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Abstract

Large cell neuroendocrine carcinoma (LCNEC) is a high-grade neuroendocrine neoplasm first
described in the lung and subsequently well documented in many other anatomic sites. It has only
recently been recognized that LCNEC can also rarely arise in the head and neck. The role of
human papillomavirus (HPV), which is associated with some small cell carcinomas of the head
and neck, has not been investigated for LCNEC. We sought to further characterize the histologic,
immunophenotypic, and clinical features of LCNEC and also investigate the role of HPV in this
newly described group of tumors.

The surgical pathology archives of two large academic institutions were searched for cases of
LCNEC arising in the head and neck. P16 immunohistochemistry and HPV in situ hybridization
were performed, and clinical information was obtained by electronic medical records.

Ten cases of head and neck LCNEC were identified. The tumors arose in 6 men and 4 women
ranging in age from 14 to 70 years (median, 63.5 years). The primary tumor sites were oropharynx
(n=4), sinonasal tract (n=3), and larynx (n=3). The LCNECs consisted of nests and trabeculae of
medium-large cells with abundant cytoplasm, coarse chromatin and prominent nucleoli with very
high mitotic rates. The tumor nests were often associated with necrosis, peripheral palisading, and
rosette formations. The LCNECSs were positive for pan-cytokeratin and at least one
neuroendocrine marker (most often synaptophysin) and were largely negative for p63 (focal
staining in 2 of 10) and CK5/6 (staining in 1 of 10). The LCNECs demonstrated aggressive
clinical behavior: 8 of 10 presented with advanced disease, 5 of 10 died, with 4 more living but
with persistent tumor. Three of 10 LCNECs were HPV related (HPV-LCNEC); they arose in the
oropharynx (n=2) and sinonasal tract (n=1). The HPV-LCNECs did not differ from the HPV-
negative tumors in histologic appearance or behavior: 2 patients with HPV-LCNEC have died due
to their disease and 1 remains alive but with widespread metastases.
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LCNEC is a rare but distinct form of head and neck carcinoma that exhibits aggressive clinical
behavior. A subset of oropharyngeal and sinonasal LCNEC is HPV-related, but the presence of
HPV may not impart a more favorable prognosis. Due to its aggressive behavior, LCNEC should
be distinguished from moderately differentiated neuroendocrine carcinoma and squamous cell
carcinoma. The morphology of LCNEC overlaps considerably with the non-keratinizing
appearance of HPV-related squamous cell carcinoma, and as a result, a high index of suspicion is
needed to identify LCNEC. Immunohistochemistry for synaptophysin and p63 are helpful tools for
making this distinction.
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Introduction

Large cell neuroendocrine carcinoma (LCNEC) is a rare, high-grade epithelial
neuroendocrine malignancy first described in the lung and subsequently well documented in
many other anatomic sites.(1-3) Histologically, LCNEC is characterized by a) large,
polygonal cells with coarse nuclear chromatin and prominent nucleoli, b) high mitotic rate
and frequent necrosis, ¢) architectural patterns suggestive of neuroendocrine differentiation
(organoid nests, trabeculae, rosettes, and/or peripheral palisading) and d)
immunohistochemical evidence of neuroendocrine differentiation (i.e., immunostaining with
synaptophysin, chromogranin, and/or CD56).(1-3)

In the most recently published 2005 edition of the World Health Organization Classification
of Head and Neck Tumors, LCNEC was not included as an entity.(4) Instead, the head and
neck tumors meeting histologic criteria for LCNEC were previously regarded simply as
high-grade neuroendocrine carcinomas, not otherwise specified or as belonging within the
spectrum of moderately differentiated neuroendocrine carcinoma (so-called “atypical
carcinoid tumor™).(5, 6) In recent years, however, there has been increasing recognition that
LCNEC - defined by the established lung criteria — indeed represents a distinct tumor entity
in the head and neck.(6-8) Although fewer than 40 head and neck cases have been reported,
LCNEC appears to occur most commonly in the larynx and appears to be a highly
aggressive carcinoma similar to small cell carcinoma and LCNEC of the lung and other
sites.(8-21)

Human papillomavirus (HPV) has been shown to be associated with an increasingly large
subset of head and neck squamous cell carcinomas, with HPV-related carcinomas
accounting for up to 80% of carcinomas of the oropharynx (22-24) and 20-25% of those
arising in the sinonasal tract.(25-27) In the oropharynx, the presence of HPV is a powerful
prognostic indicator. Patients with HPV-related carcinomas consistently experience a lower
risk of tumor progression and tumor-related death than patients with HPV-negative
carcinomas.(28-30) Accordingly, HPV positivity is used to stratify patients for less intensive
therapy in several clinical trials.(31) The purpose of this study was to provide a
comprehensive description of the histologic, immunophenotypic, and clinical features of 10
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previously unpublished cases of head and neck LCNEC; and to determine the presence and
clinical significance of HPV in these tumors.

Materials and Methods

Cases

After obtaining IRB approval, cases of LCNEC arising in the head and neck were identified
from a computerized search of the surgical pathology files of The Johns Hopkins Hospital
and University of Virginia Medical Center between 1995 and 2014. For each case, all
surgical pathology slides were reviewed to confirm the diagnosis. Similar to prior studies,
the well-established criteria for lung LCNEC were applied: a) large, polygonal cells with
coarse nuclear chromatin and prominent nucleoli, b) mitotic rate =10 per 10 high-power
fields and frequent necrosis, c) architectural patterns suggestive of neuroendocrine
differentiation (organoid nests, trabeculae, rosettes, and/or peripheral palisading) and d)
immunohistochemical evidence of neuroendocrine differentiation (i.e., immunostaining with
synaptophysin, chromogranin, and/or CD56).(1, 2, 32) A representative block was chosen
for in situ hybridization and immunohistochemical studies. Medical records were reviewed
to document patient age, sex, smoking history, primary site of tumor origin, treatment and
patient outcome. Additional death information was obtained from the publicly available
United States Social Security Administration Death Index.

Immunohistochemistry

Immunohistochemical studies were performed on 5 um-thick sections prepared from
formalin-fixed and paraffin-embedded tissue using standard autostaining protocols on a
Ventana Benchmark XT autostainer (Ventana Medical Systems, Inc, Tucson, AZ).
Deparaffinization and antigen retrieval (i-view detection system; Ventana) were carried out
as an automated program of the Ventana autostainer. The primary antibodies and final
dilutions were: thyroid transcription factor-1 (TTF-1) (clone 8G7G3/1; Ventana, Tucson,
AZ; prediluted by manufacturer); p63 (clone 4A4; BioCare, Concord, CA; prediluted by
manufacturer); AE1/AE3 (pck-26; Ventana, Tucson, AZ; prediluted by manufacturer);
synaptophysin (clone 27G12; Novacastra; 1:400); chromogranin (clone LK2H10; Ventana,
Tucson, AZ; prediluted by manufacturer); CK5/6 (clone D5/16 B4; Ventana, Tucson, AZ;
prediluted by manufacturer); CD56 (clone 123C3.D5; Cell Marque, Rocklin, CA, prediluted
by manufacturer). In positive cases, TTF-1 and p63 demonstrated nuclear reactivity, while
synaptophysin, chromogranin, AE1/AE3 and CK5/6 showed cytoplasmic staining. “Focal”
immunoreactivity was defined as < 5% of cells.

Human Papillomavirus Testing

All cases were screened for high-risk HPV by immunohistochemistry for p16 (clone INK4a;
Ventana, Tucson, AZ; prediluted by manufacturer). Nuclear and cytoplasmic staining in at
least 70% of tumor cells was considered positive.(23) For cases that were p16-positive, in
situ hybridization for high-risk HPV DNA was performed. Sections of 5 um from formalin-
fixed and paraffin-embedded tissue blocks were evaluated for the presence of HPV DNA
with an automated protocol utilizing the Ventana HR HPV |11 probe set that captures HPV
genotypes 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, and 66 (Ventana Medical Systems,
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Tucson, AZ). Finally, in cases where p16 immunochemistry was positive but in-situ
hybridization for high-risk HPV DNA was negative, a second methodology for detection of
viral nuclei acids was utilized for confirmation of HPV status. Sections of 5 pm from
formalin-fixed and paraffin-embedded tissue blocks were evaluated for the presence of HPV
RNA using a manual RNAscope HPV-HR18 Probe (Advanced Cell Diagnostics, Hayward,
CA) which recognizes 18 high-risk HPV genotypes (16, 18, 26, 31, 33, 35, 39, 45, 51, 52,
53, 56, 58, 59, 66, 68, 73, and 82). HPV positive controls included HPV 16-positive head
and neck squamous cell carcinoma as well as the HPV 16-positive SiHa and CaSki cell
lines. An HPV-negative head and neck squamous cell carcinoma served as a negative
control.

Ten cases of head and neck LCNEC were identified. The clinical features of these LCNEC
are summarized in Table 1. Patients ranged in age from 14-70 years (mean 57 years; median,
63.5 years), with four females and 6 males. The LCNECs arose in the sinonasal tract (n=4),
oropharynx (n=3), and larynx (n=3). In the 8 patients with documented smoking histories, 7
were smokers. Most of the patients presented with advanced clinical disease: two of the
oropharyngeal LCNECSs presented with distant metastatic disease, 3 of the laryngeal and 1
sinonasal LCNEC presented with neck lymph node metastases, and 2 sinonasal tumors
presented with intracranial invasion. Only 2 of 10 LNCECSs — a nasal tumor and an
oropharyngeal tumor — presented with the tumor clinically confined to the site of tumor
origin.

Morphologically, the LCNEC in our series conformed to the histologic definition of this
entity in the lung and other sites: nests and trabeculae of medium to large polygonal cells
with abundant cytoplasm, coarse to vesicular chromatin, and prominent nucleoli, high
mitotic activity, frequent areas of geographic necrosis, and nuclear palisading around the
periphery of nests, vessels (i.e., pseudo-rosettes), or gland-like rosette structures, (Figure 1).
Muitotic rates ranged from 16 to 102 mitotic figures per 10 high-power fields (mean, 45).
Three cases exhibited squamous differentiation: two laryngeal cases had minor components
of invasive squamous cell carcinoma scattered among the LCNEC, and one oropharyngeal
case had squamous cell carcinoma-in-situ of the epithelium overlying the LCNEC. In
addition, there were 2 combined LCNEC-small cell carcinomas: one arising in the sinonasal
tract and one arising in the oropharynx.

The immunohistochemical features of the LCNECSs are summarized in Table 2. All LCNEC
cases were diffusely positive for pan-cytokeratin, and all were positive for at least one
neuroendocrine marker: 9 of 10 with synaptophysin, 5 of 8 with CD56, and 3 of 10 with
chromogranin. TTF-1 was negative in all 10 LCNECs. The diffuse immunoexpression of
p63 that characterizes squamous cell carcinoma was seen only within the squamous areas in
the 3 LCNECs with a squamous cell carcinoma component; focal staining was present in the
LCNEC of 2 other cases. Similarly, the squamous marker CK5/6 was positive in the
squamous carcinoma components of the mixed LCNEC/squamous cell carcinomas, and
unexpectedly in 1 sinonasal LCNEC that was p63-negative.

AmJ Surg Pathol. Author manuscript; available in PMC 2017 April 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Thompson et al.

Page 5

HPV testing revealed that while 6 of 10 LCNECs were p16-positive by
immunohistochemistry, only 3 of 10 were positive for high-risk HPV by in situ
hybridization, and could therefore be regarded as HPV-related LCNEC (HPV-LCNEC). In
cases where p16 and HPV DNA in situ hybridization were discordant, HPV RNA in situ
hybridization was utilized to confirm the absence of transcriptionally-active HPV. The
HPV-LCNECs arose in the oropharynx (n=2) and sinonasal tract (n=1) of men, age 57, 58,
and 65. All three men were smokers.

Most of the LCNECs (6 of 10) were treated with some combination of surgery,
chemotherapy and radiation therapy. For one patient, treatment information was unavailable.
Another patient was newly diagnosed and has yet to undergo therapy. Finally, one patient
went directly to hospice care without treatment at the time of diagnosis. The outcomes of the
LCNECSs were poor. Six of ten patients developed distant metastases, and five patients died,
2-18 months following diagnosis. Four of the deaths were the result of their LCNEC; one
death (patient 7) was determined by the publicly available United States Social Security
Administration Death Index, but the cause could not be determined. Distant metastases
occurred in the lung (n=4) and brain (n=1); the precise sites of distant metastasis were not
known in 2 cases. One patient remains alive with disease in hospice care 9 months after
diagnosis. Two patients that developed distant metastases were still living with disease 9-16
months after diagnosis (mean, 12.5 months) and only one patient showed a complete
response to therapy and has no evidence of disease 34 months after diagnosis.

As demonstrated in Table 1, the oropharyngeal HPV-LCNECs presented with widely
disseminated metastases and the sinonasal HPV-LCNEC presented with intracranial
extension. On follow-up, two patients died of their disease 2-12 months after diagnosis
(mean, 7 months) and 1 patient was alive in hospice care 9 months after diagnosis. Two of
the HPV-LCNECs were purely LCNEC, and 1 was mixed with a minor small cell carcinoma
component; none of the HPVV-LCNEC had a squamous component. As demonstrated in
Table 2, the histologic and immunophenotypic findings of the HPV-LCNECs were
essentially identical to those that were HPV-negative.

Discussion

In the previous edition of the World Health Organization classification of head and neck
tumors, LCNEC — a well-established tumor type in the lung and many other organs — was
not included as a diagnostic category; instead, it was noted that some moderately
differentiated neuroendocrine carcinomas “may fulfill the diagnostic criteria of large cell
neuroendocrine carcinoma of the lung”.(5) Despite this, in recent years LCNEC of the head
and neck has been recognized as a distinct entity. Thirty-eight cases have been reported to
date, in patients ranging from 9 to 88 years (mean, 61 years).(8-21) There is a strong male
predilection, with 32 of 38 cases (84%) arising in men. The affected sites have been larynx
(n=22), parotid gland (n=6), oropharynx (n=3), nasopharynx (n=3), sinonasal tract (n=3),
and hypopharynx (n=1). Most patients have been smokers.

This series of LCEC represents the largest series reported to date for the head and neck
region. The findings are largely in agreement with those previously reported, though our
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series had a more even anatomic distribution (4 sinonasal, 3 oropharyx, 3 larynx) than most
previous reports where laryngeal cases dominated. Most important, the clinical courses of
the 10 patients from this series support that LCNEC of the head and neck is a very
aggressive neoplasm. Indeed, growing experience with head and neck LCNEC indicates its
behavior and prognosis is much more similar to small cell carcinoma than moderately
differentiated neuroendocrine carcinoma. For example, in a meta-analysis, van der Laan, et
al. found that most patients with laryngeal LCNEC presented with advanced disease, and
that the 5-year disease free survival was 15%.(14) By comparison, the 5-year survivals of
laryngeal small cell carcinoma and moderately differentiated neuroendocrine carcinoma
were 19% and 53%, respectively.(14) The findings of this study further underscore the need
to separate LCNEC from moderately differentiated neuroendocrine carcinoma in the
upcoming edition of the WHO Classification of Head and Neck Tumors.

A subset of small cell carcinomas arising the oropharynx and sinonasal tract harbors high-
risk HPV.(27, 33, 34) Moreover, while HPV status in oropharyngeal squamous cell
carcinoma typically drives prognosis, HPV status does not appear to be protective in small
cell carcinomas of the oropharynx, which often present at advanced stage and behave in an
aggressive fashion regardless of viral positivity.(33, 34) Similarly, this study found that 3 of
10 LCENCs were HPV-related (HPV-LCNEC), and they were restricted to the oropharynx
and sinonasal tract. This is not surprising given that the oropharynx and sinonasal tract are
the two anatomic “hot spots” for HPV-related head and neck carcinomas.(25, 27, 34)
Outside of these 2 anatomic subsites, HPV-related head and neck squamous cell carcinomas
are very rare, and this trend appears to apply to HPV-related neuroendocrine carcinomas as
well. While Halmos, et al. did detect HPV in two p16-negative laryngeal tumors (one
LCNEC and one moderately differentiated neuroendocrine carcinoma) using a polymerase
chain reaction-based approach,(15) this study is the first to detect integrated high-risk HPV
in the nuclei of p16-positive LCNECsS, findings highly suggestive of virally-driven
neoplasia.

HPV-LCNEC has been previously reported in the uterine cervix, where it is associated with
extremely aggressive clinical behavior and resistance to therapy.(35-37) HPV-LCNEC of
the head and neck may share aggressive behavior with their cervical counterpart. In our
series, in limited numbers (n=3) HPV-LCNEC presented with either widely disseminated or
locally advanced disease and then took an aggressive clinical course, with two patients
dying of disease within an average of 7 months post-diagnosis and a third patient entering
directly into hospice care. This behavior of HPV-LCNEC represents a sharp departure from
that typically expected of HPV-related oropharyngeal squamous cell carcinoma, where HPV
positivity is associated with an expectation of a relatively good prognosis and potential for
long-term survival.(28, 29)

Given the poor prognosis, proper identification of cases of head and neck LCNEC is critical.
LCNEC is simply separated from moderately differentiated neuroendocrine carcinoma on
the basis of mitotic rates: moderately differentiated neuroendocrine carcinoma has 2-10
mitoses per 10 high-power fields while LCNEC has more than 10 (often many more).(6-8)
The distinction between LCNEC and conventional keratinizing squamous cell carcinoma is
not usually difficult, but the morphologic features of HPV-LCNEC overlap significantly

AmJ Surg Pathol. Author manuscript; available in PMC 2017 April 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Thompson et al.

Page 7

with the non-keratinizing appearance of many HPV-related squamous cell carcinomas. Both
tumors display a basophilic appearance at low power with a high nuclear:cytoplasmic ratio,
high mitotic rates, and may exhibit peripheral nuclear palisading, and large areas of central
necrosis. As squamous cell carcinomas of the oropharynx are often routinely tested for the
presence of HPV, a positive result could be misleading regarding tumor behavior and
prognosis if the features of LCNEC morphology are not recognized. HPV-related tumors in
this location should be carefully evaluated for morphologic evidence of neuroendocrine
differentiation, which admittedly is often subtle. Histologic clues include a prominent
ribbon-like or trabecular architecture, a coarse chromatin quality, better-defined cell borders,
prominent nuclear palisading at the periphery of nests or, most helpful, around vessels
(pseudo-rosettes) or gland-like rosette structures.(see Figure 3 for a side-to-side morphologic
comparison) If there is even a slight suspicion of an LCNEC tumor component, adjunctive
immunohistochemistry should be employed. HPV-related squamous cell carcinoma should
be diffusely positive for p63 and CK5/6 and negative for neuroendocrine markers. In
contrast, LCNEC is negative for focal for p63, almost always negative for CK5/6, and
positive for at least one neuroendocrine marker, usually synaptophysin.

Additionally, it must be emphasized that p16 alone is not a suitable surrogate for HPV
testing when dealing with LCNEC of the head and neck. Indeed, we encountered 3 cases of
HPV-negative LCNEC that demonstrated diffuse p16 positivity, a situation similar to small
cell carcinoma of the head and neck which is also frequently p16-positive regardless of HPV
status.(34) Indeed, high-grade neuroendocrine carcinomas (both LCNEC and small cell
carcinoma) in the lung and other sites very frequently express p16 diffusely via mechanisms
independent of viral infection (i.e. inactivation of retinoblastoma protein (RB).(38-41) This
again emphasizes the importance of first recognizing the morphologic features of LCNEC
prior interpreting either p16 positivity or HPV status as indicative of improved clinical
prognosis.

In summary, we present 10 previously unreported cases of head and neck LCNEC, including
3 HPV-related cases. Similar to HPV-related small cell carcinoma, the HPV status of these
LCNEC does not appear to be protective. Given the morphologic similarity with HPV-
related squamous cell carcinoma, a high index of suspicion is necessary to properly identify
these cases and guide prognosis and therapy accordingly.
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Figure 1.
The HPV- LCNECs grew as nests and trabeculae of basophilic tumor cells (A). All cases

exhibited high-grade cellular features, including high-mitotic rates and necrosis (B). The
HPV- LCNECs demonstrated peripheral palisading of tumor nuclei and nuclei with coarse
chromatin and prominent nucleoli (C). One histologic clue to the diagnosis of LCNEC was
the presence of scattered gland-like rosette structures (center) (D).
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Figure 2.
All of the HPV- LCNECSs were positive for the neuroendocrine marker synaptophysin (A)

and negative for the squamous marker p63 (B). All of the HPV-related (and 3 of the HPV-
negative) LCNECs were positive for p16 by immunohistochemistry (C). The HPV-related
LCNECs were defined by the presence of nuclei signals by DNA in situ hybridization for

high-risk HPV (D).
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Figure3.
In contrast to HPV-related oropharyngeal squamous cell carcinoma which demonstrates oval

nuclei with finely dispersed chromatin, sheet-like growth with indistinct cell borders, and an
absence of rosettes (A), LCNEC is often more trabecular in its growth, with well-defined
cell borders, coarse chromatin, and scattered gland-like rosettes (B).
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