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Abstract
Introduction: Esthesioneuroblastoma (ENB) is a rare malignancy of the sinonasal tract and its
infrequency has confounded efforts at clearly describing the survival trends associated with this
neoplasm over the years. In this study, we studied survival trends in ENB and investigated the impact of
treatment extent and modality on patient outcomes.

Methods: We accessed the Surveillance, Epidemiology, and End Result (SEER) program to identify ENB
cases from 1998 to 2016. A Chi-square test was used to compare the categorical covariates whereas a t-
test or Mann-Whitney U test was utilized for continuous variables. The impact of prognostic factors on
survival was computed using a Kaplan-Meier analysis and multivariate Cox proportional hazards model.
We divided ENB patients into four periods including 1998-2002, 2003-2007, 2008-2012, and 2013-2016,
and investigated survival trends using the Kaplan-Meier curve and log-rank test.

Results: ENB patients who underwent biopsy alone were associated with older age, larger tumor diameter,
increased rates of tumor extension, nodal/distant metastases, and advanced stages as compared to
patients undergoing tumor resection. Our results also demonstrated that surgical resection and adjuvant
radiotherapy could confer survival advantages whereas chemotherapy was associated with reduced
survival in patients with ENB. Over the past two decades, surprisingly, there has been no change in
survival rates for patient with ENB (p = 0.793).

Conclusion: Despite advanced diagnostic studies and modernized treatment approaches, ENB survival
has remained unchanged over the years, calling for improved efforts to develop appropriate
individualized interventions for this rare tumor entity. Our results also con�rmed that surgery and
adjuvant radiotherapy is associated with improved patient survival whereas the use of chemotherapy
should be considered carefully.

Introduction
Esthesioneuroblastoma (ENB) is a rare sinonasal malignancy originating from the olfactory epithelium;
other descriptive terms have also been associated with this entity including olfactory neuroblastoma,
olfactory placode tumor, esthesioneurocytoma, or esthesioneuroma [1, 2]. ENBs account for 3–6 % of all
malignant neoplasms of the sinonasal tract with a bimodal distribution primarily affecting
adolescents/young adults and patients around 50 years of age [3]. ENB usually invades locoregionally
but may also metastasize to remote locations [4].

Prognostic factors for overall survival (OS) of ENB patients include age at diagnosis, Kadish stage,
Hyams grade, TNM staging, and use of radiotherapy [4–6]. Surgical resection is usually the primary
treatment for ENB; however, advanced stage of disease at presentation is common and may blunt the
e�cacy of aggressive surgery [7]. While surgery alone or the combination of surgery and radiation may
confer good outcomes in low- and intermediate-risk patients, the role of tumor resection and adjuvant
therapies in higher-risk groups is controversial. The survival trends of nasal cavity malignancies such as
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squamous cell carcinoma and undifferentiated carcinoma have been outlined, but less is known
regarding the survival trend of ENBs over the past 2 decades [8–10]. The purpose of this study was to
examine the survival trend of ENB patients using the Surveillance, Epidemiology, End Result (SEER)
database. Additionally, the impact of treatment extent and modality on survival outcomes was also
investigated.

Materials And Methods

Patient selection
We accessed the SEER database for patients with ENB from 1998 to 2016. The year 1998 was selected
as the �rst year of this study because extent of resection (EOR) data was tabulated in SEER from this
year onward. Patients who were diagnosed at autopsy or with death certi�cate only, those with missing
treatment �eld information (EOR, radiotherapy, and chemotherapy), or those with unknown follow-up were
excluded from the analysis. We also removed two cases of ENB arising in the upper lobe of the lung and
adrenal gland. A total of 733 ENB cases were identi�ed for data analysis.

Statistical analyses
In the SEER registry, EOR was characterized as gross total resection (GTR), subtotal resection (STR), or
biopsy. The baseline characteristics of patients with ENB were compared using Chi-square test and
Fisher’s exact test for categorical variables and Student t-test or Wilcoxon rank-sum test for continuous
covariates, as appropriate. We performed the log-rank test and multivariate Cox proportional hazards
model to assess the impact of treatment covariates and other demographic/clinical parameters on OS.
Proportionality assumptions of the Cox regression models were determined by log-log survival curves and
with the use of Schoenfeld residuals. We estimated the deviance residuals and the DFBETA values to
examine in�uential observations.

To evaluate the survival trend of patients with ENB, four distinct periods were examined as follows:
1998–2002, 2003–2007, 2008–2012, and 2013–2016. The 1-, 3-, and 5-year survival rates of the entire
population and subgroups strati�ed by EOR were calculated. Trend analysis was performed using the log-
rank test and Kaplan-Meier curves. All p-values were two-sided, with signi�cance de�ned by a threshold of
0.05. Statistical analyses were conducted using IBM SPSS Statistics for Windows, version 22.0 (IBM
Corp., Armonk, N.Y., USA) and R software, version 3.6.1 (The R Foundation, Vienna, Austria).

Result

The characteristics of ENB patients strati�ed by EOR
Table 1 shows the characteristics of 733 patients with ENB, who were subsequently separated into
groups by extent of resection (biopsy, STR, and GTR). The median age of patients with ENB was 54 years
old with a male predilection. The median tumor size was 44 mm with the largest tumor size found in the
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biopsy EOR group. Strati�ed by SEER staging, tumors in the biopsy EOR group were associated with
increased patient age, greater tumor extension, presence of nodal and/or distant metastases, and
advanced SEER stage (p < 0.001).
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Table 1
Characteristics of ENB patients strati�ed by EOR

Parameters All Biopsy Subtotal
resection

Gross total
resection

p-
value

Patient no. (%) 733 119
(16.3)

366 (49.9) 248 (33.8)  

Age, median (IQR) (yrs) 54 (44–
64)

61 (49–
76)

54 (42–64) 51 (44–61) < 
0.001

Gender, no. (%)         0.073

Female 316
(43.1)

45 (37.8) 173 (47.3) 98 (39.5)  

Male 417
(56.9)

74 (62.2) 193 (52.7) 150 (60.5)  

Race, no. (%)         0.222

White 578
(79.6)

87 (73.7) 293 (80.7) 198 (80.8)  

Non-white 148
(20.4)

31 (26.3) 70 (19.3) 47 (19.2)  

Tumor size, median (IQR)
(mm)

44 (30–
57)

57 (46–
63)

40 (30–52) 45 (29–55) < 
0.001

Tumor extension, no. (%)         < 
0.001

T1 106
(21.9)

4 (6.0) 79 (31.0) 23 (14.2)  

T2 46 (9.5) 5 (7.5) 27 (10.6) 14 (8.6)  

T3 110
(22.7)

15 (22.4) 54 (21.2) 41 (25.3)  

T4 222
(45.9)

43 (64.2) 95 (37.3) 84 (51.9)  

Nodal involvement, no. (%)         < 
0.001

N0 431
(89.8)

54 (75.0) 235 (95.1) 142 (88.2)  

N1 49 (10.2) 18 (25.0) 12 (4.9) 19 (11.8)  

DM at presentation, no.
(%)

        < 
0.001

Abbreviations: DM, distant metastasis; IQR, interquartile range; SEER, Surveillance, Epidemiology, and
End Result
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Parameters All Biopsy Subtotal
resection

Gross total
resection

p-
value

M0 482
(97.4)

65 (90.3) 257 (99.2) 160 (97.6)  

M1 13 (2.6) 7 (9.7) 2 (0.8) 4 (2.4)  

SEER historic stages, no.
(%)

        < 
0.001

Localized 157
(22.8)

10 (9.1) 108 (31.5) 39 (16.5)  

Regional 270
(39.1)

40 (36.4) 129 (37.6) 101 (42.6)  

Distant 231
(33.5)

50 (45.5) 91 (26.5) 90 (38.0)  

Unstaged 32 (4.6) 10 (9.1) 15 (4.4) 7 (3.0)  

Radiotherapy         < 
0.001

No 204
(27.8)

44 (37.0) 114 (31.1) 46 (18.5)  

Yes 529
(72.2)

75 (63.0) 252 (68.9) 202 (81.5)  

Chemotherapy         < 
0.001

No 500
(68.2)

52 (43.7) 273 (74.6) 175 (70.6)  

Yes 233
(31.8)

67 (56.3) 93 (25.4) 73 (29.4)  

Patient survival, no. (%)         < 
0.001

Alive 483
(65.9)

44 (37.0) 266 (72.7) 173 (69.8)  

Dead 250
(34.1)

75 (63.0) 100 (27.3) 75 (30.2)  

Abbreviations: DM, distant metastasis; IQR, interquartile range; SEER, Surveillance, Epidemiology, and
End Result

Radiotherapy and chemotherapy were administered in 72.2% and 31.8% of cases, respectively.
Interestingly, radiotherapy was more frequently used in patients undergoing GTR whereas patients with
biopsy only were more commonly subjected to chemotherapy (p < 0.001). About one-third of ENB patients
died at the last follow-up, and the survival rates were signi�cantly different between the three EOR groups.
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Patients in the biopsy EOR group had a higher mortality rate when compared to patients who underwent
either STR or GTR.

Prognostic factors of ENB patients
Using the multivariate Cox regression model, we identi�ed several prognostic factors that negatively
affected overall survival of ENB patients (Table 2). These factors include older age, male gender, and
administration of chemotherapy (Fig. 1) whereas surgical resection and adjuvant radiotherapy conferred
survival advantage. Compared to GTR, patients with STR had a comparable survival (HR = 0.848; 95% CI 
= 0.624–1.152; p = 0.292).

Table 2
Multivariate Cox regression analysis for all-cause mortality of ENB patients

  Variable Hazard Ratio (95% CI) p-value

Age Per year increase 1.032 (1.023–1.042) < 0.001

Gender Female Reference  

  Male 1.598 (1.232–2.072) < 0.001

Race Non-white Reference  

  White 0.774 (0.576–1.039) 0.088

Resection Biopsy Reference  

  STR 0.526 (0.380–0.729) < 0.001

  GTR 0.621 (0.436–0.883) 0.008

Radiotherapy No Reference  

  Yes 0.579 (0.428–0.784) < 0.001

Chemotherapy No Reference  

  Yes 2.367 (1.755–3.192) < 0.001

Abbreviations: CI, con�dence interval; GTR, gross total resection; STR, subtotal resection

In ENB patients with advanced SEER stages (regional and distant metastases), we observed similar
prognostic factors to the overall ENB population (Table S1).

Survival trend of ENB patients over time
The survival rates of ENB patients in different periods are presented in Table 3. In general, there were no
signi�cant improvements in the survival trend of ENB patients during the study period 1998–2016 (log-
rank test, p = 0.793) (Fig. 2).
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Table 3
The 1-, 3-, and 5-year survival rate of ENB patients in different periods

Period Extent of resection Survival rate (%)

1-year 3-year 5-year

1998–2002 Biopsy 69.0 51.7 37.9

STR 93.2 81.4 74.6

GTR 98.1 90.4 75.0

Overall 88.6 78.6 67.1

2003–2007 Biopsy 70.3 56.8 48.6

STR 95.5 87.7 84.2

GTR 92.0 81.3 77.3

Overall 89.6 79.6 75.1

2008–2012 Biopsy 72.0 52.0 48.0

STR 89.6 78.4 76.5

GTR 95.0 89.9 82.8

Overall 89.1 78.5 74.9

2013–2016 Biopsy 69.5 38.2 NA

STR 95.1 87.2 NA

GTR 94.4 86.5 NA

Overall 91.0 78.6 NA

Abbreviations: GTR, gross total resection; NA, not available; STR, subtotal resection

Discussion
Standardized treatment for ENB has not been well established due to the relative rarity of these tumors
and associated lack of clinical trials. Surgical resection is generally accepted as �rst line treatment in the
care of ENB patients [11] and the attainment of negative margins is an independent prognostic factors
for improved survival [4, 12, 13]. In recent years, endoscopic endonasal techniques have been increasingly
used, and some series have reported an improvement in OS and progression-free survival in ENB patients
undergoing an endoscopic endonasal craniofacial resection as compared to the traditional open
craniofacial resection [11, 14]. Regardless of approach, it is challenging to attain a gross total resection
and negative surgical margins in ENB patients due to the locoregional extension of the tumor and
complex neurovascular anatomy of the anterior cranial base [15]. Our �ndings con�rmed that GTR could
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only be obtained in one-third of patients and 16% of patients had tumor biopsies only. Furthermore, large
tumor size, tumor extension, nodal, and distant metastases at presentation may affect the success of
surgical eradication. Morita et al. showed that GTR offers more survival bene�ts than STR and biopsy
[16]; however, our results indicate that GTR and STR added survival advantage to ENB patients as
compared to patients managed nonoperatively but there was no survival difference between GTR and
STR (Fig. 1).

ENB is known to be radiosensitive and radiotherapy plays an important role in ENB management [11, 17]
which was further con�rmed in this study. It is most commonly used in the adjuvant setting to mitigate
recurrence risk following surgery but has also been described in the neoadjuvant setting to reduce tumor
burden prior to surgery or even as sole therapy with or without chemotherapy in patients with
unresectable disease. [12, 14, 17–21]. In our study, radiotherapy was performed in about two-thirds of
patients with biopsy alone and STR, which is lower than the GTR group. Of note, it may be di�cult to
orient surgical sinonasal specimens, complicating pathologic examination of the surgical margins.
Because of uncertain resection margin status, postoperative radiation treatment seems justi�ed in all
patients to minimize the risk of locoregional relapse. Furthermore, while a combination of surgery and
radiation yields the best outcome in low- and intermediate-risk patients [18], the treatment algorithm for
advanced cases has not been well established. [19, 21, 22].

Several studies have suggested a survival bene�t of chemotherapy in ENBs, especially in high-grade
tumors [20, 23–25]. Also, preoperative chemotherapy might be effective for tumor reduction and
improving surgical resection, especially in advanced diseases [21, 22, 26]. However, the use of
chemotherapy in ENB patients may also increase mortality risk [20, 27, 28]. Our study also demonstrated
a negative effect of chemotherapy regardless of tumor stage, which is in line with previous studies [20,
29]. While chemotherapy is not routinely recommended in the treatment for ENB it is important to
consider the possibility of confounding variables such as selection bias for very advanced or aggressive
disease. Ultimately, its role should be further examined alongside important parameters such as the
Kadish staging, Dulguerov’s modi�ed TNM staging, and Hyams grading systems, which are missing in
the SEER database.

The survival rates of carcinomas of the nasal cavity and paranasal sinuses have been improved over the
years with the developments of new techniques for early diagnoses and advanced treatment modalities
[10, 30–32]. However, our study indicated that there has been no improvement in the survival of ENB
patients over the last 20 years. As mentioned, obtaining negative margins is one of the vital prognostic
factors for ENB survival [15, 27, 33] and despite the introduction of new surgical techniques and improved
visualization using endoscopic endonasal techniques, it is still challenging to achieve margin-negative
resections, either macroscopically or microscopically. This is largely a result of patients with ENB
presenting with advanced stage of disease at diagnosis due to a relative paucity of symptoms early on in
addition to diagnostic delays from attributing early symptoms to ‘allergies’ or ‘sinusitis'. In fact, up to 62%
of patients with ENB have advanced stage disease (Kadish stage C and D) [16] at diagnosis. Taken
together, ENB is a di�cult tumor to clinically diagnose at early stages and there is little consensus on
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standard of care for this rare tumor entity, especially for high-risk individuals given the lack of large
prospective cohort studies or clinical trials resulting in heterogenenous care across treatment centers and
over time which may help explain the lack of survival improvement over the past two decades.

There are limitations of our study that need to be discussed. Firstly, several important markers of ENB are
not included in the SEER program including Kadish staging, Dulguerov’s modi�ed TNM staging, Hyams
grading, surgical margins, surgical approach, and chemoradiotherapy regimens. Some of these factors
contribute to whether or not a lesion is resectable which would help explain why certain patients
underwent a biopsy alone and/or any selection bias for administration of chemotherapy. Next, patients
undergoing STR or GTR may share different characteristics related to their age, performance status, and
medical comorbidities than those who had biopsy only, which could contribute to survival differences.
There are also very likely to be other biological tumor heterogeneities in this patient population.

In conclusion, our study demonstrates the utility of surgical resection followed by adjuvant radiotherapy
in improving survival of ENB patients, whereas the role of chemotherapy remains somewhat unclear in
this study population. Despite the evolution of diagnostic and treatment methods, there was no
remarkable survival improvement of ENB patients over the past two decades, highlighting an urgent need
to re�ne the standards of care for these patients and identify new therapeutic targets.
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Figures

Figure 1

Kaplan-Meier curve illustrating the impact of extent of resection on ENB survival
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Figure 2

Survival trend of ENB patients over the past two decades
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