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Simple Summary: Esthesioneuroblastoma (ENB) recurrence is common; however, data regarding
patient outcomes after recurrence is still lacking. This study examines patient outcomes after ENB
recurrence using 143 patients with ENB and describes the patterns of salvage therapeutic interven-
tions. Our study found the 5-year overall survival after ENB recurrence to be 63% and the 5-year
progression-free survival to be 56%. The mean time to develop a secondary recurrence was sig-
nificantly shorter than the mean time to develop the first recurrence. Additionally, patients who
developed secondary recurrences were, on average, significantly older at the time of their primary
tumor diagnosis.

Abstract: Introduction: Esthesioneuroblastoma (ENB) is a rare malignant neoplasm arising from
the olfactory epithelium of the cribriform plate. Although survival is excellent with a reported
5-year overall survival (OS) of 82%, recurrence is frequent and occurs in 40–50% of cases. This study
investigates the characteristics of ENB recurrence and the subsequent prognosis of patients with
recurrence. Methods: The clinical records of all patients diagnosed as having ENB with subsequent
recurrence at a tertiary hospital from 1 January 1960 to 1 January 2020 were retrospectively reviewed.
Overall survival (OS) and progression-free survival (PFS) were reported. Results: A total of 64 out
of 143 ENB patients had recurrences. In total, 45 out of 64 recurrences met the inclusion criteria
and were included in this study. From these, 10 (22%) had a sinonasal recurrence, 14 (31%) had an
intracranial recurrence, 15 (33%) had a regional recurrence, and 6 (13%) had a distal recurrence. The
average interval from initial treatment to recurrence was 4.74 years. There were no differences in rates of
recurrence with respect to age, sex, or types of surgery (endoscopic, transcranial, lateral rhinotomy, and
combined). The time to recurrence was shorter for Hyams grades 3 and 4 compared to Hyams grades 1
and 2 (3.75 years vs. 5.70 years, p < 0.05). Patients with recurrence limited to the sinonasal region had a
lower overall primary Kadish stage compared to recurrences beyond the sinonasal region (2.60 vs. 3.03,
p < 0.05). A total of 9 (20%) out of 45 patients developed secondary recurrence. Following recurrence, the
subsequent 5-year OS and PFS were 63 and 56%, respectively. The mean time to secondary recurrence
after treatment of the primary recurrence was 32 months, which was significantly shorter than the time
to primary recurrence (32 months vs. 57 months, p = 0.048). The mean age of the secondary recurrence
group is significantly older than the primary recurrence group (59.78 years vs. 50.31 years, p = 0.02).
No statistically significant differences were observed between the secondary recurrence group and the
recurrence group in terms of their overall Kadish stages or Hyams grades. Conclusions: Following an
ENB recurrence, salvage therapy appears to be an effective therapeutic option with a subsequent 5-year
OS of 63%. However, subsequent recurrences are not infrequent and may require additional therapy.

Keywords: esthesioneuroblastoma; olfactory neuroblastoma; overall survival; progression-free
survival; recurrence; risk factors; long-term outcome; sinonasal malignancy; metastasis
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1. Introduction

Esthesioneuroblastoma (ENB) recurrence has been estimated to be around 30 to 60%
after successful treatment of the primary tumor [1–5]. Recurrent disease is usually locore-
gional and tends to have a long interval to relapse with a mean of 6 years [6].

While there are no universally accepted treatment guidelines for ENB due to the rarity
of the disease and the lack of clinical trials, it is common to involve dual-modality with
both surgery and radiotherapy for early-stage diseases and the addition of chemotherapy
for advanced disease or worrisome prognostic features, such as a high Hyams grade or
positive surgical margins. In select cases of locally advanced disease in which surgical
resection with negative margins is unlikely, induction chemotherapy may be an option
as part of an organ-preservation surgical strategy or to reduce tumor burden to help to
achieve negative margins [7–10].

The most widely used staging system for ENB is the Kadish system which classifies
the primary tumor based on the extent of local tumor anatomic involvement. The Kadish
system has been modified (mKadish) by Morita et al., and ranges from A to D with stage
A involving the nasal cavity alone, stage B extending to the paranasal sinuses, stage C
involving the cribriform plate, the skull base, the orbit, or intracranial cavity, and stage
D involving the neck or any distal metastasis [11]. Additionally, ENBs are also graded
based on pathological features using the Hyams grading system [12]. Hyams grades
range on a scale of one to four based on the histologic findings of the tumor biopsy and
confer the aggressiveness of the tumor [13]. Hyams grading is commonly categorized into
low-grade Hyams (LGH; Hyams I–II) and high-grade Hyams (HGH; Hyams III–IV) when
characterizing tumor behavior and prognoses [14].

Prior studies demonstrated that ENBs with advanced Kadish stages have an increased
risk of distant failure and treatment complications attributed to more extensive surgical
resection and aggressive adjuvant therapies [15,16]. Similarly ENBs with HGH generally
have lower overall survival rates due to an increased likelihood of metastasis to the neck or
distant anatomic sites [12].

Although the overall survival (OS) of ENB patients is generally favorable compared
to other sinonasal malignancies, recurrence is quite common and tends to occur in a
delayed fashion, often 5 years or more after initial treatment. When recurrence occurs,
the treatment guidelines are not well established but mainly consist of salvage surgery,
targeted radiotherapy, and/or chemotherapy. However, little has been published on the
long-term subsequent outcomes of ENB patients treated with salvage surgery for recurrence.
Thus, the purpose of this study is to identify recurrence patterns of ENB, describe salvage
therapeutic interventions, characterize subsequent long-term survival, and analyze the
factors associated with survival and secondary recurrences.

2. Materials and Methods

This retrospective cohort study was approved by the Mayo Clinic Institutional Review
Board #18-001238. The clinical records of all patients diagnosed with ENB at the Mayo
Clinic from August 1960 to December 2019 were retrospectively reviewed. Exclusion
criteria included patients missing clinical or treatment records, documentation of Kadish
stages, Hyams grades, or recurrence data.

All patients included in the study were cared for by a multidisciplinary team consisting
of otolaryngologists—head and neck surgeons, radiation oncologists, medical oncologists,
neurosurgeons, neuroradiologists, and neuro-ophthalmologists, as needed. Computed
tomography and, later in the series, magnetic resonance imaging were used to assess the
full extent of each tumor before the commencement of treatment. The patients’ tumors
were staged based on clinical and radiologic presentations according to the Kadish stage.

Subgroup analysis was conducted using Cox proportional hazards model, Student’s
t-test, and Fisher exact test. The Kaplan–Meier method was used to estimate the probability
of recurrence or death. Death caused by the disease was treated as an endpoint for disease-
specific survival, while other deaths, such as postoperative deaths, were treated as censored
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observations. The subsequent period was defined as the time from recurrence to the time
of last follow-up or death.

All-cause death was defined as any patient with a documented date of death, regard-
less of the reason. Cancer-specific death was defined as any patient with a documented
date of death that also had a cause of death listed as “Dead from disease” or “Dead of
disease”. Cancer progression was defined as the earliest of 2 possible dates, secondary
recurrence, or cancer-specific death. If a patient did not meet the requirements for an event
in each outcome, they were censored at the time of the last follow-up. Associations of
demographic and clinical features with each outcome were evaluated using univariable
Cox proportional hazards regression models and summarized using hazard ratios (HRs)
and 95% confidence intervals (CIs). Statistical analyses were performed using SAS version
9.4 (SAS Institute; Cary, NC, USA), and plots were generated using R version 3.6.2 (R
Foundation for Statistical Computing; Vienna, Austria). All tests were two-sided, and
p-values < 0.05 were considered statistically significant.

3. Results
3.1. Patient Characteristics

Of the 143 included ENB patients, 64 developed recurrent disease. A total of 45 out of
64 recurrences met the inclusion criteria and were included in this study. There were 17
(38%) males and 28 (62%) females. The most common surgery performed for primary ENB
was the transcranial approach (62%). This is followed by the combined transcranial and
endonasal approach (18%), purely endoscopic approach (13%), and lateral rhinotomy (5%).
One (2%) patient did not undergo surgery because the tumor was deemed unresectable. In
total, 41 (91%) out of 45 patients underwent radiation therapy as part of their primary ENB
treatment. The distribution of mKadish stages in our cohort was 2.2% stage A, 13.3% stage
B, 80.0% stage C, and 4.4% stage D. The distribution of Hyams grades in our cohort was
8.8% grade 1, 37.7% grade 2, 40.0% grade 3, and 13.3% grade 4 (Table 1).

Table 1. Patient demographics.

Mean age at recurrence (years) 56.83 (range: 30.8 to 85.1)
Mean time to recurrence (years) 4.74 (range: 0.08 to 15.91)
Sex (%)

Male 17 (38)
Female 28 (62)

Surgical approach for primary tumor (%)
Endoscopic 6 (13)
Transcranial 28(62)
Combined 8 (18)
Unresectable 1 (2)
Lateral rhinectomy 2 (4)

Other treatments (%)
Radiation therapy 41 (91)
Gama knife surgery 9 (22)
Chemotherapy 27 (60)

Hyams grade (%)
Grade 1 4 (9)
Grade 2 17 (38)
Grade 3 18 (40)
Grade 4 6 (13)

Kadish stage (%)
Stage A 1 (2)
Stage B 6 (13)
Stage C 36 (80)
Stage D 2 (4)

The average interval from the initial treatment of the primary tumor to recurrence was
4.8 years (interquartile range = 4.3 years). The mean age of patients at the time of ENB
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recurrence in our sample was 56.8 years (range 30.8 to 85.1 years) (Table 1). The median
follow-up time for these patients was 76.6 months (interquartile range of 25.5–153 months).

In terms of location of recurrence, 12 (26.7%) patients developed a local recurrence
with a median time to recurrence of 57.6 months. Fourteen (31.1%) patients developed an
intracranial recurrence with a median time to recurrence of 39.6 months. Fifteen (33.3%)
patients developed cervical lymph node metastasis, with a median time to metastasis of 70
months. Six (13.3%) patients developed distant metastasis, including bone, liver, orbit, and
oral cavity, with a median time to metastasis of 47.2 months (Table 2).

Table 2. Recurrence by locations.

Location of Recurrence Number of Patients (%) Time to Recurrence (Month)

Sinonasal 10 (22.2%) 57.4
Intracranial a 14 (31.1%) 39.6

Cervical lymph node(s) 15 (33.3%) 52.0
Distal organs b 6 (13.3%) 57.2

a Intracranial recurrences include dural metastases and brain; b distal organs included bone, liver, and oral cavity.

The mean time to recurrence was shorter for HGH compared to LGH (3.75 years vs.
5.70 years, p = 0.02) (Table 3). Patients with recurrence limited to the sinonasal region had a
lower overall primary Kadish stage compared to recurrences beyond the sinonasal region
(2.50 vs. 2.95, p = 0.01) (Table 4).

Table 3. Hyams grade and Kadish stage relation to recurrent time and local recurrence.

Hyams Grade 1 and 2
(n = 21)

Hyams Grade 3 and 4
(n = 24) p-Value

Time to recurrence
(years) 5.70 3.75 <0.05

Table 4. Mean Kadish stage between sinonasal recurrence and non-sinonasal recurrence.

Sinonasal Recurrence
(n = 10)

Regional or Distal
Recurrence (n = 35) p-Value

Mean Kadish stage of
primary tumors 2.60 3.03 <0.05

Cervical lymph node metastasis showed a significantly lower Hyams grade compared
to distant metastasis (2.4 vs. 3.14, p = 0.01). No significant differences in Hyams grades or
Kadish stages were observed between all other recurrence locations. No differences were
found with regard to age, sex, time to recurrence, and margin status across all recurrence
locations.

3.2. Salvage Therapy

A total of 39 out of 45 patients had adequate documentation of their salvage therapy.
Seventeen (44%) patients received single-modality therapy, followed by dual-modality ther-
apy in twelve (30%), and three or more modalities therapy in ten (26%). Overall, 27 (69%)
patients received surgical treatment as part of their salvage therapy. The most common sur-
gical therapy received was neck dissection with 20 (51%) patients. Among other treatment
modalities, 22 (56%) patients received radiation therapy, 8 (20%) received gamma knife
surgery, and 10 (26%) received chemotherapy (Table 5). In terms of chemotherapy agents,
70% received platinum-based chemo, 40% received taxanes, 50% received a topoisomerase
inhibitor, and 30% received an alkylating agent.
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Table 5. Salvage therapy (n = 39).

Modalities of therapy (%)

Single 17 (44)
Dual 12 (30)
Triple 10 (26)

Surgical treatment (%) 27 (69%)
Surgical approach for recurrence (%)

Endoscopic 4 (10)
Transcranial 3 (8)
Other open surgery 7 (18)
Neck dissection 20 (51)

Other treatments (%)
Radiation therapy 22 (56)
Gama knife surgery 8 (20)
Chemotherapy 10 (26)

3.3. Secondary Recurrence

Among the 45 patients with ENB recurrence, 9 (20%) patients developed a subsequent
secondary recurrence. The mean time to secondary recurrence after treatment of the
primary recurrence was 32 months, which is significantly shorter than the time to primary
recurrence (32 months vs. 57 months, p = 0.048). In terms of the location of the secondary
recurrence, the distribution was four (44%) sinonasal, one (11%) intracranial, three (33%)
regional, and two (22%) distal. Three (33%) patients had secondary recurrences that shared
the same location as the primary recurrence. The locations of secondary recurrences are
shown in Table 6. The secondary recurrence group were predominantly male (8, 88%),
although no statistical significance was found compared to the group without secondary
recurrence. The mean age of the secondary recurrence group is significantly older than the
primary recurrence group (59.78 years vs. 50.31 years, p = 0.02). No statistically significant
differences were observed between the secondary recurrence group and the recurrence
group in terms of their overall Kadish stages or Hyams grades. There were no statistically
significant differences in terms of the secondary recurrence rate between patients treated
prior to 2000 and those treated after 2000.

Table 6. Esthesioneuroblastoma secondary recurrences.

Patient # Surgery Kadish Hyams Margin
Status

Radiotherapy for
Primary ENB

Primary
Recurrence

Secondary
Recurrence

Time to
Secondary
Recurrence
(Months)

Vital Status

1 Transcranial C 3 Unknown Yes
L frontal lobe,

dura, bone, and
skin

R oral cavity, R
submandibular

gland, and L
parotid

1 Deceased

2 Transcranial C 2 Negative Yes R frontal dura
and lobe R maxillary sinus 82 Deceased

3 Transcranial C 3 Negative Yes L frontal
parasagittal dura

Bilateral neck
and L parotid 32 Alive

4 Unresectable C 2 Unknown Yes Sinonasal cavity Sinonasal cavity 70 Deceased

5 Transcranial C 2 Negative No
R nasal cavity

and R maxillary
sinus

R neck 77 Alive

6 Transcranial C 3 Positive Yes R neck R parietal dura 4 Alive
7 Combined C 3 Negative Yes L neck L ethmoid sinus 5 Alive

8 Endoscopic B 3 Positive Yes R neck Retropharyngeal
node 6 Alive

9 Transcranial B 2 Unknown Yes Maxilla/oral
cavity

L maxillary sinus
and L neck 17 Deceased

3.4. Survival Analysis

Following treatment for the primary tumor, the subsequent 5-year OS was 86%, and
the 5-year PFS was 41%. The 1-, 2-, 5-, and 10-year cumulative incidence for each outcome
is shown in Table 7.
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Table 7. The 1-, 2-, 5-, and 10-year cumulative incidence of all-cause death, cancer-specific death, and
cancer progression after primary tumor diagnosis.

All-Cause Death

Year Overall Hyams Grade
High Low

1 5% (0–11%) 6% (0–17%) 0% (0–0%)
2 9% (0–17%) 20% (0–37%) 0% (0–0%)
5 14% (3–24%) 20% (0–37%) 0% (0–0%)
10 38% (20–53%) 50% (8–73%) 21% (0–40%)

Cancer–Specific Death

High Low
1 2% (0–7%) 0% (0–0%) 0% (0–0%)
2 7% (0–14%) 14% (0–31%) 0% (0–0%)
5 12% (2–21%) 14% (0–31%) 0% (0–0%)
10 34% (16–48%) 47% (3–71%) 14% (0–30%)

Cancer Progression

High Low
1 11% (2–20%) 19% (0–36%) 0% (0–0%)
2 27% (13–39%) 44% (13–64%) 7% (0–19%)
5 59% (42–71%) 63% (29–80%) 40% (9–60%)
10 93% (80–98%) 94% (58–99%) 87% (52–96%)

Figure 1 show this graphically.No significant differences were found between patients
with high and low Hyams grades in any of the outcomes. Figure 2 shows all cause death
and cancer progression following recurrence.
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Figure 2. All-cause mortality after ENB recurrence (A) and cancer progression after recurrence (B).

With respect to survival after esthesioneuroblastoma recurrence and salvage therapy,
the subsequent 5-year OS was 63%, and the 5-year PFS was 56%. The 1-, 2-, 5-, and 10-year
cumulative incidence for each outcome is shown in Table 8.

Table 8. The 1-, 2-, 5-, and 10-year cumulative incidence of all-cause death and cancer progression
after salvage treatment of recurrence.

Year All-Cause Death Cancer Progression

1 10% (0–18%) 17% (5–27%)
2 21% (7–33%) 25% (10–38%)
5 37% (18–51%) 44% (25–59%)
10 61% (38–75%) 76% (51–89%)

Table 9 reports the tests for the association between each outcome and demographic
and clinical factors as summarized using hazard ratios and confidence intervals. No
significant associations were found.
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Table 9. Univariable hazard ratios of demographic and medical features.

Parameter All-Cause
Death

Cancer-Specific
Death

Cancer
Progression

HR (95% CI) p-Value HR (95% CI) p-Value HR (95% CI) p-Value

Age 0.97 (0.93, 1.01) 0.17 0.96 (0.92, 1.01) 0.10 0.98 (0.95, 1.00) 0.07
Sex

F Ref Ref Ref
M 0.64 (0.23, 1.73) 0.38 0.55 (0.18, 1.67) 0.29 0.81 (0.35, 1.86) 0.62

Surgery 0.82 0.91 0.59
Endoscopic 5.49 (0.30, 100.93) 0.25 - 2.07 (0.34, 12.54) 0.43
Transcranial 2.51 (0.31, 20.21) 0.39 - 1.54 (0.35, 6.77) 0.57
Combined 1.95 (0.18, 21.61) 0.59 - 2.90 (0.55, 15.22) 0.21

Unresectable 1.48 (0.09, 24.39) 0.78 - 4.30 (0.36, 51.42) 0.25
Lateral rhinotomy Ref Ref Ref

Resection 1.00 0.89 0.69
1 Ref Ref Ref
2 - - 0.51 (0.07, 3.86) 0.52
3 1.02 (0.23, 4.63) 0.98 0.60 (0.08, 4.78) 0.63 1.38 (0.41, 4.63) 0.61

GKS gamma knife
0 Ref Ref Ref
1 0.48 (0.11, 2.11) 0.33 0.68 (0.15, 3.04) 0.61 0.63 (0.24, 1.68) 0.36

Final margins 0.47 0.85 0.82
Negative Ref Ref Ref
Positive 0.74 (0.09, 6.09) 0.78 0.77 (0.09, 6.38) 0.81 0.89 (0.29, 2.72) 0.84

Unknown 1.70 (0.65, 4.45) 0.28 1.28 (0.43, 3.85) 0.66 1.25 (0.55, 2.83) 0.60
Hyams grade

Low Ref Ref Ref
High 1.63 (0.63, 4.24) 0.31 2.07 (0.71, 6.05) 0.19 1.60 (0.78, 3.29) 0.20

4. Discussion

While there are a handful of studies looking at the long-term outcomes of primary
ENB, less is known about the outcomes of ENB recurrences. In this cohort, the regional
recurrences were associated with a lower Hyams grade compared to distal metastases. The
mean time to recurrence was shorter for HGH compared to LGH, and patients with recur-
rence limited to the sinonasal region had a lower overall primary Kadish stage compared
to recurrences beyond the sinonasal region. A handful of recurrences went on to develop a
subsequent secondary recurrence, which was associated with increased age. Patients with
ENB recurrences appear to carry a relatively favorable prognosis with a subsequent 5-year
OS of 63% following salvage therapy.

With regard to the location of initial recurrence, our study demonstrated a very
similar recurrence pattern to that reported by prior studies. The regional recurrence in
our sample was 33.3%, which is also consistent with reports from previous studies [17–21].
The high percentage of regional recurrence is likely attributed to the high prevalence
of advanced Kadish stages in our sample, which is known to be a risk factor for neck
lymph node metastasis. Furthermore, at the Mayo Clinic, patients with N0 necks do not
receive elective neck irradiation (ENI), which may have contributed to the increase rates
of regional metastasis. There is currently no consensus regarding ENI for N0 necks in
ENB patients. Prior studies showed ENI improves 5-year PFS but does not appear to
offer OS benefits [22–24]. A recent multicenter study also showed that ENI may reduce
rates of delayed nodal recurrence [25]. However, without compelling evidence of clear
OS benefits, it is important to take in consideration the side effects of radiation and its
potential impact on patients’ quality of life. The side effects of ENI, including dysphagia,
xerostomia, mobility restriction, hypothyroidisms, carotid stenosis, and carotid blowout
syndrome are well reported in the literature [26,27]. Additionally, salvage neck dissection
has been shown to be a viable therapy in patients with delayed regional metastases with
excellent subsequent survival and regional disease control [28].

ENB recurrence time varies widely with a reported range between 9 and 251 months [29].
Our study found that the time to recurrence was shorter for HGH compared to LGH
(3.75 years vs. 5.70 years, p < 0.05). Although we did not find a significant difference
in recurrence time by the location of the recurrence, studies have demonstrated a cor-
relation between HGH with distant recurrences, which tend to occur sooner than local
recurrences [6,30]. These findings are likely due to the more aggressive cellular behavior of
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HGH and hence earlier and more distant recurrence. Additionally, we found that cervical
neck metastases were associated with lower Hyams grade compared to distant metastases.

Following a recurrence, the subsequent 5-year OS was 63%, and the PFS was 56%.
Recurrent ENB shares a similar 5-year OS and PFS to that of primary ENB reported by
prior studies [11,31]. The trend of the OS at years 1, 2, 5, and 10 between HGH and LGH
was consistently higher for LGH; however, the comparison was statistically insignificant.
Although there were no studies examining survival with respect to Hyams grade in ENB
recurrence, prior studies examining survival in primary ENB suggested that a higher
Hyams grade generally correlates with worse OS and PFS [32–35].

Secondary recurrence has a shorter time to recurrence compared to primary recurrence
in our cohort. The reason for this is unclear but could possibly be explained by a couple of
reasons. Although primary ENB therapy tends to be multimodal, salvage treatment tends
to be unimodal, and re-irradiation is sometimes not an option. Therefore, it is possible that
treatment options were limited for the salvage therapy and that some patients were not re-
irradiated for their recurrence, which can explain the faster recurrence. Prior studies have
shown the addition of radiotherapy resulted in significantly better OS and DFS compared
to surgery alone and other treatment modes [36]. Patients in the secondary recurrence
group were also significantly older and maybe predisposed to sooner recurrence due to
waning immunity.

There are several limitations to this study. As a retrospective study that spanned
over the course of many years, the treatment modalities, guidelines, and understanding
of the disease have changed significantly during this period. This potentially introduces
inconsistencies in our data as our cohort was not homogenously managed. Our ENB
recurrence sample was mainly Kadish stage C (80%); whether this was a result of selection
bias or chance, it inevitably skewed the characteristics of our sample, and our results may
not be generalizable and did not allow for subgroup analysis between different Kadish
stages. Lastly, although this study represents one of the largest retrospective cohort studies,
it is still restricted by the number of patients with recurrence, which did not allow for a
meaningful comparison between some subgroups.

5. Conclusions

ENB recurrences are common and often intracranial and regional. Following ENB
recurrence, salvage therapy appears to be an effective therapeutic option with a subsequent
5-year OS of 63%. However, subsequent recurrences are not infrequent and may require
additional therapy.

Author Contributions: Conceptualization, C.D.P.-N. and G.C.; methodology, G.N., C.D.P.-N. and
G.C.; software, E.I.; validation, C.D.P.-N., E.I., J.J.V.G., M.J.L., M.P.-C., E.J.M., J.K.S., M.G. and G.C.;
formal analysis, G.N., C.D.P.-N., E.I. and G.C.; investigation, G.N., C.D.P.-N., E.I. and G.C.; resources,
J.J.V.G., M.J.L., M.P.-C., E.J.M., J.K.S. and M.G.; data curation, J.J.V.G., M.J.L., M.P.-C., E.J.M., J.K.S.
and M.G.; writing—G.N., C.D.P.-N., E.I. and G.C.; writing—review and editing, J.J.V.G., M.J.L.,
M.P.-C., E.J.M., J.K.S. and M.G.; visualization, G.N. and E.I.; supervision, C.D.P.-N. and G.C.; project
administration, C.D.P.-N. and G.C.; funding acquisition, C.D.P.-N. and G.C. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board of Mayo Clinic Health System protocol
#18-001238.

Informed Consent Statement: Patient consent was waived due to IRB exemption for retrospective
chart reviews.

Data Availability Statement: Data used in this article are stored on the Mayo Clinic Esthesioneurob-
lastoma database.

Conflicts of Interest: The authors declare no conflict of interest.



Cancers 2023, 15, 1506 10 of 11

References
1. Gore, M.R.; Zanation, A.M. Salvage Treatment of Local Recurrence in Esthesioneuroblastoma: A Meta-analysis. Skull Base 2011,

21, 1–6. [CrossRef] [PubMed]
2. Maina, I.W.; Lehrich, B.M.; Goshtasbi, K.; Su, B.M.; Stubbs, V.C.; Tong, C.; Kohanski, M.A.; Lee, J.Y.; Luu, Q.C.; Newman, J.G.;

et al. Extraprimary Local Recurrence of Esthesioneuroblastoma: Case Series and Literature Review. World Neurosurg. 2020, 144,
e546–e552. [CrossRef] [PubMed]

3. Arosio, A.D.; Bernasconi, D.P.; Valsecchi, M.G.; Pacifico, C.; Battaglia, P.; Bignami, M.; Ferrari, M.; Mattavelli, D.; Rampinelli, V.;
Tomasoni, M.; et al. Patterns of recurrences in sinonasal cancers undergoing an endoscopic surgery-based treatment: Results of
the MUSES* on 940 patients: *MUlti-institutional collaborative Study on Endoscopically treated Sinonasal cancers. Oral Oncol.
2022, 134, 106123. [CrossRef] [PubMed]

4. Mozaffari, K.; Pradhan, A.; Yang, I.; Patel, K.; Vivas, A.C. Metastatic esthesioneuroblastoma recurrence after 19 years of remission:
A systematic review with case illustration. J. Neurol. Sci. 2022, 442, 120406. [CrossRef]

5. Lund, V.J.; Howard, D.; Wei, W.; Spittle, M. Olfactory Neuroblastoma: Past, Present, and Future? Laryngoscope 2003, 113, 502–507.
[CrossRef]

6. Loy, A.H.; Reibel, J.F.; Read, P.W.; Thomas, C.Y.; Newman, S.A.; Jane, J.A.; Levine, P.A. Esthesioneuroblastoma: Continued
follow-up of a single institution’s experience. Arch. Otolaryngol. Neck Surg. 2006, 132, 134–138. [CrossRef]

7. Miller, K.C.; Marinelli, J.P.; Janus, J.R.; Chintakuntlawar, A.V.; Foote, R.L.; Link, M.J.; Choby, G.; Van Gompel, J.J. Induction
Therapy Prior to Surgical Resection for Patients Presenting with Locally Advanced Esthesioneuroblastoma. J. Neurol. Surg. Part B
Skull Base 2021, 82 (Suppl. 3), e131–e137. [CrossRef]

8. Lopez, D.C.; Wadley, A.E.; London, N.R., Jr. Emerging concepts in sinonasal tumor research. Curr. Opin. Otolaryngol. Head Neck
Surg. 2022, 30, 33–39. [CrossRef]

9. Karp, E.E.; Van Gompel, J.J.; Choby, G. Esthesioneuroblastoma (Olfactory Neuroblastoma): Overview and Extent of Surgical
Approach and Skull Base Resection. J. Neurol. Surg. Rep. 2022, 83, e80–e82. [CrossRef]

10. Su, S.Y.; Bell, D.; Ferrarotto, R.; Phan, J.; Roberts, D.; Kupferman, M.E.; Frank, S.J.; Fuller, C.D.; Gunn, G.B.; Kies, M.S.; et al.
Outcomes for olfactory neuroblastoma treated with induction chemotherapy. Head Neck 2017, 39, 1671–1679. [CrossRef]

11. Morita, A.; Ebersold, M.J.; Olsen, K.D.; Foote, R.L.; Lewis, J.E.; Quast, L.M. Esthesioneuroblastoma: Prognosis and management.
Neurosurgery 1993, 32, 706–714. [CrossRef] [PubMed]

12. Bs, K.G.; Abiri, A.; Abouzari, M.; Sahyouni, R.; Wang, B.Y.; Tajudeen, B.A.; Hsu, F.P.K.; Cadena, G.; Kuan, E.C. Hyams grading
as a predictor of metastasis and overall survival in esthesioneuroblastoma: A meta-analysis. Int. Forum Allergy Rhinol. 2019, 9,
1054–1062. [CrossRef]

13. Joshi, R.R.; Spector, M.E.; Husain, Q.; Roman, B.R.; Cracchiolo, J.; Yu, Y.; Tsai, J.; Kang, J.; McBride, S.; Lee, N.Y.; et al. Comparing
Kadish, TNM, and the modified Dulguerov staging systems for esthesioneuroblastoma. J. Surg. Oncol. 2018, 119, 130–142.
[CrossRef] [PubMed]

14. Gallagher, K.; Pepper, J.P.; Light, E.; McKean, E.; Marentette, L.; McHugh, J. Esthesioneuroblastoma: Updating Histologic Grading
as It Relates to Prognosis. Ann. Otol. Rhinol. Laryngol. 2014, 123, 353–358. [CrossRef]

15. Palejwala, S.K.; Sharma, S.; Le, C.H.; Chang, E.; Lemole, M. Complications of Advanced Kadish Stage Esthesioneuroblastoma:
Single Institution Experience and Literature Review. Cureus 2017, 9, e1245. [CrossRef]

16. Banuchi, V.E.; Dooley, L.; Lee, N.Y.; Pfister, D.G.; McBride, S.; Riaz, N.; Bilsky, M.H.; Ganly, I.; Shah, J.P.; Kraus, D.H.; et al.
Patterns of regional and distant metastasis in esthesioneuroblastoma. Laryngoscope 2016, 126, 1556–1561. [CrossRef]

17. Zeng, Q.; Tian, Y.; He, Y.; Xie, Q.; Ou, L.; Wang, M.; Chen, W.; Wei, R. Long-Term Survival Outcomes and Treatment Experience of
64 Patients With Esthesioneuroblastoma. Front. Oncol. 2021, 11, 624960. [CrossRef]

18. Ferlito, A.; Rinaldo, A.; Rhys-Evans, P.H. Contemporary clinical commentary: Esthesioneuroblastoma: An update on management
of the neck. Laryngoscope 2003, 113, 1935–1938. [CrossRef]

19. Monroe, A.T.; Hinerman, R.W.; Amdur, R.J.; Ms, C.G.M.; Mendenhall, W.M. Radiation therapy for esthesioneuroblastoma:
Rationale for elective neck irradiation. Head Neck 2003, 25, 529–534. [CrossRef]

20. Zanation, A.M.; Ferlito, A.; Rinaldo, A.; Gore, M.R.; Lund, V.J.; McKinney, K.A.; Suárez, C.; Takes, R.P.; Devaiah, A. When, how
and why to treat the neck in patients with esthesioneuroblastoma: A review. Eur. Arch. Oto-Rhino-Laryngol. 2010, 267, 1667–1671.
[CrossRef]

21. Davis, R.E.; Weissler, M.C. Esthesioneuroblastoma and neck metastasis. Head Neck 1992, 14, 477–482. [CrossRef] [PubMed]
22. Jiang, W.; Mohamed, A.S.; Fuller, C.; Kim, B.Y.; Tang, C.; Gunn, G.B.; Hanna, E.Y.; Frank, S.J.; Su, S.Y.; Diaz, E.; et al. The role of

elective nodal irradiation for esthesioneuroblastoma patients with clinically negative neck. Pract. Radiat. Oncol. 2015, 6, 241–247.
[CrossRef]

23. Demiroz, C.; Gutfeld, O.; Aboziada, M.; Brown, D.; Marentette, L.J.; Eisbruch, A. Esthesioneuroblastoma: Is There a Need for
Elective Neck Treatment? Int. J. Radiat. Oncol. Biol. Phys. 2011, 81, e255–e261. [CrossRef] [PubMed]

24. Yin, Z.-Z.; Luo, J.-W.; Gao, L.; Yi, J.-L.; Huang, X.-D.; Qu, Y.; Wang, K.; Zhang, S.-P.; Xiao, J.-P.; Xu, G.-Z.; et al. Spread patterns of
lymph nodes and the value of elective neck irradiation for esthesioneuroblastoma. Radiother. Oncol. 2015, 117, 328–332. [CrossRef]
[PubMed]

http://doi.org/10.1055/s-0030-1254406
http://www.ncbi.nlm.nih.gov/pubmed/22451793
http://doi.org/10.1016/j.wneu.2020.08.227
http://www.ncbi.nlm.nih.gov/pubmed/32916346
http://doi.org/10.1016/j.oraloncology.2022.106123
http://www.ncbi.nlm.nih.gov/pubmed/36174456
http://doi.org/10.1016/j.jns.2022.120406
http://doi.org/10.1097/00005537-200303000-00020
http://doi.org/10.1001/archotol.132.2.134
http://doi.org/10.1055/s-0039-3402026
http://doi.org/10.1097/MOO.0000000000000776
http://doi.org/10.1055/s-0042-1753519
http://doi.org/10.1002/hed.24822
http://doi.org/10.1227/00006123-199305000-00002
http://www.ncbi.nlm.nih.gov/pubmed/8492845
http://doi.org/10.1002/alr.22373
http://doi.org/10.1002/jso.25293
http://www.ncbi.nlm.nih.gov/pubmed/30466166
http://doi.org/10.1177/0003489414526368
http://doi.org/10.7759/cureus.1245
http://doi.org/10.1002/lary.25862
http://doi.org/10.3389/fonc.2021.624960
http://doi.org/10.1097/00005537-200311000-00015
http://doi.org/10.1002/hed.10247
http://doi.org/10.1007/s00405-010-1360-6
http://doi.org/10.1002/hed.2880140610
http://www.ncbi.nlm.nih.gov/pubmed/1468921
http://doi.org/10.1016/j.prro.2015.10.023
http://doi.org/10.1016/j.ijrobp.2011.03.036
http://www.ncbi.nlm.nih.gov/pubmed/21676553
http://doi.org/10.1016/j.radonc.2015.10.002
http://www.ncbi.nlm.nih.gov/pubmed/26558687


Cancers 2023, 15, 1506 11 of 11

25. Lechner, M.; Takahashi, Y.; Turri-Zanoni, M.; Liu, J.; Counsell, N.; Hermsen, M.; Kaur, R.P.; Zhao, T.; Ramanathan, M., Jr.;
Schartinger, V.H.; et al. Clinical outcomes, Kadish-INSICA staging and therapeutic targeting of somatostatin receptor 2 in
olfactory neuroblastoma. Eur. J. Cancer 2022, 162, 221–236. [CrossRef] [PubMed]

26. Fujiwara, M.; Kamikonya, N.; Odawara, S.; Suzuki, H.; Niwa, Y.; Takada, Y.; Doi, H.; Terada, T.; Uwa, N.; Sagawa, K.; et al. The
threshold of hypothyroidism after radiation therapy for head and neck cancer: A retrospective analysis of 116 cases. J. Radiat. Res.
2015, 56, 577–582. [CrossRef] [PubMed]

27. Gujral, D.M.; Chahal, N.; Senior, R.; Harrington, K.J.; Nutting, C.M. Radiation-induced carotid artery atherosclerosis. Radiother.
Oncol. 2014, 110, 31–38. [CrossRef] [PubMed]

28. Peacock, J.G.; Harmsen, W.S.; Link, M.J.; Van Gompel, J.J.; Giannini, C.; Olsen, K.D.; Garces, Y.I.; Wittich, M.A.N.; Ma, D.J.; Park,
S.S.; et al. Risk of Delayed Lymph Node Metastasis in Clinically N0 Esthesioneuroblastoma. J. Neurol. Surg. Part B Skull Base 2016,
78, 68–74. [CrossRef] [PubMed]

29. McMillan, R.A.; Van Gompel, J.J.; Link, M.J.; Moore, E.J.; Price, D.L.; Stokken, J.K.; Van Abel, K.M.; O’Byrne, J.; Giannini, C.;
Chintakuntlawar, A.; et al. Long-term oncologic outcomes in esthesioneuroblastoma: An institutional experience of 143 patients.
Int. Forum Allergy Rhinol. 2022, 12, 1457–1467. [CrossRef] [PubMed]

30. Malouf, G.G.; Casiraghi, O.; Deutsch, E.; Guigay, J.; Temam, S.; Bourhis, J. Low- and high-grade esthesioneuroblastomas display a
distinct natural history and outcome. Eur. J. Cancer 2013, 49, 1324–1334. [CrossRef]

31. Kaur, G.; Kane, A.J.; Sughrue, M.E.; Madden, M.; Oh, M.C.; Sun, M.Z.; Safaee, M.; El-Sayed, I.; Aghi, M.; McDermott, M.W.; et al.
The prognostic implications of Hyam’s subtype for patients with Kadish stage C esthesioneuroblastoma. J. Clin. Neurosci. 2013,
20, 281–286. [CrossRef] [PubMed]

32. Van Gompel, J.J.; Giannini, C.; Olsen, K.D.; Moore, E.; Piccirilli, M.; Foote, R.L.; Buckner, J.C.; Link, M.J. Long-Term Outcome of
Esthesioneuroblastoma: Hyams Grade Predicts Patient Survival. J. Neurol. Surg. Part B Skull Base 2012, 73, 331–336. [CrossRef]

33. Dulguerov, P.; Allal, A.S.; Calcaterra, T.C. Esthesioneuroblastoma: A meta-analysis and review. Lancet Oncol. 2001, 2, 683–690.
[CrossRef] [PubMed]

34. Bell, D.; Saade, R.; Roberts, D.; Ow, T.J.; Kupferman, M.; Demonte, F.; Hanna, E.Y. Prognostic Utility of Hyams Histological
Grading and Kadish-Morita Staging Systems for Esthesioneuroblastoma Outcomes. Head Neck Pathol. 2015, 9, 51–59. [CrossRef]
[PubMed]

35. Miyamoto, R.C.; Gleich, L.L.; Biddinger, P.W.; Gluckman, J.L. Esthesioneuroblastoma and Sinonasal Undifferentiated Carcinoma:
Impact of Histological Grading and Clinical Staging on Survival and Prognosis. Laryngoscope 2000, 110, 1262–1265. [CrossRef]

36. Xiong, L.; Zeng, X.-L.; Guo, C.-K.; Liu, A.-W.; Huang, L. Optimal treatment and prognostic factors for esthesioneuroblastoma:
Retrospective analysis of 187 Chinese patients. BMC Cancer 2017, 17, 254. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1016/j.ejca.2021.09.046
http://www.ncbi.nlm.nih.gov/pubmed/34980502
http://doi.org/10.1093/jrr/rrv006
http://www.ncbi.nlm.nih.gov/pubmed/25818629
http://doi.org/10.1016/j.radonc.2013.08.009
http://www.ncbi.nlm.nih.gov/pubmed/24044796
http://doi.org/10.1055/s-0036-1584904
http://www.ncbi.nlm.nih.gov/pubmed/28180046
http://doi.org/10.1002/alr.23007
http://www.ncbi.nlm.nih.gov/pubmed/35385606
http://doi.org/10.1016/j.ejca.2012.12.008
http://doi.org/10.1016/j.jocn.2012.05.029
http://www.ncbi.nlm.nih.gov/pubmed/23266076
http://doi.org/10.1055/s-0032-1321512
http://doi.org/10.1016/S1470-2045(01)00558-7
http://www.ncbi.nlm.nih.gov/pubmed/11902539
http://doi.org/10.1007/s12105-014-0547-3
http://www.ncbi.nlm.nih.gov/pubmed/24806334
http://doi.org/10.1097/00005537-200008000-00007
http://doi.org/10.1186/s12885-017-3247-z

	Introduction 
	Materials and Methods 
	Results 
	Patient Characteristics 
	Salvage Therapy 
	Secondary Recurrence 
	Survival Analysis 

	Discussion 
	Conclusions 
	References

