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Abstract Objectives Sinonasal neuroendocrine carcinomas (SNECs) are among the rarest
paranasal sinus cancers. Consensus guidelines for therapy are difficult to develop
due to limited data regarding the natural history and successful treatment of these
tumors. This study presents 15 years of experience treating SNEC at a single institution
and a review of the literature.
Design Retrospective review.
Setting Academic medical center in the United States.
Participants Patients diagnosed with primary SNEC.
Main Outcome Measures Overall survival.
Results Thirteen patients were identified and included. Overall estimated survival
was 74.6% at 5 years. Ten of 13 (76.9%) patients were diagnosed with high-grade
neuroendocrine carcinoma and three (23.1%) with intermediate or low grade. All three
patients with low- or intermediate-grade cancer survivedmore than 10 years from their
initial diagnosis (median survival: 11.6 years) and are currently alive. The four patients
who died had high-grade carcinoma, and estimated overall 5-year survival for all
patients with high-grade carcinomas was 65.6%. Five patients, all with high-grade
carcinoma, of seven who completed primary chemoradiation therapy (CRT) required
salvage resection, and 60% are alive without disease.
Conclusion This cohort has a higher overall rate of survival than many recent case
series and reviews. There is consensus that multimodal therapy is preferred over
monotherapy, but approaches to treatment vary widely. Our approach of surgical
resection as primary therapy for low-grade tumors and primary CRT for high-grade
SNEC has been successful, and could indicate hope for improved survival among these
patients.
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Introduction

Sinonasal neuroendocrine carcinomas (SNECs) are among
the rarest cancers of the paranasal sinuses. SNEC was first
described almost 30 years ago as being morphologically
distinct from olfactory neuroblastoma (ONB),1 and more
recently, this categorization has been further refined to
distinguish these tumors from sinonasal undifferentiated
carcinomas (SNUCs).2,3 Still, these tumors can be difficult
to distinguish from one another histopathologically, with a
recent report by Choi et al showing that 63% of SNEC, 43% of
SNUC, and 4% of ONB cases at the MD Anderson Cancer
Center were reclassified after review by an experienced head
and neck pathologist.4 This likely highlights the reality that
these tumors exist along a continuum, despite their distinct
characteristics. In addition, SNEC still encompasses a variety
of diagnoses, including carcinoid (low-grade), atypical carci-
noid (intermediate-grade), small- and large-cell (high-
grade), and well- or moderately differentiated neuroendo-
crine cancers that arise primarily in the nasal cavity or
paranasal sinuses. The rarity of these tumors has limited
previous study to case reports and small case series. A meta-
analysis in 2016 found only 242 cases of SNEC published.5

These cancers can be quite aggressive and are often identi-
fied at an advanced stage. Despite limited data to guide
therapy, multimodal treatment is most frequently recom-
mended.6–8 Our aim is to present 15 years of experience
treating these cancers at theUniversityofMichigan (UM) and
to review prior published data.

Materials and Methods

The Electronic Medical Record Search Engine (EMERSE) was
used to search both the current and legacy electronicmedical
record systems at UM for keywords used in clinical notes,
including radiology, pathology, and other reports, dating
back to 1998. An EMERSE search was performed using the
keywords “sinonasal neuroendocrine carcinoma” that gen-
erated a list of 11 patients who fit our inclusion criteria.
Additional EMERSE searches using the keywords “ethmoid
neuroendocrine carcinoma” and “sphenoid neuroendocrine
carcinoma” were performed. From these lists, one further
patient was identified. Finally, a recently diagnosed patient
was identified by the treating physician (K.K.V.) after these
searches were performed. A total of 13 patients were identi-
fied from 2005 to May 2020. All of their original pathologic
slides were re-reviewed by an experienced head and neck
pathologist with particular expertise in endocrine pathology
(J.B.M.) to confirm their diagnoses, including overall grade
and tumor characteristics. These 13 patients received some
or all of their treatment at UM and were included in the
analysis after review and confirmed the diagnosis of SNEC in
accordancewith 2017World Health Organization diagnostic
criteria.9 Follow-up data were included in our analysis
through March 25, 2021. In the case of patients lost to
follow-up, an internet search for obituaries and the social
security death index (SSDI; updated with data through
July 28, 2017) were used to determine patient status. Data

were analyzed using SPSS (IBM, Armonk, New York, United
States), and the Kaplan–Meier method was used to estimate
survival. The log-rank test was used for hypothesis testing
comparing Kaplan–Meier curves to determine statistical
significance. Institutional Review Board approval was
obtained, and a thorough review of medical records was
conducted.

Results

The gender split was roughly even (6/13 women and 7/13
men). Twelve patients were Caucasian, and one was Asian.
Our cohort included four patients diagnosed with small cell
carcinoma (smCC; 30.8%), two with large cell (15.4%), two
withmixed small cell and adenocarcinoma (15.4%), twowith
low-grade neuroendocrine carcinoma (15.4%), one with
mixed smCC and squamous differentiation (7.7%), one with
high-grade neuroendocrine carcinoma arising within ONB
(7.7%), and one with intermediate-grade NEC (7.7%). Disease
staging was retrospectively determined for the time of
diagnosis according to the criteria in the American Joint
Committee on Cancer Staging Manual, 7th edition,10 and
included 11 T4b (84.6%), 1 T3 (7.7%), and 1 T1 (7.7%). In
addition, one patient (7.7%) had evidence of nodal disease in
the neck at the time of diagnosis, one (7.7%) had unknown
nodal status, and one (7.7%) had evidence of distant metas-
tasis to the lung at the time of diagnosis. Demographic,
pathology, staging, treatment, and survival data are given
in ►Table 1.

Overall estimated survival for our cohort was 74.6% at 2, 3,
and 5 years (►Fig. 1). Given the survival more than 50%, no
median was calculated. The three patients’ deaths prior to
5 years occurred at 6.3, 11.5, and 18.6 months, and one
patient died almost 9 years after initial diagnosis with
disease.

Ten of 13 (76.9%) patients had a diagnosis of high-grade
neuroendocrine carcinoma, while one (7.7%) had intermedi-
ate grade and two (15.4%) had low grade. As the samples of
low- and intermediate-grade tumors were small, these cate-
gories were combined for the purpose of analysis. All three
patients with low- or intermediate-grade cancer survived
more than 10 years from their initial diagnosis, with a
median survival of 11.6 years, and are currently alive. All
four patients who have died had high-grade carcinoma, and
estimated overall 5-year survival for patients with high-
grade carcinomas was 65.6%. The difference in survival
between patients with low- and high-grade cancers was
not statistically significant (chi-square test¼1.17; critical
value¼3.84; p¼0.279). Survival by tumor grade is shown
in ►Fig. 2.

Age at diagnosis ranged from 14 to 75 years. Themean age
was 58 years, and the median was 50 years. Incidence
generally increased with age, with more than half of our
patients diagnosed after the age of 50 years and a peak
incidence in the fifth decade. However, age does not appear
to correlate directly with disease course. Four of 13 patients
(30.8%) were under the age of 40 years at initial diagnosis.
Mean estimated survival of these patients was 2.95 years
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Fig. 1 Overall survival.

Fig. 2 Overall survival by tumor grade.
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(95% confidence interval [CI], 1.32–4.58 years), and only two
remain alive. Patients diagnosed at 40 years or older had a
mean survival of 4.50 years (95% CI, 3.58–5.42 years), and
seven of these nine patients remain alive. The difference in
survival betweenpatients diagnosed at or above 40 years and
those diagnosed before 40 years was not statistically signifi-
cant (chi-square test¼1.49; critical value¼3.84; p¼0.223).
The age-related survival curves are shown in ►Fig. 3.

Five of 13 patients (38.5%) had primary surgery for their
tumor as either definitive treatment or part of a multimodal
approach—threehigh-grade and two low-grade tumors. Three
of these five patients (60.0%) had known positive surgical
margins (two low grade and one high grade) and underwent
adjuvant therapy.Neoadjuvant radiationwasrecommended to
one of these patients with low-grade carcinoma because
definitive, margin-negative resection was thought to be un-
likely. This patient proceeded with primary surgical resection
at another institution and returned to UM for adjuvant radia-
tion. The other patient with low-grade carcinoma received
octreotide, while the patient with high-grade carcinoma re-
ceived chemoradiation therapy (CRT). Of the twopatientswith
negative margins, one patient had surgery alone as definitive
therapy (althoughwas later found to have nodal disease in the
neck), while the other received adjuvant radiation therapy.
Seven patients (53.8%) received primary CRT, and the remain-
ing patient received chemotherapy alone. All eight of these
patients received cis- or carboplatin and etoposide. Treatment
approach is outlined in ►Figure 4.

Five of the seven patients who completed primary CRT
had residual tumor. All had high-grade carcinoma and un-
derwent salvage resection with negative margins. Four of

these five had residual high-grade tumor in the specimen,
while the pathology for the fifth showed residual ONB, with
no remaining high-grade neuroendocrine carcinoma from
the initial diagnosis. Three of these five (60%) are alive
without disease, now 1.0, 4.6, and 6.8 years after diagnosis.
No patients with low- or intermediate-grade tumors had
recurrence after being thought to be disease free. Two
patients (20.0%) with high-grade carcinoma experienced
such a recurrence. Both had primary surgical resection
with negative margins. One received no adjuvant therapy
and developed disease in the submandibular gland 3months
after initial diagnosis. This wasmanagedwith bilateral levels
I to IV selective neck dissection and CRT, and the patient
remains alive without disease. The other patient received
adjuvant radiation for their primary tumor, and the recur-
rence was found 6.7 years after initial diagnosis. Original
pathology for this tumor described a “poorly differentiated
carcinoma with squamous and neuroendocrine differentia-
tion,” and review for this study revealed mixed squamous
cell carcinoma (SCC) and smCC, while the recurrence only
appeared to have squamous differentiation. This patient
received cisplatin and radiation therapy for this recurrence,
but subsequently failed distantly 1 year later. This distant
spread was treated with CRT, but the patient recently died.
All patients with high-grade SNEC who received radiation
therapy received radiation to their upper neck and retro-
pharyngeal lymph nodes.

Nine of 13 patients (69.2%) remain alive. Follow-up time
for these patients ranges from 10.8 months to more than
10 years. Four of these nine patients have been lost to follow-
up at our institution; however, all havemore recently sought

Fig. 3 Overall survival by age.
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unrelated care elsewhere at some point between Au-
gust 2019 and March 2021. As of their last visit, three
were disease free and the other had stable but persistent
disease. An additional internet search for obituaries and
review of SSDI suggests all four remain alive.

Discussion

SNEC is a rare disease that is difficult to treat due to both its
diverse biology and limited data. While our approach to
treating these tumors has evolved over time as data have
become available, the mainstay has been aggressive, multi-
modal therapy, and the survival in our cohort (74.6% 5-year
overall survival) has been higher than similar reports
(►Table 2). These results are particularly notably when
considering that 84.6% of our patients presented with stage
T4 tumors and 76.9% of our patients had high-grade pathol-
ogy. While some authors have distinguished smCC (previ-
ously thought to be the only high-grade SNEC) from other
SNECs,7,11–13 and others have focused exclusively on smCC,
our cohort included patients with all types and grades of
SNEC.

This is important because these high-grade cancers are
more aggressive than other types of SNECs, and smCC has
consistently been found to have lower survival than other
types of SNEC.5,14–17 For these tumors, surgical resection

may not be the ideal treatment. Not only can margins be
difficult to clear, as they often extend well beyond gross
tumor margins. In addition, their aggressive nature and high
propensity for metastatic spread mean that regional and
distant disease, even if occult at the time of diagnosis, ismore
likely, and should be considered in treatment planning. This
particular point was seen in one of our patients with smCC
who had primary surgery with negative margins but was
later found to have cancer in the submandibular gland that
required further surgical management and CRT.

Interestingly, we identified four patients in our cohort
with mixed pathology: two with mixed smCC and adeno-
carcinoma, one with mixed smCC and SCC, and one with a
high-grade SNEC arising within an ONB. As only the
smCC/SCC tumor was properly identified at the time of
diagnosis, the mixed smCC and adenocarcinoma pathology
did not affect our approach to treating these patients, but it
is important to note that both of these patients had aggres-
sive disease and died less than 2 years after diagnosis. These
mixed tumors are still not widely reported, but our poor
outcomes in these cases are consistent with previous
reports.18

Over the past 15 years, our institution has adapted our
treatment paradigm based on themost current evidence, but
we have consistently treated these tumors aggressively with
multimodal therapy. This philosophy is consistent with other

Fig. 4 Treatment approach flow diagram.
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studies that have suggested the efficacy of multimodal
therapy.6,8,13,19 In particular, a meta-analysis published by
van der Laan et al in 2016 demonstrated that surgery has a
beneficial effect on survival in both SNEC and smCC, with
smCC responding best to a combination of surgery and
radiotherapy. Although surgery as monotherapy produced
the highest overall 5-year disease-specific survival (DSS;
83.3%) among patients with SNEC, their analysis did not
show statistically significant differences in outcomes be-
tween this group and those who underwent multimodal
therapy including surgery.5 This was consistent with results
reported by Kuan et al, who found surgery was the only
independent predictor of survival in their cohort of 82 smCC
patients in the Surveillance, Epidemiology, and End Results
database.16 It is important to note that these analyses could
not distinguish the timing of therapies (i.e., adjuvant vs.
neoadjuvant chemotherapy and radiation and primary vs.
salvage surgery) given the limitations of their data sources.
Our current approach is to treat high-grade SNEC with CRT
(with or without induction chemotherapy) and follow-up
with a biopsy for any residual signal abnormality. Further
treatment, if necessary, is determined by the resulting
pathology. For low-grade tumors, primary surgical resection
is attempted with adjuvant radiation, if indicated by pathol-
ogy, and consideration for octreotide for recurrent or persis-
tent disease.While there are little data on its effectiveness as
an antiproliferative in SNEC, octreotide, a somatostatin ana-
log, has been shown to be an effective antiproliferative
treatment in gastrointestinal neuroendocrine tumors,20

and we have used it to effectively manage an incompletely
resected low-grade (carcinoid) tumor in one of our patients
for more than 10 years. We have attempted to stop this
treatment, but the patient reported progression of symp-
toms, and treatment was restarted. Since then, there has
been no evidence of disease progression, which suggests
octreotide can play a role in managing persistent low-grade
SNEC.

Particle beam radiotherapy has shown promise in both
primary and adjuvant treatments of skull base malignan-
cies, with the primary advantage over conventional photon
intensity-modulated radiation therapy (IMRT) being the
sharp Bragg peak in the dose delivery that allows more
precise dosing and potentially limiting toxicity to critical
adjacent structures. To date, there is a paucity of data on
particle beam radiation with regard to SNEC specifically, but
we anticipate that this technology may supplant conven-
tional IMRT as the primary radiation modality for all skull
base malignancies.

Our overall results appearmost similar to those presented
byWang et al,21 even though only 30.0% of their patients had
stage T4 tumors at diagnosis compared with 84.6% in our
population. Despite this, we report a similar overall 5-year
survival and percentage of patients alive without disease.
Further, our survival rate exceeds the 5-year DSS rate
reported by van der Laan et al for SNEC patients, which is
particularly notable given that this meta-analysis separated
smCC cases, which had a 5-year DSS rate of only 46.1%. Their
analysis did show improved outcomes for patients reported

after 2006, which suggests a positive effect from improved
diagnostic and treatment modalities over time.5 While the
reports referenced here were all published after that date, it
is unknown when these patients were diagnosed and
treated. Since only one of our patients was diagnosed prior
to 2006 (and then only in 2005), it is possible that the relative
recency of our cohort is contributing to the increased sur-
vival we observed.

Interestingly, among our cohort, recurrent and persistent
diseasewere not associatedwith particularly poor outcomes.
In fact, all patients with persistent high-grade cancers after
primary CRT underwent negative-margin salvage resection,
and 60% remain alive and disease free. This suggests that
prognosis after recurrence may not be as poor as once
thought, and surgical salvage is a feasible treatment option,
even for those with high-grade carcinomas. However, it is
also true that patients with persistent tumor accounted for
75% of all observed deaths in our cohort, with these deaths
occurring within 19 months of diagnosis. This is not entirely
unexpected, as patientswith persistent disease likely had the
most aggressive tumors, and in fact, two had mixed pathol-
ogy, but our salvage rate suggests more optimism for these
patients than previously believed. It is also important to note
that our results are somewhat limited by our small sample
size, particularly among those with low- and intermediate-
grade tumors.Whilewe did not find a statistically significant
difference in the overall survival between patients with
low/intermediate- and high-grade cancers, this is likely
due to the limited power resulting from the rarity of the
disease and the size of our cohort.

Despite our high 5-year survival, only 30.8% of our
patients are known to be alive without disease at the time
of this writing, which is at the lower end of the range
reported by other authors (0–62.5% for smCC and 20.0–
85.7% for SNEC).6,11,13,15,22,23 Three of our 13 patients have
been lost to follow-up. At the time of last visit, one had stable
but persistent disease, and the others were disease free.
Outside records and SSDI review suggest all three remain
alive, but disease status is unknown, contributing to a lower
disease-free rate.

Conclusion

SNEC is a very rare, complex, and variable disease that is
defined by a diverse range of pathologies and tumor
behaviors. With an aggressive, multimodal treatment
strategy, outcomes in our institution have been better
than many recent case series and reviews. As with most
of the existing case series, our cohort is small, and further
studies will be required to determine an optimal treat-
ment methodology for these patients; however, our ap-
proach of surgical resection as primary therapy for low-
grade tumors and primary CRT for high-grade SNEC has
been successful, and could indicate hope for improved
survival among these patients.
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