute surgical contraindication, as both local
control and disease-specific survival are markedly
inferior. [38] Analysis of the SEER database reported a
mean disease-specific survival of 92.8 months with
radiotherapy alone versus 216.8 months with combined
treatment. Standard  postoperative three-field
radiotherapy is usually given to a dose of 55 Gy to 65 Gy

[3].

Preoperative chemoradiation (50-60 Gy with
cisplatin—etoposide) has shown promising complete
pathological responses in Kadish C tumors, though
associated with significant toxicity.[39] Advances in
technique have shifted practice toward intensity-
modulated radiotherapy (IMRT), preferred over 3D
conformal radiotherapy to reduce acute and late
toxicities.[40] Treatment volumes should at least include
the tumor bed, initial extensions, and involved nodal
areas. [41]

The role of prophylactic nodal irradiation
remains debated, though recent studies suggest a
significant benefit in advanced disease, with 5-year local
control improving from 75% without to 98% with
prophylactic irradiation. Most recurrences occur in levels
Ib—III, supporting bilateral prophylactic coverage in
Kadish C tumors. Recommended doses range from 60—
70 Gy to the tumor site and 50-54 Gy to nodal areas at
risk, achievable with modern IMRT despite the
proximity of critical structures. [40]

CHEMOTHERAPY

Given its  histological  similarity to
neuroblastoma, small-cell lung carcinoma, and other
neuroectodermal tumors, esthesioneuroblastoma has
been treated with chemotherapy regimens including

cyclophosphamide, vincristine, doxorubicin, ifosfamide,
and combinations of etoposide with cisplatin [42].
Chemotherapy has demonstrated greater efficacy in
high-grade tumors (Hyams grade III-1V) compared with
low-grade disease. In such high-grade cases, the
preferred approach consists of complete surgical
resection followed by adjuvant chemotherapy [42].

Neoadjuvant VIP chemotherapy (etoposide,
ifosfamide, cisplatin) was reported by Kim et al. as
effective in a series of 11 patients, with etoposide 75
mg/m?, ifosfamide 1000 mg/m?, and cisplatin 20 mg/m?
administered on days 1-5 [43]. However, a literature
review on sinonasal cancers by Bossi et al. concluded
that chemotherapy can only be suggested, not formally
recommended, due to limited evidence [44].

Nevertheless, a Mayo Clinic meta-analysis of
118 patients showed that multimodal treatment
combining chemotherapy with surgery and/or
radiotherapy significantly improved survival compared
with monotherapy or no treatment (p <0.001) [15].

Chemoradiotherapy

Esthesioneuroblastoma is both radiosensitive
and chemosensitive, with reported response rates of 63—
71%,  supporting the role of  combined
chemoradiotherapy as primary treatment for locally
advanced, unresectable cases [45], [46], [47]. A
retrospective analysis from the University of Virginia
involving 26 patients treated with neoadjuvant
chemoradiotherapy showed a >50% tumor reduction in
16 patients (59%), a 20-50% reduction in 4 patients
(15%), and no response in 6 patients (22%). Similarly,
Dulguerov et al., reported a 5-year overall survival rate
of 51% following chemoradiotherapy [24].

A meta-analysis of studies published between
1990 and 2000, including 390 patients, reported an
overall 5-year survival rate of 45% (SD #22) and a
disease-free survival of 41% (SD +20). Survival
outcomes differed according to treatment modality: 65%
for surgery combined with radiotherapy, 51% for
radiotherapy plus chemotherapy, 48% for surgery alone,
47% for trimodality therapy (surgery, radiotherapy, and
chemotherapy), and 37% for radiotherapy alone.

In our series, survival analysis was limited by
the small and non-representative sample size, with a
mean overall survival of only 26 months.

The only universally recognized adverse
prognostic factor in esthesioneuroblastoma is cervical
lymph node involvement, and even more so distant
metastases, most frequently pulmonary or osseous at
diagnosis. Previous studies have demonstrated that nodal
disease significantly reduces survival, without
correlation between the primary tumor site and nodal
involvement[48]. Positive surgical margins are also
considered a negative prognostic factor by some
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authors[27,48]. However, Chao et al. reported that
margin status did not influence survival when surgery
was followed by adjuvant radiotherapy[35].

Another hallmark of esthesioneuroblastoma is
its high risk of late recurrence, sometimes decades after
initial diagnosis, which mandates lifelong surveillance.

Endoscopic examination and MRI remain the standard
follow-up tools, with MRI considered the gold standard.
PET-CT may provide additional information, though its
sensitivity is limited by false positives in irradiated
tissues. Surveillance should be intensive during the first
years, then individualized, with lifelong follow-up
strongly recommended in high-risk patients.

Baseline MRI at 3 months

1 |

MRI and endoscopic examination every 4 months
for the first 2 years

4

MRI and endoscopic examination every 6 months
from 2 to 5 years

4

MRI and endoscopic examination every 9 months
after S years, lifelong

Figure 6 : Follow-up algorithm for esthesioneuroblastoma|3]

CONCLUSION

Esthesioneuroblastoma is a rare sinonasal
malignancy with a high potential for recurrence,
sometimes occurring decades after diagnosis, which
mandates long-term surveillance. Complete surgical
resection followed by adjuvant radiotherapy remains the
standard approach for resectable tumors, while the role
of endoscopic surgery, the optimal therapeutic sequence,
and the contribution of chemotherapy—particularly in
advanced stages—are still under debate. Management of
cervical lymph nodes remains controversial in the
prophylactic setting, although combined surgery and
radiotherapy are required when nodal involvement is
present. Given the rarity of this neoplasm and the limited
size of reported series, treatment strategies remain
heterogeneous. Establishing national or regional referral
centers dedicated to esthesioneuroblastoma would allow
centralized pathology and imaging review, specialized
multidisciplinary tumor boards, and expert patient care.
Increased awareness among healthcare professionals is
also essential to achieve earlier diagnosis, which remains
the key factor for improving prognosis.

BIBLIOGRAPHY

1. Berger, L, « L’esthesioneuroepitheliome olfactif »,
Bull Assoc Fr EtudCancer,13,410-421.,1924.

2. G. Broich, A. Pagliari, et F. Ottaviani,
« Esthesioneuroblastoma: a general review of the
cases published since the discovery of the tumour in

1924 », Anticancer Res, vol. 17, n° 4A, p.
2683-2706, 1997.

3. J. Rimmer, V. J. Lund, T. Beale, W. 1. Wei, et D.
Howard, « Olfactory neuroblastoma: A 35-year
experience and suggested follow-up protocol », The
Laryngoscope, vol. 124, n° 7, p. 1542-1549, juill.
2014, doi: 10.1002/1ary.24562.

4. A. Morita, M. J. Ebersold, K. D. Olsen, R. L. Foote,
J. E. Lewis, et L. M. Quast,
« Esthesioneuroblastoma », Neurosurgery, vol. 32,
n° 5, p. 706-715, mai 1993, doi: 10.1227/00006123-
199305000-00002.

5. V. A. Resto, D. W. Eisele, A. Forastiere, M.
Zahurak, D.-J. Lee, et W. H. Westra,
« Esthesioneuroblastoma: The Johns Hopkins
experience », Head Neck, vol. 22, n° 6, p. 550-558,
sept. 2000, doi: 10.1002/1097-
0347(200009)22:6<550::AID-HED2>3.0.CO;2-0.

6. P. A. Levine, R. Gallagher, et R. W. Cantrell,
« Esthesioneuroblastoma: Reflections of a 21-Year
Experience », The Laryngoscope, vol. 109, n° 10, p.
1539-1543, oct. 1999, doi: 10.1097/00005537-
199910000-00001.

7. P. Castelnuovo, M. Turri-Zanoni, P. Battaglia, M.
Bignami, A. Bolzoni Villaret, et P. Nicolai,
« Endoscopic Endonasal Approaches for Malignant
Tumours Involving the Skull Base», Curr
Otorhinolaryngol Rep, vol. 1,n° 4, p. 197-205, déc.
2013, doi: 10.1007/s40136-013-0028-3.

| © 2025 SAS Journal of Medicine | Published by SAS Publishers, India

[ 871 |




Anas CHAFRI et al., SAS ] Med, Sep, 2025; 11(9): 865-873

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

V. J. Lund, D. Howard, W. Wei, et M. Spittle,
« Olfactory Neuroblastoma: Past, Present, and
Future? », The Laryngoscope, vol. 113, n® 3, p.
502-507, mars 2003, doi: 10.1097/00005537-
200303000-00020.

G. L. Gallia, D. D. Reh, V. Salmasi, A. M. Blitz, W.
Koch, et M. Ishii, « Endonasal endoscopic resection
of esthesioneuroblastoma: the Johns Hopkins
Hospital experience and review of the literature »,
Neurosurg Rev, vol. 34, n° 4, p. 465-475, oct. 2011,
doi: 10.1007/s10143-011-0329-2.

[10] T. J. Ow, D. Bell, M. E. Kupferman, F.
DeMonte, et E. Y. Hanna,
« Esthesioneuroblastoma », Neurosurgery Clinics of
North America, vol. 24, n° 1, p. 51-65, janv. 2013,
doi: 10.1016/j.nec.2012.08.005.

P. M. Gaye, L. Mesbah, L. Kanouni, N. Benjaafar,
et B. K. El Gueddari, « Esthésioneuroblastome
olfactif: expérience de I’institut d’oncologie de
Rabat et revue de la littérature », J Afr Cancer, vol.
2, n° 1, p. 36-40, févr. 2010, doi: 10.1007/s12558-
009-0041-0.

W. Kermanl, R. Bouattay, H. Zaghouani, M.
Belakhder, « L’esthesioneuroblastome olfactif: a
propos de 7 ».

Bak, M., & amp; Wein, R. O,
« Esthesioneuroblastoma: a contemporary review of
diagnosis and management. », 2012.

M. Gore et A. Zanation, « Salvage Treatment of
Local Recurrence in Esthesioneuroblastoma: A
Meta-analysis », Skull Base, vol. 21, n° 01, p.
001-006, janv. 2011, doi: 10.1055/s-0030-1254406.
J. P. Marinelli et al., « Esthesioneuroblastoma with
distant metastases: Systematic review & meta-
analysis », Head & Neck, vol. 40, n° 10, p.
2295-2303, oct. 2018, doi: 10.1002/hed.25209.

F. Gaillard, H. Knipe, et A. Assefa, « Olfactory
neuroblastoma », in Radiopaedia.org,
Radiopaedia.org, 2010. doi: 10.53347/rID-9341.

T. Yu et al., « Esthesioneuroblastoma methods of
intracranial extension: CT and MR imaging
findings », Neuroradiology, vol. 51, n° 12, p.
841-850, déc. 2009, doi: 10.1007/s00234-009-0581-
0.

V. J. Lund, D. J. Howard, et G. A. S. Lloyd, « CT
evaluation of paranasal sinus tumours for cranio-
facial resection », BJR, vol. 56, n® 667, p. 439-446,
juill. 1983, doi: 10.1259/0007-1285-56-667-439.
G. A. S. Lloyd, V. J. Lund, P. D. Phelps, et D. J.
Howard, « Magnetic resonance imaging in the
evaluation of nose and paranasal sinus disease »,
BJR, vol. 60, n° 718, p. 957-968, oct. 1987, doi:
10.1259/0007-1285-60-718-957.

G. Lloyd, V. J. Lund, D. Howard, et L. Savy,
« Optimum imaging for sinonasal malignancy », J.
Laryngol. Otol., vol. 114, n® 7, p. 557-562, juill.
2000, doi: 10.1258/0022215001906174.

S. M. Broski, C. H. Hunt, G. B. Johnson, R. M.
Subramaniam, et P. J. Peller, « The Added Value
of'® F-FDG PET/CT for Evaluation of Patients with

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Esthesioneuroblastoma », J Nucl Med, vol. 53, n° §,

p- 1200-1206, aolt 2012, doi:
10.2967/jnumed.112.102897.
S.  Ghaffar et I Salahuddin, « Olfactory

Neuroblastoma: A Case Report and Review of the
Literature », Ear Nose Throat J, vol. 84, n° 3, p.
150-152, mars 2005, doi:
10.1177/014556130508400311.

V. J. Lund et C. Milroy, « Olfactory neuroblastoma:
clinical and pathological aspects », Rhinology, vol.
31,n° 1, p. 1-6, mars 1993.

P. Dulguerov, A. S. Allal, et T. C. Calcaterra,
« Esthesioneuroblastoma: a meta-analysis and
review », The Lancet Oncology, vol. 2, n° 11, p.
683-690, mnov. 2001, doi: 10.1016/S1470-
2045(01)00558-7.

T. Hirose et al., « Olfactory neuroblastoma. An
immunohistochemical, ultrastructural, and flow
cytometric study », Cancer, vol. 76, n° 1, p. 4-19,
juill. 1995, doi: 10.1002/1097-
0142(19950701)76:1<4::AID-
CNCR2820760103>3.0.CO;2-E.

L. D. Thompson, « Small round blue cell tumors of
the sinonasal tract: a differential diagnosis
approach », Modern Pathology, vol. 30, p. S1-S26,
janv. 2017, doi: 10.1038/modpathol.2016.119.

C. M. Song, T. Won, C. H. Lee, D. Kim, et C. Rhee,
« Treatment modalities and outcomes of olfactory
neuroblastoma », The Laryngoscope, vol. 122, n°
11, p- 2389-2395, nov. 2012, doi:
10.1002/lary.23641.

S. Kadish, M. Goodman, et C. C. Wang, « Olfactory
neuroblastoma—A clinical analysis of 17 cases »,
Cancer, vol. 37,n° 3, p. 1571-1576, mars 1976, doi:
10.1002/1097-0142(197603)37:3<1571::AID-
CNCR2820370347>3.0.CO;2-L.

P. Dulguerov et T. Calcaterra,
« Esthesioneuroblastoma: The UCLA experience
1970-1990 », The Laryngoscope, vol. 102, n° 8, p.

843-849, ao0t 1992, doi: 10.1288/00005537-
199208000-00001.
J. G. Eriksen, Lars Bastholt, Annelise S.,

« Esthesioneuroblastoma: What is the Optimal
Treatment? », Acta Oncologica, vol. 39, n° 2, p.
231-235, janv. 2000, doi:
10.1080/028418600430833.

P. J. Bradley, N. S. Jones, et I. Robertson,
« Diagnosis and management of
esthesioneuroblastoma »:, Current Opinion in
Otolaryngology & Head and Neck Surgery, vol. 11,
n®2, p. 112-118, avr. 2003, doi: 10.1097/00020840-
200304000-00009.

C. Gandhoke et al., « A rare case report of mixed
olfactory neuroblastoma: Carcinoma with review of
literature », Surg Neurol Int, vol. 8,n° 1, p. 83,2017,
doi: 10.4103/sni.sni_30 17.

A. K. Devaiah et M. T. Andreoli, « Treatment of
esthesioneuroblastoma: A 16-year meta-analysis of

| © 2025 SAS Journal of Medicine | Published by SAS Publishers, India

[ 872 |




Anas CHAFRI et al., SAS ] Med, Sep, 2025; 11(9): 865-873

34.

35.

36.

37.

38.

39.

40.

361 patients », The Laryngoscope, vol. 119, n° 7, p.
1412-1416, juill. 2009, doi: 10.1002/lary.20280.

T. S. Higgins, B. Thorp, B. A. Rawlings, et J. K.
Han, «Outcome results of endoscopic vs
craniofacial resection of sinonasal malignancies: a
systematic review and pooled-data analysis », Int
Forum Allergy Rhinol, vol. 1, n° 4, p. 255-261, juill.
2011, doi: 10.1002/alr.20051.

K. S. C. Chao et al., « Esthesioneuroblastoma: The
impact of treatment modality », Head & Neck, vol.
23, n® 9, p. 749-757, sept. 2001, doi:
10.1002/hed.1107.

M. E. Platek ef al., « Improved survival following
surgery and radiation therapy for olfactory
neuroblastoma: analysis of the SEER database »,
Radiat Oncol, vol. 6, n° 1, p. 41, déc. 2011, doi:
10.1186/1748-717X-6-41.

D. Jethanamest, L. G. Morris, A. G. Sikora, et D. 1.
Kutler, « Esthesioneuroblastoma: A Population-
Based Analysis of Survival and Prognostic
Factors », Arch Otolaryngol Head Neck Surg, vol.
133, n° 3, p. 276, mars 2007, doi:
10.1001/archotol.133.3.276.

R. E. Saade, E. Y. Hanna, et D. Bell, « Prognosis and
Biology in Esthesioneuroblastoma: the Emerging
Role of Hyams Grading System », Curr Oncol Rep,
vol. 17, n° 1, p. 423, janv. 2015, doi:
10.1007/s11912-014-0423-z.

F. Janot, A.-C. Baglin, et B. Baujat, « Prise en
charge des cancers ORL rares: synthése des
recommandations du réseau d’expertise frangais
REFCOR », Oncologie, vol. 17, n° 5-6, p. 256-258,
mai 2015, doi: 10.1007/s10269-015-2523-2.

F. Duprez et al., « IMRT for Sinonasal Tumors
Minimizes Severe Late Ocular Toxicity and
Preserves Disease Control and Survival »,
International Journal of Radiation
Oncology*Biology*Physics, vol. 83, n° 1, p.
252-259, mai 2012, doi:
10.1016/j.ijrobp.2011.06.1977.

41

42.

43.

44.

45.

46.

47.

48.

R. L. Foote et al., « Esthesioneuroblastoma: the role
of adjuvant radiation therapy », International
Journal of Radiation Oncology*Biology*Physics,
vol. 27, n° 4, p. 835-842, nov. 1993, doi:
10.1016/0360-3016(93)90457-7.

A. B. Porter et al, «Retrospective review of
adjuvant chemotherapy for
esthesioneuroblastoma », J Neurooncol, vol. 90, n°
2, p. 201-204, nov. 2008, doi: 10.1007/s11060-008-
9645-y.

D. Kim et al., « Neoadjuvant etoposide, ifosfamide,
and cisplatin for the treatment of olfactory
neuroblastoma », Cancer, vol. 101, n° 10, p.
2257-2260, nov. 2004, doi: 10.1002/cncr.20648.

P. Bossi et al., « The role of systemic therapy in the
management of sinonasal cancer: A critical
review », Cancer Treatment Reviews, vol. 41, n° 10,
p. 836-843, déc. 2015, doi:
10.1016/j.ctrv.2015.07.004.

Polin RS et al, « The role of preoperative adjuvant
treatment in the management of
esthesioneuroblastoma: theUniversity of Virginia
experience. », Neurosurgery, 1998.

N. Konuthula et al., « Definitive Radiation in the
Treatment of Locally Advanced
Esthesioneuroblastoma: An Analysis of the National
Cancer Data Base», International Journal of
Radiation Oncology*Biology*Physics, vol. 96, n° 2,
p- E371, oct. 2016, doi:
10.1016/j.ijrobp.2016.06.1564.

A. Orton et al, «Esthesioneuroblastoma: A
Patterns-of-Care and Outcomes Analysis of the
National Cancer Database », NEUROSURGERY,
vol. 83, n° 5, p. 940-947, nov. 2018, doi:
10.1093/neuros/nyx535.

P. A. Levine, « Would Dr. Ogura approve of
endoscopic resection of esthesioneuroblastomas?
An analysis of endoscopic resection data versus that
of craniofacial resection », The Laryngoscope, vol.
119, n° 1, p. 3-7, janv. 2009, doi:
10.1002/lary.20047.

| © 2025 SAS Journal of Medicine | Published by SAS Publishers, India

[ 873 |




