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Abstract
Primary neuroendocrine carcinomas (NECs) of the larynx and head and neck are an uncommon and heterogeneous group of 
neoplasms categorized by the 2017 WHO Classification of Head and Neck Tumors as: (a) well-differentiated (WD-NEC), 
(b) moderately-differentiated (MD-NEC), and (c) poorly-differentiated (PD-NEC) with small cell and large cell types. The 
classification incorporates elements of differentiation and grading and closely correlates to the 5-year disease specific sur-
vival of 100, 52.8, 19.3 and 15.3% for each diagnostic category. These survival rates are based on historical data limited 
by the previous lack of standard pathologic diagnostic criteria. The classification has de-emphasized the use of the terms 
“carcinoid” and “atypical carcinoid” as diagnostic categories. The adoption of uniform pathologic criteria for the classifi-
cation of NECs of the head and neck should enable the design of high quality studies in order to understand the molecular 
alterations of these neoplasms.
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Introduction

As knowledge and understanding in pathology evolve, 
nomenclature and classifications also change to reflect 
those advances. The current classification of neuroendo-
crine carcinomas (NECs) of the larynx and head and neck 
is the result of nearly 50 years of clinical observations and 
original work by numerous investigators [1–4]. Primary 
NECs of the larynx and head and neck are an uncommon 
and heterogeneous group of neoplasms that historically 
have been classified using the terminology and diagnostic 
criteria of neuroendocrine neoplasms of the intestine and 
more recently lung [1–3, 5]. In 1969 Goldman et al. [1] pub-
lished what is generally regarded as the first description of 

a laryngeal well-differentiated neuroendocrine (WD-NEC). 
In this single case report, the authors discussed a “typical 
carcinoid tumor” involving the anterior commissure and 
the laryngeal surface of the epiglottis of a 73 year-old man, 
who eventually developed multiple cervical lymph node and 
skin metastases. In 1988 Wenig et al. [2] published their 
classic landmark study in which the lack of standardiza-
tion in terminology utilized in diagnosing laryngeal NECs 
was highlighted and a new classification system based on 
the system employed for pulmonary NECs was proposed. 
These investigators categorized laryngeal NECs as “well 
differentiated” (synonymous with carcinoid), “moderately 
differentiated” (synonymous with atypical carcinoid), and 
“poorly differentiated” (synonymous with small cell carci-
noma, both oat cell and intermediate cell variants) [2]. The 
latter classification system lacked a category of “large cell 
neuroendocrine carcinoma” because validated criteria for 
the diagnosis of pulmonary LC-NEC were only proposed 
in 1991 [6]. In 2005, Greene and collaborators reported the 
first example of a laryngeal LC-NEC using the standardized 
diagnostic criteria for LC-NEC in the lung [7].

The 2017 WHO Classification of Head and Neck Tumors 
lists 3 types of head and neck and laryngeal NECs (Table 1): 
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(a) well-differentiated (WD-NEC), (b) moderately-differen-
tiated (MD-NEC), and (c) poorly-differentiated (PD-NEC) 
with small cell and large cell types [4]. This terminology 
incorporates elements of differentiation and grading and as 
such WD-NEC represents a low-grade (grade I) carcinoma, 
MD-NEC is an intermediate-grade (grade 2) carcinoma 
and SC-NEC and LC-NEC represent high-grade (grade 3) 
malignancies [2, 3]. Another feature of this classification 
is that the terms “carcinoid” and “atypical carcinoid” are 
de-emphasized and used as synonyms only. The later devel-
opment is a subtle but significant departure from the 2005 
WHO Classification when the terms “carcinoid” and “atypi-
cal carcinoid” were the preferred terminology and there were 
no criteria for the diagnosis of LC-NEC [5].

Well‑Differentiated Neuroendocrine 
Carcinoma (WD‑NEC)

WD-NECs are distinctly rare and represent the least com-
mon type of NEC affecting the larynx. In the meta-analysis 
of the English literature on NECs of the larynx by ven der 
Laan et al. [8], 23 of 436 laryngeal NECs were accepted as 
examples of WD-NECs accounting for 5.27% of all laryn-
geal NECs. WD-NECs are slightly more common in men 
than women affecting patients in the seventh decade of life 

(age range 43–72 years). Most patients (75%) have a history 
of heavy tobacco use. Approximately 95% of WD-NECs 
arise in the supraglottic larynx and 83% of cases present 
with stage I disease [8].

Microscopically WD-NECs are defined as neoplasms 
with neuroendocrine morphology, mitotic rate of less than 
2 mitoses per 2 mm2 or 10 HPF, and absence of necrosis 
(Fig. 1). WD-NECs grow in submucosal nests, trabeculae 
and solid sheets of round to slightly oval or spindle cells 
with moderate amounts of pale eosinophilic, amphophilic 
to granular (oncocytic or oncocytoid) cytoplasm [9–11]. A 
glandular pattern or rosettes can also be noted [12]. Charac-
teristically, the tumor nuclei contain stipple “salt and pep-
per” chromatin and nucleoli are inconspicuous or absent. 
Common immunohistochemical markers used in the diag-
nosis of NECs of the larynx are listed in Table 2.

The value of the published data regarding the long-term 
behavior of WD-NECs of the larynx is limited due to the 
rarity of the tumor and the historic variability of the precise 
pathologic criteria used to establish the diagnosis; however, 
these neoplasms appear to be low-grade malignancies with 
a low but definitive risk of regional lymph node and distant 
metastases, particularly to the skin [1, 11]. Although the 
5-year disease specific survival (DSS) is reported as being 
100%, the 5-year distant-metastasis free survival rate drops 
to 83.3% [8] and several single case reports—including the 

Table 1   2017 WHO 
classification of neuroendocrine 
carcinomas of larynx [4]

DSS disease specific survival

Tumor type Grade Diagnostic criteria % 5-year 
DSS {6414} 
(%)

Well-differentiated NEC (WD-NEC) 1 Features of neuroendocrine differentiation
Minimal nuclear atypia
< 2 mitoses/10 HPFs or 2 mm2

100

Moderately-differentiated NEC
(MD-NEC)

2 Necrosis and/or
2–10 mitoses/10 HPFs or 2 mm2

52.8

Poorly-differentiated NEC (PD-NEC) > 10 mitoses/10 HPFs or 2 mm2

 Small-type (SC-NEC) 3 19.3
 Large-cell type (LC-NEC) 3 15.3

Fig. 1   Well-differentiated 
neuroendocrine carcinoma 
(WD-NEC). The tumor is com-
posed of intermediate size cells 
arranged in nests and sheets. 
The cytoplasm is pale and the 
nuclei are slightly irregular with 
stipple or speckled chromatin. 
No mitoses or nucleoli are 
present thus qualifying for WD-
NEC (a). Ki-67 stain with a low 
LI (b)
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original publication by Goldman et al.—described patients 
dying of their disease at 18, 24, 33, and 80 months after 
initial diagnosis [1, 10, 11, 13].

Moderately‑Differentiated Neuroendocrine 
Carcinoma (MD‑NEC)

MD-NEC is the second most common primary neuroendo-
crine carcinoma of the larynx representing 37% of all laryn-
geal NECs [8]. Median age at presentation is 63 years (range 
20–83). Most patients affected by MD-NEC are male (70%) 
and smokers (94%). The majority of the tumors present with 
stage I–II disease (65%) with the remaining 35% being stage 
III–IV disease. 93% of cases arise in the supraglottic larynx 
[8].

Microscopically this group of neoplasms is equivalent to 
“atypical carcinoid tumors” and is defined as tumors with 
neuroendocrine morphology with 2–10 mitoses per 2 mm2 or 
10 HPF, and/or necrosis. Similar to WD-NECs, MD-NECs 
grow in nests, trabeculae and sheets of round to slightly oval 
or spindle cells with moderate amounts of pale eosinophilic, 
amphophilic to granular cytoplasm [2, 14–16] (Fig. 2). A 
glandular pattern or rosettes can also be noted [2, 14, 16]. 
Characteristically, the tumor nuclei contain stipple “salt 
and pepper” chromatin or may show more nuclear atypia 
and irregularities with prominent nucleoli. The tumor nests 
frequently show central “comedo” type necrosis. Immuno-
histochemical markers used in the pathologic diagnosis of 
MD-NECs are listed in Table 2.

MD-NECs are aggressive malignancies with a 5 year-
DSS of 53% [8]. Wenig et al. [2] in their series of “mod-
erately differentiated” NEC indicated that 38% (18/48) of 
patients had died with tumor. It has been widely acknowl-
edged that some published examples of MD-NECs (or “atyp-
ical carcinoids”) would be reclassified as LC-NECs using 
current diagnostic criteria [3, 5, 14, 15, 17, 18].

Poorly‑Differentiated Neuroendocrine 
Carcinoma, Small Cell Type (SC‑NEC)

SC-NEC is the most common primary neuroendocrine carci-
noma of the larynx representing 41% of all laryngeal NECs 
[8]. Median age at presentation is 59 years (range 23–91). 
Most patients affected are male (81%) and smokers (95%) 
presenting with Stage IV disease (67%). As is the case with 
all types of laryngeal NECs, the supraglottic larynx is the 
most common site of origin (58%).

Table 2   Common immunohistochemical markers in neuroendocrine 
carcinomas (NECs) of the larynx

a Expressed by 60–80% of laryngeal NECs
b Expressed by 50–70% of laryngeal NECs
c Expression rare (15%) in laryngeal NECs, usually focal

Keratins (AE1:AE3, keratin 18, CAM5.2)

Synaptophysin
Chromogranin-A
CD56
Ki-67
Calcitonina

Carcinoembryonic antigen (CEA)b

Thyroid transcription factor-1 (TTF-1)c

Fig. 2   Moderately-differentiated neuroendocrine carcinoma (MD-NEC). The tumor is composed of large cells arranged in nests with central 
necrosis (a). MD-NEC with oncocytoid appearance and amyloid stroma (b). MD-NEC with positive staining for calcitonin (c)
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SC-NEC is microscopically defined as: “(a) tumor cells 
with small size (generally less than the diameter of 3 small 
resting lymphocytes), (b) scant cytoplasm, (c) finely granu-
lar chromatin, absent or inconspicuous nucleoli, (d) high 
mitotic rate (11 or greater per 2 mm2 or 10 HPF) and (e) 
frequent necrosis” [15, 19, 20] (Fig. 3). Architecturally SC-
NEC is characterized by tumor cells arranged in variably 
sized nests, sheets and trabeculae with occasional periph-
eral palisading and rosette formation. Lymphovascular and 
perineural invasion, nuclear moulding, necrosis, apoptosis 
and DNA encrustation of blood vessel walls (Azzopardi 
phenomenon) are frequent findings [15, 19]. SC-NECs are 
extremely aggressive malignancies with a 5 year-DSS of 
19.3% [8] despite multimodal therapy.

Poorly‑Differentiated Neuroendocrine 
Carcinoma, Large Cell Type (LC‑NEC)

LC-NECs of larynx are uncommon comprising only 7% 
of all laryngeal NECs [8]. Median age at presentation is 
60 years (range 31–81). Most patients affected are male 

(70%) and smokers (91%) presenting with stage IV disease 
(70%). The supraglottic larynx is the most common site of 
origin (81%) [8].

Microscopically LC-NEC is defined as “(a) tumor with a 
neuroendocrine morphology; organoid nesting, palisading, 
rosettes, trabeculae; (b) high mitotic rate: 11 or greater per 
2 mm2 (10 HPF); (c) necrosis; (d) abundant cytoplasm with 
vesicular nuclei containing coarse chromatin and prominent 
nucleoli; and (e) positive staining with one or more neuroen-
docrine markers” (Table 2) [19, 21–25] (Fig. 4).

LC-NECs are aggressive malignancies with a 5 year-DSS 
of 15.3% [8]. In a recent report of high-grade NECs in the 
larynx, Deep et al. [21] described five cases of LC-NEC with 
two patients dying of disease 3 and 62 months after initial 
therapy, one was alive with disease at 41 months and two 
were alive with no disease 26 and 29 months after diagnosis. 
In the report of 10 laryngeal LC-NECs by Lewis et al. [22], 
nine patients (90%) presented with stage IV disease and 60% 
died of their disease.

Fig. 3   Poorly-differentiated neuroendocrine carcinoma, small cell type (SC-NEC) (a) showing high LI (b) and overexpression of p53 (c)

Fig. 4   Poorly-differentiated 
neuroendocrine carcinoma, 
large cell type (LC-NEC) with 
trabecular architecture (a) and 
rosette formation (b)
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Pathologic Grading and Ki67 Labeling Index 
(LI)

The adoption of uniform diagnostic criteria and terminology 
for head and neck NECs in the 2017 WHO Classification of 
Head and Neck Tumors is a significant step forward because 
it should allow comparison and validation of study results 
from different investigators and institutions thus advanc-
ing the understanding of the clinical behavior—including 
the role of Ki-67 proliferative index (PI)—and underlying 
molecular abnormalities of these uncommon neoplasms. 
Given the rarity of NECs in the larynx and head and neck 
collaborative studies will be necessary to achieve meaning-
ful results.

The terminology employed in the 2017 WHO classifi-
cation of NECs of the head and neck explicitly incorpo-
rates elements of differentiation and grading and as such 
WD-NECs represents a low-grade (grade 1) carcinoma, 
MD-NECs is an intermediate grade (grade 2) carcinoma 
and SC-NEC and LC-NEC represent high grade (high 3) 
malignancies [2, 3] and in that regard has more in com-
mon with the lung classification of NECs where typical and 
atypical carcinoid tumors represent low and intermediate 
grade malignancies and small cell and large cell neuroen-
docrine carcinomas represent high grade carcinomas [26]. 
In contrast, differentiation and grading are discrete criteria 
in the classification of neuroendocrine tumors (NETs) of 
the GI and pancreatobiliary tract with grading becoming of 
paramount importance in well-differentiated NETs where 
the behavior is best predicted by a combination of clinical 
and pathologic features including mitotic activity and Ki-67 
labeling index (Ki-67 LI) [27, 28]. Table 3 contrasts the 
different terminologies and classification of neuroendocrine 

tumors of the head and neck, lung and GI and pancreatobil-
iary tracts.

Currently there is no sufficient data to draw conclusions 
about the value of Ki-67 LI in the diagnosis and classifica-
tion of NECs of the head and neck; however, some studies 
suggest that Ki-67 LI might be potentially useful [24, 29]. 
In a study of 23 NECs of the head and neck by Kao et al. 
[24], 2 of their 7 LC-NECs revealed discordance between 
mitotic counts and Ki-67 LI (6 and 9 MF/10 HPF vs 30% 
and 53% Ki-67 LI) resulting in the re-classification of these 
2 cases as LC-NEC rather than MD-NEC. Both patients died 
of their disease (53 and 10 months follow-up). In a couple of 
studies of laryngeal NECs, isolated examples of discrepan-
cies between mitotic rate and Ki-67 LI have been found [22, 
29]. Nonetheless other studies have found good concordance 
between pathologic classification, mitotic counts and Ki-67 
LI [23, 30]. Larger studies are necessary to investigate the 
added value of Ki-67 LI in the diagnosis and classification 
of NECs of the larynx and head and neck.

Molecular Pathology

Ideally a modern pathologic classification should reflect 
underlying genetic and molecular abnormalities as in the 
classification of neuroendocrine neoplasms of the lung 
where low- and intermediate-grade neoplasms (carcinoid 
and atypical carcinoid) are characterized by mutations 
of MEN1 and related chromatin modifiers genes whereas 
high-grade carcinomas are characterized by inactivating 
mutations of the RB and TP53 genes [31]. In contrast, there 
is only sparse data addressing the molecular biology of 
laryngeal and head and neck NECs (Table 4), therefore it is 
unknown if NECs of the head and neck represent a diverse 

Table 3   Classifications of 
neuroendocrine neoplasms of 
the head and neck, lung and GI 
and pancreas [4, 26–28]

NECneuroendocrine carcinoma, SC-NEC small cell neuroendocrine carcinoma, LC-NEC large cell neu-
roendocrine carcinoma, NET neuroendocrine tumor

Head and neck Lung GI and Pancreas

Well-differentiated NEC Carcinoid Well-differentiated NET
Grade 1 (NET G1)
Grade 2 (NET G2)
Grade 3 (NET G3)

Moderately-differentiated NEC Atypical carcinoid
Poorly-differentiated NEC Poorly-differentiated 

NET: neuroendocrine 
carcinomas (G3)

 SC-NEC Small cell carcinoma Small cell type
 LC-NEC Large cell neuroendocrine carci-

noma
Large cell type

Combined small cell carcinoma
Combined large cell neuroendo-

crine carcinoma

Mixed neuroendocrine-
non-neuroendocrine 
neoplasm
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group of epithelial malignancies sharing neuroendocrine 
differentiation or one disease with a range of differentiation 
and grades. Notably, more than 90% of laryngeal NECs are 
associated with tobacco smoking [8], an association invit-
ing the hypothesis that the molecular abnormalities noted in 
pulmonary LC-NEC and SC-NEC might also be at play in 
the pathogenesis of laryngeal NECs. Alos et al. [30] results 
suggests that most high-grade NEC of the head and neck, 
including larynx, exhibit dysregulation of the Rb pathway 
resulting in p16 accumulation and Rb loss of expression. 
In addition these authors also found high p53 expression in 
high-grade NECs, a finding suggestive of TP53 mutations. 
Kao et al. [24] also found p53 overexpression in 92% of their 
high-grade NECs whereas none of their WD-NEC or MD-
NECs exhibited p53 increased expression. In a single case 
report of a combined NEC and SCC of the maxillary sinus, 
Frachi et al. found a missense mutation of TP53 the NEC 
component but not in the SCC component [32]. In contrast, 
Halmos et al. [29] found no p53 overexpression in a study 
of 10 laryngeal NECs. Rare examples of laryngeal MD-
NEC and LC-NEC associated to HPV18 and HPV16 have 
reported raising additional questions regarding additional 
molecular pathways for the development of NECs in the 
head and neck [29]. More studies are needed to understand 
the genetic and molecular abnormalities of NECs of larynx 
and head and neck. Table 4 summarizes some of the molecu-
lar abnormalities found in NECs of the head and neck.

Mixed Neuroendocrine‑Nonneuroendocrine 
Neoplasms (MiNENs) of the Head and Neck

The coexistence of neuroendocrine and non-neuroendocrine 
components in carcinomas of the head and neck is a known 
but rare phenomenon [32–34]. Whereas the WHO classifi-
cations of endocrine organs and GI system recommend that 
mixed neoplasms are those in which either component rep-
resent at least 30% of the tumor, no such recommendation 
exists for mixed neuroendocrine-nonneuroendocrine carci-
nomas of the head and neck. Most MiNENs of the head and 
neck represent a combination of SC-NEC and squamous cell 
carcinoma (SCC) with less common examples of SC-NEC 
and adenocarcinomas; particularly in the nasal cavity; and 
rare examples of LC-NEC and SCC and MD-NEC and SCC 
[25, 35].

Conclusions

Primary NECs of the larynx and head and neck are an 
uncommon and heterogeneous group of neoplasms catego-
rized by the 2017 WHO Classification of Head and Neck 
Tumors as: (a) well-differentiated (WD-NEC), (b) moder-
ately-differentiated (MD-NEC), and (c) poorly-differentiated 
(PD-NEC) with small cell and large cell types. This clas-
sification incorporates elements of differentiation and grad-
ing and de-emphasized the use of the terms “carcinoid” and 
“atypical carcinoid” as diagnostic categories. The adoption 

Table 4   Molecular alterations in NECs of the larynx and head and neck

SCC squamous cell carcinoma, ITAC​ intestinal-type adenocarcinoma
Sites: ahead and neck; blarynx; cmaxillary sinus; dnasal cavity

Study Tumor type # of cases Alterations Methodology

Kao et al. [24]a WD-NEC
MD-NEC
LC-NEC
SC-NEC

23 p53 overexpression in LC- and SC-NEC
No p53 overexpression in WD- and MD-NEC

IHC

Halmos et al. [29]b WD-NEC
MD-NEC
LC-NEC
SC-NEC

10 Negative p53 overexpression
HPV16 and HPV18 in one case each

IHC
PCR

Alos et al. [30]a LC-NEC
SC-NEC

19 p53 overexpression
p16 overexpression (73% of cases)
Rb dysregulation (59% of cases)
No HPV-DNA

IHC
PCR

Franchi et al. [32]c SC-NEC/SCC 1 Missense TP53 exon 7 with p53 overexpression IHC
TP53 sequencing

La Rosa et al. [33]d SC-NEC/ITAC​ 1 Aberrant methylation of APC and DAPK1
Gains and losses: 17p13 (TP53), 14q24 (MLH3)
no KRAS, BRAF or p53 mutations

Methylation-specific 
PCR

Mutation analysis 
KRAS, BRAF and 
PT53
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of uniform diagnostic criteria and terminology for head and 
neck NECs should allow the design of high quality stud-
ies and comparison and validation of results from differ-
ent investigators and institutions which should advance 
our understanding of the clinical and molecular alterations 
involved in the genesis of these neoplasms. Possible areas of 
investigation and outstanding questions are listed in Table 5.
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