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Abstract
Esthesioneuroblastoma (EN) is a rare sinonasal tumor with varied aggressiveness and potential for
intracranial invasion. EN is staged anatomically with radiographic evaluation using the Kadish
staging system (stages A, B, and C) and histologically by using Hyam’s criteria (grades 1–4). Here
we show that despite radiographic evidence of aggressive features, the prognosis of patients with
Kadish stage C EN is best predicted by tumor histology using Hyam’s criteria. We retrospectively
analyzed patients with EN with Kadish stage C who were evaluated and treated at our institution
between 1995 and 2009. Clinical information was collected using patient medical records,
imaging, and review of pathological specimens. Twenty patients with Kadish stage C EN were
identified with mean age of 51 years (31–70 years) with a median follow-up of 41.4 months (1.3–
175 months). Upon pathological review, 44.4% of patients had low-grade (1/2) and 55.6% had
high-grade histology (3/4). About 37.5% of patients with low-grade EN had undergone gross total
resection (GTR) and the remaining 62.5% had GTR and adjuvant radiation, whereas 50% of
patients with high-grade ER had undergone GTR, 20% had undergone GTR and adjuvant
radiation, and 30% had been treated with a subtotal resection (STR) and adjuvant radiation. The 5-
year and 10-year survival in patients with low-grade EN was 86% in comparison to 56% and 28%
with high-grade EN, respectively. In patients with low-grade EN, the 2-year progression free
survival (PFS) was 86% and the 5-year PFS was 65% in comparison to 73% and 49% in patients
with high-grade EN, respectively. The patient’s tumor histology (Hyam’s criteria) appeared to be
the best way of predicting the prognosis and for selecting patients for adjuvant radiotherapy.
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1 Introduction
Esthesioneuroblastoma (EN) is a rare sinonasal malignancy with varied aggressiveness,
including the possibility for intracranial invasion. EN is typically staged anatomically with
radiographic evaluation using the Kadish staging system1, and histologically with Hyam’s
criteria2,3. The Kadish staging includes grades A, B, and C representing radiographic
findings of tumor in the sinus, paranasal sinuses, and extending beyond the cribriform plate,
respectively (Table 1). Hyam’s criteria categorize tumors into four grades, representing a
spectrum of relatively benign to malignant histologic features (Table 2). Patients with
Kadish stage C typically require neurosurgical involvement.

Both Kadish staging and Hyam’s histologic classification have been used to provide a
prognosis and to help guide treatment decisions, including the appropriate use of
neoadjuvant or adjuvant therapies1–7. We reviewed 956 patients reported in the published
literature5. Our analysis demonstrated that histologic tumor grade independently predicted
patient survival, and that the biologic behavior of EN could be summarized as representing
two patterns: low and high grade. Furthermore, this analysis found that the prognosis was
excellent when Kadish stage C tumors were associated with low-grade histology, despite
radiographic evidence of aggressive tumor behavior, including intracranial invasion.

Here we validate the findings from our systematic review with a more detailed dataset
collected retrospectively from our institutional experience. We show that despite
radiographic and anatomic features of aggressive behavior, the prognosis of patients with
Kadish stage C tumors is best when based on the biology of the tumor, as reflected by
Hyam’s grade. Our findings have implications for post-operative management, particularly
regarding the utility of adjuvant therapy after gross total resection (GTR) in patients with
Kadish stage C, low-grade tumors.

2 Methods
2.1. Patient Population

We retrospectively identified all patients between 1995 and 2009 who underwent evaluation
and initial treatment for EN at our institution, and who had a confirmed pathology with
central review. We excluded all patients with any other intracranial tumor history and those
patients with Kadish stages A or B. From this cohort of patients with Kadish stage C, we
evaluated all patients undergoing primary craniotomy for resection of a histologically
proven EN with operative and radiographic data (n = 20 patients). This study was approved
by the University of California San Francisco Committee on Human Research under the
approval CHR# H41995-34889-01.

2.2. Data Collection
Clinical information was collected retrospectively using patient medical records,
radiographic data, and pathologic specimens. All clinical assessments were reviewed by the
senior author (A.T.P.). Patient age was defined as age at the time of surgery. Both the pre-
operative, post-gadolinium T1-weighted MRI and/or the surgeon’s operative note were
reviewed to confirm tumor location and Kadish stage. Tumors were classified using MRI as
Kadish stage: A, confined to sinuses; B, extension into the paranasal sinus; or C, extension
through the cribriform plate (Fig. 1a). Radiographic patterns of recurrence are demonstrated
for a patient with intracranial recurrence (Fig. 2a) and a patient with nodal recurrence (Fig.
2b).

Histological features were extracted from pathology reports associated with tumor resection,
with confirmation by central review. The tumors were first categorized by Hyam’s
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classification into grades 1 to 4 and then divided into two groups: low-grade (grades 1 or 2)
and high-grade (grades 3 or 4). Extent of resection was assessed based on the surgeon’s
operative note in conjunction with the post-operative MRI. Postoperative assessments and
imaging were examined for evidence of recurrence, treatment of recurrence, and overall
survival (OS).

2.3. Statistical Analysis
Kaplan–Meier estimates were used to generate survival curves. Differences in time to
recurrence or death from disease after initial treatment were analyzed by the log-rank test.
Statistical tests were considered significant for p < 0.05. Continuous variables are presented
as mean ± standard error (SE). All descriptive and statistical analyses were performed using
the Statistical Package for the Social Sciences version 16.0 (SPSS, Chicago, IL, USA).

3 Results
3.1. Patient Demographics and Clinical Characteristics

Between 1995 and 2009, 20 patients with Kadish stage C EN were available for review
(Table 3a), and their demographic information is summarized in Table 3b. The mean age of
these patients was 51±2.5 years, and 86% of the patients were male. A positive smoking
history, a known risk factor for EN8, was found in 25% of our patients, and 27% of our
patients had a history of occupations that would predispose them to EN such as working in
the logging industry8. Orbital involvement was seen in 38% of patients and brain
involvement in 43%. Frequently encountered radiologic findings included dural thickening
(36%), cystic components (41%), shift/mass effect (29%), and hydrocephalus (12%). The
mean tumor volume was 91.9±15.9 mL, and the mean largest diameter was 6.0±0.4 cm.
Median post-operative follow-up was 41.4 months and ranged from 1.3 months to 175
months.

Upon presentation to our specialty clinics, symptoms were largely referable to the sinonasal
tract; presenting symptoms for all patients are described in Table 4. Some of the most
common presentations included epistaxis (53%), congestion/nasal obstruction (53%),
palpable or disfiguring mass (53%), anosmia (40%), headache (26.7%), and proptosis
(20%).

3.1. Pathologic features of the tumors
By light microscopy, the tumors demonstrated typical histologic features of EN, including
uniform small tumor cells with round nuclear contours and scant cytoplasm, in a prominent
neurofibrillary background. Homer Wright rosettes (with central neurofibrillary-like
material) were present in some tumors. Mitotic activity varied, as did other cytologic
features of malignancy, such as tumor necrosis. Immunohistochemistry demonstrated typical
patterns of reactivity for the neuronal markers synaptophysin (100%), neuron specific
enolase (91%), chromogranin (72%), and S-100 (72%). EN tested negative for keratin was
negative in all instances, which excluded a diagnosis of neuroendocrine carcinoma,
sinonasal undifferentiated carcinoma, and pituitary adenoma. Typical histologic features of
EN are illustrated in Figure 3.

3.2. The relationship of tumor grade to prognosis
Pathology data and sufficient archived samples available for review to classify tumors by
Hyam’s criteria were available for 18 patients with Kadish stage C disease: eight (44.4%)
had low-grade and 10 (55.6%) had high-grade histology. The 5-year (86% compared to
56%) and 10-year (86% compared to 28%) OS was higher in patients with low-grade than
high-grade tumors, respectively (p=0.24) (Fig. 4). Similarly, the 2-year (86% compared to
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73%) and 5-year (65% compared to 49%) progression free survival (PFS) was higher in
patients with low-grade than high-grade tumors respectively (p=0.5) (Fig. 5). This analysis
was underpowered due to the size of our patient population.

3.3. Treatment and outcomes
Nine patients received GTR, four received GTR with adjuvant external beam radiotherapy
(XRT), three received GTR with adjuvant XRT and chemotherapy, two received STR with
adjuvant XRT, and two received STR with adjuvant XRT and chemotherapy. In the 11
patients who received adjuvant XRT, intensity-modulated radiotherapy (IMRT) was used in
six and three-dimensional (3D) conformal radiotherapy (3D-CRT) was used in five patients.
The prescription dose range for IMRT was 6,000–6,600 cGy and the dose range for 3D-CRT
was 6,000–7,000 cGy. Chemotherapeutic agents varied by patient and included carboplatin
(n = 1), cisplatin and etoposide (n = 1), cytoxan and vincristine (n = 1), and cisplatin (n = 1).

Three patients (37.5%) with low-grade EN had GTR alone and the remaining five (62.5%)
had GTR and adjuvant treatment (three patients received radiation while two received
radiation and chemotherapy). Meanwhile, five patients (50%) with high-grade EN received
GTR, two (20%) received GTR and adjuvant treatment (one patient received radiation and
second patient received both radiation and chemotherapy), and three (30%) had STR and
adjuvant treatment (all received radiation and chemotherapy).

Six patients (30%) had a recurrence of EN during the follow-up period after initial
treatment, with a median time to recurrence of 32.4 months. Three of these patients had
high-grade tumors with median time to recurrence of 23.3 months in comparison to two
additional recurrences in patients with low-grade tumors with an average time to recurrence
of 30.4 months. Three recurrences occurred as neck lymph node metastases, either cervical
or submandibular (Fig. 2b), and were all treated by radical neck dissection. Two recurrences
were intracranial, one arising around the temporal dura and one within the infra-orbital
region of the frontal lobe extending into the cavernous sinus (Fig. 2a). Both patients were
treated with repeat resection and chemotherapy. Another tumor recurred in the sinus/
paranasal sinus/orbital regions and was treated with chemotherapy. Five patients (25%) died
during follow-up, with a median time to death of 27 months (range 15.9–83.0 months). Four
of five deaths (80%) were in patients with high-grade tumors and one death was in a patient
with a low-grade tumor.

4 Discussion
Prior studies have largely utilized the Kadish staging classification to provide a prognosis
and to guide treatment decisions. This has resulted in conflicting results between
institutional case series leading to different treatment recommendations1,3–7,9–15. In this
report, we reviewed our experience with surgical resection, treatment, and post-treatment
prognosis of patients with Kadish stage C EN. We found that only a portion of patients with
Kadish stage C had high-grade histology, and similar to our previous analysis, tumor grade
appears to be a critical prognostic marker.

Although radiographic findings can be determined preoperatively, and help guide patients
towards neurosurgical treatment when appropriate, our prior review demonstrated that
Kadish grade was not an independent predictor of survival when controlling for histologic
grade5. During the 1,045 months of follow-up after initial treatment for our 18 patients, only
one patient with a low-grade tumor died. This death occurred in the absence of recurrence
and was secondary to radiation treatment effects. In comparison, the four remaining deaths
in our series all occurred in patients with high-grade tumors. This difference is reflected in a
three-fold increase in 10-year survival for patients with low-grade histology, even in this
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series of exclusively high stage tumors (Fig. 4). Both our prior review5 and our institutional
series found that 45% of patients with Kadish stage C had low-grade histology. These
findings indicate that studies utilizing Kadish staging exclusively to divide patients into
treatment groups are likely to result in a heterogeneous population, composed of patients
with both low-grade and high-grade tumors.

Surgical resection remains the cornerstone of treatment for patients with EN. The utility of
adjuvant, or neoadjuvant therapy, is not clearly established due to lack of class I data. While
the addition of adjuvant therapies may improve rates of tumor control, they are not without
morbidities, as demonstrated in our series by the previously mentioned radiation-associated
death in a patient with a low-grade tumor. Both our prior review and this series demonstrate
that mortality in EN is largely concentrated in patients with high-grade histology. Patients
with low-grade tumors appear to have excellent rates of survival post-treatment with (75%)
or without (100%) adjuvant therapy. Although the use of adjuvant therapy does not appear
to improve survival for patients with low-grade tumors5, it may reduce
recurrences11–13,16–19. In particular, Ward and colleagues in an institutional series recently
demonstrated that adjuvant radiation improved disease-free survival at 5 years (83%
compared to 27%) and 15 years (83% compared to 0%), but had no effect on OS.19 In an
impressive series of 50 patients with mostly stage C EN and a mean of 93 months of follow-
up, Loy and colleagues13 demonstrated, across patients with all Kadish stages, a disease free
survival of over 80% at 15 years with neoadjuvant chemotherapy and XRT used pre-
operatively for stage C patients. In their study, Loy et al. utilized a systematic treatment
approach to all Kadish C tumors, thus there were no comparison groups. Although both
series are informative, based on our findings, it would be important to perform an analysis
based on tumor histology as opposed to exclusively grouping patients based on radiographic
findings. Thus, rational modern approaches to the management of patients with stage C and
high-grade EN must weigh the potential benefit of improved tumor control against the
morbidity associated with adjuvant treatments and the possibility for surgical salvage of
recurrent disease. We suggest that the use of adjuvant therapies should be based on tumor
histology, not radiographic findings, and that the role of adjuvant therapies in preventing
recurrence in low-grade tumors deserves more rigorous analysis.

In conclusion, using a patient’s individual tumor histopathology appears to be the best
means of providing a prognosis and selecting patients for more aggressive adjuvant
treatments, in those with extensive (Kadish C) disease. Patients with low-grade EN have
excellent 10-year survival following initial surgical resection while those with high-grade
EN appear to have a very poor prognosis. Prospective trials are necessary to determine
appropriate guidelines for the use of adjuvant radiotherapy and chemotherapy, particularly
for low-grade tumors, as these therapies are not without morbidity. Accordingly, patients
with the clinically more aggressive high-grade tumors would be suitable for future work into
the novel molecular therapeutics for this disease.
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Figure 1.
Sagittal, T1-weighted MRI with contrast of Patient 9 demonstrating the typical radiographic
appearance of Kadish stage C esthesioneuroblastoma.
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Figure 2.
Patterns of recurrence in two patients with high-grade
esthesioneuroblastoma (EN): (A) six sequential axial, T1-weighted, post-gadolinium MRI of
Patient 6 with high-grade, aggressive intranasal and intracranial recurrence involving the
cavernous sinus and frontal lobe, 41 months after primary resection of a high-grade EN; and
(B) coronal, T1-weighted, contrast-enhanced MRI of Patient 14 showing absence of nodal
metastasis before initial surgery (left), and evidence of nodal metastasis (white arrow) 48
months after first surgery (right).
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Figure 3.
Histopathologic features of esthesioneuroblastoma: (A) solid tumor with prominent
lobulated growth pattern with tumor lobules separated by fibrovascular septae (hematoxylin
and eosin [H&E], ×100); (B) at higher magnification showing uniform small round blue
tumor cells set in a neurofibrillary matrix; the fibrillary areas may be perivascular (arrows)
(H&E, ×200); and (C) tumor cells without significant pleomorphism or mitotic activity;
large collections of proliferative vessels can be a very prominent feature within the stroma
(H&E, ×400).
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Figure 4.
Kaplan–Meier curves demonstrating differences in overall survival between patients with
low-grade and high-grade esthesioneuroblastoma (p=0.24).
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Figure 5.
Kaplan–Meier curves demonstrating differences in progression free survival between
patients with low-grade and high-grade esthesioneuroblastoma (p=0.5).
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Table 1

Kadish staging for esthesioneuroblastoma

Group A Tumor is limited to nasal cavity

Group B Tumor is localized to the nasal cavity and paranasal sinuses

Group C Tumor extends beyond the nasal cavity and paranasal sinuses
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Table 2

Hyam’s grading criteria

Low-grade High-grade

1 2 3 4

Lobular architecture + + ± ±

Mitotic activity − + ++ +++

Nuclear pleomorphism − ± + ++

Rosettes HW± HW± FW± −

Necrosis − − + ++

HW=Homer Wright rosette, FW= Flexner–Wintersteiner rosette. (Reproduced from Morita et al.3 with the kind permission of Wolters Kluwer
Health.)
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Table 3b

Demographic and clinical information for patients with Kadish stage C esthesioneuroblastoma in this series

Age 51.4±2.5 (31–70)

Gender 85.7% male

Smoking history 25%

Occupational hazard 27%

Mean tumor volume (mL) 91.9±15.9

Mean diameter (cm) 6±0.4

Gross total resection 80%

Radiation 55%

Chemotherapy 30%

Median follow-up 41.4 months
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Table 4

Frequency of presenting symptoms for patients in our series with Kadish stage C esthesioneuroblastoma

Presenting symptom Frequency (%)

Epistaxis 53.3

Congestion/nasal obstruction 53.3

Mass 53.3

Anosmia 40.0

Headache 26.7

Rhinorrea 20.0

Paresthesias 20.0

Proptosis 13.3

Weight loss 13.3

Cognitive deficit 6.7

Seizure 6.7

Papilledema 6.7

Sinus infection 6.7

Ageusia 6.7

Fatigue 6.7

Vertigo 6.7
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