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Abstract
Background

To evaluate the impact of postoperative radiotherapy (PORT) on survival in olfactory neuroblastoma
(ONB) patients with different stages.

Methods

Patients with ONB were selected in the Surveillance, Epidemiology, and End Results (SEER) database
during 2004–2016. Survival analyses were performed using Kaplan Meier (K-M) method, Cox regression
analysis, and competing risk model.

Results

A total of 513 patients were included in the study. Univariate and multivariate analysis results
demonstrated that PORT was not an independent prognostic factor for overall survival (OS) of patients
with modi�ed Kadish stage A and B (p=0.699 and p=0.248, respectively). For C and D cases, patients who
underwent PORT had signi�cantly better OS than those who did not undergo PORT (p=0.03 and p< 
0.0001, respectively). K-M curves illustrated that the 5- and 10-year OS rates according to radiotherapy
(PORT vs. non-PORT) were 70.4% vs. 85.3% and 56.8% vs. 68.2% in stage C, respectively. For stage D
patients, the 5-year OS rates were 42.6% and 70.7%, and 10-year OS rates were 29.5% and 53.4% in the
PORT and non-PORT groups, respectively. The competitive risk model revealed that the 5-year cancer-
speci�c cumulative mortality incidence decreased by 26.6% and the 10-year mortality incidence by 41.4%
in patients with stage C who were treated using PORT; meanwhile, for patients with stage D who were
treated with PORT, the 5- and 10-year mortality incidence reduced by 35.3% and 42.6%, respectively.
Chemotherapy was not related to the prognosis of ONB (all p> 0.05).

Conclusions

Our results indicate that PORT improved survival outcomes in ONB patients with modi�ed Kadish stage C
and D. However, for modi�ed Kadish stage A and B cases, PORT may not affect survival. Chemotherapy
was not recommended for ONB patients until more studies determine the role of chemotherapy.

Background
Olfactory neuroblastoma (ONB), also known as esthesioneuroblastoma (ENB), is a rare malignancy that
accounts for 6.3% of all sinonasal malignancies with a prevalence of 0.4 cases per million [1, 2].
Available data indicate that ONB originated from basal progenitor cells of the superior aspect of the
sinonasal cavity and the olfactory epithelium at the anterior skull base [3]. ONB is characterized by
variable biological behavior ranging from indolent tumor to highly invasive tumor with potentials of
regional and distant metastases [4]. ONB can invade the paranasal sinuses, nasal cavity, ethmoid plate,
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orbit, and intracranial space and can metastasize to the neck, bones, central nervous system, and lymph
nodes [5].

Presently, there is no uniform staging standard for ONB. The modi�ed Kadish staging system proposed
by Morita and his colleagues [6] has been shown to be related to prognosis and used to guide tumor
management and treatment [7]. It is used in many studies to classify ONB [8].

Because of their low incidence, there is a lack of large randomized controlled trials to guide the optimal
treatment [9]. Given the complexity of the anatomical location and structure and its physiological
characteristics, it is di�cult to excise by operations completely. Surgical resection followed by
postoperative radiotherapy (PORT) is considered the primary option for ONB patients [3]. However,
controversy exists regarding whether early-stage ONB patients can bene�t from PORT to improve their
survival [2, 10–14]. Moreover, previous studies demonstrated that PORT was not effective in improving
long-term survival [15]. Additionally, the role of chemotherapy in ONB remains uncertain. The purpose of
the present study is to provide some evidence for clinical decision-making by evaluating the effect of
PORT on survival outcomes in ONB patients with different modi�ed Kadish stages.

Materials And Methods
Research data were obtained from the Surveillance, Epidemiology, and End Results (SEER) database
using SEER*Stat, version 8.3.8, which is freely accessible to the public.

We extracted the data of patients with histological feature code 9522/3(olfactory neuroblastoma)
diagnosed from 2004 through 2016. Primary site codes C30.0 (nasal cavity), C31.0(maxillary sinus),
C31.1 (ethmoid sinus), C31.2 (frontal sinus), C31.3 (sphenoid sinus), C31.8 (overlapping lesion of
accessory sinuses), C31.9 (accessory sinus, NOS) were used to de�ne tumor location. Demographic and
clinical variables were extracted from the SEER database, including patient ID, age, gender, tumor grade,
SEER combined summary stage 2000 (2004+), SEER extent of disease, primary site-labeled,
chemotherapy recode, radiation sequence with surgery, cause of death to site recode, SEER cause-speci�c
death classi�cation and vital status recode and survival months. Exclusion criteria: 1. No information on
operation; 2. Survival time is less than one month; 3. Insu�cient information for staging; 4. Incomplete
information on radiotherapy and chemotherapy.

Although modi�ed Kadish staging was not directly obtained from the SEER database, we used summary
stage 2000, SEER extent of disease, primary site-labeled to infer modi�ed Kadish staging. This derivation
has previously been used in SEER research related to ONB [16–18]. The Kadish staging method of this
analysis is as follows: tumor con�ned to the nasal cavity (stage A), tumor involvement of the nasal cavity
and paranasal sinuses (stage B), the tumor extends beyond the nasal cavity and paranasal sinuses and
(stage C), lymph node and/or distant metastases (stage D) [6].

All statistical calculations were performed using STATA 12.0 (Stata Corp). The chi-squared test was used
to compare distributions of variables across the PORT and non-PORT groups. Overall survival (OS) was
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de�ned as death due to any cause. OS curves were calculated utilizing the Kaplan–Meier method, with
signi�cance determined using the log-rank test. Hazard ratios (HRs) and 95% con�dence intervals (CIs)
were determined in the Cox proportional hazards models. Competing risk analysis was used to calculate
ONB-speci�c death. All statistical tests were 2-sided, and a p-value < 0 .05 was considered statistically
signi�cant.

Results

Clinical features
A total of 513 patients with ONB were identi�ed from the SEER database, including 317 with PORT and
196 without PORT (Fig. 1). The clinical features of the ONB patients are presented in Table 1. Modi�ed
Kadish stage A, B, C, D tumors accounted for 20.3%, 13.8%, 22.2%, and 43.7% of all cases. Some patients
had received chemotherapy (31.9%), while most patients had not received chemotherapy treatment or no
information on chemotherapy (68.1%). The distribution of age (p = 0.032) and gender (p = 0.593) had no
difference between the PORT group and the non-PORT group. Signi�cant between-group differences were
observed for Tumor Grade, modi�ed Kadish stage, chemotherapy (p < 0.05).
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Table 1
Clinical features of the patients

Clinical
Variables

PORT (n = 317)
(%)

Non-PORT (n = 196)
(%)

All Patients (n = 513)
(%)

P
Value

Age at
diagnosis

      0.032

< 60y 211 112 323  

≥ 60y 106 84 190  

Gender       0.593

Female 137 80 217  

Male 180 116 296  

Tumor Grade       < 0.001

I 17 14 31  

II 88 40 128  

51 27 78  

25 16 41  

Unknown 136 99 235  

Modi�ed Kadish       0.006

A 52 52 104  

B 43 28 71  

C 72 42 114  

D 150 74 224  

Chemotherapy       0.004

No/Unknown 201 148 349  

Yes 116 48 164  

Univariate AND Multivariate Analysis for Overall Survival
Univariate survival analysis showed that age (≥ 60 years) was an unfavorable prognostic factor for the
OS of patients with modi�ed Kadish A, C, D stages, whereas gender(male) had an adverse effect on OS
only for patients with stage C (all p < 0.05, Table 2). Tumor grade and chemotherapy were not related to
the prognosis of ONB in this study (all p > 0.05, Table 2). A K-M plot for patients with ONB is presented in
Fig. 2. There was no signi�cant difference in the OS of patients with stage A (p = 0.699) and stage B (p = 
0.248) considering whether they received PORT (Table 2). For C and D cases, patients who underwent
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PORT had signi�cantly better OS than those who did not undergo PORT (p = 0.03 and p < 0.0001,
respectively, Table 2). The 5-year and 10-year OS rates according to radiotherapy (PORT vs. non-PORT)
were 70.4% vs. 85.3% and 56.8% vs. 68.2% in stage C, respectively (Fig. 2C). For stage D patients, the 5-
year OS rates were 42.6 and 70.7%, and 10-year OS rates were 29.5 and 53.4% in the PORT and non-PORT
groups, respectively (Fig. 2D). A total of 72 stage C patients who underwent PORT were grouped into two
groups, strati�ed by whether they received chemotherapy. K-M curve showed no signi�cant difference of
OS between two the groups (p = 0.676, Fig. 3A). Similarly, the group of 150 stage D patients who
underwent PORT was divided into two groups according to their chemotherapy (yes vs. no/unknown).
Although there was no statistical difference in OS between these two groups (p = 0.076), after 12 months,
the OS of patients in stage D who received PORT plus chemotherapy was slightly lower than the OS of
those who received PORT without chemotherapy (Fig. 3B).
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Table 2 Univariate Analysis of Clinical Features

Clinical
Variables

Modi�ed Kadish A Modi�ed Kadish B Modi�ed Kadish
C

Modi�ed Kadish
D

HR (95%
CI)

P HR (95%
CI)

P HR (95%
CI)

P HR
(95%
CI)

P

Age                

<60y 1   1   1   1  

≥60y 4.064
(1.206-
13.693)

0.003 1.894
(0.420 -
8.530)

0.394 2.687
(1.229-
5.873)

0.004 2.623
(1.679-
4.097)

<0.001

Gender                

Female 1   1   1   1  

Male 1.502
(0.524-
4.301)

0.460 1.346
(0.285 -
6.365)

0.720 2.686
(1.308-
5.516)

0.016 1.036
(0.678-
1.583)

0.868

Tumor Grade                

I 1   1   1   1  

II 0.278
(0.025-
2.990)

0.167 0.534
(0.029-
9.805)

0.652 0.352
(0.056-
2.197)

0.122 1.585
(0.531-
4.727)

0.457

0.491
(0.051-
4.726)

0.549 2.871
(0.404-
20.391)

0.334 0.421
(0.073-
2.430)

0.273 2.20
(0.840-
5.786)

0.183

0.835
(0.080-
8.660)

0.881 - - 1.051
(0.253-
4.362)

0.944 2.977
(1.038-
8.536)

0.069

Unknown 0.719
(0.128-
4.034)

0.672 0.197
(0.003-
10.341)

0.137 0.506
(0.102-
2.509)

0.274 2.352
(1.025-
5.397)

0.134

Radiotherapy                

Non-PORT 1   1   1   1  

PORT 1.230
(0.431-
3.510)

0.699 0.425
(0.091-
1.989)

0.248 0.430
(0.200-
0.921)

0.030 0.406
(0.253-
0.649)

<0.001

Chemotherapy                

No/Unknown 1   1   1   1  

Yes 2.111 0.193 2.064 0.491 1.375 0.406 1.458 0.070



Page 8/17

(0.504-
8.837)

(0.378-
11.273)

(0.612-
3.090)

(0.958-
2.221)

 

Table 3 Multivariate Analysis of Clinical Features

Clinical
Variables

Modi�ed Kadish
A

Modi�ed
Kadish B

Modi�ed Kadish C Modi�ed Kadish D

  HR
(95%
CI)

P HR
(95%
CI)

P HR (95% CI) P HR
(95%
CI)

P

Age                

<60y 1   1   1   1  

≥60y 9.485
(2.322-
38.745)

0.002 1.797
(0.387-
8.343)

0.454 2.259(1.068-
4.780)

0.033 2.536
(1.650-
3.896)

<0.001

Gender                

Female 1   1   1   1  

Male 1.515
(0.505-
4.537)

0.458 0.877
(0.151-
5.087)

0.884 0.413
(0.176-
0.969)

0.042 0.932
(0.608
-
1.430)

0.750

Radiotherapy                

Non-PORT 1   1   1   1  

PORT 0.629
(0.174-
2.267)

0.479 0.455
(0.099-
2.089)

0.311 0.462
(0.223-
0.954)

0.037 0.457
(0.299-
0.699)

<0.0001

Chemotherapy                

No/Unknown 1   1   1   1  

Yes 7.862
(1.496-
44.271)

0.019 0.570
(0.062-
5.198)

0.619 1.178
(0.540-
2.569)

0.680 1.602
(1.048-
2.449)

0.02

Table 3 presents the results of the multivariate analysis. For C and D cases, PORT remained an
independent predictor of longer OS (all p < 0.05). Multivariate survival analysis showed that age (≥ 60
years) were independent risk factors for the prognosis of stage A, C, and D, indicating a shorter survival
time (all p < 0.05). For stage A and D, chemotherapy was considered an independent adverse prognostic
factor for ONB patients (p = 0.019 HR 7.862, 95% CI 1.496–44.271 and p = 0.02 HR 1.602, 95% CI 1.048–
2.449, respectively).
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Competitive Risk Analysis of Cancer-Speci�c Death
Causes of death were classi�ed into cancer-speci�c death and other death causes. Considering the death
outcomes as a competing risk, we performed the analyses using a competing risk model. Results showed
no difference in cumulative incidences of cancer-speci�c death caused by PORT in modi�ed Kadish A
and B stage (p = 0.164 and p = 0.168, respectively, Fig. 4).

For patients with modi�ed Kadish C stage, signi�cantly lower cancer-speci�c death in the PORT group
was discovered compared with the non-PORT group, with results showing that the 5-year cancer-speci�c
cumulative mortality incidences decreased by 26.6%, and the 10-year cancer-speci�c cumulative mortality
incidences decreased by 41.4% (p = 0.011, Fig. 4).

Similarly, stage D patients who had received PORT showed a signi�cantly reduced cancer-speci�c death
compared with stage D patients without PORT. The 5-year and 10-year cancer-speci�c cumulative
mortality incidences reduced by 35.3% and 42.6%, respectively, in patients with stage D treated with PORT
(p = 0.003, Fig. 4).

Discussion
Due to the rarity of this disease, there is a paucity of large prospective studies identifying optimal
treatment. As a result, most trials on the impact of PORT on survival in ONB patients were single-center
retrospective studies, and the sample size in these studies was relatively small, which had a certain effect
on the accuracy of the research results. Based on our retrospective SEER-based analysis, we attempted to
assess the role of PORT in ONB patients of different modi�ed Kadish stage.

PORT is controversial for patients with early-stage ONB. Theilgaard SA et al. [2], in a Danish demographic
study of 40 patients, suggested that patients with stage A should undergo surgical tumor resection and
radiotherapy. Diaz EM et al. [10] and Jarzabski A et al. [11] suggested PORT should be performed in early-
stage (A and B). Other researchers, however, hold the opposite view. Meerwein CM et al. [12] claimed that
surgery alone is an equivalent alternative to combined treatment in early-stage ONB patients. Mays AC et
al. [13] reported that PORT did not impact disease-free survival in early-stage ONB. An NCDB study by
Carey RM et al. [14] used patients with stage A and B as a combined stage for survival analysis, and the
results showed that surgery alone, compared with PORT, had no signi�cant difference in survival. In this
study, we performed survival analysis and competitive risk model analysis for patients in modi�ed Kadish
stage A and B, respectively. We found that PORT was not a prognostic factor for survival for patients with
modi�ed Kadish stage A and B in univariate and multivariate analysis. Meanwhile, no difference in
cancer-speci�c death was observed between patients with modi�ed Kadish stage A and B who underwent
PORT and those without PORT treatment. To our knowledge, the studies that believe that patients with
stage A and B should receive radiotherapy are single-center studies with a small sample size, which may
bring potential bias in results. Therefore, for patients with ONB in modi�ed Kadish stage A and B, we
consider that it appears unnecessary to perform PORT routinely.
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Similar to some previous studies [19–22], for patients with modi�ed Kadish stage C and D in our study,
PORT was identi�ed as a prognostic factor in univariate and multivariate analyses. Moreover, we also
observed improved 5- and 10-year OS in PORT groups. Through competitive risk analysis, we concluded
that for patients with stage C and D, PORT could reduce the 5-year and 10-year cancer-speci�c death. Our
study suggests that PORT can improve the 5-year and 10-year survival of patients with stage C and D.
However, a prior study [15] found that no improvement of the 10-year survival rate was observed with the
addition of radiation to surgery. The prior study [15] from the SEER database used patient data between
1973 and 2006, while our study included patients from 2004 through 2016. Hence, we considered that
limitations of radiotherapy techniques and side effects of radiotherapy in the earlier study caused this
disagreement.

The role of chemotherapy in ONB remains uncertain. A meta-analysis of 118 ONB patients showed that
the combination of chemotherapy and surgery and/or radiation therapy improved OS [23]. In another
retrospective study, radiotherapy combined with chemotherapy has clinical bene�ts for patients with
high-grade C ONB [24]. However, Miller et al. [25] and Song et al. [21] reported that the addition of
platinum-based chemotherapy did not offer any improvements in survival. In the present study, 164 ONB
patients who received chemotherapy did not improve survival. In contrast, cox multivariate analysis
suggested that chemotherapy was an independent poor prognostic factor for ONB patients with modi�ed
Kadish stage A and D. Beyond that, PORT plus chemotherapy did not further improve the prognosis.
Although not statistically signi�cant, for stage D cases, we found that the OS rate of patients who
received PORT plus chemotherapy after 12 months was slightly lower than that of PORT patients who did
not treat with chemotherapy. Our results are similar to those in a previous SEER study on the prognostic
effect of chemotherapy on ONB patients [26]. Adverse effects of chemotherapy on survival may be
resulted from side effects. For the reasons above, we suggest that the routine use of adjuvant
chemotherapy for the treatment of ONB patients is not recommended until more studies will determine
the role of chemotherapy.

We acknowledge there are limitations in this retrospective study. Information about type, schemes, doses,
frequency, and periods of radiotherapy was not available from the SEER database, which might cause
result bias. Because there was a lack of information on the local recurrence of ONB cancer in the SEER
database, the effect of PORT on local recurrence rate was not analyzed in our study. We are also aware of
the incomplete information on chemotherapy based on the limitations of the SEER database. It is not
clear about the chemotherapy regimens and the number of cycles.

Conclusions
In summary, the large-scale retrospective study demonstrated that ONB patients with modi�ed Kadish
stage A and B who received PORT did not improve survival. Therefore, for these patients, we consider that
it appears unnecessary to perform PORT routinely. We also found that PORT can improve the 5-year and
10-year survival of ONB patients with stage C and D. Furthermore, adjuvant chemotherapy for ONB
patients was not associated with improved survival in the present study. Thus, we suggest that the
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routine use of adjuvant chemotherapy for the treatment of ONB patients is not recommended until more
studies determine the role of chemotherapy.
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Figure 1

Patient selection

Figure 2

Overall survival of patients with (A) Modi�ed Kadish stage A treated with PORT (n=52; HR, 1.230; 95% CI,
0.431-3.510; P=0.699) versus without PORT (n=52); (B) Modi�ed Kadish stage B treated with PORT (n=43;
HR, 0.425; 95% CI, 0.091-1.989; P=0.248) versus without PORT (n=28); (C) Modi�ed Kadish stage C
treated with PORT (n=72; HR, 0.430; 95% CI, 0.200-0.921; P=0.03) versus without PORT (n=42); and (D)
Modi�ed Kadish stage D treated with PORT (n=150; HR, 0.406; 95% CI, 0.253-0.649; P<0.0001) versus
without PORT (n=74)
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Figure 3

Overall survival of patients with (A) Modi�ed Kadish stage C treated with PORT+CT (n=22; HR, 1.160; 95%
CI, 0.390-3.450; P=0.676) versus PORT alone (n=50); (B) Modi�ed Kadish stage D treated with PORT+CT
(n=69; HR, 1.663; 95% CI, 0.929-2.978; P=0.076) versus without PORT alone (n=81);

Figure 4
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Competitive risk analysis for cancer-speci�c death of patients with (A) Modi�ed Kadish stage A caused
by PORT (P=0.164); (B) Modi�ed Kadish stage B caused by PORT (P=0.168); (C) Modi�ed Kadish stage C
caused by PORT (P=0.011); and (D) Modi�ed Kadish stage D caused by PORT (P=0.003).


