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BACKGROUND. Sinonasal neuroendocrine tumors are rare malignancies that are rep-
resented by a spectrum of histologies, including esthesioneuroblastoma (ENB), si-
nonasal undifferentiated carcinoma (SNUC), neuroendocrine carcinoma (NEC), and
small cell carcinoma (SmCC). The authors reviewed their institutional experience to
determine whether sinonasal neuroendocrine tumors of different histologies have
distinct clinical characteristics that warrant individualized treatment approaches.
METHODS. The authors treated 72 adults with pathologically proven, nonmetastatic,
primary sinonasal neuroendocrine tumors from 1982 to 2002. There were 31 patients
with ENB, 16 patients with SNUC, 18 patients with NEC, and 7 patients with SmCC.
Patients with ENB usually were treated with local therapy alone (surgery and/or
radiotherapy); only 3 of 31 patients (9.7%) received treatment (radiation) to regional
lymphatics, and only 5 of 31 patients (16.1%) received chemotherapy. In contrast,
patients with non-ENB histologies usually received chemotherapy (10 of 16 patients
with SNUC, 12 of 18 patients with NEC, and 5 of 7 patients with SmCC), and
nonsurgical locoregional therapy was used more frequently (6 of 16 patients with
SNUC, 4 of 18 patients with NEC, and 5 of 7 patients with SmCC). /
RESULTS. The median follow-up for surviving patients was 81.5 months (range, 6-266
months). The Kaplan-Meier estimate of overall survival at 5 years was 93.1% for
patients with ENB, 62.5% for patients with SNUC, 64.2% for patients with NEC, and
28.6% for patients with SmCC (P = 0.0029; log-rank test). The local control rate at 5
years also was superior for patients who had ENB (96.2%) compared with patients who
had SNUC (78.6%), NEC (72.6%), or SmCC (66.7%) (P = 0.04). The regional failure (RF)
rate at 5 years was 8.7% for patients with ENB, 15.6% for patients with'SNUC, 12.9% for
patients with NEC, and 44.4% for patients with SmCC. Additional lqt’é eventsincreased
the RF rate for patients with ENB to 31.9% at 10 years. The distaﬁt Imetastasis rate at
5 years was 0.0% for patients with ENB, 25.4% for patients y\{nth SNUC, 14.1% for
patients with NEC, and 75.0% for patients with SmCC.

CONCLUSIONS. This spectrum of malignancies with neuroendocrine features shares
a common site of origin within the head and neck, but their natural histories
appear to diverge into two main groups: ENB and non-ENB., Patients with ENB had
excellent local and distant control rates with local therapy alone. Given the higher
rates of systemic failure for patients with SNUC, NEC, and SmCC, the authors favor
the use of combined-modality therapy for these patients. Cancer 2004;101:
2567-73. © 2004 American Cancer Society. :

KEYWORDS: head and neck malignancies, neuroendocrine carcinoma, sinonasal
carcinoma, survival. :

rimary neuroendocrine tumors are uncommon head and neck
malignancies that present with a varied histopathologic spectrum
in sinonasal and nonsinonasal head and neck subsites. The nonsi-
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nonasal tumors are extremely rare,' but they generally
have homogenous pathology, and patients with such
tumors have poor outcomes.? The sinonasal tumors
are more diverse, with four major histologic pheno-
types: esthesioneuroblastoma (ENB), sinonasal undif-
ferentiated carcinoma (SNUC), neuroendocrine carci-
noma {(NEC), and small cell undifferentiated
carcinoma (SmCC).? These tumors occur with enough
frequency that specific treatment strategies have
emerged.*~” We reviewed our institutional experience
with sinonasal carcinomas with neuroendocrine dif-
ferentiation (SCND) to determine whether there are
distinct clinical characteristics warranting individual-
ized treatment approaches.

MATERIALS AND METHODS

Patient Population

We reviewed the medical records of 72 adults who were
treated for primary SCND of the head and neck at The

. University of Texas M. D. Anderson Cancer Center (UT-

MDACC) between 1982 and 2002. The patient popula-
tion was identified through a search of the Tumor Reg-
istty data base maintained by the Department of
Medical Informatics. All patients had newly diagnosed,
nonmetastatic tumors arising from sinonasal head and
neck subsites and were treated with curative intent. Pa-
tients who were seen at UTMDACC only for consultation
or for treatment of recurrent disease were excluded. This
retrospective review received Institutional Review Board
approval, and patient data were maintained confiden-
tially throughout the study.

Staging evaluation for these patients included his-
" tory and physical examination, screening laboratory
studies, chest X-ray, contrast-enhanced computed to-
mography (CT) scan or magnetic resonance image
(MRI) of the head and neck, and biopsy of primary or
lymph node disease in all patients. Abnormalities on
chest X-rays were evaluated further (chest CT, biopsy)
as necessary to exclude metastatic disease. All patients
were restaged according to the new sinonasal staging
system proposed by the sixth edition of the American
Joint Committee on Cancer (AJCC) staging manual,®
from documented clinical and pathologic findings.

Pathologic Analysis

Histopathologic slides prepared from archived blocks
were reviewed, and immunohistochemical and elec-
tron microscopic findings were reevaluated by an ex-
perienced head and neck pathologist. Combined cy-
tomorphologic and immunohistochemical features of
neuroendocrine differentiation formed the basis for
diagnosis. All tumors with small cells (well differenti-
ated, moderately differentiated, and undifferentiated)
that had positive staining for keratin, neuron-specific

" method. Survival estimates were calculated from

enolase, and chromogranin were included in thj
study. There were 31 patients with ENB, 16 patien
with SNUC, 18 patients with NEC, and 7 patients wi
SmCC. Tumors that potentially could be confuseds
with SCND (including paraganglioma,'® basalo
squamous cell carcinoma,'! melanoma,'*!? pituitar
adenoma/carcinoma,** and Merkel cell carcinoma'?]
were excluded from this analysis.

Statistical Analysis

Estimated rates of local failure, regional failure, dist
failure, disease-free survival (DFS), and overall sur:
vival (OS) were calculated using the Kaplan-Meieg

date of diagnosis. Clinical and pathologic variab
were assessed using the Mantel log-rank test for unig
variate analysis, and the Cox proportional hazard;
model was used for multivariate analysis. Retrospecg
tive. categorization of late treatment toxicity was de3
termined according to the National Cancer Institut ’
Common Toxicity Criteria, version 2.0 (which include
the Radiation Therapy Oncology Group/European Oz
ganization for Research and Treatment of Cancer
Radiation Morbidity Scoring Schema).'®

RESULTS

Patient Characteristics

The median age of the patients at the time of diagn
was 48 years (range, 18-78 years), and a slight mal,
predilection was noted (Table 1). No significant differ
ences with regard to the median age or gender distri}
bution were identified according to histopathologid
subtype (P = 0.69). Racial distribution included 6}
white patients, 2 black patients, 9 Hispanic patient
and 1 Asian patient. The majority of patients pr
sented with locally advanced disease. The distrib
tions according to the Tumot-Lymph Node-Metastas
(TNM) classification systeph and the AJCC staging s
tem were as follows: Stagé I disease in 2 patients, S
Il disease in 15 patients, Stage III disease in 10 pa;
tients, Stage IV disease in 42 patients, and unkno i
stage (TxNO) in 3 patients. - .

Treatment Characteristics
Treatment strategies are specified in Table 2. Becau
individual patient treatment strategies were detelg
mined according to multidisciplinary consensus dufg
ing the 20-year study period, a variety of approachej
are evident. In general, patients with ENB were treateg
with local therapy (surgery and/or radiotherapy) only
to the primary tumor site; only 3 of 31 patients (9.7%;
received treatment (radiation) to regional lymphatic§
and only 5 of 31 patients (16.1%) received chemotheg
apy. In contrast, patients with non-ENB histologies usu;




TABLE 1 .
Patient Characteristics
Characterisic ~ ENB NEC SNUC SmCC Total (%)
- Gender
Male 2 10 8 5 43 (60)
Female 11 8 8 2 29 (40)
Tumor classification
Tl 2 — — - 203
T2 11 2 2 - 15(21)
T3 4 3 3 2 12 (16)
T4 14 10 1 5 40 (56)
Tx - 3 - — 34
Lymph node status
NO 29 16 16 4 65 (90)
N1 1 1 — 2 4(6)
N2 1 1 - 1 34
N3 — — — — o)
AJCC Stage '
Stage | 2 - - - 2(3)
Stage Il 1 2 2 — 15@21)
Stage III 3 3 3 1 10 (14)
Stage IV 15 10 J1 6 42 (58)
Unknown - 3 - — 3@

ENB: esdmiqneu:pblastoma; NEC: neuroendocrine carcinoma; SNUC: sinonasal undifferentiated car-
cinoma; SmCC: small cell carcirioma; AJCC Amterican oint Committee on. Cancer, . _

TABLE 2

Primary Treatment Strategies Used to Treat Sinonasal Carcinomas
with Neuroendocrine Differentiation at The University of Texas

M. D. Anderson Cancer Center, 1982-2002

No. of patients v

Treatment strategy ENB NEC SNUC SmCC
Surgery (with or without

adjuvant RT/CT/CRT) 22/31 8/18 7116 27
Preoperative RT (with or

without adjuvant CT) 2/41 1/18 1/16 -
Primary RT or CRT (with or

without adjuvant CT) 3/31 1/18 - —
Induction CT > surgery or RT

(with or without adjuvant/

concurrent CT 4/31 8/18 8/16 5/7

ENB: esthesioneuroblastoma; NEC: neuroendocrine carcinoma; SNUC: sinonasal undifferentiated car-
cinoma; SmCC: small cell carcinoma; RT: radiotherapy; CT: chemotherapy; CRT: concurrent
chemoradiotherapy.

ally received chemotherapy (10 of 16 patients with
SNUC, 12 of 18 patients with NEC, and 5 of 7 patients
with SmCC), and nonsurgical locoregional therapy was
used more frequently (6 of 16 patients with SNUC, 4 of
18 patients with NEC, and 5 of 7 patients with SmCC).

0S and DFS
The median follow-up for surviving patients was 81.5
months (range, 6-266 months). The actuarial 5-year
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FIGURE 1. Overall and disease-free survival for all patients.

and 10-year OS rates were 72.8% and ,.:68.8%, respec-

tively; and the respective DFS rates l_,v'irere 68.2% and
56.3% for all patients in this series (Fig. 1). Statistically
significant univariate discriminatgfs of improved OS
included tumor histology (P = 0.0029), age as a con-
tinuous variable (P = 0.006), and tobacco history (P
= 0.017), and these factors remained statistically sig-
nificant in the multivariate analysis (Table 3). Kaplan—
Meier estimates of OS at 5 years were 93.1% for pa-
tients with ENB, 62.5% for patients with SNUC, 64.2%
for patients with NEC, and 28.6% for patients with
SmCC (Fig. 2). ’

Patterns of Failure

The 5-year and 10-year local control rates were 83.9%
and 80.7%, respectively, for all patients; no additional
local fajlures were noted after 7 years. The local con-
trol rate at 5 years was superior for patients who had
ENB (96.2%) compared with patients who had SNUC
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TABIE 3 -
Prognostic Factors for Survival: All Patients
Pvalue
No. of 5-yr §
Factor patients - 0S (%) Univariate Multivariate
Surgery (with or without Age
(continuous variable) 72 N/A 0.006 0.02
Gender
Male 43 69.7 0.38 -
Female 29 775
Histology
ENB ) 31 93.1 0.0029 0.02
NEC 18 64.2
SNUC 16 62.5
SmCC 7 286
Lymph node status
Negative 65 75.8 0.23 0.96
Positive 7 313
AJCC stage
Stage 11T 30 790 0.24 0.29
Stage IV 42 68.0
History of cigarette use
Yes 18 53.0 0.0175 0.005
No . 54 796

0S: overall survival; N/A: not applicable; ENB: esthesioneuroblastoma; NEC: neuroendocrine carci-
noma; SNUC sinonasal undifferentiated carcinoma; SmCC: small cell carcinoma; AJCC: American Joint
Comunittee on Cancer.

(78.6%), NEC (72.6%), or SmCC (66.7%;
ENB vs. all other histologies) (Fig. 3).

The 5-year and 10-year regional control rates were
85.7% and 73.1%, respectively, for all patients. The
regional failure rate at 5 years was 8.7% for patients
with ENB, 15.6% for patients with SNUC, 12.9% for
patients with NEC, and 44.4% for patients with SmCC
(P = 0.41). Additional late events increased the re-
gional failure rate for patients with ENB to 31.9% at 10
years. (Fig. 4).

The 5-year and 10-year distant metastasis rate was
15.3% for all patients. The distant metastasis rate at 5
years was 0.0% for patients with ENB, 25.4% for pa-
tients with SNUC, 14.1% for patients with NEC, and
75.0% for patients with SmCC (P < 0.0001) (Fig. 5).
Three of four patients with SmCC who had distant
failures developed brain metastases. The only long-
term SmCC survivor (no evidence of disease at 14.2
years) was treated with prophylactic cranial irradia-
tion integrated with his primary local radiation; all
other patients with SmCC had died by 52 months..

P = 0.04 for

Late Effects of Treatment

After combined-modality therapy, Grade 1-3 xerosto-
mia (10 patients), Grade 1-2 serous otitis (3 patients),
Grade 1-2 nasal obstruction (3 patients), Grade 1-3
ocular symptoms (dryness, irritation, corneal ulcer-
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FIGURE 2. Qverall and disease-free survival according to mstopathologl
subtype. ENB: esthesioneuroblastoma; NEC: neuroendocrine carcinoma; SNUG ‘
sinonasal undifferentiated carcinoma; SmCC: small cell carcinoma.

ation, and cataract; 5 patients), Grade 2 hypopxtultar-y
ism (1 patient), Grade 2 cerebral necrosis (1 patient)y;
and Grade 1-3 facial pam/tngemmal neuralgia (3 pa-;
tients) were documented. Asingle patient suffered &
myocardial infarction and died in the immediate pos :
operative period after undergoing craniofacial resec
tion.

DISCUSSION

The current study data suggest that there are biolog
differences among different types of SCND (Table 4
There appears to be a divergent natural history, whic
is divided macroscopically into ENB and non-ENB
categories. Patients who have tumors with an EN
histology -have excellent survival, local control, an
distant control rates with local treatment only; in co
trast, patients who have tumors with non-ENB histo
ogies demonstrate poorer rates of survival that may b
linked to the observed higher rates of systemic failur
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FIGURE 4. Regional control according to histopathologic subtype. ENB;
esthesioneurablastoma; NEC: neuroendocrine carcinoma; SNUC: sinonasal un-
differentiated carcinoma; SmCC: small cell carcinoma.

The strengths of the current retrospective review
include strict inclusion criteria, comprehensive review
of pathologic specimens (including immunohisto-
chemistry for all patients) by one expert head and
neck pathologist, and treatment of patients in the era
of modern diagnostic imaging and pathologic analy-
sis. Whereas many published series of SCND have
included patients who were diagnosed in the 1970s or
earlier, the current series included patients who were
diagnosed and treated only after the use of electron
microscopy and other advanced pathologic and im-
. Mmunohistochemical techniques were in routine use
(early to middle 1980s). Nevertheless, this series in-
cluded follow-up (median, 6.8 years) that was ade-
Quate for the natural history of these diseases.

To our knowledge, the majority of published se-
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TABLE 4
Summary: Survival and Patterns of Failure in Patients with Sinonasal
Carcinomas with Neuroendocrine Differentiation

Five-yr rates (%)
Histology 0s LC RF DM
ENB 93.1 96.2 87 0.0
NEC 64.2 726 129 123
SNUC 62.5 78.6 156 /f' 254
SmCC 28.6 66.7 44 cBo

0S: overall survival; LC: local control; RF: recurrence-free; DM: distant metastasis; ENB: esthesioneu-
roblastoma; NEC: neuroendocrine carcinoma; SNUC: sinonasal undifferentiated carcinoma; SmCC:
small cell carcinoma.

ries of ENB have emphasized local treatment strate-
gies, and the combination of cranjoi:;{cial resection
and postoperative radiation therapy is recommended
most frequently. Although older seriés that evaluated
local therapy for patients with EN)g resulted in local
control rates = 70%,"’ modern series of patients
treated with craniofacial resection and postoperative
radiation therapy have routinely resulted in local con-
trol rates of 86-96%.%"%'° Because the majority of
patients with ENB continue to present with locally
advanced disease (i.e., no significant stage migration
seemingly has occurred during the past several de-
cades), reported improvements in local control rates
likely are due to advances in preoperative imaging,
skull-base surgery, and adjuvant radiation therapy.
Delayed regional failures after local therapy for
ENB have been reported previously.2°-22 In the cur-
rent series, we also noted a finite rate of cervical lymph
node metastasis after local therapy for ENB; and,
unique to this histology, regional failures continued to
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occur even after the often used 5-year benchmark
after initial treatment. This clinical pattern was not
evident in patients with the NEC, SNUC, or SmCC
histologies, again suggesting a biologic difference be-
tween the ENB and non-ENB subtypes.

SNUC and NEC share virtually indistinguishable
clinical outcomes but have differing morphologic and
immunohistochemical characteristics. To our knowl-
edge, no recent series to date have suggested signifi-
cant differences in outcome between patients with
SNUC and patients with NEC.

The earliest reported series of patients with SNUC
suggested an overwhelmingly dismal outcome for
these patients.?®?* This appears to have been artifac-
tual, however, because larger updated series have im-
proved the outlook for patients with this disease.?52®
The problem with the poor outcomes reported previ-
ously may have resulted from the lack of effective
chemotherapy or the inclusion of small cell histolo-
-gies.

. Compared with patients who had ENB, both pa-
tients who had SNUC and patients who had NEC had
higher rates of local failure (21-27% at 5 years). Higher
rates of distant failure also were seen (12-25% at 5
years) despite the more frequent use of systemic ther-
apy among these patients. These factors led to a sig-
nificantly poorer OS for patients who had SNUC and
NEC compared with patients who had ENB in this
series.

SmCC is the least prevalent type of SCND. Al-
though it is extremely limited, currently available in-
formation suggests that patients with these tumors
have the highest rate of locoregional failure and dis-
tant metastasis, a finding that is supported by our
series.?’” These tumors have been equated with ana-
plastic small cell carcinomas of the lung, and the high
rate of intracranial metastasis (including intracranial
metastasis as an isolated site of distant metastasis)
supports this analogy. It is interesting to note that
every patient with SmCC in the cwrent series died
from progressive disease within 4.5 years of diagnosis,
with the exception of a single patient (demonstrating
no evidence of disease at 14.2 years) who was treated
with prophylactic cranial irradiation incorporated into
the primary radiotherapy fields. Accordingly, we con-
sider prophylactic cranial irradiation for selected pa-
tients with head and neck SmCC.?

Sinonasal malignancies with neuroendocrine fea-
tures share a common site of origin within the head
and neck, but their natural histories appear to diverge
into two main groups: ENB and non-ENB. ENB has
excellent local and distant control with local therapy
alone, typically surgery and postoperative local RT.
However, occasional late recurrences may be ob-

served in the untreated neck, leading to individuatio
with regard to elective neck irradiation. Given. thej
higher rates of systemic failure for patients wi
SNUC, NEC, and SmCC, we favor the use of systemic]
therapy in addition to radiation, depending on histo
ogy and response to chemotherapy and RT. Howeve
to our knowledge, the recurrence rate for patients wi
SmCC remains high, despite a 100% initial CR rat
suggesting the need for newer and more effective the
apies. Conversely, current combined modality ap-;
proaches have resulted in good disease control andj
survival rates for patients with SNUC and NEC histo
ogies.
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