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Clinical and Biological Relevance of Recently
Defined Categories of Pulmonary Neoplasia

Edward Gabrielson

1. Introduction

The clinical management of lung neoplasia now involves considerations of
several diagnostic categories that were not in common use only a few years
ago. In particular, there is now an increased recognition of neuroendocrine
differentiation in lung cancer, including acknowledgment of large-cell neuro-
endocrine cancer asadistinct class of lung cancer. In addition, thereis growing
awareness of various form of early neoplasia in the lung, particularly in situ
squamous cell proliferations and atypica adenomatous proliferations. With an
emphasis on implications for clinical management, this review will discuss the
biology of these important categories of lung neoplasia and compare them to
other commonly recognized forms of lung tumors.

2. Neuroendocrine Differentiation and Classification
of Lung Neoplasia

Other than the distinction between benign and malignant, the distinction
between small cell cancer (SCLC) and non-small cell cancer (NSCLC) is
perhaps considered to be the most important diagnostic decision made by the
pathologist in the evaluation of lung neoplasms. SCLC is well-recognized to
be highly aggressive and, because it is most often widely disseminated by
the time a diagnosis is made, it is usually treated by chemotherapy rather
than surgery.

SCLC is well-recognized as a highly malignant form of lung cancer,
with neuroendocrine differentiation among its distinguishing characteristics.
Carcinoid tumors, with an even greater degree of neuroendocrine differentia-
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tion, typically have alow malignant potential and thus represent the other end
of the clinical spectrum of lung tumors. These two types of neoplasia, which
are clinically diverse, are frequently thought to represent different ends of
a single biological class of tumors, based on the neuroendocrine differentia-
tion common to these types of neoplasms. However, as discussed below,
there is significant evidence to suggest that SCLC and carcinoid tumors are
fundamentally different disease processes. In addition to these common forms
of pulmonary neoplasia, a class of tumors known as large cell neuroendocrine
carcinoma has been recently recognized. The accurate classification of lung
tumors with neuroendocrine differentiation is thus more complex than previ-
ously recognized.

2.1. Small Cell Lung Cancer

Small cell lung cancers are distinctive tumors, with a characteristic cellular
morphol ogy that includes scant cytoplasm (thusresulting in an overall relatively
small size of the cells), finely granular chromatin, absent or conspicuous
nucleoli, and frequent mitoses (see Fig. 1). In actuality, the nuclear morphology,
chromatin distribution, and high mitotic rate are more important than cell size
in establishing the diagnosis, and variants of SCLC, all with similarly poor
prognosis, are recognized (1). Although small cell lung cancers usually have
only vague semblance to the usual neuroendocrine architecture in terms of
nesting of cells and vacularity, electron microscopy has demonstrated that
many SCL Cs have dense-core granulestypical of neuroendocrine cells. Dense-
coregranulesin SCL C are occasionally situated in cell processes that resemble
dendrites (2) but are generally few and small (100 to 13 nm). Moreover,
approximately one-third of SCLCs do not have dense core granules, and
cytoplasmic structures of other differentiation pathways, such as glandular
structures or cytokeratin bundles, are also occasionally seen (3). Immunohis-
tochemical studies of small cell lung cancer have confirmed the expression of
markers of neuroendocrine differentiation but, again, these markers are not
expressed in about 20% of small cell lung cancers (4). Furthermore, epithelia
(cytokeratin) markers are expressed at variable levels (5), suggesting that many
small cell cancers share differentiation phenotypes with non-small cell cancers.
Thus, when classifying SCLC on the basis of neuroendocrine differentiation,
it must be remembered that the association between small cell lung cancer and
neuroendocrine differentiation is not absolute. Importantly, the diagnosis of
SCLC is established by the characteristic microscopic morphology, and not
by immunohistochemical or ultrastructural demonstration of neuroendocrine
differentiation.
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Fig. 1. Representative histology of pulmonary carcinoid (A), small cell lung cancer
(B), and large cell neuroendocrine cancer (C). Note the “organoid architecture,” lack
of nuclear atypia, and low mitotic rate that distinguish carcinoid from the highly
malignant forms of lung cancer. Small cell lung cancer has fewer and smaller nucleoli,
as well as generally smaller cells, than the large cell neuroendocrine cancer. Other
distinguishing characteristics are discussed in the text and references.

2.2. Pulmonary Carcinoid Tumors

Another common class of lung neoplasms with neuroendocrine differentia-
tion is that of pulmonary carcinoid tumors, which are relatively uncommon
(about 8% of all lung tumors) but distinctive neoplasms (6). Although these
tumors have been previously classified as bronchial adenomas, they are now
considered to be neoplasms of variable malignant potential. Most carcinoid
tumors (typical carcinoids) are relatively well-circumscribed and have an
“organoid” microscopic appearance similar to carcinoid tumors of other organs
(see Fig. 1). Consistent with their nonaggressive nature, mitoses are infrequent
and lymphatic or vascular invasion are rare in tumors classified as “typical
carcinoid” (6).

A subset of pulmonary carcinoid tumors does have morphological and
clinical features consistent with a relatively aggressive clinical biology (7).
These tumors, termed atypical carcinoids, have increased numbers of mitoses
compared to typical carcinoids and frequently manifest other morphological
characteristics of malignancy, such as necrosis, lymphatic invasion, and
vascular invasion. The prognosis of atypical carcinoid is intermediate between
that of typical carcinoid and small cell lung cancer, and is related to the
morphological characteristics of malignancy (8,9). These neoplasms are
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generally treated by aggressive surgery, including lymph-node dissection (10),
and benefits of chemotherapy for treatment are still uncertain.

For many years, typical carcinoids and atypical carcinoids have been
considered to represent the benign and intermediate levels of the spectrum
of neuroendocrine lung tumors (respectively), with SCLC representing the
malignant end of the spectrum of this group of tumors. A common progenitor
cell, the Kulchitsky cell (11), has been proposed for all of these forms of
neoplasia although, as discussed below, thereis substantial evidence to suggest
that SCLC and pulmonary carcinoid are fundamentally different classes of
neoplasia.

Interestingly, carcinoid tumors typically show a much higher degree of
neuroendocrine differentiation than small cell cancers. Electron microscopy
almost invariably demonstrates numerous dense-core granules and immuno-
histochemical markers of neuroendocrine differentiation typically stain these
neoplasms with high intensity. These findings argue against a direct link
between the extent of neuroendocrine differentiation and aggressive clinical
biology.

2.3. Large Cell Neuroendocrine Cancer and Neuroendocrine
Features in NSCLC

Neuroendocrine differentiation in pulmonary neoplasms extends beyond
SCLC and carcinoid tumors. Recognizing that all non-small cell lung cancers
with neuroendocrine differentiation cannot be neatly classified as atypical
carcinoids or as SCLC, Travis and colleagues proposed large-cell neuroendo-
crine cancer (LCNEC) as a new category of lung cancer (12). This category
of lung cancer is defined by light microscopic evidence of neuroendocrine
differentiation (e.g., organoid, palisading, trabecular or rosette-like growth
patterns), large cell size, prominent nucleoli, high mitotic rate, coagulative
necrosis, and neuroendocrine differentiation by electron microscopy or immu-
nohistochemistry (see Fig. 1).

LCNEC occurs most frequently in the seventh decade of life and, similar to
SCLC, occurs ailmost exclusively in smokers (13). More than half of LCNEC
patient present with at least stage Il disease and 5- and 10-yr survival rates
for this cancer are only 27% and 9%, respectively (8). Thus, survival for this
cancer is significantly worse that for atypical carcinoid and is not significantly
different than that of SCL C of comparable stage. Because this category of lung
cancer isrelatively rare and only recently recognized, there is insufficient data
to determine whether LCNEC has a response to chemotherapy comparable
to SCLC.

Distinguishing LCNEC from atypical carcinoid is important from the
standpoint of prognosis and, as discussed below, from the standpoint of
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studying the biology of these different forms of neoplasia. Yet, the diagnosis of
these tumors can be difficult, even in the hands of pathologists with expertise
in pulmonary neoplasia (14).

Finally, adiscussion of neuroendocrine differentiation in lung tumors should
acknowledge that a significant percentage of non-small cell lung cancers have
subtle characteristics of neuroendocrine differentiation, but not of a sufficient
extent to warrant a diagnosis of SCLC or NLNEC. For example, one study
reported that 12 % of non-small cell lung cancers stained immunohistochemi-
cally for two or more markers of a neuroendocrine panel (neuron-specific
enolase (NSE), chromogranin A, Leu-7, gastrin-releasing peptide) (15). These
tumors were not found to have any difference in clinical outcome, however,
suggesting that neuroendocrine features in NSCLC may not be clinically
significant.

2.4. Neuroendocrine Differentiation in Classification
of Pulmonary Neoplasia

Although pulmonary carcinoid tumors are often considered to be a part
of the same spectrum of lung neoplasms as SCLC and LCNEC by virtue of
neuroendocrine differentiation, there is significant molecular evidence that
pulmonary carcinoid tumors are distantly related to these more aggressive
forms of lung cancer. For example, while carcinoid tumors, SCLC, and LCNEC
share a number of loci where loss of heterozygosity (LOH) is common, the
patterns of p53 mutations are different between atypical carcinoids and SCLC
or LCNEC (16). Additional molecular evidence to separate carcinoid tumors
from high-grade neuroendocrine cancers comes from analysis of the MEN1
(multiple endocrine neoplasia type 1) gene, which is frequently mutated in
typical and atypical carcinoid tumors (17). In a study of small cell cancer, no
mutations of this gene were found in any of the 45 SCLC samples (primary
tumors and cell lines) analyzed and mutation of the gene was found in only
1 of 13 LCNEC samples studied (18). Although it is possible that mutation
of this gene represents a link between LCNEC and carcinoid, the possible
mi sclassification of thissingle sample also remainsapossibility. Finally, cDNA
array studies have found little similarity in overall gene-expression patterns
between carcinoid tumors and SCLC (19).

More compelling evidence to classify carcinoids as distinct from SCLC or
NCNEC, as opposed to a part of a continuous spectrum of neuroendocrine
tumors, comes from clinical data. Notably, there is no evidence that tobacco
smoking isasignificant cause of pulmonary carcinoid (13), although tobacco is
clearly implicated as a cause of most cases of SCLC and NCNEC. Furthermore,
clinical progression fromtypical carcinoid to high-grade neuorendocrine cancer
(SCLC or LCNEC) has not been documented. Thus, while typical carcinoid,
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atypical carcinoid, LCNEC, and SCLC all share properties of neuroendocrine
differentiation, there are substantial biological differences that separate the
carcinoid tumors from high-grade neuroendocrine cancers.

Thus, many aspects of possible developmental relationships among SCLC,
LCNEC, and carcinoid tumors are still unknown. It appears that there are
fundamental and important differences between SCLC and carcinoid tumors
on biological and molecular levels, yet these tumors still share the distinctive
neuorendocrine properties. A common molecular link on this level may be
expression at high levels of the human achaete-scute homolog-1 (HASH) gene,
abasic helix-loop-helix transcription factor, in both SCLC and carcinoid tumors
(20). While expression of this transcription factor may be a common link
between various forms of lung neoplasms with neuroendocrine differentiation,
there is also clearly differential regulation of other molecular pathways in
these various forms of lung tumors, which define the extent to which different
tumors are malignant.

3. Early Neoplasia in the Lung

Another important area of pulmonary neoplasia that will be discussed in
this chapter is that of early neoplasia in the lung. Currently, there is a great
deal of interest in understanding the development of cancer and developing
therapeutic interventions to halt or reverse the progression of lung cancer. As
early forms of neoplasia are being recognized more frequently in patients,
thereisaneed to have a sufficient understanding of the biology of these lesions
to make reasonable treatment decisions.

It is probably appropriate to first note that in light of the evidence discussed
above, there is no rationale for considering pulmonary carcinoid tumors, or
the related “carcinoid tumorlets’ to be precursors to SCLC or LCNEC. The
precursor lesion for these tumors remains elusive and, because of the rapid
growth rate usually seen in these highly malignant forms of cancer, may be
difficult to find in analysis of lung cancer tissue.

3.1. Squamous Cell In Situ Proliferations

Sguamous carcinoma in situ of the bronchial tree, the first form of early
neoplasia to be described in the lung, was recognized by Oscar Auerbach
and colleagues in an autopsy study of lungs from individuals who had smoked
cigarettes (21). Historically, this study was an important link in establish-
ing cigarettes as a cause of lung cancer and it still has relevance today because
molecular studies support the role of these in situ lesions in the multistage
development of invasive lung cancer (22).

In situ squamous cell cancers (and in situ dysplastic lesions) do not present
with radiographically detectable lesions, but squamous dysplasia or carcinoma
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in situ can often be detected during endoscopic examination of bronchi,
particularly when fluorescent lighting is used (23). The recognition of in situ
squamous cell cancers poses some complex patient management dilemmas.
Althoughitisclear that many, and probably most, in situ squamous cell cancers
will never progress to invasive cancer, it is not possible to predict in which
lesions, or even in which individuals, will invasive cancer develop.

Logically, treatment of in situ squamous cell lesions should result in a
decreased frequency of invasive squamous cell cancer in treated individuals.
However, because individuals who have these lesions usually have multiple
lesions, it isnot feasible to treat in situ squamous cell carcinoma of the lung by
surgical resection. Moreover, initial chemoprevention attempts for lung cancer
have al'so been unsuccessful in decreasing lung cancer incidence (and possibly
even increased lung cancer incidence) (24,25) and thusiit is not clear that the
chemopreventative agents with favorable activity in the squamous mucosa of
the upper aerodigestive tract will help prevent the progression of squamous cell
cancer in the lung. However, there remains hope that more specific interven-
tions of lung cancer development will be found, and monitoring these in situ
squamous lesions is likely to become important in the clinical management
of pulmonary neoplasia.

3.2. Early Neoplasia in the Lung: Atypical Adenomatous Lesions

Only relatively recently has a lesion thought to be an early precursor for
adenocarcinoma been recognized. In 1988, Miller and colleagues described
a finding of discrete foci of atypical bronchioalveolar cells in lungs resected
for adenocarcinoma (26). These lesions, known as atypical adenomatous
hyperplasia (AAH), can be recognized by routine microscopy as well as
molecular studies to have similarities to adenocarcinoma and are thus thought
to represent glandular carcinomain situ.

AAH lesionspresent as1- to 7-mm nodul eswith thickened al veol ar septaelined
by epithelial cellswith varying degrees of atypia (see Fig. 2). Unlike most lung
adenocarcinomas, there is no disruption of normal lung architecture and no
stromal reaction typical of ahost responseto aninvasive cancer. There are com-
monly (25%) multiple AAH lesionsin lungs resected for pulmonary adenocar-
cinoma, particularly in those lungs of patients who smoke tobacco (26,27).
In contrast, AAH has been observed in only 2% of postmortem lungs from
patients without lung neoplasms (28).

The link between AAH and adenocarcinoma has been strengthened by
molecular studies. In particular, K-ras mutations are found at approximately
the same frequency in AAH and adenocarcinoma and the predominant type
of mutation in both lesionsisa G - T transversion at position 1 or 2 of codon
12 (29). Interestingly, however, synchronous AAH and lung adenocarcinoma
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Fig. 2. Early, pre-invasive neoplasia in the lung. Squamous cell carcinomain
situ (A, arrows and inset) has lack of cellular maturation, and atypical cells with
frequent mitoses, confined to the normal confines of the metapl astic stratified squamous
epithelium. Atypical adenomatous hyperplasia (B, arrows and inset) has thickened
alveolar septae lined by atypical epithelial cells. The lesion shown has a diameter
of 7 mm, considered to be near the upper limits for classifying a lesion as atypical
adenomatous hyperplasia as opposed to adenocarcinoma.
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lesions often do not share the same K-ras base changes, suggesting that inde-
pendent lesions can be arising simultaneously in subsets of high-risk patients
(29). Molecular characteristics that distinguish AAH from adenocarcinoma
include lower alelic loss frequencies for chromosomal arms (3p, 9p, and
17p) that are commonly affected in adenocarcinoma (30). In addition, no
activation of telomerase activity has been observed in AAH, whereas activation
of telomerase in nearly universal in adenocarcinoma (31).

The clinical significance of AAH is still unknown. Because AAH is a
multifocal process, it is reasonable to assume that patients with AAH found
in a surgical resection specimen have many additional unresected lesions in
others portions of their lungs. Yet, the presence of AAH does not appear to
unfavorably affect prognosis and may, in fact, be associated with a somewhat
better prognosis (32,33). Thus, as for bronchial squamous cell carcinomain
situ, AAH does not inexorably progress to invasive cancer.

Because AAH is not as accessible by bronchoscopy as are squamousin situ
lesions, it isnot likely that AAH will be monitored as an intermediate endpoint
in lung cancer chemoprevention trials. However, understanding the natural
history of theselesionswill becomeincreasingly important as small pulmonary
lesions are recognized more frequently by high-resol ution imaging techniques,
such as spiral computerized tomography (CT).

4. Concluding Remarks

The recognition of new classes of pulmonary neoplasia has contributed to
our understanding of lung cancer biology, and will hopefully lead to improved
clinical management of pulmonary neoplasia. One important area of progress
isthat of an increased understanding of neuroendocrine differentiation in lung
tumors. While it appears that neuroendocrine differentiation itself does not
confer an aggressive clinical behavior on a tumor, the NCNEC class of lung
cancer does have a distinctively poor prognosis. Recognition of this class of
cancersis an important first step in developing effective treatment for patients
with this disease.

Additional progress has been made in the recognition of early, pre-invasive
neoplasiawith squamous or glandular differentiation. Again, our understanding
of the biology of in situ squamouslesions and AAH isincomplete, compromis-
ing our ability to manage patients with these lesions. However, recognizing and
monitoring these lesions during chemoprevention trials may help to gauge the
effectiveness of various protocolsin preventing lung cancer.
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