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Objective: Risk of nodal involvement in patients with

sinonasal small-cell carcinoma and sinonasal undifferen-

tiated carcinoma (SNUC) has not been well defined

because of their rarity. We describe a population-based

assessment of specific nodal level involvement in this

group of rare neuroectodermal tumours.

Methods: The Surveillance, Epidemiology and End Results

(SEER) database from 2004 to 2011 identified patients

with SNUC and sinonasal small-cell carcinoma. Overall

neck involvement and individual nodal level involvement at

presentation were assessed, and comparison was made

with a contemporaneous cohort of patients with a border-

line clinically significant risk of nodal involvement and

recurrence.

Results: Of 141 patients, 31 (22%) had gross nodal

involvement at presentation (range 14–33% by site and

histology). Non-nasal, non-ethmoid site with SNUC

histology has the highest rates of initial nodal involve-

ment, whereas higher stage and size do not predict for

higher nodal involvement rates. Bilateral Levels 2–3 for all

sinonasal small cell; Levels 2–3 for nasal or ethmoid

SNUC; and bilateral Levels 1–3 in non-nasal/non-ethmoid

SNUC have the highest rates of involvement compared

with a clinical reference standard.

Conclusion: We found high rates of initial nodal involve-

ment in all SNUC and sinonasal small-cell carcinoma. We

found higher initial involvement of Levels 2 and 3 and in

certain cases to the Level 1 nodal levels, hypothesizing

benefit for elective treatment to those levels.

Advances in knowledge: With small single-institution

series reporting conflicting nodal involvement rates, our

data support high rates of nodal presentation at di-

agnosis, hypothesizing benefit for elective nodal treat-

ment in this cohort.

INTRODUCTION
Sinonasal undifferentiated carcinoma (SNUC) and sinonasal
small-cell carcinoma represent entities in the spectrum of
neuroectodermal and neuroendocrine neoplasms of the
head and neck.1 A population-based analysis shows SNUC
representing,2% of tumours of the nasal cavity2 and 3% of
all sinonasal tumours,3 with sinonasal small-cell carcinomas
representing an even rarer disease. SNUC was first described
in the 1980s and is known to be particularly aggressive,4,5

while the sparse information on sinonasal small-cell carci-
nomas indicates that this is an aggressive disease.6 Little is
known about optimal treatment for sinonasal small-cell
carcinoma. For SNUC, there are indications that multimodality

treatment combining chemotherapy, radiation and
resection may offer prolonged survival.7

Lymphatic drainage from the paranasal sinuses and nasal
cavity is heterogeneous, with drainage including con-
nections to the facial/buccal, submandibular, parotid and
parapharyngeal nodal regions.8 Owing to the rarity of
these tumours and lack of clear guidance in the literature,
the treating physician has been faced with the quandary
of whether or not to electively treat the neck, and if so,
which nodal levels to treat in this group of patients. We
therefore undertook a population-based analysis to help
address this issue.

http://dx.doi.org/10.1259/bjr.20150488
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METHODS AND MATERIALS
The study population was extracted from the Surveillance, Ep-
idemiology and End Results (SEER) Program v. 8.1.5 (National
Cancer Institute, Bethesda, MD), encompassing patients treated
from 2004 to 2011.9

Patients with small-cell carcinoma and SNUC of any paranasal
sinus site were included. The American Joint Commitee on
Cancer 7th edition was utilized for staging.10 The primary size
was recorded for many cases. The grade was not analysed, as
these tumours are uniformly considered to be high grade. Nodal
region involvement, including facial, retropharyngeal (RP), each
of neck Levels 1–5, parotid and contralateral/bilateral nodes, was
recorded. Patients with incomplete information on staging or
nodal involvement were excluded, as were patients with prior
cancers.

A combined rate of initial nodal involvement and subsequent
nodal recurrence of 15% has typically been used as a threshold
indicating the need for elective nodal treatment. A limitation of
the SEER database is that since it limits evaluation of nodal
involvement to a period of 4 months around the patient’s initial
diagnosis,11 it is not possible to obtain a combined rate of initial
nodal involvement and subsequent nodal recurrence. In cases in
which the rate of initial nodal involvement alone approaches or
is .15% in a population-based analysis, this crude incidence
alone may support elective nodal treatment.

Although a 15% rate for initial and subsequent nodal in-
volvement is generally accepted as indicating a need for elec-
tive nodal treatment, there is no accepted numerical threshold
for elective neck treatment to specific nodal levels. In order to
determine the significance of involvement at presentation of
individual nodal levels, comparison to a reference standard of
patients with head and neck cancer was used to make clinically
meaningful hypotheses regarding the role of elective treat-
ment. The reference standard used for statistical purposes
consisted of T2 glottic larynx squamous cell carcinomas

(SqCCs) with hypomobility only and without supraglottic/
subglottic invasion in the SEER database also diagnosed from
2004 to 2011. Such patients are typically treated to the primary
site at the larynx only and, based on the largest series from the
University of Florida (Gainesville, FL), are considered to have
a 13% risk of overall neck involvement or neck recurrence.12

By contrast, patients with supraglottic and/or subglottic car-
cinoma and without clinically evident nodal involvement at
presentation commonly undergo elective treatment to Levels
2–4 as the standard of care because of a significantly higher
risk of nodal involvement at those levels.13 Owing to the well-
described natural history of and standard treatment paradigm
for T2 glottic laryngeal SqCC with cord hypomobility and
without supra/subglottic involvement, any difference in nodal
risk compared with this subset of T2 glottic larynx patients
should meet or exceed the 15% threshold used for elective
neck treatment. For T2 glottic SqCCs, owing to impaired vocal
cord movement only (reference group), there was a 7.12%
(40/562) rate of nodal involvement, whereas the T2 glottic
patients with supra/subglottic involvement had a 9.73% (145/
1490) rate of nodal involvement. Of all patients, 95.4% had
either no neck dissection or had biopsy of the neck node(s)
only. We note that the rate of nodal involvement at pre-
sentation for T2 glottic SqCC with supraglottic involvement
(9.7%) in the SEER is lower than the standard 15% threshold
for the combination of initial nodal involvement and nodal
recurrence, which is expected because the SEER database
contains no data on nodal recurrence after the 4-month period.

To compare involvement of Levels 2–4, involvement of these
nodal levels in SNUC and sinonasal small-cell carcinoma were
compared with the same nodal levels in the reference T2 glottic
larynx with vocal cord hypomobility only (Figure 1b), tabulated
from the contemporaneous SEER data set. Stata® v. 13 (Stata-
Corp., College Station, TX) for Fisher exact test and logistic
regression analysis was used to determine factors at the primary
site, histology and size associated with increased risk of nodal
involvement. Fisher-Freeman-Halton or x2 analysis was used in

Figure 1. Nodal metastases at presentation: (a) depiction of each of Levels 1–5, retropharyngeal (RP), intraparotid and facial nodes.

Reference standard pictorial representation of risk of nodal involvement in patients with T2 glottic squamous cell carcinoma (b)

with impaired mobility only (7.1% nodal involvement, n5562) used for statistical comparison and (c) with subglottic or supraglottic

extension (9.7% nodal involvement, n5 1490).
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the statistical comparison between these groups. For Level 1,
Level 5, parotid, RP and facial nodes, comparison was made to
Level 4 involvement of the reference group. Owing to small
sample sizes, borderline statistical significance was ascribed
when a two-side p-value ,0.15 was achieved. Statistical signif-
icance was ascribed when a two-sided p-value ,0.05 was
obtained.

RESULTS
There were a total of 167 patients with sinonasal small-cell
carcinoma and SNUC in the SEER database. Staging in-
formation was available for all patients. Excluding patients with
prior cancers (26), a total of 141 patients with sinonasal mucosal
small cell carcinomas (29) and SNUCs (112) were analysed
(Table 1). Of these, 136 (96.5%) had no or selective neck dis-
section. In the entire cohort, 31 (22.0%) had nodal involvement.
Skip nodal metastases to secondary echelon nodal levels were
negligible (0.7%, 0.7%, 0.7%, 0%, and 0% for Levels 3–5, pa-
rotid and RP nodes, respectively). Neither tumour size nor
T-stage was significant on univariate analysis for risk of nodal
involvement with either small cell or SNUC (Table 2). Non-
nasal/ethmoid sites SNUC had a tendency towards higher rates
of initial nodal involvement compared with nasal/ethmoid
SNUC (32.7% vs 16.7%, p5 0.07), both of which were above the
typical 15% threshold for initial or recurrent presentation
commonly used for elective treatment. There was no difference
by primary site in the incidence of nodal disease in patients with
small-cell carcinoma (15% nasal/ethmoid vs 11% non-nasal/
non-ethmoid small cell, p5 1.00).

Clinically evident involvement for each of Levels 1–5, intraparotid,
RP, facial nodes and contralateral and/or bilateral neck was ana-
lysed separately (Figure 1a). Patients with SNUC had a high rate of
overall neck involvement of 24.1%. For sinonasal small-cell car-
cinoma, the initial nodal involvement rate approached the
threshold of 15% for combined initial nodal involvement and
recurrence used for justifying elective nodal treatment (13.8%,
Table 3). By way of example, the absolute value was higher than
that for a reference standard of T2 glottic larynx patients with
supra/subglottic involvement, in whom elective nodal treatment is
the standard of care (9.7%; Figure 1c and Table 3). For SNUC of
the nasal/ethmoid sinuses, the overall rate of nodal involvement
exceeded the 15% threshold (16.7%, Table 3) as did the rate for
SNUC of other paranasal sinuses (32.7%, Table 3); both rates were
significantly higher than those for the group of patients with T2
glottic larynx cancers by way of example. Our data therefore
support a high nodal involvement rate in all patients with SNUC
as well as sinonasal small-cell carcinoma.

For patients with sinonasal small-cell carcinoma (n5 29;
Figure 2a), the highest rate of nodal involvement for all sinonasal
small-cell carcinomas were in Levels 2 and 3 (13.8% and 6.9%
respectively), with a relatively high rate of contralateral neck
involvement at presentation (6.9%). Nodal involvement of Level
2 was significantly higher (p5 0.025) than that of the reference
standard. Although there was not a statistically significant dif-
ference in involvement of Level 3 compared with the reference
standard (6.9%, p5 0.15), this was numerically greater than the
3% rate of involvement of Level 3 in T2 glottic cancers with

sub/supraglottic involvement for whom the standard of care
entails elective nodal treatment. The 6.9% contralateral/bilateral
neck involvement was statistically significant compared with the
reference standard in patients with sinonasal small-cell carci-
noma (p5 0.04).

For patients with SNUC of the nasal cavity and ethmoid sinus
(n5 60; Figure 2b), the highest rate of nodal involvement was in
Level 2, which was statistically significant compared with the
reference standard (10%, p5 0.031). There were insufficient
numbers of patients coded as having bilateral/contralateral dis-
ease to demonstrate clinically significant bilateral nodal risk,
although both the nasal cavity and ethmoid sinus are midline
structures. For SNUC of sinonasal sites outside the nasal cavity
and ethmoid sinus (n5 52; Figure 2c), the highest rates of nodal
involvement were in Level 1 (23%, p, 0.001 compared with the
reference standard), Level 2 (15%, p, 0.001) and Level 3 (8%,
p5 0.04). The numerically higher rate of contralateral nodal

Table 1. Patient characteristics

Small cell, n (%) SNUC, n (%)

Gender

Male 16 (55) 68 (61)

Female 13 (45) 44 (39)

Age (years)

,40 6 (21) 18 (16)

40–60 11 (38) 53 (47)

.60 12 (41) 41 (37)

Site

Nasal 12 (41) 42 (38)

Ethmoid 8 (28) 18 (16)

Maxillary 5 (17) 23 (21)

Sphenoid 2 (7) 4 (4)

Accessory 1 (3) 8 (7)

Overlapping 1 (3) 13 (12)

Frontal 0 (0) 4 (4)

Local stage

T1 3 (10) 8 (8)

T2 3 (10) 3 (3)

T3 8 (28) 22 (20)

T4a 11 (38) 41 (37)

T4b 4 (14) 38 (34)

Neck dissection

None 27 (93) 104 (93)

Selective 0 4 (4)

Extensive 2 (7) 3 (3)

Unknown 0 1 (1)

SNUC, sinonasal undifferentiated carcinoma.
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involvement in non-nasal/non-ethmoid SNUC, which is of
borderline statistical significance (3.9%, p5 0.11) compared
with the reference standard as well as higher than the 1.8% rate
of contralateral involvement in T2 glottic laryngeal cancers with
supraglottic involvement (Figure 1c), suggests that elective
treatment of the bilateral neck may be considered in this com-
bination of site and histology (Table 3).

DISCUSSION
In this population-based series of patients with sinonasal
small-cell carcinomas and SNUC diagnosed from 2004 to 2011,
we find that the extent of nodal involvement is solely de-
pendent on site (nasal/ethmoid vs other sinus) and histology
(SNUC vs small cell) and not on factors relating to local tu-
mour extension such as T stage and primary tumour size. The
highest rates of nodal involvement are in patients with SNUC
centered in sites outside the nasal cavity and ethmoid, and
exceed the 15% risk of initial neck involvement or any sub-
sequent neck recurrence that has generally been accepted as
a threshold meriting elective neck dissection or radiation. In
our series, which is limited by the SEER database to just initial
rates of nodal involvement, we find that SNUC and sinonasal
small-cell carcinomas have rates of nodal involvement that

are higher than or approximating this commonly accepted
threshold. In our data, the extent of elective neck treatment is
solely dependent on histology (SNUC vs small cell) and site for
SNUC (nasal/ethmoid vs other sinus) and not on factors re-
lating to local tumour extension such as T stage and primary
tumour size. There are insufficient patient numbers in the
small-cell cohort to assess for effect of primary site.

In order to determine the clinical significance of individual
nodal level involvement at presentation, a reference standard of
T2 glottic larynx cancers that undergo observation or elective
treatment of the neck based on involvement of the sub- or
supraglottic larynx as standard of care provides a comparison,
however imperfect, regarding which nodal levels should be in-
cluded in an elective neck dissection or radiation field. In par-
ticular, we find that Levels 2 and 3 and the contralateral/bilateral
neck are at a higher risk of involvement in small-cell carcinomas
of the paranasal sinus. For nasal and ethmoid SNUC, we find
that Levels 2 and 3 have higher rates of nodal involvement. For
SNUC outside the nasal cavity and ethmoid sinus, we find that
Levels 1–3 have the highest rates of nodal involvement while the
parotid and contralateral/bilateral neck also have borderline
significant rates of nodal involvement.

Table 2. Nodal involvement by quartile of size and T-stage

All small cell (nodal
involvement)

Nasal/ethmoid SNUC (nodal
involvement)

Non-nasal/non-ethmoid
SNUC (nodal involve)

Local stage (p-value)
(p5 0.10 between T1–3 and

T4, n5 29)
(p5 0.70 between T1–3 and

T4, n5 60)
(p5 0.76 between T1–3 and

T4, n5 52)

T1–T3 0/14 (0%) 3/15 (20%) 5/18 (28%)

T4 4/15 (27%) 7/45 (16%) 12/34 (35%)

Local tumour
size (p-value)

(p5 1.00 between ,median and .
median, n5 19)

(p5 1.00 between ,median and .
median, n5 33)

(p5 0.69 between ,median and .
median, n5 34)

,median 2/10 (20%) 3/17 (18%) 4/20 (20%)

.median 1/9 (11%) 2/16 (13%) 4/14 (29%)

SNUC, sinonasal undifferentiated carcinoma.
Not all patients had information on local tumour size available, with size of each relevant group defined in the headings. There was no difference by
size or T-stage for nodal involvement in any group (p.0.05 in all groups).

Table 3. Nodal involvement at presentation by site and histology

Site/histology
% nodal

involvement (n)
p-value (compared with the

reference standard)
Levels at highest risk

All small cell 13.8 (29) 0.26b IIa, IIIb, contralaterala

Nasal/ethmoid SNUC 16.7 (60) 0.02a IIa

Non-nasal/non-ethmoid SNUC 32.7 (52) ,0.001a
Ia, IIa, IIIa, contralateralb,

parotidb

T2 glottic larynx without supraglottic
extension (reference standard)

7.1 (562) N/A N/A

T2 glottic larynx with supraglottic
extension

9.7 (1490) N/A N/A

Reference standard (T2 glottic without supra/subglottic involvement57.1%, n5562).
ap,0.05.
bp.0.05, but absolute incidence higher than T2 glottic larynx with subglottic or supraglottic extension patients receive elective nodal treatment as
standard of care.
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Most series for sinonasal small-cell carcinoma have included
between one and seven patients. The experience from MD
Anderson (Houston, TX) demonstrated three of seven sinonasal
small-cell patients with nodal disease at presentation, with three
of seven patients (44%) experiencing regional failure.14 Whether
the four of seven patients with no gross nodal disease at pre-
sentation received elective nodal treatment was not described.
The Memorial Sloan-Kettering (New York, NY) experience of six
patients was mainly characterized by local failure; there were few
details concerning initial staging and whether the neck un-
derwent elective treatment, although no regional recurrences
were reported.15 In a series of 21 patients from 8 French hos-
pitals in which 2 patients underwent neck dissection and
4 patients with N0 disease received elective nodal irradiation, 3 of
21 patients experienced nodal recurrence. Two of the three
patients with nodal recurrences had initially presented with N0
disease and did not undergo elective neck treatment.16 In a series
of four patients from Tokyo, there was nodal involvement at
presentation in one patient, with neck recurrences in two of the
three patients with sinonasal small-cell carcinoma who did not
have nodal involvement at presentation.17 In the available litera-
ture (Table 4), there was an 11% rate of initial nodal involvement
in patients with sinonasal small cell carcinoma, with a 25% nodal
recurrence rate in patients without elective nodal treatment (or no
information on elective neck treatment). Of the six patients in the
literature with initial N0 disease known to have received elective
neck treatment, one patient suffered nodal recurrence.

The relatively higher prevalence of SNUC has allowed for studies
with larger sample sizes. In a series from the University of
Virginia (Charlottesville, VA) with 25 patients treated with in-
duction chemotherapy followed by radiation and craniofacial
resection when possible, information on 16 patients was avail-
able. There was a 56% (9/16) rate of local and 50% (8/16) rate of
neck recurrence. Of the seven patients who developed distant

metastases, three had concurrent neck recurrence.18 The largest
series of 36 patients from Taiwan did not report patterns of
recurrence, but 6 patients (17%) presented with nodal in-
volvement.19 A series from the Peter MacCallum Institute
(Melbourne, Australia) of 10 patients describing an approach
similar to the University of Virginia did not report on nodal
recurrences, although 3/10 had nodal involvement at pre-
sentation.20 In the retrospective experience of the Erasmus
Cancer Center with 21 patients, 2 patients had nodal disease at
presentation. Eight patients without initially evident nodal dis-
ease but with skin, intratemporal fossa, pterygoid or cribiform
involvement underwent elective nodal radiation to ipsilateral
Levels I–III. None of these patients developed regional failure,
whereas 2 of the remaining 13 patients experienced nodal re-
currence.21 In a University of California San Francisco (San
Francisco, CA) case series of 21 patients, 15 of 19 patients with
clinically N0 necks received elective nodal irradiation. Although
there was no description of the nodal levels covered in the
elective field, there were no isolated regional failures. Two
patients developed regional failure in the context of prior distant
recurrence; one of the patients with regional and distant re-
currence had received elective nodal irradiation.22 A case series
of eight patients from the University of California Los Angeles
(Los Angeles, CA) demonstrated that of the five patients who
did not receive nodal treatment two recurred in the neck,
whereas none of the three patients receiving elective neck
treatment developed a regional recurrence.23 In a case series of
15 patients from the University of Florida, 13 patients had N0
disease at presentation; 7 of these patients received elective nodal
treatment, whereas 6 did not. Patients receiving elective nodal
treatment had 100% regional control while two of six patients
who did not receive elective nodal treatment developed regional
recurrence (regional control of 67%). One of these patients died
with neck disease alone.24 Of the 127 patients reported in the
available literature (Table 4), there was a 12% rate of initial

Figure 2. Nodal levels at clinically significant risk. (a) All sinonasal small cell carcinoma (13.8% nodal involvement, n529, p50.26),

(b) nasal and ethmoid SNUC (16.7% nodal involvement, n560, p50.02 compared with the reference standard in Figure 1b) and

(c) non-nasal and non-ethmoid SNUC (32.7% nodal involvement, n552, p,0.001). (1) denotes p,0.05 compared with the

reference standard representing nodal levels hypothesized to be included in treatment fields. (2) denotes p.0.05 and therefore

nodal levels that may be excluded from elective fields. (6) denotes p$0.05 and p,0.15 compared with the reference standard of

T2 glottic larynx with cord immobility only (Figure 1b), and also with absolute incidence higher than T2 glottic larynx with subglottic

or supraglottic extension who ordinarily receive elective nodal treatment as the standard of care.
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nodal involvement; a 37% rate of regional recurrence in patients
with N0 neck disease at presentation who did not undergo
elective neck treatment or in whom no information on elective
neck treatment was specified; and a 3% rate of regional recurrence
in initially N0 patient who underwent elective neck treatment. In
a review of the literature, only three of six (50%) patients with
SNUC who did not receive elective nodal treatment and who
experienced isolated regional recurrence could be salvaged. Of the
20 patients with N0 disease at presentation without elective neck
treatment who subsequently developed distant metastases, seven
(35%) also developed neck recurrence, suggesting that the cohort
of N0 patients with SNUC may be at high risk for both regional
and distant recurrence.

The extent of elective nodal treatment for the patients with N0
sinonasal small-cell carcinoma or SNUC is not well described in
the literature. Although comprehensive treatment of the bilateral
RP and Levels 1–5 nodal levels would likely lead to the lowest rates

of nodal recurrence, this would be accompanied by significant
toxicities. Avoiding radiation treatment or neck dissection to nodal
levels with low rates of involvement for patients with SNUC and
sinonasal small-cell carcinomas with N0 disease at presentation
may help prevent long-term quality of life issues and allow for
lower rates of radiotherapy treatment interruptions.25

Suggestions for when and which nodal level(s) to treat electively
using initial rates of nodal disease is based on historical precedent.
The benefit for elective nodal treatment for SqCC of the naso-
pharynx, oropharynx, oral cavity and larynx was established with
pioneering work from MD Anderson in 1972 (Lindberg). In this
work, patients who presented to their head and neck clinic had
nodal level involvement tabulated at initial presentation, based on
clinical examination only, and without data on nodal recurrence
patterns. Rates of initial presentation only were used to make
suggestions for elective nodal treatment and which nodal levels
were to undergo elective treatment. It must be noted that

Table 4. Prior literature on nodal presentation at diagnosis or subsequent nodal recurrence in patients with sinonasal
undifferentiated carcinoma (SNUC) or sinonasal small-cell carcinoma in those who initially presented with N0 disease

Author/institution
Site/

histology
(n, evaluable)

Initial nodal
involvement

Subsequent nodal
recurrence (no

elective treatment or
no information),

initial N0

Subsequent nodal
recurrence (initial
elective treatment),

initial N0

Rosenthal et al,14 MD
Anderson

Small cell 7 3/7 (43%) 3/4 (75%) N/R

Perez-Ordonez et al,15

Memorial Sloan-Kettering
Small cell 6 0/6 0/6 N/R

Babin et al,16 France Small cell 21 0/21 2/15 (13%) 1/6 (17%)

Kameya et al,17 Tokyo Small cell 4 1/4 (25%) 2/3 (67%) N/A

Total evaluable
(sinonasal small cell
carcinoma)

38 4/38 (11%) 7/28 (25%) 1/6 (17%)

Total sinonasal small
cell carcinoma
(including
current study)

67 8/67 (12%)

Cerilli et al,18 UVA SNUC 25 1/25 (4%) 8/15 (53%) N/A

Jeng et al,19 Taiwan SNUC 36 6/36 (17%) N/R N/R

Rischin et al,20 Peter
MacCallum

SNUC 10 3/10 (30%) N/R N/R

Al-Mamgani et al,21

Erasmus
SNUC 21 2/21 (9.5%) 2/11 (18%) 0/8

Chen et al,22 UCSF SNUC 21 2/21 (9.5%) 1/4 (25%) 1/15 (6.7%)

Kim et al,23 UCLA SNUC 8 0/8 2/5 (40%) 0/3

Tanzler et al,24 University
of Florida

SNUC 15 2/15 (13%) 2/6 (33%) 0/7

Total evaluable (SNUC) 127 16/136 (12%) 15/41 (37%) 1/33 (3.0%)

Total SNUC (including
current study)

239 34/239 (14%)

N/A, not applicable; N/R, not reported; UCLA, the University of California at Los Angeles; UCSF, the University of California at San Francisco; UVA, the
University of Virginia.
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Lindberg’s study of clinical nodal involvement, which predates
modern imaging techniques for staging, does not provide in-
formation on an absolute threshold for elective treatment to
a specific nodal level. For example, the rate of contralateral Level 3
nodal involvement for hypopharyngeal carcinomas at initial pre-
sentation is only 1.5% in the study by Lindberg,26 yet this nodal
level is always included in elective nodal fields for hypopharyngeal
carcinomas and is considered a primary drainage level. For sino-
nasal small-cell carcinoma and SNUC, in which single-institution
studies provide insufficient numbers to make suggestions regarding
which nodal levels should be electively treated, we make similar
hypotheses based on the larger numbers possible using a pop-
ulation-based study.

An advantage of our series is that it encompasses a modern
cohort of patients from 2004 onwards, antedating confusion on
how to pathologically distinguish sinonasal small-cell carcinoma
and SNUC from other neuroectodermal tumours of the head
and neck. This series of patients is also from an era in which
modern radiographic tools for diagnosis and staging are avail-
able, as opposed to single-institution studies that may span
several decades.

It is unknown whether prophylactic nodal treatment for patients
with sinonasal small-cell carcinoma or SNUC provides a survival
advantage, and this is beyond the scope of our work. All patients
with sinonasal small-cell carcinoma or SNUC should undergo
proper staging work-up of both the neck and potential sites of
distant metastases. In head and neck cancers in general, regional
neck recurrence confers a higher risk of concurrent or subsequent
distant metastatic disease.27 As we have outlined, the retrospective
literature suggests that elective nodal treatment may decrease the
incidence of nodal recurrences. Whether or not elective neck
treatment confers a distant metastases-free or overall survival ad-
vantage is unclear, yet we hypothesize that the deleterious effect of
neck recurrence on quality of life may merit elective neck treatment
to at least the high-risk nodal levels identified in the different sub-
groups of patients. This study cannot address whether there is in-
herent value in decreasing the risk of isolated nodal recurrence, as
salvage may be feasible if a patient undergoes isolated recurrence in
the unirradiated or undissected neck although the rates of salvage
reported to date (50%) are not high, and in accordance with data for
salvage of neck recurrence (4/7, 43%) in patients with para-
nasal esthesioneuroblastoma at the University of Michigan.28

A disadvantage of this work is that observational studies such as the
SEER suffer from bias from unmeasured confounding as a limita-
tion. This includes information on how patients were staged. Ad-
ditionally, akin to the experience from the 1960s and 1970s noted
above for Lindberg’s study of head and neck mucosal SqCC, a sig-
nificant potential flaw in our methodology is the assumption that
recurrence risks are proportional to rates of initial nodal in-
volvement and our further assumption that the ratio of initial nodal
presentation to subsequent nodal recurrence is similar between our
sinonasal population and that of the T2 glottic reference group.

Of importance is the rarity of these tumours; in the SEER da-
tabase encompassing almost 25% of the US population in our
study, there were ,3 cases a year of sinonasal small-cell

carcinoma and 14 cases a year of SNUC. Given this rarity, single-
institution retrospective series are unlikely to ever have sufficient
numbers to clarify this question and may themselves be subject
to confounding secondary to referral patterns, varying practices
regarding elective nodal treatment, as well as the commonly
decades-long time span required to obtain these small numbers.
Given the limitations of current retrospective series, compar-
isons utilizing population-based databases are therefore a useful
tool to obtain higher patient numbers to develop data-driven
hypotheses regarding optimal treatment and which nodal levels
may be electively treated. Using statistical comparisons with
nodal risk in a better-understood cancer to generate hypotheses
regarding elective neck treatment may be useful in controlling
for some of these unmeasured confounders inherent to the
database itself. These may include the possibility of any under-
reporting of nodal involvement intrinsic to the SEER database
and the different diagnostic modalities used to determine the
extent of nodal involvement. We would reiterate that the lack of
information on follow-up nodal recurrences is a serious limi-
tation inherent to the SEER database and therefore of this work.

Although our study is population-based and the largest study of
which we are aware for both SNUC and sinonasal small-cell
carcinoma, subcategories of site, stage and size have very small
patient numbers which may limit the analysis. Furthermore, our
finding that rates of Level 1 nodal involvement are highest with
non-nasal and non-ethmoid SNUC may be less applicable if there
are high levels of involvement of tumours with epicentre inside
the nasal cavity/ethmoid extending into the lymphatic draining
subsites outside the nasal cavity or ethmoid sinus. Although we
have generated hypotheses concerning whether and to which
nodal levels elective treatment of the neck may be performed in
patients with clinical N0 disease, patients with N1 clinical nodal
involvement at presentation would likely warrant dissection or
nodal irradiation to a comprehensive neck field.

CONCLUSION
There have been no consistent data presented on overall neck and
specific nodal risk in sinonasal small-cell carcinomas and SNUCs
because of their extreme rarity. Since population-based studies such
as the SEER have limitations secondary to the lack of patterns of
failure data, only hypotheses regarding the role and elective fields
for treatment or observation of the clinically uninvolved neck can
be generated. Our findings from the SEER demonstrate high rates
of initial nodal involvement, generating a hypothesis that all
patients with SNUC or sinonasal small cell carcinoma have a high
risk of clinical or subclinical nodal involvement. We find that
the particular nodal levels at highest risk may be dependent on
histology and on the involved sinonasal site, but generally do
not involve the entire neck. However, we would note that both
this work and associated review of the literature do not provide
a definitive level of proof that elective neck treatment is war-
ranted in patients with SNUC or sinonasal small cell carcinoma,
nor do they provide a definitive level of proof about the specific
nodal levels at clinically significant risk of involvement.
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