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Abstract Neuroendocrine tumors are ubiquitous neoplasms that may occur
anywhere in the human body. Although these tumors have been recognized for more
than 100 years, a unifying concept regarding classification has been controversial,
and concepts introduced a century ago are still kept in use in today’s nomenclature.
In addition, some of the current entities encompassed in the rubric of neuroendo-
crine carcinomas still require better definition and proper study. Interestingly, even
though it is known that the great majority of neuroendocrine neoplasms occur in the
gastrointestinal tract, most of the current concepts regarding classification and
nomenclature are being driven by studies in thoracic tumors. Nevertheless, one of
the issues that has been put forward to keep separate nomenclatures for these tumors
in different organ systems is the supposed different clinical behavior of these neoplasms
in the different systems.

The emphasis in this chapter will be the morphological approach with the idea of
unifying histological criteria for the diagnosis of the spectrum of these tumors whether
they are in the genitourinary, gynecological, thoracic, or gastrointestinal system. The
use of ancillary methods such as immunohistochemistry or electron microscopy
although important will be included as a manner to refine the diagnosis.
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Introduction

Neuroendocrine tumors are ubiquitous neoplasms that may occur anywhere in the
human body. Although these tumors have been recognized for more than 100 years,
a unifying concept regarding classification has been controversial, and concepts
introduced a century ago are still kept in use in today’s nomenclature. In addition,
some of the current entities encompassed in the rubric of neuroendocrine carcinomas
still require better definition and proper study. Interestingly, even though it is known
that the great majority of neuroendocrine neoplasms occur in the gastrointestinal
tract, most of the current concepts regarding classification and nomenclature are
being driven by studies in thoracic tumors. Nevertheless, one of the issues that has
been put forward to keep separate nomenclatures for these tumors in different organ
systems is the supposed different clinical behavior of these neoplasms in the different
systems. All the same, it is important to note that whether a conventional schema or
a new classification is used in the definition of these tumors, it is likely that there is
still going to be some controversy about the best way to classify neuroendocrine
neoplasms. The most important aspect regarding this group of tumors is the fact that
they should be considered neoplasms capable of local recurrence and distant metas-
tasis. Close clinical correlation and appropriate treatment is important in order to
improve survival rate in this group of patients. Because of the wide spectrum of
tumors that can be categorized as “neuroendocrine,” the emphasis in this chapter will
be predominantly with the spectrum of epithelial neoplasms that correspond to the
low, intermediate, and high-grade neuroendocrine carcinomas (so-called carcinoid,
atypical carcinoid, and small and large cell neuroendocrine carcinoma). We will keep
in the differential diagnosis other neuroendocrine tumors that may pose a problem in
the differential diagnosis, thus contrasting when appropriate such other tumoral
conditions.

As stated before, the ubiquitous distribution of these tumors in the human body
is a well-known fact, and tumors with similar histological features as those seen in
the gastrointestinal tract or in the thoracic area have also been described in other
anatomic areas, including the male and female genitourinary system [1, 2]. Although
“carcinoids” in some anatomic areas are believed to represent “benign tumors,” the
experience with these neoplasms in general does not reflect such consideration.
Unfortunately, the use of different nomenclature and classifications has obscured
the fact that “carcinoids™ and “atypical carcinoids” metastasize in approximately
15% of the cases for the former while the survival rate for the latter has been esti-
mated to be 56 and 35% at 5 and 10 years, respectively [3—18]. On the other hand,
the distribution of these neoplasms is of importance as primary thymic neuroendo-
crine carcinomas (carcinoids), although not very common tumors representing no
more than 5% of all mediastinal tumors appear to behave more aggressively in
approximately 80% of the cases [19-21] while the opposite may be true for the
incidental appendiceal “carcinoid tumor.” In addition, depending on the anatomic
location, some of these tumors may be associated with clinical conditions that may
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play a role in the survival of these patients. For instance, when these neoplasms
occur in the mediastinal region, they may be associated with the multiple endocrine
neoplasia (MEN) syndrome. Because of these clinical associations they have been
the subject to numerous reports, some emphasizing clinical aspects while others
emphasizing more histopathological aspects [22-76]. The diverse clinical condi-
tions as well as classification schema for primary thymic neuroendocrine tumors
have been reported in only a few large series in the literature, with the largest series
comprising 80 thymic primary neuroendocrine carcinomas (carcinoid and atypical
carcinoid) [77, 78]. On the contrary, similar tumors with almost identical histo-
pathological features occurring in the gastrointestinal tract are divided differently
assuming that some of them are benign. In addition, their classification involves not
only the morphology of the neoplasm but also the endocrine activity of the tumor as
well as the use of immunohistochemistry, namely Ki-67, which is a proliferating
marker [79]. Needless to say, the emphasis in this chapter will be the morphological
approach with the idea of unifying histological criteria for the diagnosis of the spec-
trum of these tumors whether they are in the genitourinary, gynecological, thoracic,
or gastrointestinal system. The use of ancillary methods such as immunohistochem-
istry or electron microscopy although important will be included as a manner to
refine the diagnosis.

Clinical Aspects

The clinical features of neuroendocrine tumors are wide and to some extent will
depend on the anatomic area in which these tumors may be located. For instance,
thymic neuroendocrine tumors are more commonly associated to the MEN, type
I endocrinopathy [21], which in some authors view, may alter the prognosis of these
tumors [19]. In that regard, it is possible that previous cases of thymomas associated
with endocrinopathies such as Cushing’s syndrome may in fact represent thymic
neuroendocrine carcinomas as has been reported in other occasions [36, 38, 47,
80-82]. Nevertheless, thymic neuroendocrine carcinomas may also be associated to
other conditions including polyarthropathy, proximal myopathy, and peripheral
neuropathy [24]; hyperparathyroidism [30, 39]; incomplete Sipple syndrome
(MEN-II) [31]; ADH secretion; Eaton—Lambert syndrome; hypertrophic osteoar-
thropathy [83]; secretion of ACTH [36]; and secretion of parathyroid hormone,
calcitonin, beta-lipoprotein, and serotonin [84]. It has been estimated that about half
of all neuroendocrine carcinomas in the thymus are functionally active or associated
to MEN while about 30% are malignant on the basis of local invasion, metastasis,
or both [33]. Interestingly thymic carcinoids have not been associated with myas-
thenia gravis, carcinoid syndrome, or hypogammaglobulinemia. On the other hand,
it is exactly the concept of hormonal functionality that has been the driving force for
the classification of these tumors, when they occur in the gastrointestinal tract [79].
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Gross Features

Regardless of the anatomic location, these tumors may be well circumscribed or may
be infiltrative including extension into adjacent organs. Those occurring primarily
within the lung may have a central location, namely endobronchial location, or may
be peripheral tumors. Primary pulmonary neuroendocrine tumors regardless of their
histological grade may present with lymph node involvement or extra-thoracic
spread. Those occurring in the gastrointestinal area may show similar features
regarding well circumscription or infiltrative pattern similarly to those in the geni-
torurinary system. Also, the size of these tumors may vary, as some tumors may be
as small as 0.5 cm in diameters while other tumors may show a larger size of more
than 10 cm in greatest dimension. It is important to mention that the size of these
tumors plays an important role in the current nomenclature as those tumors under
0.5 cm in diameter are coined as “carcinoid tumorlet” when they occur in the lung
parenchyma. This so-called carcinoid tumorlet may be analogous to the small inci-
dental “carcinoid tumor” found in the appendix.

At cut surface they may show a tan color with a homogeneous surface while
other tumors may show areas of hemorrhage and/or necrosis. These latter features are
commonly used in the grading and classification of these tumors and its presence or
absence may upgrade or downgrade a particular tumor.

Histopathological Features

Neuroendocrine carcinomas (carcinoids, atypical carcinoids, small or large cell
neuroendocrine carcinoma) share similar histopathological features regardless of
the anatomic site (Figs. 2.1-2.3). More recently, a more expanded view of the dif-
ferent histopathologic growth patterns that may be observed in these tumors has been
presented [85-89]. Nevertheless, the basic concept of cell morphology is applicable
to these tumors regardless of the anatomic distribution. In some cases, certain
growth patterns may be seen more often in some anatomic areas but in general the
basic histopathology is similar.

These tumors are characterized at low magnification view by a prominent nesting
and a homogenous growth pattern. The nests are separated by thin fibrocollagenous
tissue while in other areas the growth pattern is that of ribbons of cells exhibiting
similar cytological features. The characteristic cytology is that of small or medium
size cells with moderate amounts of light eosinophilic or pale cytoplasm, round to
oval nuclei, and inconspicuous nucleoli. The tumors in occasions may show a prom-
inent oncocytic differentiation in which the tumor cells appear slightly larger than
those of the conventional growth pattern. In this setting, the cells show moderate
amounts of eosinophilic cytoplasm and the nuclei appears to be more prominent.
However, the nucleoli are still inconspicuous. Tumors with prominent spindle cell
features also may be seen and in these cases the cells adopt a fusiform shape
mimicking a mesenchymal tumor. In some cases, melanin pigment may be observed
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Fig. 2.1 Well-differentiated
neuroendocrine carcinoma
(low grade, Grade I)
involving the colonic
mucosa. Note the well-
organized nesting pattern

Fig. 2.2 Similar type of
tumor involving the lung.
Once again, note the
well-organized nested
pattern. A portion of the
bronchial cartilage is also
present

in any of the growth patterns and these tumors are regarded as pigmented neuroen-
docrine carcinomas (carcinoids). In very unusual circumstances, the tumor may
display a characteristic angiectatic growth pattern similar to that observed in vascular
tumors. In these tumors, the presence of large ectatic areas filled with red cells may
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Fig. 2.3 Moderately differentiated neuroendocrine carcinoma (intermediate grade, Grade II) dis-
playing similar characteristics in different anatomic areas. (a) Moderately differentiated neuroen-
docrine carcinoma involving the mucosa and muscular layer of the colon; (b) same tumor
infiltrating deeply and involving the serosa and adipose tissue; (¢) similar tumor in the mediastinal
compartment showing the classical come-like necrosis; (d) similar tumor involving the testis, note
the presence of seminiferous tubules

be confused with a vascular tumor. However, the areas in which these ectatic areas
are seen show the typical cytological features of a neuroendocrine tumor. Also
important to note is the presence of tumors in which the neoplastic cells are embedded
in an acellular eosinophilic amyloid-like stroma. Tumors showing this type of
growth pattern may be confused with tumors of different origin such as thyroid
medullary carcinoma.

Other unusual variants that are important to be recognized include mucinous
neuroendocrine carcinoma (carcinoid) [90], signet ring cell, goblet cell (Figs. 2.4
and 2.5), and tumors that share combined features of low- and high-grade differen-
tiation [85]. In the mucinous variant, the tumor cells may be scant and embedded in
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Fig. 2.4 (a) So-called Goblet cell carcinoid tumor involving the appendix; (b) higher magnification
showing the presence of “goblet-like cells” splitting fibromuscular fibers

Fig. 2.5 Mediastinal
mucinous neuroendocrine
carcinoma, note the presence
of clusters of neoplastic cells
embedded in a mucinous
stroma. This type of tumors is
more commonly seen in the
gastrointestinal area

large pools of mucin, which may be confused with a primary mucinous adenocarci-
noma. Similar problem may arise when the morphology of the tumor is that of goblet
cells or signet ring cells in which the tumor may be confused with a conventional
adenocarcinoma. On the other hand, there are some tumors that may show alternating
areas of conventional “carcinoid” admixed with other areas more in keeping with
conventional “small cell carcinoma.” It is important to keep these histopathological
growth patterns in mind, namely in the setting of limited mediastinoscopic biopsies.
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In this context, it is also important to mention that neuroendocrine carcinomas
(carcinoids) may also be associated or admixed with other neoplasms such as thymic
carcinoma or mesenchymal tumors [60, 90].

Since most of these histopathological growth patterns are recognized in complete
surgical resection, a practical approach to the diagnosis of these tumors has been put
forward when dealing with small limited biopsy material [91]. Although not a complete
full proof schema, it provides important information for the treating physician to
outline a treatment approach.

Immunohistochemistry and Ultrastructure

In general, the use of neuroendocrine markers including chromogranin, synaptophysin,
and Leu-7 are important markers in the evaluation of neuroendocrine neoplasms. More
recently, a study of 40 cases of primary thymic neuroendocrine carcinomas [76] using
a panel of antibodies including CAM 5.2 low molecular weight keratin, broad spec-
trum keratin cocktail, chromogranin, synaptophysin, and Leu-7 was performed showing
strong positive reaction for CAM 5.2 in all cases while broad-spectrum keratin was
positive in approximately 88% of the cases studied. Of the neuroendocrine markers
tested, chromogranin was seen positive in 75%; synaptophysin in 73%, and Leu-7 in
68%. In only 60% of the cases a dual staining with chromogranin and synaptophysin
was observed. Interestingly, in our experience, pS3 was seen only focally positive in
less than 5% of the cases studied. More recently, a new antibody CD56 has become
available as a new neuroendocrine marker. This panel of immunohistochemical markers
is commonly used for the diagnostic evaluation of neuroendocrine carcinomas.
Nevertheless, when these tumors occur in the gastrointestinal tract, other immunohis-
tochemical antibodies directed against hormonal antigens are also used. In addition, in
gastrointestinal tumors, the use of Ki-67 has been used to measure the proliferating
index of these tumors. Assessments of more than or less than 2% have been drawn to
determine whether the tumor is benign or of low-grade malignancy. Interestingly, it is
not clear whether that 2% is assessed in a biopsy material or in a resected tumor.
Obviously, that percentage will fluctuate depending on the size of the material studied.
Also of questionable value will be the use of a proliferative marker Ki-67 in a resected
specimen in which the pathologist is able to determine the presence of mitotic activity,
nuclear atypia, and the presence of necrosis by light microscopy alone.

Ultrastructurally, the finding of neurosecretory granules in tumor cells is the
most important feature. However, the presence of neurosecretory granules is more
readily seen in better-differentiated neoplasms.

Classification

Since the original description by Oberndorfer and Frankfurt [92] of carcinoid tumor,
there have been numerous attempts to correlate specific features of these tumors with
clinical behavior, which in due process have given rise to the several classification
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schemas presented over the last decades. Although none of those schemas has been
universally accepted, numerous important contributions to our understanding of
these tumors have been presented. For instance, the introduction of the term “atypical
carcinoid” by Arrigoni et al. [8] who separated tumors which today are considered to
behave more aggressively than the conventional “carcinoid tumor.” However, it is
important to recognize that because of this terminology, some authors have consid-
ered that the conventional “carcinoid tumor” represents a benign neoplasm. Other
authors have advanced the field by highlighting the necessity for a more expanded
classification system. This expanded view of neuroendocrine tumor has generated
some gain but also some confusion as the histopathological evaluation of these
tumors has been joined with the immunohistochemical results; thus, the reluctance of
some authors to completely endorse those schemas. Nevertheless, important issues
including recognition of the Kultchistky cell as the origin of these tumors, expanding
the classification system from three to four different categories, and proposing that
these tumors are part of a spectrum of differentiation ranging from low- to high-
grade neoplasms are among the important gains and contributions to our understanding
of these tumors [3-18]. However, each one of those systems has brought some
controversy. Table 2.1 depicts the conventional, modern/practical, and World Health
Organization (WHO) histopathological classification of neuroendocrine tumors [93].
Howeyver, it is important to also note that the American Joint Committee on Cancer
(AJCC) [94] also has established a staging system for these tumors, which for the
most part uses the conventional TNM. That system applies mainly to tumors of the
gastrointestinal tract and also subdivides tumors into well-differentiated neuroendo-
crine tumor and well-differentiated neuroendocrine carcinoma, making an exact
correlation with other nomenclatures difficult. In addition, it is important to note that
even in the last publication of the WHO for thoracic tumors, which includes lung and
mediastinum, there is still some inconsistency in the approach for primary lung
tumors as opposed to mediastinal neoplasms. While mediastinal tumors that have
been proved to be more aggressive depending on their histological grade, according
to the WHO, these tumors are separated into well and poorly differentiated tumors.
On the contrary, similar pulmonary tumors that are considered less aggressive than
their mediastinal counterparts are separated into four different categories. Needless
to say, this very exact issue denotes the obscurity that different authors and classifica-
tions systems have embedded in the literature. On the other hand, there are some
other issues that remain unsolved, such as the diagnostic criteria for the so-called
large cell neuroendocrine carcinoma. The diagnostic criteria for the latter tumor does
not depend on light microscopic diagnosis but one that requires positive immunohis-
tochemical neuroendocrine markers or presence of neurosecretory granules by electron
microscopy in addition to the “neuroendocrine pattern.” As currently defined, the
diagnosis cannot be made on a small biopsy due to the possible lack of “neuroendo-
crine pattern.” Additionally, any given nonsmall cell carcinoma may show neuroen-
docrine differentiation by immunohistochemistry, thus, creating a problem on when
to separate large cell neuroendocrine carcinoma from the nonsmall cell carcinoma
with neuroendocrine differentiation. Furthermore, the controversy deepens when
one encounters a tumor that has a “reasonable neuroendocrine pattern” but yet the
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immunohistochemical neuroendocrine markers are negative. Then the diagnosis of
large cell neuroendocrine carcinoma (LCNECa) cannot be made, leaving the diagnosis
of large cell carcinoma with neuroendocrine pattern. In this regard, the pathologist is
left with three possibilities to assess such problem:

e Large Cell Neuroendocrine Carcinoma: neuroendocrine pattern plus positive
neuroendocrine markers.

* Large Cell Carcinoma with Neuroendocrine Pattern: neuroendocrine pattern is
present but immunohistochemical markers are negative.

e Large Cell Carcinoma with Neuroendocrine differentiation: positive neuroendo-
crine markers by immunohistochemistry in a tumor that does not show neuroen-
docrine histological growth pattern.

Although histologically speaking thoracic neuroendocrine carcinomas are similar
to those seen in other areas such as the gastrointestinal tract, great care must be
exercised in their classification since the prognosis for these tumors in the thymus
appears to be different than those in the lung or gastrointestinal tract. Thus, a modified
approach and nomenclature of these tumors when they occur in the thymus has been
argued [76, 77] following the notion already presented by others [61, 82] that these
tumors represent a spectrum of differentiation. In addition, we currently use similar
histological criteria for those tumors occurring in the lung parenchyma [95], and
consider that similar histopathological approach should also be extended to similar
tumors regardless of their anatomic location. Nevertheless, it must be understood
that the classification scheme takes into account not only the presence of necrosis,
cellular atypia, and mitotic count but also takes into account that in order to provide
a more precise classification, a surgical resection of the tumor must take place. The
use of this classification based on limited biopsies may prove limited.

The working schema that has been proposed in the evaluation of neuroendocrine
carcinomas is as follows:

Biopsy Material

* Low or intermediate grade neuroendocrine carcinoma — for those tumors that
follow in the range of low or intermediate grade tumors (carcinoid or atypical
carcinoid) and the tumor is more than 5 mm in greatest diameter (the pathologist
must specify the possibilities of this diagnosis).

e Small cell carcinoma.

* Other types of conventional carcinomas, nonneuroendocrine or possibly a large
cell neuroendocrine carcinoma.

Surgical Resections

1. Well-differentiated (low grade, Grade I) neuroendocrine carcinoma (conventional
carcinoid)

e Mild cellular atypia
¢ (0-3 mitotic figures/10 hpf
e Small focus of punctuate comedonecrosis may be allowed
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2. Moderately differentiated (intermediate grade, Grade II) neuroendocrine carcinoma
(atypical carcinoid)

e Moderate cellular atypia
e 4-10 mitotic figures/10 hpf
¢ More extensive foci of necrosis

3. Poorly differentiated (high grade, Grade III) neuroendocrine carcinoma (small
cell carcinoma or large cell neuroendocrine carcinoma — because of the restricted
diagnostic parameters imposed on the diagnosis of large cell neuroendocrine
carcinoma, it has been considered that such designation may be given for those
tumor that show the conventional light microscopic features with or without
positive immunohistochemical markers.)

» Severe or prominent cellular atypia
* More than 10 mitotic figures/10 hpf
» Extensive areas of necrosis

It is important to note that some of these tumors may show overlap of features
and mix histologies [66]. Therefore, careful interpretation of the different histological
grades is necessary.

Differential Diagnosis

The most important consideration regarding primary neuroendocrine carcinomas is to
establish the site of origin. Since all these tumors share similar histopathological
features, the diagnosis of primary tumor will depend largely on clinical evaluation and
proper exclusion of the most common sites, i.e., gastrointestinal and lung. In this
particular setting, the use of TTF-1 and CDX2 immunohistochemical studies may
provide help as tumors of lung origin will likely express TTF-1 and not CDX2 while
those of gastrointestinal origin would do the opposite. Other tumors that may be easily
confused with neuroendocrine carcinomas include paragangliomas and/or ectopic
parathyroid adenoma. Both of these tumors may pose considerable difficulty since
both tumors are by definition neuroendocrine in nature. In paragangliomas, the histo-
pathologic characteristic is that these tumors will show a similar growth pattern as
neuroendocrine carcinomas. However, they are also characterized by the presence of
large “megalic” cell with bizarre forms and shapes but very few mitotic figures if any.
In addition, paragangliomas will display negative staining for keratin while neuroen-
docrine carcinomas show for the most part positive staining [96]. In cases of ectopic
parathyroid adenomas, the presence of prominent clear cells (chief cells) admixed with
oncocytic cells may lead in the correct interpretation. In addition, the use of periodic
acid-Schiff to determine the presence of glycogen and the use of immunohistochemi-
cal studies for parathyroid hormone will also be helpful in this setting. In the gastro-
intestinal tract, one other tumor that may pose a problem in diagnosis mainly with
limited biopsy material is glomus tumor. However, the use of immunohistochemical
studies will show glomus tumor positive for smooth muscle actin and negative for
neuroendocrine markers, leading to a more accurate interpretation.
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Prognosis

Based on our experience, we consider that the prognosis of neuroendocrine tumors
is linked to the size of the tumor, degree of differentiation, and proliferative activity
[76]. For instance, in tumors occurring in the thymus and showing better-differenti-
ated features, it is expected that the survival rate be around 50% at 5 years; those
showing moderately differentiated features 20% at 5 years; and those showing
poorly differentiated features 0% at 5 years. On the other hand, “carcinoid” of lung
origin has 15% rate of lymph node metastasis and 90% 5-year survival, while the
rates for “atypical carcinoid” are 25 and 56%, respectively [16]. Therefore, we consider
that every attempt should be made to properly classify these tumors according to the
degree of differentiation and extent of infiltration. However, it is also important to
mention that those tumors that have been coined as “carcinoid tumorlets,” which by
definition measure less than 5 mm in diameter, may observe a much better survival
rate of possible 100% at 5 years. Similar analogy may be seen with the incidental
microscopic “carcinoid tumor” of the appendix.

Conclusion

It has been more 100 years since the term “carcinoid” was introduced in the literature
[92] in order to separate a group of tumors in the small intestine that behave better
than conventional carcinomas. Currently, similar tumors have also been described in
other anatomic areas and in some of them time has proven that the behavior is not
necessarily of a benign tumor. Thus, we have proposed to abandon the term “carcinoid”
for a more appropriate term, neuroendocrine carcinoma. It is hoped that by providing
this “more meaningful” approach, more research can be done in terms of better thera-
peutic panels to improve the life expectancy of these patients. We also consider that
the term neuroendocrine carcinoma with their different grades of differentiation
denotes the spectrum of differentiation that these tumors may show.
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