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Purpose: Esthesioneuroblastoma (ENB) is a type of rare malignant neoplasm of the 
sinonasal cavity. Optimal treatment for ENB is still controversial. A retrospective study 
was conducted to identify the clinical outcome and optimal treatment for ENB in the era of 
intensity-modulated radiation therapy (IMRT).
Patients and Methods: Between December 2006 and August 2018, 37 patients with ENB 
without distant metastasis who underwent neoadjuvant chemotherapy followed by chemor-
adiotherapy (C+RC) or surgery followed by radiotherapy or chemoradiotherapy (S+R/RC) 
were retrospectively reviewed at our center.
Results: The median follow-up period was 63.7 months (range, 13.2–111.5 months). Five- 
year overall survival (OS), progression-free survival (PFS), locoregional relapse-free survi-
val (LRFS), and distant metastasis-free survival (DMFS) were similar between treatment 
arms (P values > 0.05). With a multivariate analysis, a Karnofsky Performance Status (KPS) 
of ≤80 was a prognostic factor for poor five-year OS. A KPS of ≤80 and Kadish class C–D 
tumors were prognostic factors for poor PFS. A KPS of ≤80 was a prognostic factor for poor 
LRFS. When KPS was ≤80 and tumors were Kadish class C–D, T3–4 and N1 were 
prognostic factors for poor DMFS. Subgroup analyses also demonstrated that the two 
treatment arms exhibited similar trends for OS, PFS, LRFS, and DMFS, excluding patients 
with N1 or Kadish class A–B tumors (P values > 0.05).
Conclusion: In the era of IMRT, S+R/RC failed to improve the outcomes of patients with 
ENB. C+RC may be a feasible treatment option for patients with ENB.
Keywords: olfactory neuroblastoma, neoadjuvant chemotherapy, precise radiotherapy

Introduction
Esthesioneuroblastoma (ENB), also known as olfactory neuroblastoma, is a type of 
rare malignant neoplasm of the sinonasal cavity that originates from the olfactory 
epithelium.1 ENB was first described by Berger et al in 1924. ENB accounts for 
approximately 6% of all sinonasal malignant tumors.2 Due to the low incidence of 
this tumor, there are still a lack of standard treatment protocols for ENB.

A craniofacial approach is widely used in most patients with ENB. In addition, 
with advances in surgery, endoscopic surgery can be used as a supplement to the 
craniofacial approach or as an alternative to the craniofacial approach in selected 
cases.3–5 Endoscopic surgery has the advantage of reducing the incidence of 
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surgical complications. Nevertheless, due to the complex 
anatomy of the sinonasal cavity, it is hard to obtain nega-
tive resection margins. Hence, postoperative radiotherapy 
plays an essential role in the treatment of ENB. Especially 
on account of the specific anatomical location of the tumor 
and organs at risk (OAR), such as the orbit, optic nerve, 
optic chiasm, brain stem, temporal lobe, and pituitary 
gland, which are proximate to the tumor, accurate radia-
tion techniques and appropriate dose distribution are 
necessary. Thus, intensity-modulated radiotherapy 
(IMRT) techniques are required.

Nowadays, surgery combined with adjuvant radiother-
apy is the most common and effective treatment modality 
for ENB.1,6,7 However, the impact of neoadjuvant che-
motherapy (NACT) and adjuvant chemotherapy (ACT) in 
the treatment of ENB is still unclear. This retrospective 
study was conducted to identify the clinical outcomes and 
optimal treatment for ENB in the era of IMRT.

Patients and Methods
Patients
From December 2006 to August 2018, a total of 40 
patients with pathologically confirmed ENB and without 
distant metastasis who underwent NACT followed by che-
moradiotherapy (C+RC) or surgery followed by radiother-
apy or chemoradiotherapy (S+R/RC) at our center were 
reviewed retrospectively. The median follow-up time was 
63.7 months (range, 13.2–111.5 months). Three of the 40 
patients were lost to follow up. Thus, the clinical data of 
37 patients was collected for analysis. Head–neck mag-
netic resonance imaging, chest computed tomography, 
abdominal computed tomography, and ultrasonography 
were used for tumor staging. Tumor staging utilized both 
the modified Kadish Staging system8 and the Dulguerov 
Staging system.9 Since the current study was 
a retrospective study, written informed consent was 
waived and patient records were de-identified and anon-
ymized prior to analysis. This study was approved by the 
Independent Ethics Committee of Zhejiang Cancer 
Hospital, which was performed in accordance with the 
Declaration of Helsinki.

Treatment Modalities
The surgical approaches mainly included total open endo-
scopic resection or endoscopic-assisted craniofacial resec-
tion. The choice of surgery was based on the size of the 
tumor, the extent of invasion, and the willness of the 

patient. All patients who received surgical treatment 
underwent gross total resection. All patients underwent 
radiotherapy using IMRT techniques. Primary gross 
tumor volume (GTV) was defined as GTVnx, while meta-
static cervical lymph nodes were defined as GTVnd. The 
clinical target volume (CTV1) considered high-risk areas 
of tumor invasion, including the GTVnx and GTVnd, and 
invasion into adjacent organs and surrounding high-risk 
areas, such as all nasal cavity, ethmoid sinus, invaded 
maxillary sinus, the internal one third of the contralateral 
maxillary sinus, the nasopharyngeal cavity, and retrophar-
yngeal lymph nodes. CTV2 was defined as nodal basins of 
the neck and/or operative bed that were at risk of subcli-
nical disease. The planning target volume (PTV) was 
defined by adding a 3–5-mm margin to the CTV or GTV. 
The doses of radiotherapy prescribed were 66–70 Gy, 60 
Gy, and 54 Gy delivered in 30 fractions at the periphery of 
the PGTV, PTV1, and PTV2, respectively. Pinnacle ver-
sion 7.6 software was used to design all plans. In addition, 
the dose administered to OAR was limited according to 
the Radiation Therapy Oncology Group 0225 protocol.10 

NACT and ACT consisted of a platinum-based regimen or 
a regimen composed of adriamycin, vincristine, and 

Table 1 Patient and Disease Characteristics

Characteristics S+R/RC 
(n = 20)

C+RC 
(n = 17)

P value

Age (years) 0.325
≤50 11 (55.0%) 6 (35.3%)
>50 9 (45.0%) 11 (64.7%)

Gender 0.495

Male 13 (65.0%) 13 (76.5%)
Female 7 (35.0%) 4 (23.5%)

KPS 0.745
≤80 7 (35.0%) 7 (41.2%)
>80 13 (65.0%) 10 (58.8%)

Kadish stage 0.082

A–B 14 (70%) 7 (41.2%)
C–D 6 (30%) 10 (58.8%)

T classification 0.501
T1–2 15 (75.0%) 11 (64.7%)
T3–4 5 (25.0%) 6 (35.3%)

N classification 0.023
N0 20 (100.0%) 13 (76.5%)
N1 0 (0.0%) 4 (23.5%)

Notes: Data presented as n (%); Bold figures indicate P < 0.05. 
Abbreviations: S+R/RC, surgery followed by radiotherapy or chemoradiotherapy; 
C+RC, neoadjuvant chemotherapy followed by chemoradiotherapy.
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cyclophosphamide. The concurrent chemotherapy regimen 
consisted of cisplatin.

Statistical Analysis
Characteristics of patients were concluded with frequency 
counts and percentages. Categorical variables were com-
pared using the Chi-squared test or Fisher’s exact test. 
Rank variables were compared using the Mann–Whitney 
U-test. Overall survival (OS), local relapse-free survival 
(LRFS), distant metastasis-free survival (DMFS), and pro-
gression-free survival (PFS) were calculated using the 
Kaplan–Meier method. A multivariate analysis was ana-
lyzed using the Cox proportional hazards model. The 
Statistical Package for Social Sciences version 22 (IBM 
Corp., Armonk, NY, USA) was used for statistical analy-
sis. Two-sided P values of <0.05 were considered statisti-
cally significant.

Results
Patient Characteristics
The clinical characteristics of 37 patients with ENB are 
summarized in Table 1. Among these patients, 20 under-
went S+R/RC and 17 underwent C+RC. As shown in 
Table 1, no statistically significant differences was observed 

in the proportional distribution of age (≤50 years vs >50 
years), gender, Karnofsky (KPS), Kadish stage, or T stage 
(P values > 0.05) between the two groups. However, com-
pared with patients in the N0 stage, more patients were in 
the N1 stage in the C+RC group (P = 0.023).

Treatment Outcomes
The median follow-up period was 63.7 months (range, 
13.2–111.5 months). The five-year OS, PFS, LRFS, and 
DMFS rates in the S+R/RC and C+RC groups were 69.4% 
and 71.4%, 69.4% and 60.7%, 79.0% and 79.5%, and 
82.8% and 73.9%, respectively (Figure 1 and Table 2). 
No significant difference was observed between the two 
groups in five-year OS, PFS, LRFS, and DMFS (P values 
> 0.05).

Prognostic Factors
The value of potential prognostic factors, including age, 
gender, KPS, Kadish stage, T stage, N stage, and treatment 
group on predicting survival were evaluated. A univariate 
analysis indicated that patients with ENB with a KPS of >80 
(Table 2) were superior to patients with a KPS of ≤80 in 
terms of five-year OS, PFS, LRFS, and DMFS (P < 0.05). 
Patients with Kadish class C–D were inferior to those with 

Figure 1 Kaplan–Meier survival curves for neoadjuvant chemotherapy followed by chemoradiotherapy (C+RC) or surgery followed by radiotherapy or chemoradiotherapy 
(S+R/RC) in patients with ENB. (A) Overall survival (OS). (B) Progression-free survival (PFS). (C) Local relapse-free survival (LRFS). (D) Distant metastasis-free survival 
(DMFS). P values were calculated using the Log rank test.
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Kadish class A–B in terms of five-year PFS and DMFS. 
Patients with N1 were associated with worse LRFS 
(P values < 0.05). A multivariate analysis (Table 3) revealed 
that a KPS of ≤80 was a prognostic factor for poor five-year 
OS. A KPS of ≤80 and Kadish class C–D were prognostic 
factors for poor PFS. A KPS of ≤80 was a prognostic factor 
for poor LRFS. A KPS of ≤80, Kadish class C–D, T3–4, and 
N1 were prognostic factors for poor DMFS (P values 
< 0.05).

Patient Characteristics and Prognostic 
Factors Between the S+R Group and the 
S+RC Group
To clarify the effect of chemotherapy after surgery, we 
divided the S+R/RC group into S+R group and the S+RC 
group for sub-analysis. The baseline characteristics of the S 
+R and S+RC groups were comparable (Table 4). As shown 
in Table 5, no statistically significant difference was observed 
between the S+R and S+RC groups in terms of five-year OS, 

PFS, LRFS, and DMFS (OS: 75.0% vs 64.8%, P = 0.475; 
PFS: 77.7% vs 62.3%, P = 0.499; LRFS: 88.9% vs 71.6%, 
P = 0.311; DMFS: 76.2% vs 90.9%, P = 0.567, respectively).

Prognostic Factors Between N0 or 
Kadish Stage C–D Treatment Groups
Since the C+RC group had a significantly higher proportion of 
patients with N1 or Kadish class C–D, we compared OS, PFS, 
LRFS, and DMFS between the C+RC group and the S+R/RC 
group among the 33 patients with N0 or Kadish class C–D. As 
indicated in Figure 2 and Table 6, no significant difference was 
observed in terms of five-year OS, PFS, LRFS, and DMFS 
between the two groups after excluding patients with N1 or 
Kadish class A–B (P values > 0.05).

Discussion
Given the relative rarity of ENB and the different treat-
ment modalities used at different institutions, the optimal 
treatment modality for ENB is still uncertain. Surgery 

Table 2 Effect of Prognostic Factors on Survival with a Univariate Analysis

Factors 5-y OS 5-y PFS 5-y LRFS 5-y DMFS

% P % P % P % P

Age (years) 0.421 0.849 0.634 0.408

≤50 68.0 59.9 72.1 72.9
>50 72.1 67.9 84.5 82.3

Gender 0.626 0.882 0.686 0.962
Male 71.9 66.3 82.3 78.6

Female 67.9 60.0 70.9 76.5

KPS 0.022 0.001 0.001 0.021
≤80 43.2 33.4 57.7 55.5

>80 85.4 81.4 90.9 90.3

Kadish stage 0.084 0.028 0.198 0.013
A–B 83.3 80.7 85.3 95.2
C–D 55.7 41.7 70.7 55.7

T classification 0.169 0.743 0.676 0.375
T1–2 81.5 66.7 78.5 82.8

T3–4 45.0 58.2 81.8 64.9

N classification 0.494 0.200 0.017 0.704

N0 71.5 68.0 84.6 79.3
N1 50.0 33.3 33.3 66.7

Group 0.666 0.800 0.869 0.727
S+R/RC 69.4 69.4 79.0 82.8

C+RC 71.4 60.7 79.5 73.9

Note: Bold figures indicate P < 0.05. 
Abbreviations: S+R/RC, surgery followed by radiotherapy or chemoradiotherapy; C+RC, neoadjuvant chemotherapy followed by chemoradiotherapy; OS, overall survival; 
PFS, progression-free survival; LRFS, local relapse-free survival; DMFS, distant metastasis-free survival.
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combined with postoperative radiotherapy is the most 
common therapeutic approach.1,6,7 However, the role of 
chemotherapy in the treatment protocol for ENB is not 
well defined. Chemotherapy is generally used in pallia-
tive, postoperative, and neoadjuvant treatment. Marinelli 
et al11 performed a meta-analysis of 48 studies with 
a total of 118 patients with ENB and distant metastases 
and found that chemotherapy combined with surgery and/ 
or radiation is associated with improved OS. This indi-
cated that chemotherapy may play a vital role in the 
treatment of advanced ENB. The utility of chemotherapy 
as part of postoperative care and neoadjuvant therapy 
remains controversial. Porter et al12 reported that, com-
pared with patients not treated with ACT, recurrence-free 
survival (RFS) and OS were prolonged from 10.5 months 
to 35 months and 78 months to 83 months, respectively. 

They suggested that patients with ENB with high-grade 
stage could benefit from complete resection combined 
with ACT. However, Miller et al13 claimed that the 
addition of ACT on the basis of postoperative radiother-
apy failed to improve survival of patients with ENB. 
Alotaibi et al14 also highlighted that surgery followed 
by radiation therapy improves DFS and OS. They pro-
posed that ACT is potentially harmful to DFS and OS 
and should be discouraged until more research has been 
conducted to confirm the degree of benefit and harm to 
patients. In our study, the addition of ACT to surgery and 
postoperative radiotherapy failed to improve the prog-
nosis of patients with ENB. The five-year OS, PFS, 
LRFS, and DMFS rates in the S+R and S+RC groups 
were 75.0% and 64.8%, 77.7% and 62.3%, 88.9% and 
71.6%, and 76.2% and 90.9%, respectively.

Table 3 Impact of Prognostic Factors on Treatment results with a Multivariate Analysis

Endpoints Variables HR (95% CI) P

OS Age (≤50 vs >50) 4.817 (0.899–25.820) 0.066
Gender (Male vs Female) 3.589 (0.776–16.610) 0.102

KPS (≤80 vs >80) 0.174 (0.034–0.900) 0.037
Kadish stage (A–B vs C–D) 1.673 (0.115–24.439) 0.707
T classification (T1–2 vs T3–4) 2.661 (0.289–24.528) 0.388

N classification (N0 vs N1) 1.338 (0.103–17.388) 0.824

Group (S+R/RC vs C+RC) 2.895 (0.405–20.668) 0.289

PFS Age (≤50 vs >50) 1.404 (0.391–5.046) 0.603
Gender (Male vs Female) 1.315 (0.339–5.108) 0.692

KPS (≤80 vs >80) 0.121 (0.024–0.599) 0.010
Kadish stage (A–B vs C–D) 17.029 (2.201–131.769) 0.007
T classification (T1–2 vs T3–4) 0.092 (0.012–0.693) 0.021

N classification (N0 vs N1) 0.110 (0.010–1.187) 0.069

Group (S+R/RC vs C+RC) 2.449 (0.493–12.169) 0.274

LRFS Age (≤50 vs >50) 1.779 (0.358–8.856) 0.482

Gender (Male vs Female) 2.292 (0.456–11.526) 0.314
KPS (≤80 vs >80) 0.086 (0.010–0.707) 0.022
Kadish stage (A–B vs C–D) 0.579 (0.029–11.629) 0.721

T classification (T1–2 vs T3–4) 1.566 (0.102–22.963) 0.747
N classification (N0 vs N1) 6.244 (0.238–163.585) 0.272

Group (S+R/RC vs C+RC) 3.519 (0.328–37.767) 0.299

DMFS Age (≤50 vs >50) 0.623 (0.071–5.489) 0.670

Gender (Male vs Female) 0.520 (0.049–5.487) 0.587

KPS (≤80 vs >80) 0.125 (0.009–1.746) 0.122
Kadish stage (A–B vs C–D) 151.349 (4.670–4904.801) 0.005
T classification (T1–2 vs T3–4) 0.021 (0.001–0.584) 0.023
N classification (N0 vs N1) 0.014 (0.000–0.808) 0.039
Group (S+R/RC vs C+RC) 2.120 (0.177–25.371) 0.553

Note: Bold figures indicate P < 0.05. 
Abbreviations: S+R/RC, surgery followed by radiotherapy or chemoradiotherapy; C+RC, neoadjuvant chemotherapy followed by chemoradiotherapy; OS, overall survival; 
PFS, progression-free survival; LRFS, local relapse-free survival; DMFS, distant metastasis-free survival.
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Many studies have confirmed that NACT may be effec-
tive for patients with ENB, especially for patients with 
locally advanced unresectable tumors. Previous studies 
affirmed that NACT could reduce tumor size, obtain 
a better surgical margin, and reduce surgical 
complications.15 Modesto et al16 retrospectively reviewed 
43 patients with ENB, 23 of whom were treated with 
NACT followed by radiotherapy or surgery and postopera-
tive radiotherapy, the response rate to which was 74%. 
Kim et al17 also evaluated the efficacy of NACT with 
a combination of etoposide, ifosfamide, and cisplatin in 
patients with ENB. Among the 11 patients, 2 patients 
achieved complete responses, 7 patients achieved partial 
responses, and the objective response rate was 82%. 
Research carried out in India18 subjected patients with 
non-squamous sinonasal tumor to two cycles of NACT 
with platinum and etoposide. The response rate in the 
NACT group was 80% and the response rate in the ENB 
subgroup was 66.7%. The authors suggested that NACT 
followed by local treatment is associated with an improve-
ment in outcomes when compared with a historical cohort. 
Some scholars19 have suggested that the response rate of 
induction chemotherapy can be used as a reference for the 
selection of chemoradiotherapy.

However, recent literature suggests that surgery is the 
choice of radical treatment after NACT, but there is limited 
data about NACT combined with chemoradiotherapy. In this 
research, we used IMRT techniques combined with 

Table 4 Patient and Disease Characteristics Between S+R and S 
+RC Groups

Characteristics S+R (n = 9) S+RC 
(n = 11)

P value

Age (years) 1.000

≤50 5 (55.6%) 6 (54.5%)

>50 4 (44.4%) 5 (45.5%)

Gender 0.642

Male 5 (55.6%) 8 (72.7%)

Female 4 (44.4%) 3 (27.3%)

KPS 1.000

≤80 3 (33.3%) 4 (36.4%)

>80 6 (66.7%) 7 (63.6%)

Kadish stage 0.935

A 1 (11.1%) 1 (9. 1%)

B 5 (55.6%) 7 (63.6%)

C 3 (33.3%) 3 (27.3%)

T classification 0.403

T1 5 (55.6%) 5 (45.5%)

T2 1 (11.1%) 4 (36.4%)

T4 3 (33.3%) 2 (18.2%)

Surgery type 0.180

OR 4 (44.4%) 4 (36.4%)

ER 3 (33.3%) 7 (63.6%)

OR+ER 2 (22.2%) 0 (0.0%)

Surgical margins 1.000

Negative 5 (55.6%) 5 (45.5%)

Positive 4 (44.4%) 6 (54.5%)

Note: Data are presented as n (%). 
Abbreviations: S+R, surgery followed by radiotherapy; S+RC, surgery followed by 
chemoradiotherapy; OR, open resection; ER, endoscopic resection.

Table 5 Effect of Prognostic Factors on Survival Between S+R and S+RC Groups

Factors 5-y OS 5-y PFS 5-y LRFS 5-y DMFS

% P % P % P % P

Group 0.475 0.499 0.311 0.567

S+R 75.0 77.7 88.9 76.2
S+RC 64.8 62.3 71.6 90.9

Note: Data are presented as n (%). 
Abbreviations: S+R, surgery followed by radiotherapy; S+RC, surgery followed by chemoradiotherapy.

Table 6 Effect of Prognostic Factors on Survival Between S+R/RC and C+RC Groups for Patients with Kadish Stage C–D

Factors 5-y OS 5-y PFS 5-y LRFS 5-y DMFS

% P % P % P % P

Group 0.694 0.466 0.899 0.090

S+R/RC 40.9 50.0 83.3 33.3

C+RC 63.7 45.0 66.6 66.7

Note: Data are presented as n (%). 
Abbreviations: S+R/RC, surgery followed by radiotherapy or chemoradiotherapy; C+RC, neoadjuvant chemotherapy followed by chemoradiotherapy.
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concurrent chemotherapy after induction chemotherapy. 
Among the 17 patients in the C+RC group, 2 patients under-
went CR (11.8%) and 15 patients (88.2%) underwent PR. 
The response rate was 100%, and no significant difference 
was observed between the S+R/C group and the C+RC group 
in terms of five-year OS, PFS, LRFS, and DMFS. In addition, 
there were 4 patients with N1 disease in the C+RC group, 
while all patients in the S+R/C group presented with N0 
disease (P = 0.023). In the N0 subgroup analysis, there was 
still no statistically significant difference in five-year OS, 
PFS, LRFS, and DMFS between the two groups. This may 
be due to the fact that this study is a retrospective study with 
a small sample size. There may have been more patients in 
the C+RC group with unresectable disease, which was diffi-
cult to assess, resulting in a poor prognosis.

Previous studies have shown that Hyams grade is 
related to the prognosis of patients with ENB,20,21 but 
there is a lack of data related to Hyams grade in this 
study. Moreover, due to the sample size, we do not have 
data on the comparison between surgery after induction 
chemotherapy and chemoradiotherapy after induction 
chemotherapy.

In conclusion, our study showed that in the era of 
IMRT, the addition of ACT to surgery and postoperative 

radiotherapy failed to improve the outcomes of patients 
with ENB. NACT followed by chemoradiotherapy may be 
a feasible treatment option for patients with ENB who 
respond to chemotherapy with locally unresectable disease 
or lymph node metastasis. We are looking forward to well- 
designed, multi-center, large-scale prospective studies to 
determine the optimal treatment for patients with ENB.
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