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Tumors exhibiting neuroectodermal differentiation
occur throughout the body, and the diverse tissues
of the head and neck give rise to a wide assortment
of these neoplasms. Neuroectodermal neoplasms
may be divided into lesions showing primarily epi-
thelial differentiation (Group I, neuroendocrine car-
cinomas) and a more diverse group (Group II) of
nonepithelial neoplasms. This article reviews these
neuroectodermal tumors of the head and neck with
emphasis on the neuroendocrine carcinomas and
their nomenclature. The author believes that with
regard to Group I tumors, the older terminology of
carcinoid, atypical carcinoid, and small cell carci-
noma should be replaced by subclassifications of
well-differentiated, moderately differentiated, and
poorly differentiated neuroendocrine carcinoma.
The latter category should be further subdivided
into small cell and large cell variants. Neuroendo-
crine carcinomas, particularly the moderately dif-
ferentiated subtype, are often underdiagnosed in
the head and neck region. In the larynx, these tu-
mors are the most common form of nonsquamous
carcinoma. Poorly differentiated neuroendocrine
carcinoma of small cell type is most common in the
salivary glands but can occur elsewhere in the re-
gion. The large cell subtype of poorly differentiated
neuroendocrine carcinoma has not been well doc-
umented in this region. However, the most likely
candidate for this tumor category is the so-called
sinonasal undifferentiated carcinoma. Group II tu-
mors discussed include olfactory neuroblastoma,
malignant melanoma, and Ewing’s sarcoma. In ad-
dition, differential diagnostic problems related to
Group I and II tumors are reviewed in detail. This
article reviews and updates our understanding of
neuroectodermal neoplasms arising in the head and

neck. The focus is on tumors that exclusively involve
this region or show a strong predilection to occur
here.
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Neuroectodermal neoplasms at any anatomic site
can be divided into tumors showing epithelial dif-
ferentiation (Group I) and tumors with predomi-
nantly neural features (Group II). In the head and
neck (Table 1), Group I lesions such as neuroendo-
crine carcinoma of the larynx typically exhibit cy-
tokeratin positivity and are often admixed with
other forms of carcinoma. Group II tumors, such as
olfactory neuroblastoma are typically (but not in-
variably) cytokeratin negative and are more often
phenotypically “pure” neoplasms. Although, as will
be discussed, not all tumors fit neatly into this
classification scheme, the great majority do, mak-
ing it a useful overall construct.
Early authors describing Group I neuroendocrine

neoplasms throughout the body, especially the
well-differentiated forms (carcinoid) considered
these unique lesions requiring a well-defined neu-
roendocrine precursor cell for their development.
When such cells were not readily apparent in nor-
mal tissue counterparts by a variety of techniques,
the authors often felt compelled to go to great
lengths to explain the tumor’s origin. We now rec-
ognize that epithelial cells (or at least their progen-
itors) in virtually every organ have the ability to
exhibit neuroendocrine differentiation. Moreover,
light-microscopically obvious neuroendocrine dif-
ferentiation is not uncommonly admixed with
squamous or glandular elements, particularly when
dealing with higher grade lesions. Fortunately,
these older, nonproductive discussions regarding
“cell of origin” have given way to more clinically
relevant studies seeking to understand the clinico-
pathologic features of these tumors.
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NOMENCLATURE

The terminology surrounding Group I neuroen-
docrine neoplasia at any anatomic site remains in
a state of considerable flux. In 1993, the World
Health Organization (WHO) divided laryngeal
neuroendocrine neoplasms into carcinoid, atypi-
cal carcinoid, and small cell carcinoma (1). I be-
lieve that there are several problems with this
approach, particularly with regard to the term
atypical carcinoid tumor. Most important, this
term requires clinician understanding that in
fact, an atypical carcinoid is an overtly malignant,
often high-grade neoplasm, meriting an aggres-
sive clinical approach. This is counterintuitive to
a name that seems more closely allied to the
indolent typical carcinoid tumor.

Although much is written about the morpho-
logic spectrum of neuroendocrine tumors, it is
not entirely clear whether typical carcinoid tumor
is a member of a blurred spectrum of neoplasms
or an entity distinct from higher grades of neu-
roendocrine neoplasia. Typical carcinoid tumor
of the larynx (or lung) appears to be unrelated to
smoking, whereas all other forms of neuroendo-
crine neoplasia in the larynx (or lung) show a
striking association. Most so-called atypical car-
cinoid tumors are obvious, often highly ma-
lignant-appearing neoplasms. In contrast, typical
carcinoid tumors are almost never associated
with areas of significant cytologic atypia. Finally,
so-called atypical carcinoids and small cell carci-
nomas will often show divergent differentiation
with foci of squamous or glandular cells. Such
features are extremely rare in typical carcinoid
tumors. In other words, typical carcinoid tumor
may be a morphologically and clinically distinct
lesion having little or no overlap with other,
higher grade neuroendocrine proliferations.
Therefore, it may be argued that such tumors

should be distinguished by being the sole neo-
plasms to carry the “carcinoid” designation. The
argument against this approach emphasizes the
need for uniform terminology and the fact that
carcinoid tumors, even the typical type, can
metastasize.

Some authors have suggested for the lung that
the term atypical carcinoid should be retained for a
narrowed set of lesions showing most of the fea-
tures of typical carcinoid but with increased mitotic
activity, greater nuclear pleomorphism, and focal
necrosis (2, 3). Some lesions considered to be atyp-
ical carcinoids in earlier studies have been rele-
gated to the more recently described diagnostic
category of large cell neuroendocrine carcinoma
(4). In the head and neck, lesions in both categories
are rare, and their biologic behavior is correspond-
ingly poorly understood. It has not been convinc-
ingly proven, for example, that atypical carcinoids,
stage for stage in the head and neck, are any differ-
ent in their biologic behavior from higher grade
neuroendocrine carcinomas.

I believe that the term atypical carcinoid should
be abandoned, even when used to designate a re-
stricted group of lesions with some features of car-
cinoid tumor. There is simply too much confusion
among clinicians with regard to the meaning of this
term. The terminology that I favor for neuroendo-
crine neoplasia is outlined in Table 1. Under this
system, typical carcinoid tumors are designated as
well-differentiated neuroendocrine carcinomas, fol-
lowed in print, at least for now, by (carcinoid tu-
mor) to make certain that the clinician understands
the meaning of this designation. So-called atypical
carcinoid tumors are designated as moderately dif-
ferentiated neuroendocrine carcinomas, a term that
more accurately reflects their biologic potential.
This system also recognizes poorly differentiated
neuroendocrine carcinomas of both small cell and
large cell subtypes.

The World Health Organization (WHO) classifica-
tion of ear, nose, and throat (ENT) tumors included
no category for large-cell neuroendocrine carcino-
mas, a relatively recently recognized entity in the lung
and some other sites. In the former location, such
tumors appear to fall into two categories: large
cell, light-microscopically undifferentiated carci-
nomas with occult neuroendocrine differentia-
tion detectable only at the immunohistochemical
or ultrastructural level and high-grade carcino-
mas composed of larger cells, with some neu-
roendocrine features at the light-microscopic
level. The former tumors have not been charac-
terized in the ENT region. The latter appear to
merge with the high-grade end of the moderately
differentiated category described below.

TABLE 1. Neuroectodermal Neoplasms of the Head and

Neck: Nomenclature

Group 1
Well-differentiated neuroendocrine carcinoma (carcinoid tumor)
Moderately differentiated neuroendocrine carcinoma (atypical

carcinoid tumor)
Poorly differentiated neuroendocrine carcinoma, small cell type
Poorly differentiated neuroendocrine carcinoma, large cell type
Pituitary adenoma/carcinoma

Group 2
Granular cell tumor
Heterotopic glial tissue
Malignant peripheral nerve sheath tumor
Malignant melanoma
Neurofibroma
Olfactory neuroblastoma
Paraganglioma
PNET/Ewing’s sarcoma
Schwannoma

PNET, peripheral neuroectodermal tumor.
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NEUROENDOCRINE CARCINOMAS AND

RELATED NEOPLASMS (GROUP 1)

The majority of neuroendocrine neoplasms in the
head and neck region arise from the larynx. The
(distant) second most common site is the salivary
glands. In the former location, the tumors are pre-
dominantly of moderate differentiation. In the lat-
ter location, they are typically of the poorly differ-
entiated, small cell subtype.

The first “neuroendocrine carcinoma” of the lar-
ynx was reported in 1969 by Goldman et al., who
referred to the lesion as a “carcinoid tumor” (5).
Subsequently, a considerable number of such cases
have been reported as carcinoids, atypical carci-
noids, malignant carcinoids, and neuroendocrine
carcinomas (5–23). In some of these earlier discus-
sions, the cytologic and clinical features of the tu-
mors were overtly malignant, yet the term carcinoid
tumor was applied without further modification,
emphasizing the nomenclature problem discussed
above.

Well-Differentiated Neuroendocrine Carcinoma
(Typical Carcinoid Tumor)

A review by El-Naggar and Batsakis (24) ad-
dressed the issue of so-called true or typical car-
cinoid tumors of the larynx. These authors indi-
cated that no more than a dozen such cases have
been adequately described (24). The well-
differentiated neuroendocrine carcinoma, or
“typical carcinoid tumor,” predominantly in-
volves the supraglottic larynx, often in the region
of the arytenoid or aryepiglottic fold. Only one of
the 13 patients in the review by El-Naggar and
Batsakis died of disease. Three other patients had
metastases to liver, bone, lymph node, and skin.
Despite this, these individuals were still alive 4 to
8 years after diagnosis (24). This biologic behavior
(33% metastases) is significantly different from
that of bronchial well-differentiated neuroendo-
crine carcinoma (carcinoid tumor) and suggests
that with more adequate study, one or more of
these tumors may have been reclassified as more
aggressive neoplasms (moderately differentiated
neuroendocrine carcinoma). Overall, however,
the behavior of this group of tumors is signifi-
cantly better than that of higher grade neuroen-
docrine neoplasms. Microscopically, these tu-
mors are identical to well-differentiated
neuroendocrine carcinomas (carcinoid tumors)
occurring at more common anatomic sites. The
tumors grow in nests and cords composed of
relatively uniform cells with characteristic “salt &
pepper” chromatin (Fig. 1). In my practice, I have
encountered only two of these in the larynx. Both
were confused with a laryngeal paraganglioma.

Helpful differential diagnostic features are dis-
cussed below.

“Carcinoid” of the Middle Ear
There have been several publications dealing

with so-called carcinoid tumors of the middle ear
(25–29). It seems clear that these lesions are better
interpreted as middle ear adenomas (MEA). MEA
can certainly have a carcinoid-like appearance (Fig.
2), but this is only one of their multiple growth
patterns. Some MEA may even exhibit partial neu-
roendocrine differentiation, based on immunohis-
tochemical marker studies. However, MEA (even
with neuroendocrine differentiation) appear to be-
have in a completely benign fashion. Labeling them
as “carcinoids” or, worse, well-differentiated neu-
roendocrine carcinomas, is confusing, particularly
to clinicians, and is only marginally supported
morphologically.

Moderately Differentiated Neuroendocrine
Carcinoma

As noted above, most neuroendocrine neo-
plasms of the larynx seem to be tumors of mod-

FIGURE 1. A well-differentiated neuroendocrine carcinoma
(“carcinoid” tumor) of the larynx consists of sharply demarcated nests
of uniform cells.
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erate differentiation, referred to by varying terms.
These are not rare neoplasms, and many have
previously gone unrecognized. In fact, several
studies have indicated that these are the most
common nonsquamous malignancies of the lar-
ynx (30, 31).

There have been several relatively large series of
moderately differentiated laryngeal neuroendo-
crine carcinomas (32–34). There is a strong male
predilection, and a high percentage of patients have
been cigarette smokers. The light microscopic fea-
tures are identical to those of analogous pulmonary
neoplasms. The tumors show some carcinoidlike
features with a tendency to grow in nests and cords
of cells, often with peripheral palisading of nuclei
(Fig. 3). However, there are obvious mitotic figures
coupled with mild to moderate nuclear pleomor-
phism, well beyond that typically seen in a well-
differentiated neuroendocrine carcinoma. Immu-
nohistochemically, the neoplastic cells are typically
positive for synaptophysin, cytokeratin, chromo-
granin, calcitonin, and carcinoembryonic antigen
(CEA) (34).

Surgical resection is the primary mode of ther-
apy. Of 127 cases with follow-up in Woodruff and

Senie’s review (34), 43% had regional lymph node
metastases, 22% had metastases to skin or subcu-
taneous tissues, and 44% had distant spread. The
overall 5-year survival was 48%, and 10-year sur-
vival was 30%. Radiation therapy did not signifi-
cantly improve survival. This important fact em-
phasizes the need to distinguish these tumors
from more radiation-sensitive squamous cell car-
cinomas (34). The responsiveness of these lesions
to different chemotherapy regimens is not well
documented.

Poorly Differentiated Neuroendocrine
Carcinoma, Small Cell Type

These tumors are often referred to as small cell
undifferentiated carcinoma or small cell neuroendo-
crine carcinoma (SCNC), depending on the degree
to which at least abortive neuroendocrine differen-
tiation has been documented. Once potentially
confusing lesions such as basaloid squamous cell
carcinoma and the solid variant of adenoid cystic
carcinoma have been excluded, the amount (if any)

FIGURE 2. Middle-ear adenomas may consists of sharply demarcated
cell nests indistinguishable from those of “carcinoid tumor.”

FIGURE 3. Moderately differentiated neuroendocrine carcinoma of
the larynx contains more irregular cell nests composed of moderately
pleomorphic cells with increased mitotic activity. Small foci of necrosis
may also be present.
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of documented neuroendocrine differentiation
seems to have no relationship to prognosis. As of
now, there are no well or moderately differentiated
small cell neuroendocrine carcinomas, so SCNC is
an acceptable synonym for the longer term listed
above. SCNC of the larynx are uncommon but well-
recognized neoplasms (32, 35–49). In a review by
Gnepp (49), almost three fourths of patients died of
widespread metastases. Two- and five-year survival
rates were similar to those for pulmonary SCNC.
There was a strong male predominance, and most
patients were heavy smokers. Microscopically, the
tumors were indistinguishable from their pulmo-
nary counterparts (Fig. 4). Foci of squamous or
glandular differentiation were occasionally noted
(48, 49).

Because of the poorly differentiated nature of the
tumor, immunohistochemical stains are of limited
value. Occasional cases have shown positivity for
chromogranin, neuron-specific enolase, calcitonin,
adrenocorticotropic hormone, �-endorphin, gastrin-
secreting polypeptide, and carcinoembryonic antigen
(13, 30, 49–51).

As mentioned above, SCNC needs to be distin-
guished from basaloid squamous cell carcinoma of
the larynx, a more common neoplasm with which it
may easily be confused (see differential diagnosis,
below).

Salivary SCNC
SCNC have been described arising from both ma-

jor and minor salivary glands. Salivary SCNC ac-
count for about 2% of parotid gland carcinomas
and about 3.5% of minor salivary gland malignan-
cies. There is a broad age range that includes pa-
tients under 30 years of age, but most are over 50
years old at the time of diagnosis. A male predilec-
tion is strongly suggested, but the total number of
cases is small.

These tumors are indistinguishable at the light-
microscopic level from “oat-cell” carcinomas of the
lung. Sheets of spindled to ovoid cells with little or
no visible cytoplasm; a very high mitotic rate; and
abundant, often infarctlike geographic necrosis are
typical. In our experience, multiple sections of
SCNC arising in the parotid gland have invariably

FIGURE 5. This poorly differentiated neuroendocrine carcinoma,
small cell type (top), of the parotid gland also includes a better
differentiated glandular component (bottom), which resembles a basal
cell adenocarcinoma.

FIGURE 4. Poorly differentiated neuroendocrine carcinoma of the
larynx, small cell type, consists of cords of pleomorphic cells with a
very high nuclear to cytoplasmic ratio.
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demonstrated areas of better differentiated carci-
noma (adenocarcinoma; Fig. 5). Immunohisto-
chemical stains have demonstrated divergent dif-
ferentiation in such cases. The presence of a better
differentiated component may be a helpful feature
in distinguishing these lesions from metastatic
SCNC.

SCNC of the salivary glands appears to have a
better prognosis than that of analogous tumors oc-
curring at most other locations. The 2-year and
5-year survival rates for SCNC of the major salivary
glands have been reported as 70% and 46%, respec-
tively (52). This is considerably better than the sur-
vival rates for SCNC at other head and neck sites,
such as the larynx (see above). Metastases from
salivary SCNC tend to disseminate hematog-
enously, and cervical lymphadenectomy is not war-
ranted unless clinically obvious disease is present.
As with laryngeal tumors, response to varying che-
motherapy regimens has not been well docu-
mented for salivary SCNC.

As with their laryngeal counterparts, we have
not found immunohistochemistry to be of great
value in the diagnostic evaluation of salivary
SCNC. The one exception is the frequent pres-
ence of punctate perinuclear cytokeratin positiv-
ity, a good surrogate marker for neuroendocrine
differentiation in small cell neoplasms, and doc-
umented in SCNC from other locations. Like Mer-
kel cell tumors of the skin, and unlike pulmonary
small cell carcinomas, salivary SCNC express cy-
tokeratin 20 (53, 54), and this feature, coupled
with their relatively good prognosis, has led to
speculation that these are “salivary Merkel cell
tumors.” This is an interesting theory, but it does
not explain the often-associated glandular differ-
entiation seen focally in SCNC. The cytokeratin
20 positivity is helpful in distinguishing salivary
SCNC from a metastasis.

Large Cell Neuroendocrine Carcinoma
As mentioned above, the recognition of large-

cell, light-microscopically undifferentiated neo-
plasms with occult neuroendocrine differentiation
arising in the lung is relatively recent. Large cell
undifferentiated carcinomas have been described
sporadically in the head and neck, including the
salivary glands, and it seems highly likely that neu-
roendocrine differentiation will be demonstrated in
some of these tumors.

One good candidate for this group is the so-called
sinonasal undifferentiated carcinoma (SNUC; 55–
59). These tumors are composed of intermediate to
large cells without light microscopic evidence of
differentiation. Immunohistochemical studies have
been limited, but at least some cases have ex-
pressed neuron specific enolase (NSE). Others have

shown scattered neurosecretory granules on ultra-
structural analysis. However, in a more recent re-
view we demonstrated lack of staining in SNUC for
chromogranin or synaptophysin (59). Assuming
that SNUC is capable of showing at least abortive
neuroendocrine differentiation, it fits broadly into
the category of large cell neuroendocrine carci-
noma, although it should be acknowledged that
some examples of SNUC closely approach the cell
size of small cell neuroendocrine carcinoma. A sim-
ilar size spectrum is, of course, well recognized for
pulmonary neoplasms.

SNUC are typically large tumors involving the
nasal cavity and multiple paranasal sinuses and
often extending into the periorbital tissues or the
central nervous system (Fig. 6). Unlike olfactory
neuroblastoma, their origin is not confined to the
cribriform plate and superior portion of the nasal
cavity. Because of their often-bulky size, their clin-
ical presentation is similar to that of a high-grade
lymphoma arising in this region. Symptoms are
typically related to a large mass with local invasion,
and include epistaxis, proptosis, cranial nerve def-
icits, pain and visual anomalies. SNUC occur in a
broad age range, from patients in their 3rd decade
of life to the very elderly. A possible association
with cigarette smoking has been suggested, and
nickel exposure has also been noted in SNUC
patients.

Microscopically, SNUC consist of sheets or large
nests of typically medium-sized cells with large
ovoid nuclei and often prominent nucleoli (Fig. 7).
The large cell nests often exhibit central, comedo-
like necrosis. Occasionally, SNUC grow in wide tra-
beculae or ribbons and may have a vaguely or-
ganoid pattern. Mitotic rate is very brisk (�10
MF/10 HPF), and vascular invasion is often exten-
sive. We have encountered occasional SNUC with
an overlying mucosal component of dysplasia or
carcinoma in situ. SNUC lack the dense lymphop-
lasmacytic infiltrate typical of lymphoepithelioma,
another distinct form of “undifferentiated” carci-
noma in the head and neck region. By definition,
glandular or squamous differentiation is not
present in SNUC.

Immunohistochemically, as noted above, SNUC
may show some staining for NSE, but in our expe-
rience they have generally lacked staining for most
other neuroendocrine markers, including synapto-
physin and chromogranin. We have documented
focal �-tubulin positivity in these tumors, again
suggesting neuroendocrine differentiation, but this
marker is not widely available (55). Significantly,
SNUC are strongly cytokeratin positive, and the cell
nests lack any peripheral S-100 protein–positive
cells, as seen in olfactory neuroblastomas (see be-
low). SNUC have been documented to have a dele-
tion of the retinoblastoma gene (60). We have re-
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cently shown that properly defined SNUC lack
Epstein-Barr virus (EBV) RNA (59).

In our recent review of 16 SNUC with follow-
up, 13 patients (81%) were dead of disease with a
median survival of 18 months (59). Two of the
remaining three patients were undergoing treat-
ment of recurrent disease, 7 and 9 months after
diagnosis. The remaining patient was the sole
disease-free survivor (10-y follow-up). Interest-
ingly, two patients in our series received high-
dose chemotherapy followed by bone marrow
transplantation. Both had long-term disease-free
intervals (9 years) but ultimately died of recurrent
disease. Because of their dismal clinical behavior,
SNUC should be distinguished from olfactory
neuroblastoma (ONB), which has a much better
prognosis (see below). Some authors have at-
tempted to grade olfactory neuroblastomas based
on cytologic pleomorphism. In our experience,
most if not all lesions categorized as “Grade IV
ONB” are, in reality, SNUC. Unlike ONB, SNUC
lack any light-microscopic evidence of neural dif-
ferentiation including a fibrillary cytoplasmic
background, Homer Wright rosettes, or ganglion-
like cells. Also aiding in this distinction are the
facts that SNUC are strongly cytokeratin positive
and lack an S100-protein–positive component at
the periphery of cell nests.

SNUC should also be distinguished from naso-
pharyngeal undifferentiated carcinoma, also known
as lymphoepithelioma or lymphepithelial carci-

noma (LEC). In our experience, SNUC does not
arise in the nasopharynx, but bulky lesions may
easily extend into this region. Conversely, LEC al-
most invariably arise in the nasopharynx, but his-
tologically identical lesions may occur in the sali-
vary gland or other “ectopic” sites in the ENT
region. Confusion of such LEC with SNUC in the
past has led to the erroneous belief that some
SNUC were related to EBV (61–64). Again, this is an
important distinction because LEC has a better
prognosis and is more responsive to radiation ther-
apy than is SNUC.

Distinction of SNUC from LEC can be made on
purely morphologic grounds. LEC cells have chro-
matically uniform, vesicular nuclei with absent or
small nucleoli. When LEC forms nests of tumor, the
cells typically appear to lack distinct cell borders
and form a “syncytium.” Although not required for
the diagnosis of LEC, the prominent lymphoplas-
macytic infiltrate is highly characteristic. In con-
trast, SNUC cells have prominent nucleoli, distinct
cell borders (in good preparations), and lack a lym-
phoplasmacytic infiltrate.

FIGURE 6. This sinonasal undifferentiated carcinoma demonstrates
extensive involvement of the nasal cavity and paranasal sinuses with
bulky intracranial extension.

FIGURE 7. Sinonasal undifferentiated carcinoma consists of sheets of
moderately sized cells with prominent eosinophilic nucleoli and
numerous, often atypical mitotic figures.
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DIFFERENTIAL DIAGNOSIS OF ENT

NEUROENDOCRINE CARCINOMAS

Paraganglioma
The larynx contains two matched sets of normal

paraganglia (65–67). These structures are, presum-
ably, the site of origin for true laryngeal paragangli-
omas. Aberrant or ectopic laryngeal paraganglia
have also been described (65). Early studies of la-
ryngeal “paragangliomas” indicated that such tu-
mors appeared to be more frequently malignant
than their counterparts occurring elsewhere in the
body (18, 19, 68–70). With time, it became increas-
ingly apparent that many if not all such malignant
tumors were, in fact, moderately differentiated neu-
roendocrine carcinomas (by whatever terminology;
30, 33, 71). It is clear that neuroendocrine carcino-
mas of the larynx can have a distinctly
paraganglioma-like appearance, with cell nests re-
sembling “Zellballen.” In a large analysis of the
literature regarding laryngeal “paragangliomas,”
Barnes critically reviewed 78 purported cases (72).
Of these, 34 were accepted as paragangliomas. The
remaining 44 cases were considered to be “unac-
ceptable.” Of the 30 patients with follow-up (mean:
5.2 y), five developed local recurrences after limited
local excisions. Only one of 30 patients (3%) devel-
oped a metastasis. This biologic behavior is quite
analogous to that of paragangliomas arising at
other locations and emphasizes the need for distin-
guishing this lesion from more aggressive neuroen-
docrine carcinomas.

Both paragangliomas and moderately differenti-
ated neuroendocrine carcinomas express neuroen-
docrine markers, including neuron-specific eno-
lase, chromogranin, and synaptophysin (73).
However, the sustentacular cells of paragangliomas
will stain strongly for S-100 protein and glial fibril-
lary acidic protein (73). These cells and this staining
are lacking in neuroendocrine carcinomas. In con-
trast, paragangliomas are cytokeratin negative,
whereas this marker is usually positive in moder-
ately differentiated neuroendocrine carcinomas
(73). Interestingly, calcitonin has been demon-
strated in laryngeal neuroendocrine carcinomas,
adding to the potential confusion with metastatic
medullary carcinoma (see below), but has not been
detected in true laryngeal paragangliomas (73).

Metastatic Medullary Carcinoma
The histologic similarity of moderately differen-

tiated neuroendocrine carcinoma of the larynx and
medullary carcinoma of the thyroid gland has been
well described (10, 30, 33). Wenig et al. (33) noted
that the only definitive parameter separating the
two lesions was the serum calcitonin level, which is
almost invariably elevated in patients with meta-

static thyroid carcinoma. Only a single, somewhat
controversial laryngeal neuroendocrine carcinoma
has been associated with an elevated serum calci-
tonin level (74).

Malignant Melanoma
The nesting pattern of moderately differentiated

neuroendocrine carcinoma may be confused with
the thèques of malignant melanoma. The latter tu-
mors do rarely arise in the larynx (33, 75–79). Ulti-
mately, immunohistochemistry may be necessary
to resolve this differential possibility. Staining with
HMB-45, a highly specific melanocytic marker, is
not found in laryngeal neuroendocrine carcinomas
(33). Malignant melanomas may also be confused
with olfactory neuroblastomas discussed below.
Unlike the focal S-100 protein positivity seen pre-
dominantly around the periphery of cell nests in
olfactory neuroblastomas, sinonasal malignant
melanomas usually manifest diffuse reactivity for
this marker.

Basaloid Squamous Cell Carcinoma
These tumors may easily be confused with poorly

differentiated neuroendocrine carcinoma of small
cell type. When they arise in the larynx, basaloid
squamous cell carcinoma (BSCC) have the same
marked tendency to involve the supraglottic region
seen with neuroendocrine neoplasms (80). Al-
though BSCC are aggressive tumors, primarily be-
cause of their advanced stage at presentation, stage
for stage their behavior appears to be analogous to
that of more conventional squamous cell carcino-
mas (80, 81). BSCC are often confused with small
cell carcinomas because of the presence of a prom-
inent, pleomorphic basaloid cell component. More
conventional squamous cell carcinoma is invari-
ably present in the basaloid variant. Because of this,
the diagnosis of small cell undifferentiated carci-
noma with focal squamous differentiation should
be approached with considerable caution in areas
in which basaloid squamous carcinoma frequently
occurs. The presence of overlying squamous dys-
plasia is strongly supportive of the basaloid variant.
Immunohistochemistry is of limited value in mak-
ing this distinction.

Other Group I Neural Lesions
Pituitary adenomas may arise ectopically in the

upper posterior portion of the nasopharynx (82).
More commonly, invasive pituitary lesions may de-
stroy the sella and present as a nasopharyngeal
mass (83). The possibility of a pituitary adenoma
(invasive or ectopic) should be considered for any
upper nasopharyngeal neoplasm with epithelial or
neuroendocrine features. Clinicians may be un-
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aware of associated defects in the pituitary sella and
almost invariably have not considered this
diagnosis.

NEURAL NEOPLASMS (GROUP II)

Olfactory Neuroblastoma
Olfactory neuroblastoma (ONB) is the prototypi-

cal Group II neural tumor in the head and neck
region. Despite its name, ONB has little if anything
in common with neuroblastomas elsewhere in the
body. The origin of ONB is virtually confined to the
olfactory mucosa involving the superior turbinate,
cribriform plate, and superior one-third of the nasal
septum (Fig. 8). Although there have been rare,
apparently “ectopic” ONB arising elsewhere in the
sinonasal region or even intracranially, a diagnosis
of ONB outside of the upper nasal cavity should be
made with the most extreme caution.

ONB arises in a broad age range, with bimodal
incidence peaks at approximately 15 and 55 years of
age. Presenting symptoms are typically related to
nasal obstruction or hemorrhage. On physical ex-
amination, it is often possible to visualize a pol-
ypoid, vascular-appearing mass high in the nasal
cavity. Rarely, patients with ONB have presented
with symptoms of ectopic hormone production, in-

cluding Cushings syndrome secondary to adreno-
corticotropic hormone (ACTH) secretion (84) and
fluid/electolyte imbalance secondary to antidi-
uretic hormone (ADH) production (85). Recently,
ONB has been shown to have somatostatin recep-
tors and to label with radioactive octreotide, a so-
matostatin analog. This allows relatively accurate
radiologic demonstration of tumor extent (86).

FIGURE 8. As demonstrated in this subtraction angiogram, olfactory
neuroblastomas arise in the region of the cribriform plate and may
invade it to extend intracranially.

FIGURE 9. Olfactory neuroblastoma forms irregular but sharply
demarcated nests of uniform cells with punctate chromatin. Mitotic
activity is sparse, but nuclear molding is focally present.

FIGURE 10. When olfactory neuroblastoma forms sharply
demarcated nests, the periphery of the nests is often outlined by S100-
positive cells.

272 Modern Pathology



At low-power magnification, ONB typically ex-
hibits nesting or sheetlike growth (Fig. 9). The neo-
plastic cells are typically small and round with
punctate chromatin, absent or small nucleoli, and
minimal cytoplasm. Nuclear pleomorphism is mild
or, at most, moderate. Mitotic rate is highly vari-
able, ranging from virtually absent mitotic figures
to �10/HPF. Most often, the mitotic rate is low but
apparent. The most helpful morphologic feature is
the presence of a fibrillary cytoplasmic background
caused by interdigitating neuronal cell processes.
In our experience, these can be seen in about 85%
of cases. Less commonly, ONB may exhibit Homer
Wright–type rosettes with annular arrays of nuclei
surrounding a central fibrillary aggregate. A diffuse
fibrillary background is invariably present in such
cases, as well. Rarely, ONB may form structures
resembling Flexner rosettes, though it has been ar-
gued that these are, in reality, foci of glandular
differentiation. Ganglion cells may occasionally be
encountered in ONB and are also of diagnostic
value. Rare ONB may exhibit divergent differentia-
tion in the form of focal glandular, melanocytic, or
myogenic cells. The potential for diagnostic confu-
sion is obvious.

Immunohistochemically, the cells of ONB usually
demonstrate diffuse positivity for neuron specific
enolase and synaptophysin (87–91). Chromogranin
is less often positive but occasionally may be
strongly so. Scattered S100-positive cells are often
present in tumors with a nesting growth pattern
and are preferentially located at the periphery of
the cell nests (Fig. 10). These cells have Schwann-
like ultrastructural features (87, 90–92). Their pres-
ence should not lead to confusion with malignant
melanoma. In fact, we have found these S100 pro-
tein–positive cells at the periphery of cell nests to
be an extremely helpful diagnostic feature. Because
ONB may also show aberrant melanocytic differen-
tiation, they may exhibit focal melanin pigmenta-
tion or even focal staining for HMB-45 (88). As
noted above, the potential for confusion with ma-
lignant melanoma is obvious. Unlike “classic”
Group II neuroendocrine neoplasms, up to one
third of ONB will exhibit at least focal staining for
low molecular weight cytokeratin (87, 93). This may
occur in areas of obvious aberrant glandular or
epithelial differentiation or in otherwise light-
microscopically typical ONB cells. Staining for EMA
is negative (91, 93).

Complete surgical resection is the treatment of
choice for ONB. Because of the tumor’s location
and tendency to penetrate the cribriform plate, this
may require a combined craniofacial resection. De-
spite the extensive nature of this procedure, other
than anosmia, the resultant functional and cos-
metic deficits are minimal. Complete surgical re-
section, often followed by supplemental radiation

or chemotherapy, results in a 5-year cure rate of
approximately 75% (94). Although counterintuitive
for a tumor with blastoma in its name, 5-year
disease-free survivals should not be equated with
cure. Recurrences have been noted to develop after
disease-free intervals of more than 10 years. Among
patients with recurrent disease, about two thirds
have local recurrence, about one quarter develop
regional nodal involvement, and about 15% expe-
rience distant disease.

With the widespread emergence of molecular di-
agnostic techniques applicable to paraffin-
embedded tissue, it was initially suggested that
ONB was a form of peripheral neuroectodermal
tumor (PNET), based on the apparent finding of the
t(11;22)(q24;q12) translocation characteristic of Ew-
ing’s sarcoma and PNET in some ONB (95). How-
ever, a more recent study performing RT-PCR on 11
ONBs failed to find the chimeric EWS/FLI1 tran-
script in any of these tumors (96). Southern blot
analysis also showed no evidence of the EWS gene
rearrangement. These findings explain the demon-
strated absence of CD99 immunohistochemical re-
activity in ONB (96–98).

Sinonasal Malignant Melanoma
The mucosal surfaces of the sinonasal region ac-

count for about 1% of all malignant melanomas
(99–103). Patients with sinonasal malignant mela-
nomas are typically 50 years of age or older, al-
though rare examples have been described in chil-
dren. In decreasing order of frequency, the tumors
favor the nasal cavity, maxillary antrum, ethmoid
sinuses, and sphenoid sinus. Significantly, nasal le-
sions favor the anterior nasal cavity and middle or
lower turbinates. These tumors rarely if ever involve
the nasopharynx or olfactory mucosa higher in the
nasal cavity. Other well-documented sites for mu-
cosal melanomas of the head and neck include the
oral cavity and the larynx.

Mucosal malignant melanomas are aggressive
neoplasms. Radiation therapy and chemotherapy
have been of little or no value in their treatment
(104). Median survival is approximately 18 months.
Depth of invasion has not convincingly been cor-
related with prognosis. The role of adjuvant immu-
notherapy is under active investigation.

Distinction of malignant melanoma from other
less aggressive and more therapeutically amenable
tumors is obviously important. Diffuse staining for
S100 protein, staining with HMB-45, or newer
markers such as anti-tyrosinase may be very helpful
diagnostically. Scattered S100-positive cells may be
seen in ONB and in a variety of carcinomas, so this
marker must be interpreted with some care. In gen-
eral, considering a diagnosis of malignant mela-
noma for any high-grade, sinonasal neoplasm with-
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out overt epithelial differentiation is a good
approach. This should lead to appropriate addi-
tional studies to confirm or refute the diagnosis.

Mucosal malignant melanomas can exhibit a
wide variety of histologic appearances. They may
be composed of small round cells mimicking lym-
phoma or small cell carcinoma, epithelioid cells
resembling large cell undifferentiated carcinoma,
rhabdoid cells resembling a rhabdoid tumor, or
spindled cells mimicking a variety of sarcomas (99)
(Fig. 11). In our experience, the distinction between
ONB and malignant melanoma can be particularly
problematic and is particularly important clinically.
As noted above, location can be extremely helpful if
reliable information is available.

Rarely, mucosal melanomas may exhibit a dis-
tinctly fibrillar background of the type typically
seen with ONB. Poorly formed Homer Wright ro-
settes may even be identified. Conversely, focal
melanin pigment may be found in ONB (105).
Strong diffuse staining for S100 protein or with
HMB-45 should allow distinction. It should be
noted that to further complicate matters, rare

HMB-45–positive cells have been seen in ONB with
some melanocytic differentiation. Such tumors are
fortunately extremely rare and only focally positive.

Ewing’s Sarcoma/PNET
Approximately 9% of extraosseous Ewing’s sarco-

mas (EOE) arise in the upper aerodigestive tract or
head and neck region, making it the third most
common anatomic site, after the extremities and
the thoracic/abdominal region (106–109). Patients
are typically children or adolescents (mean age:
18 y), though EOE have been described in elderly
individuals.

More than 90% of EOE will label strongly with
antibodies directed against the MIC-2 protein prod-
uct created by the t(11:22) fusion of the EWS/FLI-1
genes (110). This marker is of considerable diagnos-
tic value, but it is by no means specific. Many
lymphomas, particularly lymphoblastic and T-cell
lymphomas, express the MIC-2 protein. In addition,
a growing number of other neoplasms is being doc-
umented as expressing this protein. We recently

FIGURE 11. Sinonasal malignant melanomas may be composed of
distinctly spindled cells as in this example, which is invading cranial
bone.

FIGURE 12. Melanotic neuroectodermal tumor of infancy consists of
alveolar nests of neuroblastlike cells in a densely fibrotic stroma. Larger
pigmented cells also present in these lesions are not readily visible at
this magnification.
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documented this protein in an otherwise typical
SNUC (59, 111).

Melanotic Neuroectodermal Tumor of Infancy
Although extremely rare, the striking predilection

of this tumor for the head and neck merits its brief
mention. Melanotic neuroectodermal tumor of in-
fancy (MNTI) are polyphenotypic neoplasms exhib-
iting evidence of neural, epithelial, mesenchymal,
and neuroectodermal differentiation. As such, they
do not fit well into the Class I/II designation for
neuroectodermal neoplasia discussed above. MNTI
are often present at birth and invariably develop in
infants under 1 year of age. About 70% involve the
anterior maxilla, with most of the remainder occur-
ring elsewhere in the head and neck, including
mandible, and other skull bones (112).

Microscopically, MNTI consist of a biphasic pop-
ulation of large and small cells forming alveolar or
tubular-like structures embedded in a fibrotic
stroma (Fig. 12). The small cells resemble neuro-
blasts and the larger cells often contain prominent
cytoplasmic melanin pigment. Nuclear pleomor-
phism, mitotic activity, and necrosis are only rarely
noted. Immunohistochemically, the larger cells of
MNTI are typically positive for cytokeratin, vimen-
tin, and with HMB-45. Staining for EMA in the large
cells is variable. Both the small and large cell pop-
ulations are usually positive for NSE and may also
react for Leu-7 or with muscle markers. Staining for
synaptophysin and glial fibrillary acid protein has
also been described (113).

Simple excision with free margins is curative in
almost all cases. About 15% local recurrence and
6% metastasis, usually to regional lymph nodes, has
been reported, but probably represents over report-
ing of atypical cases. Because of their usually be-
nign biologic behavior, MNTI must be distin-
guished from small cell malignancies that occur
in childhood, including metastatic neuroblas-
toma, primitive PNET, and rhabdomyosarcoma.
Awareness of this rare lesion and its highly char-
acteristic microscopic appearance usually allows
recognition. However, the alveolar growth pat-
tern and presence of myogenous markers in some
MNTI may cause confusion with rhabdomyosar-
coma. The presence of melanin pigment, biphasic
cell population, and strong cytokeratin positivity
should allow distinction.

Other Group II Neural Lesions
A considerable number of additional Group II

neuroectodermal lesions may occur in the head
and neck. These lesions are not reviewed here, ei-
ther because of their lack of a strong predilection to
involve this region or because they are quite un-

common. This list of unreviewed lesions includes
heterotopic glial tissue (“nasal glioma”), neuromas
of varying types, neurofibroma, schwannoma,
nerve sheath myxoma, granular cell tumor, “con-
genital epulis,” meningioma, and, of course,
paraganglioma.
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Book Review

MacSween RNM, Burt AD, Portman BC, Ishak
KG, Scheuer PJ, Anthony PP (editors): Pa-
thology of the Liver, 4th edition, 895 pp,
Churchill Livingstone, London, 2001
($295.00).

Since I have recently used on these pages the
term “breviary” for the short liver biopsy book
written by Peter Scheuer (one of editors of this
text), I have no choice but to call the present
book a psalmody—a collection of hepatologic
psalms for all liturgical occasions. Or even more
appropriately, maybe I should call it the ultimate
sacred text penned by hepato- hierophants, a
neologism of mine constructed to mean that the
authors are high-ranked priests of hepatology or
interpreters of divine truth encoded in medical
literature on liver diseases and liver biopsy slides!

Befitting a text that focuses on the heaviest
internal organ in the body, this is a heavy book. In
part this is due to the fact that it was published on
heavy-duty paper, and in part owing to the number
of pages. From the previous edition it has gained
more than 100 pages. It is divided into 18 chapters,
discussing essentially all facets of liver pathology.
All chapters have been updated from the previous
edition. The aspects of liver anatomy and patho-
physiology relevant to the understanding of mor-
phologic changes are reviewed also. The recent
contributions of modern cell and molecular biol-
ogy are highlighted and placed in proper context.
Like before, the clinical pathological correlations
are the mainstay of the book. Morphologic mani-
festations of liver diseases are illustrated with high-
quality, well-chosen color photographs. The refer-
ences are up-to-date and include many papers
dating to years 1998–2000. Obviously the book was
aimed at hospital-based diagnostic pathologists,
but it will be consulted by clinical hepatologists as
well.

Hepatopathology is a growing field, and to

quote Hans Popper from his 1979 foreword to
the first edition, this is just the “latest progress
report and not a final dogma” of that discipline.
Some old controversies, such as the concepts of
hepatic acinus and lobule, are given new airing.
There are a lot of new data on viral and immu-
nologic diseases and liver transplants. The list of
hepatic drug reactions is getting longer on a daily
basis. It is a reflection of our times that the au-
thors are not even trying to be absolutely up-to-
date (a Sisyphean task!) but list URLs for those
readers who want to use computers to keep up
on their own with the flood of information.

This is a beautiful book full of useful facts
that will be appreciated by diagnostic patholo-
gists. I used it during the past 2 months to look
up specific entities encountered in our hospital
practice, and I found it very user friendly and
complete. On occasion I found that some topics
need to be updated; for example, in the past 10
years we have learned much more about the
sickle cell hepatopathy. The data on some tu-
mors, such as embryonal sarcoma of the liver,
need updating. Fine needle aspiration biopsy
probably also needs a bit more space.

In the foreword written by V. Desmet, we are
reminded that “ Like the building of cathedrals
the building-up of medical diagnoses requires
not only the carving of stones, but also the vision
and perspective of the builders.” There is no
doubt that this book is, like a cathedral, awe-
inspiring. To continue the quote, “Countless
problems await . . . future hepatologists armed
with future microscopes” (to solve them all). Un-
til then, this remains the best compilation of our
current knowledge of hepatopathology.

Ivan Damjanov
University of Kansas School of Medicine
Kansas City, Kansas
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