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The value of elective neck irradiation

in management of esthesioneuroblastoma:
a retrospective study based on propensity
score matching
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Abstract

Background This study aims to assess the clinical efficacy of elective neck irradiation (ENI) in patients with
esthesineuroblastoma (ENB), a rare malignant neoplasm, who are clinically node-negative.

Methods We conducted a retrospective analysis of 178 patients newly diagnosed with ENB at our institution
between 2009 and 2021. Propensity score matching (PSM) was employed to compare node-negative patients treated
with and without ENI. We extensively examined survival outcomes and treatment failure.

Results Of the 178 participants, 149 (83.7%) were lymph node-negative and staged in Modified Kadish A-C. 96
patients underwent ENI treatment, while 53 did not. At baseline, patients who received ENI differed from those who
did not in terms of radiotherapy technique, staging, orbital invasion, surgical mode, and chemotherapy. After PSM,

43 pairs were available for analysis. ENI was observed to extend overall survival (OS, 5-year 73.9% vs. 84.0%; 3-year
76.9% vs. 97.1%, p=0.022), progression-free survival (PFS, 5-year 38.5% vs. 84.6%; 3-year 50.5% vs. 94.5%, p <0.001) and
locoregional relapse-free survival (LRFS, 5-year 42.7% vs. 84.6%, p=0.023; 3-year 57.3% vs. 94.5%, p <0.001) in node-
negative ENI patients. Failure pattern analyses revealed that ENI, which included level Ib, II, VIla, significantly reduced
the treatment failure rate. Furthermore, ENI did not significantly impact the prognosis of T1-2 patients, indicating
potential clinical value of ENI in T3-4 patients.

Conclusions Our findings suggested that ENI decreased regional failure and significantly enhanced LRFS and PFS.
ENI may be considered as an integral part of the initial treatment strategy for locally advanced node-negative ENB
patients.
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Background

Esthesineuroblastoma (ENB), a rare malignancy of the
nasal skull base, was first reported by Berger and Luc in
1924 [1]. It typically originates between the nasal cavity
and the ethmoid plate in the upper part of the nasal vault.
The exact origin of ENB remains unclear, but it is believed
that tumor cells may originate from the olfactory epithe-
lium or olfactory epicortex of the olfactory nerve at the
top of the nasal cavity and in the ethmoid olfactory area
[2]. ENB is characterized by insidious onset and diverse
biological behaviors, ranging from inert slow growth to
highly invasive characteristics such as local and distant
metastases and short-term recurrence [2, 3]. Despite its
low incidence, ENB is primarily treated with surgery,
often combined with postoperative chemoradiotherapy.
However, due to a lack of large-scale retrospective anal-
yses, there is no clear consensus on the optimal treat-
ment regimen, particularly regarding neck management.
Notably, regional metastases have been reported in up to
20-25% of large case series [4], and the development of
regional recurrence is strongly associated with mortality
[5-7]. Despite the clear importance of regional disease
control, there is no consensus on the optimal manage-
ment of the neck in clinically node-negative ENB [8]. The
present study aims to analyze the role of ENI in clinically
node-negative ENB patients.

Methods

Patient characteristics

This study retrospectively enrolled 178 patients newly
diagnosed with ENB and treated at our institution
between January 2009 and December 2021. The study
was approved by the ethics committee, which waived the
requirement for written informed consent due to the ret-
rospective nature of the study.

Data on patient demographics, staging, tumor char-
acteristics, treatment details, and pathologic data were
collected. Disease stage was determined using both the
American Joint Committee on Cancer (AJCC) stage 8th
edition and Kadish score, as modified by Morita. The
diagnosis of ENB was histologically confirmed in all
cases.

All patients underwent a radiological examination
(MRI or high-resolution and contrast-enhanced CT scan
or both) to evaluate the location and extent of the tumor.
Tumor characteristics were determined based on imag-
ing combined with pathological data.

Clinically positive lymph nodes were determined
using multiple criteria, including central necrosis,
extracapsular extension, the shortest axial dimension
of cervical LNs>10 mm, lateral retropharyngeal node
(RPN)=5 mm, and any visible LN in the median retro-
pharyngeal group.
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Outcome and failure pattern analyses

In this study, we focused on several key outcomes,
including OS, PES, LRES, and distant metastasis-free
survival (DMES). The OS was determined from the ini-
tiation of treatment until the occurrence of death. The
PFS was measured from the commencement of therapy
to the date of overall disease progression or death from
any cause. LRFS was defined as the period from the start
of initial therapy to the recurrence at the primary site or
cervical lymph node metastasis or death from any cause.
DMEFS was calculated from the initial treatment date to
the date of metastasis beyond the primary site and cervi-
cal lymph node or death from any cause. We categorized
treatment failure into three groups: lymph node progres-
sive disease (PD), defined as disease progression at the
cervical lymph node; original site PD, defined as disease
progression at pre-existing sites before treatment; and
distant metastases, defined as disease progression at dis-
tant organs.

Treatment data

The initial treatment strategy for ENB encompassed
surgical resection, radiotherapy, and chemotherapy. All
patients underwent radiotherapy either as monotherapy
or as preoperative or postoperative treatment, utilizing
three-dimensional conformal radiotherapy (3D-CRT),
intensity-modulated radiotherapy (IMRT) or volumet-
ric modulated arc therapy (VMAT). IMRT and 3D-CRT
were administered using 6-MV photons. During the
treatment, patients were immobilized with a thermo-
plastic mask. A set of CT images from the head to the
clavicle was obtained for treatment planning. MRI was
performed to detect intracranial extension if skull base
bone invasion was revealed by CT. All plans were gen-
erated by a Treatment Planning System (Varian Medical
Systems, Palo Alto, CA).

The gross tumor volume (GTV) was determined based
on MRI or CT scan results. In our institution, GTV for
radical radiotherapy is usual 66-70 Gy/30-33Fx and
tumor regression should be closely monitored during
radiotherapy. Postoperative adjuvant radiotherapy is usu-
ally given at different doses depending on the state of the
margins. Patients with negative margins should be given
60 Gy/30Fx, and patients with positive margins or resid-
ual tumors after surgery should be given a radical dose. In
contrast, 60 Gy/30Fx is given for preoperative induction
radiotherapy, and MRI is performed at the end of radio-
therapy to evaluate tumor regression and determine the
next treatment plan. Difficult cases were recommended
at our multi-disciplinary tumor board generally, and the
treatment strategies were individualized for each patient.
The clinical target volume (CTV) was defined as the GTV
plus a margin of 5-10 mm, which under the fully consid-
eration of the adjacent anatomical structures of high risk.
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The contralateral nasal sinuses need to be delineated as
appropriate for lesions that invade the midline.The plan-
ning target volume (PTV) had a margin of 3 mm (IMRT
or VMAT), or 5 mm (3D-CRT) added around the CTYV,
and the margin was reduced in areas where the volume
was adjacent to critical normal structures.

ENI covered uniliteral or bilateral levels VIIa, Ib, II. The
bilateral upper neck prophylactic irradiation when the
tumor invades beyond the midline was recommended in
our institute. In clinical practice, due to the differences
in the emphasis and consideration of different attend-
ing physicians, the lymphatic drainage area of ENI in NO
patients is different. Patients with negative lymph nodes
were treated with a median dose of 52.5 Gy (50-60 Gy)
neck irradiation. Surgical resections of primary nasal
or sinus tumors were classified generally as endoscopic
surgery, partially open surgery, or a combination of
both approaches. Patients received induction, concur-
rent or adjuvant chemotherapy with various regimens.
Neoadjuvant and adjuvant regimens included platinum-
based drugs with vincristine, epirubicin and pirarubicin,
whereas concurrent regimens mainly included only plati-
num-based agents.

Propensity score matching

To account for potential selection bias introduced by the
retrospective, nonrandomized design, differences in OS,
PES, LRFS, and DMES were also evaluated using PSM
analyses. Propensity scores were computed using a logis-
tic model that incorporated the radiotherapy technique,
staging, orbital invasion, surgical mode, and chemother-
apy. Matching was performed in a 1:1 ratio with a cali-
per width of 0.25 of the standard deviation. The balance
of the covariates was assessed by the standard mean dif-
ference (SMD) between the two groups, before and after
matching. An SMD of 0.2 or less was considered mini-
mally different.

Statistical analysis

The clinical characteristics of patients who received ENI
were contrasted with those who did not, utilizing the
chi-square test for comparison. Survival probabilities
were calculated using Kaplan-Meier estimates, and the
log-rank test was applied to discern survival disparities.
Both univariate and multivariate Cox proportional haz-
ard regression analyses were conducted to ascertain the
independent impact of potential factors on survival prob-
abilities. Only variables with a P-value less than 0.05 in
the univariate analyses were included in the multivariate
Cox proportional hazard regression analyses. All statisti-
cal analyses were performed using SPSS 29.0 (SPSS, Chi-
cago, IL, USA), and a two-sided P-value less than 0.05
was deemed statistically significant.
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Results

Our study incorporated a total of 178 patients diagnosed
with ENI, comprising 152 node-negative and 26 node-
positive patients. 3 patients with incomplete baselines
were excluded. Among the node-negative patients, 96
received ENI while 53 did not. The comprehensive base-
line clinicopathological characteristics are delineated in
Table 1. Notably, in a real-world context, patients with
T1-2 and Kadish A-B stages were less likely to receive
ENI compared to those with T3-4 and Kadish C stages
(p<0.001; p<0.001). Additionally, factors such as orbital
invasion status (p=0.002), surgical procedure (p<0.001),
and radiotherapy technique (p<0.001) exhibited selec-
tion bias due to the retrospective nature of the study.
Following a 1:1 PSM with Kadish stage, T stage, orbital
invasion status, surgical procedure, and radiotherapy
technique, two matched cohorts were established with
balanced baseline demographics and disease charac-
teristics (ENI group, n=43 and non-ENI group n=43,
Table 1).

During a median follow-up period of 51.9 months
(range, 1.6-165.7 months, 95% CI 44.2-59.7), the median
OS, PFS, LRFS, and DMFS were 103.9 (95% CI 82.3-
125.6), 79.1 (95% CI 58.9-99.2), 81.5 (95% CI 58.3-104.7),
and 103.9 (95% CI 83.1-124.8) respectively in the NO
population.

Before PSM, patients treated with ENI had numerically
longer PFS and LRFS, but the difference did not reach
statistical significance using the log-rank test (Fig. 1A-
D). After PSM, the OS (p=0.021), PFS (p<0.001), LRFS
(p<0.001) and DMFS (p=0.026)were significantly lon-
ger in the ENI subgroup than in the non-ENI subgroup
according to the log-rank test. (Fig. 2A-D, Table S1). Fur-
thermore, ENI was retained as an independent factor of
improved PFS and LRES after multivariate Cox analyses
(Table S2).

In the entire NO population (n=152), 50 patients were
classified as T1-2, 99 as T3-T4, with 3 patients’ stages
being unclear which were excluded. ENI was admin-
istered to 96 patients, including 19 (19.8%) in T1-2,
77(80.2%) in T3-4 (Table 1). Compared to T3 and T4, a
lower proportion of patients with T1-2 received ENL

To assess the value of ENI in early-stage patients, PSM
was performed. In the real-world setting, surgical modal-
ities (p=0.009) and radiotherapy techniques (p=0.001)
exhibited selection bias due to the retrospective nature of
the study (Table S3). After 1:1 PSM with surgical modali-
ties and radiotherapy technique, two matched cohorts
were created with balanced baseline demographics and
disease characteristics (ENI group, n=13 and non-ENI
group n=13).

Before PSM, the PFS and LRFS were numerically lon-
ger in the ENI positive subgroup, but the difference did
not reach statistical significance (PFS, p=0.647; LRES,
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Fig. 1 This figure presents survival outcomes stratified by ENI before PSM. It includes OS, PFS, LRFS, and DMFS

p=0.427; Fig. 3). There was also no statistically signifi-
cant difference in OS and DMFS. The results remained
unchanged after PSM. Patients who received ENI did
not have longer OS (p=0.876), PFS (p=0.599), LRES
(p=0.204), or DMFS (p=0.691) (Fig. 4). According to the
limited cohort, performing ENI in T1-2 patients did not
improve clinical survival.

In the entire NO cohort, 97 patients received ENI, and
53 did not. All patients underwent.

MRI or high-resolution and contrast-enhanced CT
scans at our institution, facilitating independent evalua-
tion of natural patterns of treatment failure. By the time
of data cut-off, disease progression was documented in
47 patients (ENI subgroup, n=22; non-ENI subgroup,
n=25). Among these 47 patients, 18 experienced regional

cervical lymph node PD, 18 experienced original site PD,
and 11 experienced distant metastasis.

In the non-ENI subgroup, 12 (48%) patients experi-
enced regional cervical lymph node PD, 10 (40%) patients
experienced original site PD, and 3 (12%) patient experi-
enced distant metastasis. In the ENI subgroup, 6 (27%)
patients experienced regional cervical lymph node PD,
8 (36.5%) patients experienced original site PD, and 8
(36.5%) patients experienced distant metastasis (Fig. 5A-
B). Of the 53 patients of non-ENI subgroup, 12 patients
(22.6%) developed nodal failure, compared with 6 of 96
(6.2%) patients who received ENI by the chi-square test
(p<0.001, Table S4).

To investigate the target volume area, we segmented
the irradiation area into several subgroups: levels II, IB,
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Fig. 2 This figure shows survival outcomes stratified by ENI after PSM. It includes OS, PFS, LRFS, and DMFS

III, V included and excepted, respectively. Notably, all
patients.

who received ENI included level VIIa. Treatment fail-
ure was defined as the total combination of three PD
patterns. The group excluding levels II and Ib suffered a
high risk of treatment failure (II, p=0.002; Ib, p=0.043,
Fig. 5C-D). Patients receiving level III included irradia-
tion had a trend of lower treatment failure risk but did
not reach statistical significance (p=0.107, Fig. 5E). How-
ever, including level V in irradiation had no effect on
improving the risk of treatment failure (p=0.642, Fig. 5F).

We further analyzed the dose of ENI. According to
our institute’s data, the dose of level VIIa ranged from
55 Gy to 70 Gy, and the dose of levels Ib, II, and III
ranged from 50 Gy to 65 Gy. Fourteen patients received

ENI containing only VIla in the target volume, while 82
patients received ENI containing levels Ib, II, and IIL
When setting 55 Gy as the cut-off dose, irradiation higher
or lower than VIla showed no statistical significance in
affecting the treatment failure risk (p=0.968, Fig. S1 A).
However, an irradiation dose higher than 55 Gy at lev-
els Ib, II, and III showed a lower risk of treatment failure
(p=0.03, Fig. S1 B). The dose of ENI need further com-
formation by prospective study.

In conclusion, ENI decreased the percentage of cervical
lymph node disease progression. Including levels VIIa,
11, and Ib in ENI may decrease the risk of PFS and LREFS.
Therefore, ENI may provide potential clinical benefits in
locally advanced NO patients.
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Fig. 3 This figure depicts survival outcomes stratified by ENI before PSM in the T1-2 subgroup. It includes OS, PFS, LRFS, and DMFS

The postoperative radiotherapy subgroup was analysed
separately as the vast majority of cohorts. Following 1:1
PSM in the postoperative subgroup, two matched cohorts
were established with balanced baseline demographics
and disease characteristics (ENI group, n=32 and non-
ENI group n=32. Table S6). Before PSM, patients treated
with ENI had numerically longer PFS and LRES, but the
difference did not reach statistical significance using the
log-rank test (Fig. S2 A-D). After PSM, the PES (p<0.001)
and LRES (p=0.0001) were significantly longer in the ENI
subgroup than in the non-ENI subgroup according to the
log-rank test (Fig. S2 E-H).

Discussion

To our knowledge, this is the first study that utilizes PSM
and real-world data to analyze the clinical benefit of ENI
in lymph node negative ENB patients. Furthermore, our
study extensively analyzed the patterns of treatment

failure, providing indicative rationales for designing opti-
mal ENI strategies, including the irradiation volume.

We independently explored the clinical value of ENI
in lymph node negative patients and found that ENI
improved PFS and DMEFS. Moreover, irradiation includ-
ing levels VlIIa, Ib, II was associated with a lower risk of
treatment failure, which warrants future validation. Inter-
estingly, our findings suggest that T1-2 lymph node nega-
tive patients may optionally be exempted from ENI. This
novel insight could potentially influence future treatment
strategies and improve patient outcomes.

ENB is a rare condition, and large-scale retrospec-
tive analyses are scarce, leading to a lack of consen-
sus guidelines for ENB treatment, particularly for neck
management [9]. Currently, the primary treatment for
olfactory neuroblastoma involves multi-regimen combi-
nation therapy, such as surgery followed by postoperative
chemoradiotherapy, or induction chemotherapy followed



Zhao et al. Radiation Oncology (2024) 19:146

A
== ENI (+
100 (+)
*‘% e EN| (_)
754 P
(2]
O 50-
257 p=0.876
0 T T

0 36 72 1(I)8 1:14 1il30
Patient at risk Months

ENI+ 13 9 5 2 2 1
ENI- 13 9 4 1 1 1

== ENI (+)
100 -
== ENI (-)
75
(7]
&
X 50-
25—
p=0.204
0 1 I 1 1
0 36 72 108 144
Patient at risk Months
ENI+ 13 9 4 1 0
ENI- 13 8 2 1 0

Page 8 of 11

B
100 - == ENI (+)
== ENI (-)
75—
E e
o 504 _I
25—
p=0.599
0 1 1 1 1
0 24 48 72 96
Patient at risk Months
ENI+ 13 10 6 3 1
ENI- 13 9 6 2 1
D
100 == ENI (+)
== ENI (-
75 (=)
(7]
S
a 50 -
25
p=0.691
0 1 1 1

1 1
0 36 72 108 144 180
Patient at risk Months
ENI+ 13 9 4 1 0 0

ENI- 13 9 5 2 2 1

Fig. 4 This figure presents survival outcomes stratified by ENI after PSM in the T1-2 subgroup. It includes OS, PFS, LRFS, and DMFS

by surgery in locally advanced patients, and/or definitive
chemoradiotherapy based on biopsy pathology [10, 11].
The role of chemotherapy in ENI was unclear. The results
of two SEER database-based studies showed no evidence
to support that chemotherapy improves survival in pri-
mary ENB treatment [12, 13]. Otherwise, one review
published in 2023 indicated primary surgery with adju-
vant radiotherapy remains the standard therapy accord-
ing to large cohort retrospective studies [14]. There are
no current clinical trials investigating induction che-
motherapy in treatment of ENB. The advanced staging
lesions such as Kadish C and clinical T3 involved the
skull base. The close proximity and relative radiosensitiv-
ity of adjacent critical structures including the orbit, cen-
tral nervous system made the treatment strategy much
more difficult. Particle beams, such as proton and heavier

ion beams show an increase in energy deposition with
a penetration depth of up to a sharp maximum at the
end of their range to form the Bragg peak, which made
it possible to get precise dose localization facilitates dose
escalation without increasing toxicity in the normal tis-
sue. Previous studies gave us the evidence that proton or
carbon ion radiotherapy resulted in satisfactory and local
control in patients with skull base invasion [15-17].

ENB has excellent survival rates, with 5-year OS
reported to range between 57-93% [18-20]. However,
despite these excellent survival rates, delayed recurrence
is common during long-term follow-up. Previous studies
have reported recurrence rates ranging from 30-46% [21,
22]. Our study showed a recurrence rate of 31.5% (n=56)
in the entire cohort (#=178), including 31.5% (n=47) in
NO patients (#=149) and 38.5% (n=10) in lymph node
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Fig.5 This figure illustrates the pattern of treatment failure. Figure 5 A shows the pattern of PD in patients without ENI. Figure 5B shows the pattern of PD
in patients with ENI. Figure 5 Cto 5 F are bar charts of treatment failure in patients with ENlincluded at different levels (I, Ib, Ill, V). PD refers to progressive

disease, and LN refers to lymph node metastasis

positive patients (n=26). The longest time to recurrence
in our study was 165.7 months, underscoring the neces-
sity of long-term follow-up.

While ENT is a standard treatment for lymph node pos-
itive patients, its benefits for NO patients remain unclear.
ENI has been proposed to improve outcomes for NO
patients, but data from different institutions have yielded
contradictory results [23-26]. According to previous
studies, locoregional failure is the most common treat-
ment failure [4, 27]. A previous meta-analysis showed
that the pooled risk of neck recurrence was 19% in clini-
cally NO patients who did not undergo elective neck treat-
ment [20]. In our study, of the 53 patients who did not
receive ENI, 12 patients (22.6%) developed nodal failure,
compared with 6 of 96 (6.2%) patients who received EN,
suggesting the potential necessity of ENI in NO patients
(p<0.001, Table S4). Besides, our results indicated that
after PSM, ENI significantly improved LRES and DMES
in NO patients. One hypothesis is that neck irradiation
manages occult regional metastases at the time of diag-
nosis. However, current evidence does not allow for

quantification of occult metastases rate due to the low
number of patients who undergo elective neck dissection,
and no data are provided in case of ENIL. Furthermore, as
a specific sinonasal tumor, ENB usually suffers regional
metastases in the late disease course, so the occult metas-
tases at the time of diagnosis may not be associated with
regional failure. Further mechanistic research is needed.
The target volume of the ENI was controvertial. The
previous study published in 2015 by Z-Z Yin et al. con-
sidered rare patients suffer skip metastasis, while most
patients develop neck metastasis following a regular pat-
tern. In this study, more than half (22 of 33, 66.7%) node-
negative patients treated with ENI with bilateral level Ib,
IL, III and RPNs with a lower nodal failure (ENI vs. non-
ENI, 2% vs. 23%, p=0.005) [28]. Based on our analysis,
patients receiving level III included ENI tended to get
lower risk of treatment failure but did not reach statis-
tical significance (p=0.107). For the locally advanced
ENB invades beyond the midline patients of node nega-
tive, we recommend prophylactic irradiation to the upper
neck on the bilateral side of the lesion, mainly including
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Ib, VIIa and II according to this real-world retrospective
data. The quality of evidence was too low to draw firm
conclusions and it is necessary to comprehensively judge
the target volume of ENI according to larger cohort ret-
rospective data or prospective study.

Indeed, adjuvant radiation therapy improves local
tumor control, particularly for high-grade and high-stage
tumors. The question of whether ENI could be avoided
in early-stage and low-grade tumors is clinically valuable.
Previous studies have shown that the majority of patients
suffering from ENB present with no clinical evidence in
the neck [3, 29]. However, locally advanced stage patients
(T3-4 or Kadish B-C) are reported to be the main com-
ponent in the primary diagnosis ENB population [24, 28,
30]. In our cohort, 50 (33.5%) patients were stage T1-2,
99 (66.5%) patients were stage T3-T4. After PSM, no
clinical benefit was achieved in the T1-2 subgroup with
or without ENI, suggesting that the value of neck man-
agement in the NO population was derived from locally
advanced tumors. Further prospective studies should
be designed to provide more evidence for exploring the
value of ENI in early-stage ENB patients.

This study indeed has some limitations. The baseline
characteristics between patients who underwent ENI
and those who did not were not balanced. Although PSM
and Cox hazard ratio analyses were employed to reduce
bias, randomized clinical trials enrolling a large number
of patients with no regional metastases are still needed.
Secondly, due to pathological limitations in our insti-
tution, Hyams grading was not analyzed as a variable.
Therefore, based on current literature data, it is not pos-
sible to distinguish between low- and high-grade tumors.
A previous meta-analysis suggested that the tumor grade
predicts the risk of neck metastases, in addition to distant
metastases and patient survival [31]. However, further
research is needed to determine whether only high-grade
tumors could benefit from ENI Thirdly, due to the low
incidence and lack of early symptoms, the number of
patients with T1-2 in the real world is limited. As the lim-
itation of the size of the cohort after PSM, the evidence
was too low to draw firm conclusions of ENI escaping in
T1-2 patients.

These limitations highlight the need for further studies
to validate and expand upon our findings.

Conclusions

This analysis indeed demonstrated a significant reduc-
tion of regional recurrence in clinically node negative
ENB patients treated with ENI based on PSM. Therefore,
ENI should be recommended to improve regional disease
control in at least T3-4 stages, including levels VIIa, Ib,
and II in the target volume. These findings provide valu-
able insights for tailoring treatment strategies for ENB
patients.
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ENI Elective neck irradiation

ENB Esthesineuroblastoma

PSM Propensity score matching

[oN) Overall survival

PFS Progression free survival

LRFS Locoregional relapse-free survival
AJCC American Joint Committee on Cancer
RPN Lateral retropharyngeal node

DMFS Distant metastasis-free survival

PD Progressive disease

3D-CRT  Three-dimensional conformal radiotherapy
IMRT Intensity-modulated radiotherapy
VMAT Volumetric modulated arc therapy
GTV Gross tumor volume

cTv Clinical target volume

PTV Planning target volume

SMD Standard mean difference
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