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Small Cell Neuroendocrine Carcinoma of Paranasal Sinuses:
Radiologic Features in 14 Cases
Naier Lin, MD, Meng Qi, MD, Zhengyue Wang, MD, Siqi Luo, MD, Yucheng Pan, MD,
Fang Zhang, MD, and Yan Sha, MD
Purpose: The purpose of this study was to explore the characteristic com-
puted tomography (CT) and magnetic resonance (MR) features of small
cell neuroendocrine carcinoma (SNEC) of paranasal sinuses.
Materials and Methods: Computed tomography (n = 8) and MR
(n = 14) images and clinical findings from 14 patients with SNEC of
paranasal sinuses were retrospectively reviewed.
Results: Eight lesions were located in the ethmoidal sinus, 4 in the max-
illary sinus, and 2 in the sphenoid sinus. Small cell neuroendocrine carci-
noma of the sphenoid sinus showed bilateral asymmetry patterns. On CT
images, bony changes were visible in all 8 cases. OnMR, 4 cases contained
hemorrhage, and 10 cases contained cystic or necrotic areas. All cases
demonstrated marked heterogeneous enhancement, with half showing a
“cribriform-like” or “geographic” appearance. The nasal cavity was the
most common site invaded by SNEC of paranasal sinuses, followed by
the orbits. A time-signal intensity curve examination showed a washout-type
pattern in all but 1 case. The mean ± SD apparent diffusion coefficient
valuewas 0.702 ± 0.112 (�10−3 mm2/s). According to the Dulguerov stag-
ing system, 9 tumors were staged as N0 (1 T1, 1 T2, 5 T3, and 2 T4). The
recurrence rate was 64.3%.
Conclusions: Some characteristics of radiological findings can provide
important clues for preoperative diagnosis.

Key Words: small cell neuroendocrine carcinoma, neoplasm, computed
tomography, magnetic resonance imaging, nasal cavity, paranasal sinus
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N euroendocrine carcinoma (NEC) has an epithelial or a neural
origin1 and is represented by a spectrum of histologies, includ-

ing low-grade carcinoids, intermediate-grade atypical carcinoids
and high-grade small cell neuroendocrine carcinoma (SNEC).2,3

Of these, SNEC is the most common histology with aggressive na-
ture and high recurrence potential. There are a number of reports on
SNEC in the gastrointestinal tract and lungs in the literature, but re-
ports on paranasal sinuses involvement are rare. Until now, reports
on sinonasal SNEC have mostly been limited to case reports or
studies focused on treatment and pathologic diagnosis.4–8

Modern radiological imaging plays a revolutionary role in
sinonasal tumor diagnosis and staging by providing clear informa-
tion about tumor invasion in key anatomical structures, such as the
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skull base, orbit, and intracranial compartment. Furthermore, functional
magnetic resonance (MR) technologies, such as diffusion-weighted
imaging (DWI) and dynamic contrast-enhanced (DCE) imaging,
have shown promising results in the differentiation of sinonasal
tumors. Given the highly aggressive and recrudescent nature of
SNEC, it is necessary to make correct preoperative diagnosis
and staging to plan appropriate therapy. However, studies on the
predictive role of radiologic features of SNEC of paranasal sinuses
are lacking.9,10

The present study retrospectively analyzed computed tomog-
raphy (CT) and MR imaging findings of 14 primary SNEC cases
in paranasal sinuses as well as differential diagnostic consider-
ations to determine whether there are distinct radiologic character-
istics indicative of different diagnostic approaches.
MATERIALS AND METHODS
This retrospective study was approved by the institutional re-

view board of our hospital. Between March 2014 and November
2018, data from 14 patients with histopathologically confirmed
SNEC in paranasal sinuses were retrospectively reviewed. Com-
puted tomography/MRI was performed within half a month be-
fore surgical resection. Before studying the images, informed
consent was obtained from every participant.

Computed tomography images were obtained in 8 patients
using a multislice helical CT system (SOMATOM; Siemens Med-
ical, Erlangen, Germany) in both axial and coronal planes (voltage,
120 kV; current, 200 mA; thickness, 1.5 mm; exposure time,
5.8 seconds). Enhanced images were obtained 45 to 50 seconds
after the intravenous administration of a nonionic contrast agent
(Iopamidol, 100 mL; injection rate, 2 mL/s; BeiLu Pharmaceuti-
cal Co, Beijing, China).

Magnetic resonance imaging was performed in all of the
patients using a 3-T Siemens MRI system (Magnetom Verio or
Prisma; Siemens Medical, Erlangen, Germany) with a 12-channel
head coil. For conventional MRI, nonenhanced axial turbo spin-echo
(TSE) T1-weighted imaging (T1WI) (repetition time/echo time
[TR/TE] range, 349 milliseconds/9.1 milliseconds; slice thickness,
5mm), and axial and coronal fat-saturated TSET2-weighted imaging
(T2WI) (TR/TE, 3780 milliseconds/101 milliseconds; thickness,
5 mm) were performed. Diffusion-weighted MRI was performed
using a high-resolution DWI system ( readout-segmented echo-planar
imaging, parallel imaging, 2-dimensional navigator-based re-
acquisition; number of segments, 5; TR/TE, 4700 milliseconds/
66 milliseconds; b values, 0, 1000 s/mm2

; thickness, 4 mm; num-
ber of diffusion directions, 3). After the intravenous administra-
tion of Gd-DTPA (Magnevist, Bayer Schering, Berlin, Germany;
0.1–0.2 mmol/kg body), fat-saturated T1-weighted TSE images
were obtained in axial and coronal planes (TR/TE, 4700 millisec-
onds/66 milliseconds; thickness, 4 mm; matrix, 192 � 192; field
of view, 24 cm � 24 cm). The DCE time-signal intensity curve
(TIC) examination was performed in 5 cases (3-dimensional fast
low-angle shot sequence; TR/TE, 7.52milliseconds/2.06millisec-
onds; section thickness, 5 mm; field of view, 220� 220; temporal
1 www.jcat.org 135
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resolution, 7 s/dynamic; number of dynamics, 30; total scanning
time, 3 minutes 43 seconds].

All of the lesionswere evaluated by 2 radiologistswho reached
a consensuswith regard to tumor location, margin definition, exten-
sion, enhancement, and bony structural changes. On CT and MR
images, the enhancement degree was categorized as moderate, ap-
proaching the adjacent muscle, or marked, approaching the nasal
mucosa. Apparent diffusion coefficient (ADC) maps were con-
structed from high-resolution diffusion-weighted images (b = 0,
1000 s/mm2). When measuring the ADC value of lesions, the re-
gion of interest was carefully placed in the solid portion of the tu-
mor, avoiding cystoid variation, hemorrhage, and necrosis. The
TIC patterns were categorized as persistent type (continuous in-
crease in signal intensity), plateau type (maximum signal intensity
reached within 1 minute; washout ratio, 10%–20%), or washout
type (maximum signal intensity reachedwithin 1 minute; washout
ratio, >20%).11

The inspection reports of conventional microscopic hematoxylin-
eosin staining and immunohistochemical (IHC) data of all the lesions
were collected. The IHC staining markers included neuron-specific
enolase (NSE), chromogranin A (CgA), synaptophysin (Syn),
cytokeratin (CK), thyroid transcription factor 1, S-100, epithelial
membrane antigen, and vimentin.

According to the modified Kadish classification system,12

SNEC cases were staged as follows: A, lesion limited to the nasal
cavity; B, lesion limited to the sinonasal tract; C, lesion extending
beyond the sinonasal tract; and D, lesions with cervical or distant
metastasis. In addition, the Dulguerov staging system for sinonasal
malignancies with neuroendocrine differentiation, which uses the
TNM classification and includes the imaging data, was used in
our cohort (Table 1).13
RESULTS
The median age of the patients at the time of diagnosis was

52 years (range, 38–82 years) with a slight male predilection (8
males and 6 females). The general clinical manifestations in-
cluded nasal obstruction, epistaxis or rhinorrhea, exophthalmos,
and headache. The symptoms lasted from 1 month to 6 months.

Of the 14 lesions, 8 were primarily located in the ethmoidal
sinus (Figs. 1–3), 4 in the maxillary sinus (Fig. 4), and 2 in the
sphenoid sinus (Fig. 5). Five cases were on the left side (Figs. 1,
2), 6 cases were on the right side (Figs. 4, 6), and the other 3 cases
were bilateral (Figs. 3, 5). Both the SNEC cases in the sphenoid
sinus showed bilateral asymmetrical patterns (Fig. 5).

The radiologic imaging features for our cohort are summa-
rized in Table 2. All of the lesions were irregularly shaped with
TABLE 1. Dulguerov Staging System

Staging D

Primary tumor
T1 Tumor involving the nasal cavity and/or paranasal sinuses (ex
T2 Tumor involving the nasal cavity and/or paranasal sinuses (in
T3 Tumor extension into the orbit or protruding into the anterior
T4 Tumor involving the brain
Lymph nodes
N0 No cervical lymph node metastasis
N1 Any form of cervical lymph node metastasis
Distant metastasis
M0 No metastasis
M1 Distant metastasis
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ill-defined borders. In the 8 patients who underwent a CT scan,
the tumors appeared isodense. Bony changes, including bony ab-
sorption and evasion (n = 8) (Figs. 1A, 4A) or reactive sclerosis
(n = 2), were observed in our series. After the administration of
contrast, the tumor showedmoderate (n = 7) or marked (n = 1) en-
hancement. Moreover, the necrotic or cystic areas were observed
in 5 cases (Fig. 1A).

OnMRI, tumors appeared isointense on T1WI and heteroge-
neous on T2WI. Four cases contained hyperintense areas on both
T1WI and T2WI (Figs. 3A, B), consistent with hemorrhage.
Eleven cases contained scattered cystic or necrotic areas with high
signal within the tumor on T2WI (Fig. 1B). After the administra-
tion of DTPA, tumors showed moderate (n = 6) (Figs. 1C, 2) or
marked (n = 8) (Figs. 4B, 5A, 5B, 6A) heterogeneous enhance-
ment, and 50% (7/14) of SNEC cases had a typical “cribriform-
like” or “geographic” enhancement appearance, especially in the
ethmoidal sinuses (Figs. 1C, 2). The DCE TIC showed the
washout-type pattern in all but 1 case. On DWI, the mass demon-
strated a hyperintense signal and significant hypointense ADC
signal (Figs. 1D, 5C). The mean ADCb0, 1000 value in our cohort
was 0.702 ± 0.112 (�10−3 mm2/s).

The aggressive nature of tumors was demonstrated by inva-
sion into adjacent structures beyond the paranasal sinuses, includ-
ing the nasal cavity (n = 14), orbits (n = 9), superior/inferior orbital
fissure (n = 5), optic canal (n = 3), pterygopalatine fossa (n = 7),
foramen rotundum (n = 2), foramen ovale (n = 2), pterygoid canal
(n = 1), infratemporal fossa (n = 2), skin of the nose or cheek
(n = 3), cavernous sinus (n = 4), pharyngonasal cavity (n = 4),
parapharyngeal space (n = 3), and brain (n = 3) (Fig. 6).

Histopathologically, SNEC consists of sheets and cords of
small-sized cells with little cytoplasm. Necrotic areas are frequently
observed, varying from scattered, individual necrotic cells to conflu-
ent geographic areas of necrosis. Immunohistochemical characteris-
tics demonstrated consistent positive staining for CK and Syn and
negative staining for S-100 and thyroid transcription factor 1 in all
tumors. Furthermore, in the majority (more than 50%) of cases, the
staining for CgA, NSE, and epithelial membrane antigen was pos-
itive, whereas that for vimentin and P63 was negative.

According to the modified Kadish classification system, the
stage distribution in our series was as follows: 1 case with stage B,
8 cases with stage C, and 5 cases with stage D disease. According to
the Dulguerov staging system, the SNEC tumors in our cohorts were
distributed as follows: 1 T1, 1 T2, 8 T3, and 4 T4. Five cases were
considered to have cervical lymph node metastasis on both radiolog-
ical findings and neck pathological examination (staged asN1). Lung
metastases were found in 1 patient at the time of diagnosis (staged as
M1), but no other distant metastases were found in our cohort.
escription

cluding sphenoid), sparing the most superior ethmoid
cluding sphenoid) with extension to or erosion of the cribriform plate
cranial fossa, without dural involvement

© 2020 The Author(s). Published by Wolters Kluwer Health, Inc.
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FIGURE 1. Computed tomography and MRI of 52-year-old woman with tumor in the left ethmoidal sinus diagnosed as SNEC. A, Axial
enhanced CT image reveals ill-defined expansile mass with moderate enhancement in left ethmoidal sinus and extending into nasal cavity
and sphenoid sinus. The necrotic or cystic areas within tumor (arrow) and adjacent bony erosion are observed. B, Tumor on axial fat-saturated
T2-weighted image shows isointense. C, Axial enhanced magnetic resonance image reveals moderate enhancement with cribriform-like
appearance (arrows) of tumor. D, The ADC map revealed the significantly low mean ADC value of 0.591 � 10−3 mm2/s.

J Comput Assist Tomogr • Volume 45, Number 1, January/February 2021 SNEC of Paranasal Sinuses
All of the patients underwent surgery and radiotherapy, and
5 patients received adjuvant chemotherapy before or after the sur-
gery. During 3 months to 3 years of follow-up, tumor recurrence
occurred in 9 cases (64.3%). Three patients with T4 stage disease
(1 each T4N1M0, T4N1M1, and T4N0M0) died during the
follow-up period.
DISCUSSION
Small cell neuroendocrine carcinoma occurs mainly in the

lungs, and extrapulmonary SNEC represents only 4% of all SNEC
cases.14 Small cell neuroendocrine carcinoma of paranasal sinuses is
FIGURE 2. A 62-year-old man with tumor in left ethmoid sinus. The tum
coronal enhanced MR, and (C) sagittal enhanced MR images reveal the
(arrows).

© 2020 The Author(s). Published by Wolters Kluwer Health, Inc.
extremely rare, and the first case was described by Raychowdhuri15

in 1965. Until now, less than 100 cases have been published in the lit-
erature. It has been postulated that, as a NEC, SNEC is derived from
neuroendocrine amine precursor uptake and decarboxylation
cells, which arewidely distributed in the body.2 Based on IHC anal-
ysis, the tumors show characteristic immune reactivity for neuroen-
docrine differentiation markers, such as CK, CgA, Syn, and NSE.

Small cell neuroendocrine carcinoma is more common in
middle-aged and elderly adults, and the average age of incidence
is approximately 50 years.7 Some reports have described this tumor
to display no sex predilection,7 whereas a slight male predominance
was identified by Han et al4 in a review of 54 sinonasal SNEC
or was histologically diagnosed as SNEC. A, Axial enhanced MRI, (B)
heterogeneously enhanced mass with cribriform-like appearance

www.jcat.org 137
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FIGURE 3. Magnetic resonance imaging of 59-year-old man with pathologically diagnosed SNEC in bilateral posterior ethmoid sinuses and
extending into sphenoid sinuses. A., Tumor demonstrates isointense on T1-weighted image with the hyperintensity areas consistent with
hemorrhage (arrow). B, On fat-saturated T2-weighted image, tumor shows heterogeneously isointense and hyperintense; the retained
secretions in the right anterior ethmoid sinus show high signal (arrow).

Lin et al J Comput Assist Tomogr • Volume 45, Number 1, January/February 2021
lesions. Our study was in line with the review by Han (showing
8 males and 6 females). Although SNEC tumors may produce
ectopic hormones, the clinical manifestations of hormone pro-
duction were not observed in our study, and the symptoms were
nonspecific.

The diagnosis of SNEC is based on the pathological features
of the specimen obtained by surgical resection; however, radiolog-
ical examination can enable preoperative diagnosis, which is bet-
ter for early staging and treatment planning. Unlike other types of
sinonasal carcinoma, which are most commonly observed in maxil-
lary sinuses, in the present and previous studies,4,10 the predominant
site of SNEC lesions was ethmoid sinuses, followed by maxillary
sinuses. Zhu et al9 proposed a bilateral symmetry or “pigeon” pat-
tern as a characteristic of SNEC in sphenoid sinuses; however, in
our series, both SNEC lesions in sphenoid sinuses showed bilat-
eral but asymmetric patterns.

On unenhanced CT, tumors tended to show isoattenuation,
and after administration of the contrast agent, mild or moderate
enhancement was observed with hypointense areas, indicating ne-
crosis and cysts. Calcification is uncommon in SNEC, which was
consistent with previous studies.9,10 Computed tomography is
useful for assessing the bony involvement of the anterior skull
base, ethmoid sinus, frontal bone, sphenoid bone, and orbit. Bony
changes, especially bony absorption and erosion, were observed
in all cases in our series.
FIGURE 4. Computed tomography and MRI of 50-year-old woman with
CT image shows that tumor has moderate enhancement and extending
contrast-enhanced MR image reveals heterogeneous markedly enhance

138 www.jcat.org
Magnetic resonance imaging assesses the intrinsic charac-
teristics of SNEC much better than CT. Typically, the lesions
present with ill-defined borders, heterogeneous isointense, or
slight hyperintense T2 signals with frequent cystic changes
and marked enhancement after the administration of DTPA.
In addition, a typical cribriform-like or geographic enhance-
ment appearance was observed in half of our cases, especially
those in ethmoidal sinuses. This feature is correlated with his-
topathologically scattered necrotic cells or geographic necrotic
areas within the tumor and could be an important clue for aiding
diagnosis. In addition, MRI can be useful to better identify tumor
extent and invasion into adjacent tissues. Similar to that in a study
of 19 cases by Zhu et al,9 the nasal cavity was the most common
site invaded by SNEC of paranasal sinuses in our study, followed
by the orbits, pterygopalatine fossa, superior/inferior orbital fis-
sure, cavernous sinus, and pharyngonasal cavity.

Dynamic contrast-enhanced MRI has been applied to distin-
guish sinonasal lesions and provide information about microcircula-
tion in tumors for decades; however, to the best of our knowledge,
there are no data about TIC characteristics of sinonasal SNEC. In
our series, all cases demonstrated enhancement with an immediate
rapidly progressive linear increase in signal intensity followed by
washout TIC type in 4 lesions and plateau type in 1, demonstrating
that SNEC is a hypervascular malignancy with increased vessel
density and high vascular permeability.
pathologically diagnosed SNEC in right maxillary sinus. A, Coronal
into nasal cavity, ethmoid sinus, and orbit. B, Coronal
d tumor with necrotic areas.

© 2020 The Author(s). Published by Wolters Kluwer Health, Inc.

http://www.jcat.org


FIGURE 5. Magnetic resonance imaging of 49-year-old man with SNEC in bilateral sphenoid sinuses. A, Axial enhanced MRI and (b) coronal
enhancedMR image reveal themarkedly enhanced tumor in sphenoid sinuses. Tumor shows bilateral asymmetry pattern and extending to
bilateral nasal choana, right foramen ovale, and cavernous sinus. (C) The TIC examination revealed washout type. D, The ADC map revealed
the mean ADC value of 0.724 � 10−3 mm2/s.

J Comput Assist Tomogr • Volume 45, Number 1, January/February 2021 SNEC of Paranasal Sinuses
Diffusion-weighted imaging is a functional MRI technique that
reflects the free movement of water molecules in tissues. Until now,
there is only 1 study by Gencturka et al16 that described the significant
restriction of diffusion inside of NEC. In that study, they calculated
the quantitative DWI parameters, including ADCmean and ADCratio,
and revealed a low ADC value for sinonasal NEC (0.45 ± 0.29
[�10−3mm2/s]). Inour study,weusedhigh-resolutionDWI (RESOLVE)
with ADC mapping in SNEC cases and observed a low ADC mean
value of 0.702 ± 0.112 (�10−3mm2/s), consistent with the nature of in-
creased cellularity and reduced extracellular space in SNEC lesions
as well as a consequent decrease in water molecule diffusivity.
FIGURE 6. Magnetic resonance imaging of 39-year-oldmanwho presen
tumorwas histologically diagnosed as SNEC. A, Coronal contrast-enhanc
and nasal cavity, and extending into orbit and intracranially. B, Coronal

© 2020 The Author(s). Published by Wolters Kluwer Health, Inc.
In our series, 2 cases of sinonasal SNEC involving the anterior
cranial fossa were misdiagnosed as olfactory neuroblastoma (ONB).
As themost common type of neuroendocrine tumor,ONB is character-
ized by intracranial extension through the skull base, and a previous
study17 suggested the location of the typical waist of ONB lesions
on the cribriform plate, representing a “dumbbell” shape; however,
this feature was not observed in SNEC.

Another case of SNEC in sphenoid sinuses (Fig. 5) was
misdiagnosed as adenoid cystic carcinoma (ACC), as the lesion
involved the right pterygopalatine fossa and foramen ovale, which
consequently widened the foramen ovale with heavy enhancement.
tedwith recurrent right nasal hemorrhage and nasal congestion. The
edMR image reveals ill-definedmass filling the rightmaxillary sinus
T2-weighted image shows peritumoral cyst.
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Although ACC is well known for its propensity for perineural ex-
tension, which appears as a replacement of fat in the neural foram-
ina and pathologic enhancement and thickening of the involved
cranial nerves, these features are not specific.16 In addition, the
higher signal intensity on T2WI and higher ADC value of ACC
than those of other malignancies, such as NEC, squamous cell car-
cinoma, and lymphoma,16 could facilitate differential diagnosis.

In a study on sinonasal NEC by Likhacheva et al,18 only 8%
of patients had lymph node metastasis, which was significantly
lower than that for nonsinonasal NEC cases of the head and neck.19

In the present study, SNEC in paranasal sinuses had a higher inci-
dence of cervical lymphadenopathy than that in the report by
Likhacheva et al,18 accounting for 35.7% (5/14) of the cases,
which could have resulted from the higher invasiveness of SNEC
cases in our study.10

Key anatomical structure involvement is often related to poor
prognosis. Although the modified Kadish system, the most widely
used staging system for NEC, typically allows for staging using
radiological data before treatment, it has been criticized because,
even at the same stage, prognosis is completely different between
patients with and without brain involvement. Thus, based on the
TNM classification, the Dulguerov staging system is preferable
for sinonasal malignancies with neuroendocrine differentiation
by some authors because this system recognizes the early involve-
ment of the cribriform plate as the T2 stage and separates intracra-
nial but extradural lesions from those with true brain involvement,
thus benefiting treatment decisions. In our series, 4 patients with
intracranial extension were diagnosed with T4-stage disease.

Althoughmanagement of sinonasal SNEC requires complete
surgical resection with clear margins, the presence of an extensive
high-grade tumor makes complete surgical resection impossible.
Hence, adjuvant nonsurgical therapy is often necessary to enhance
the local control rate, and follow-up is very important for monitor-
ing the course of disease. Unfortunately, we did not have long-term
follow-up data in the present study. The recurrence of SNEC in our
series was high at 64.3% during 3 to 30 months, close to the rate
(reaching 70% at 3 years) described by Silva et al.20 In addition,
all 3 patients who died had T4-stage disease, revealing a signifi-
cantly high invasiveness of tumor involving the brain.

There are several limitations in our study. First, the rarity of
SNEC of paranasal sinuses has made large-scale studies on the ra-
diological features difficult. Second, although our study used
functional MRI methods, more advanced MRI techniques such
as quantitative DCE, intravoxel incoherent motion DWI, and dif-
fusion kurtosis imaging would provide additional information.
Thus, we emphasize the need for further studies on larger cohorts
with more functional imaging methods to better explore this rare
sinonasal tumor.

CONCLUSIONS
The diagnosis of SNEC is challenging, and this disease can

easily bemisdiagnosed; familiarity with the characteristic imaging
features of this rare tumor could help in preoperative diagnosis
and staging. Small cell neuroendocrine carcinoma should be con-
sidered when the patient presents with an ill-defined tumor in
paranasal sinuses (especially in ethmoidal sinuses) and heteroge-
neous or typical cribriform-like or geographic enhancement, to-
gether with invasion into the nasal cavity, orbit, and anterior and
middle cranial fossa. The final diagnosis should be made based
on histopathological immunohistochemistry.
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