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Small Cell Carcinoma

Michael J. Gaffey
Stacey E. Mills

Small cell carcinoma of the lung (SCCL) is a common tumor,
accounting for 20% to 25% of the approximately 170,000 lung
cancers detected each year in the United States.'~® Although 75%
occur in patients between 50 and 70 years of age, the relative
frequency of this tumor compared with other tumor types is
similar among younger persons.' For many years, SCCL has been
regarded as a male-dominated tumor, with retrospective studies
from the 1960s reporting male-female ratios of 11:1 t0 19:1.° The
incidence of SCCL in women is steadily rising, with reports of
male-female ratios as low as 3.67:1 and 1.9:1.*77° In one study of
1745 patients conducted between 1972 and 1986, the percentage
of women with SCCL increased from 21% to 35%.'°

SCCL is characterized by a rapid clinical course, reflecting the
short doubling time and high DNA-labeling index of this neo-
plasm.'"'? Recent advances in radiographic detection and chemo-
therapy have resulted in significant palliation and prolonged sur-
vival. Complete therapeutic responses with relatively long-term
survival (z.e., >2 years) are being observed for some patients with
limited disease. Despite these and other advances, early detection
of primary or recurrent SCCL remains difficult because of the
tumor’s penchant for rapid dissemination. Clinical trials investi-
gating new treatment modalities and biologic markers of tumor
progression are ongoing.

HISTOGENESIS AND THE DIFFUSE
NEUROENDOCRINE SYSTEM

In 1938, Feyrter observed clear cells within the gastrointestinal
tract, which he thought represented the local component of a
“diffuse epithelial endocrine organ.”'* He postulated that these
cells would exert their effects only on neighboring cells, rather
than on distant organs, and designated this mode of action as
“paracrine.”"? The discovery of similar cells in the lung and else-
where led to the introduction of the amine precursor uptake and
decarboxylation (APUD) concept by Pearse in 1966."*"" The

APUD concept was modified several times since its inception but
essentially stated that all endocrine and paraendocrine cells were
derived from the neural crest.'® '* The APUD concept was quickly
disproved by the experiments of Fontaine and LeDouarin.*
Using quail-chick chimeras, the researchers showed that, despite
ablation of the neural crest early in embryogenesis, Kulchitsky cells
(z.e., K cells) still appeared within the colonic endoderm, but the
neural crest—derived myenteric plexus structures were absent. Ad-
ditional experiments by Pictet and colleagues confirmed that the
endocrine cells of the gastrointestinal tract and pancreatic islets
were of endodermal derivation.”!

Pearse and Takor-Takor subsequently proposed the revised
concept of a diffuse neuroendocrine system (DNES) composed of
40 individual cell types with common characteristics but different
embryologic origins.?> The DNES concept is important in cell
biology, but the origin of these cells remains unsettled. Gould
emphasizes that, regardless of embryologic origin, all cell types
within the DNES share a common neuroendocrine program to
produce and use various peptides and biogenic amines found
within the nervous and endocrine systems.>***

The precise origin and histogenesis of SCCL are still contro-
versial. The bronchial mucosa is lined by basal reserve cells, some
of which are argyrophilic and contain intracytoplasmic neuro-
secretory-type granules.'* '*?* These cells are relatively numerous
in the human fetus and neonate but are rarely found in the adult.
The cells can metabolize precursor amine substances into polypep-
tide hormones and are thought to represent the pulmonary neuro-
endocrine equivalent of the DNES; similar to islet cells of the
pancreas, C cells of the thyroid, and K cells of the gastrointestinal
tract‘lk 15,25

K cells in the lung were first described in 1949 by Froelich,
who speculated that the cells functioned as chemoreceptors and
may represent the progenitor cell of bronchial carcinoids.?® The
ultrastructural presence of neurosecretory granules within the
bronchial clear (i.e., Kulchitsky) cells was described in 1965.'% 1%
Speculation soon followed that the neurosecretory granules in
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SCCL and bronchial carcinoid tumors indicated the tumors were
closely related and probably Kulchitsky cell derived.””** Most
SCCL are submucosal tumors, providing additional evidence for
a reserve cell origin.

In 1972, Lauweryns and colleagues described aggregates of
clear, argyrophilic cells in human bronchial mucosa with neuro-
secretory-type granules, which they designated as neuroepithelial
bodies (NEBs).?**° The NEBs are distinct from the individual
argyrophilic basal cells and appear to be innervated and associated
with vessels, consistent with a chemoreceptor function. NEBs and
isolated neuroendocrine cells are more readily identified in the
lungs of children than adults, but the cells often require immu-
nohistochemical staining for identification.

Although the precise cell of origin for SCCL is unknown,
most investigators favor the tumor derived from similar neuroen-
docrine precursors or another endodermally derived pulmonary
epithelial cell that is capable of neuroendocrine differentiation.*
Neuroendocrine features are found in other histologic types of
lung cancer, raising the possibility that a common stem cell exists
with the capability for multidirectional differentiation.*

PATHOLOGY

Pathogenesis

The central location of many SCCL implies a chronic mucosal
irritation mechanism after absorption of airborne carcinogens,
particularly at points of bronchial bifurcation. There is a strong
association of SCCL with several environmental carcinogens,
including cigarette smoke, radiation, and chloromethyl methyl
ether.>**~** These associations have not been demonstrated with
bronchial carcinoids.

The strongest association has been found with cigarette
smoking, and a linear dose-response association between cigarette
consumption and the incidence of pulmonary SCCL has been
reported.*® SCCL occur more often in heavy smokers and in those
who began smoking at an early age than in light smokers who
begin smoking later in life.>*® In several large SCCL series, vir-
tually all patients have been smokers.

Pulmonary SCCL is the most common cancer in uranium
miners, and accounts for 66% of all lung tumors in this occupa-

TABLE 49-1
Evolution of Small Cell Lung Cancer Classification

tional group.’” A synergistic association between radon exposure
and cigarette smoking has been proposed.”””*” Whole-body irra-
diation increases the relative risk of lung cancer in all groups but
does so to a lesser extent in uranium miners.*’ SCCL also accounts
for almost 70% of lung tumors associated with chloromethyl
methyl ether exposure.*!

Histologic Subtypes

In 1958, the World Health Organization (WHO) formulated a
tentative classification for lung cancer under the direction of Krey-
berg (Table 49-1).* Intended to standardize international nomen-
clature and encourage cooperative data analysis, the system recog-
nized two subtypes of SCCL: the oat cell (z.e., 21) and the
polygonal cell (i.e., 22). The WHO classification was adapted by
the Veterans Administration Lung Cancer Study Group (VALCG),
who concluded that recognition of the oat cell type posed little
difficulty.® Diagnosis of the polygonal cell type was less reliable,
with unanimity reported in only 34% of cases.’®

The WHO published its first official lung cancer classification
in 1967.* In a departure from the earlier, tentative system, SCCL
was divided into four subtypes: lymphocytelike, polygonal, fusi-
form, and other. The lymphocytelike type, essentially identical to
the earlier oat cell type, designated SCCL with ovoid, hyper-
chromatic cells, smudged chromatin, and little to no visible cyto-
plasm. The polygonal and fusiform cell types, both previously
designated as polygonal, included tumors with oval or round and
fusiform neoplastic cells, finely granular chromatin, and scant
cytoplasm. The “other” category included SCCL with squamous
or glandular foci and rosettes.

In 1973, the Working Party for Therapy of Lung Cancer
(WP-L) proposed a modified system to improve consistency and
reliability in diagnosis.** Similar to the VALCG, the WP-L con-
cluded that the lymphocytelike variant presented minimal diag-
nostic difficulty and its designation was retained. The polygonal
and fusiform subdivision was considered unnecessary, and both
types, in addition to those in the “other” category, were grouped
under the designation of intermediate cell.**

The WHO lung cancer classification was revised in 1977
under the direction of Yesner, although formal publication did not
take place until 1981.*° In this system, lymphocytelike was
replaced with oat cell, and the intermediate subtype was retained
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for the polygonal and fusiform subtypes. The “other” category for
SCCL with squamous or glandular areas was replaced with the
designation of combined oat cell carcinoma. The system recom-
mended that tumors showing mixtures of oat cells and intermedi-
ate cells be categorized as oat cell, but neoplasms composed of
intermediate and large anaplastic cells should be designated as
intermediate. *®

Despite these and other revisions, substantial variation in
diagnosis was still found for the morphologic subtypes other than
oat cell, primarily because of difficulties in criteria interpretation. *¢
In 1982, Vollmer stated that tumor cell size in pulmonary SCCL
partially depended on the size of the biopsy specimen and that
subclassification according to cell type was spurious.*”

In 1978, the National Cancer Institute—Veterans Adminis-
tration Medical Oncology Branch supported the revised WHO
classification but advocated that mixed small cell and large cell
carcinoma, previously contained in the intermediate category, be
separately designated as “22/40" tumors (.., their respective
1967 WHO classification numeric designations) because of their
poorer prognosis and relative unresponsiveness to therapy.***’

In 1985, the Pathology Committee of the International Asso-
ciation for the Study of Lung Cancer found no significant clin-
icopathologic differences between the oat cell and intermediate
cell types and recommended that both terms be discarded for the
encompassing term “small cell carcinoma.™® Only two subtypes
were recognized: mixed small cell and large cell carcinoma for
tumors containing areas of large cell undifferentiated carcinoma
(i.e., 22/40 tumors) and combined small cell carcinoma for SCCL
with areas of squamous or glandular differentiation. This system
was published in a more detailed format in 1988 and is the most
widely used classification for SCCL.>!

Gross Pathology

SCCL of the lung arise centrally in more than 90% of patients.
Tumors usually circumferentially involve large bronchi, producing
luminal stenosis and submucosal peripheral extension. Rare cases
with intraluminal exophytic growth have been reported, including
one case with multiple tracheal and bronchial tumors resembling
tracheobronchial papillomatosis.*** On cut section, a pulmonary

FIGURE 49-1. Small cell carcinomas of the lung are typ-
ically centrally located, well circumscribed, and have a vari}c—
gated gross appearance with areas of hemorrhage and necrosis.
This tumor is compressing an adjacent pulmonary artery, and
there is a distal, wedge-shaped area of obstructive pneumonia.
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SCCL is usually gray-white and has areas of hemorrhage and
necrosis. Tumors are usually soft, reflecting the absence of a des-
moplastic response within the neoplasm or surrounding tissue.
Unlike squamous cell carcinoma, central liquefaction and cavita-
tion are rare. Compression or frank invasion of the adjacent vas-
culature (4., the inferior vena cava, pulmonary arteries, veins) is
common (Fig. 49-1). SCCL metastases are often massive and
appear grossly similar to the primary lung tumor (Fig. 49-2).

Microscopic Pathology

Endoscopic biopsies of SCCL often show considerable fragmen-
tation and crush artifact because of the marked fragility of the
neoplastic cells. Intact, well-preserved neoplastic cells may be difti-
cult or impossible to identify (Fig. 49-3). Well-preserved, undis-
torted tissue is important for proper interpretation and may re-
quire repeated biopsies. Nonetheless, crush artifact is distinctly
uncommon in non-SCCL pulmonary tumors, and although it may
be seen in lymphoid infiltrates, its presence should prompt a
strong suspicion of SCCL.

Most SCCL, regardless of histologic subtype, lack a defined
architectural pattern. Sheets of haphazardly arranged tumor cells
partitioned by thin fibrous septa are commonly seen; cell nests,
ribbons, and peripheral palisading may be observed in some tu-
mors (Figs. 49-4 and 49-5). Necrosis is invariably found, and it
may be extensive (Fig. 49-6). The virtual absence of a desmoplastic
or lymphocytic host response is common, even in areas of tumor
necrosis. Basophilic deposition of tumoral DNA within blood
vessel walls, referred to as nuclear encrustation or the Azzopardi
phenomenon, is common in SCCL but rarely seen in other pulmo-
nary tumor types (Fig. 49-7). Rare SCCL also have foci of rosette
formation (Fig. 49-8). The bronchial epithelium is usually sepa-
rated from the tumor by an attenuated zone of uninvolved sub-
mucosa; pagetoid invasion of the overlying epithelium by tumor
cells 1s uncommon.

The classic oat cell and intermediate cell types probably repre-
sent phenotypic variation of a single cell type. The tumor cells are
two to three times the size of a resting lymphocyte and may appear
round or oval, fusiform, or spindled (Figs. 49-9 through 49-11).
Nuclear pleomorphism is often pronounced, and mitotic figures
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FIGURE 49-2. Some patients with small cell carcinoma of
the lung present with hepatic failure due to massive liver
metastases.

FIGURE 49-3. Transbronchial biopsies of pulmonary small cell
carcinomas often show an extensive crush artifact, which obscures
histologic detail and prevents a definitive diagnosis. (H & E stain;
low magnification.)

FIGURE 49-4. Small cell carcinomas of the lung typically form
sheets of haphazardly arranged cells separated by delicate, fibrous
septa. The closely opposed tumor cells create a hypcrchromatic

appearance. Notice the areas of peripheral pallisading. (H & E
stain; low magnification.)




FIGURE 49-5. Some small cell carcinomas have cells arranged
in cords and trabeculae, reminiscent of an atypical carcinoid tumor.
(H & E stain; intermediate magnification.)

are abundant. In poorly preserved tissue or small biopsies, the
tumor cells often appear smaller and more hyperchromatic, with
smudged, dark nuclei and inapparent cytoplasm (z.e., oat cells). In
well-preserved tissue, the tumor cells are larger, with finely granu-
lar nuclear chromatin, inconspicuous nucleoli, and scant or mod-
erate amounts of basophilic cytoplasm (z.¢., intermediate cells). In
both cell types, the nuclei are closely apposed, giving the tumor
a characteristic hyperchromatic or blue cell appearance at low
magnification. Cell molding is frequently observed, and giant cells
may be seen, particularly after treatment.

Two uncommon variants of pulmonary SCCL are mixed
small cell and large cell carcinomas and combined tumors, ac-
counting for approximately 10% to 15% and fewer than 1% of
pulmonary SCCL, respectively.**~*® Mixed small cell and large cell
carcinomas contain a subpopulation of large, undifferentiated cells

FIGURE 49-6. Some small cell carcinomas of the lung are pre-
dominantly necrotic. Notice the perivascular aggregation of tumor
cells. (H & E stain; low magnification.)
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occurring singly or in small clusters and intimately admixed with
the small cell component (Fig. 49-12). The nuclei are oval or
elongated and irregular, with cleared chromatin and prominent
eosinophilic nucleoli. The large cells contain various amounts of
amphophilic or lightly eosinophilic cytoplasm with indistinct cy-
toplasmic borders. The nuclear diameter of the large cells may not
exceed that of well-preserved SCCL cells, nor are two distinct cell
populations necessarily apparent. A continuum of cell types is
usually seen, ranging from typical SCCL cells to the large cells.

Combined SCCL with squamous carcinoma or adenocar-
cinoma are rare at initial presentation and more commonly en-
countered at autopsy in SCCL patients after intensive therapy.
These tumors are composed of a predominant SCCL population
with areas of mature glandular or squamous differentiation (Fig.
49-13). The glandular or squamous foci may be intermixed with
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FIGURE 49-7. Some small cell carcinomas show basophilic de-
position of tumoral DNA within vessel walls; this is also called the
Azzopardi phenomenon. (H & E stain; low magnification.)

FIGURE 49-8. Rarely, small cell carcinomas show areas of
rosette formation. This tumor has Flexner-type rosettes in which
the tumor cells surround a definite central lumen. (H & E stain;
intermediate magnification.)

FIGURE 49-9. This small cell carcinoma is composed predomi-
nantly of oval-to-polygonal tumor cells. The clumped chromatin
pattern, mildly irregular nuclear outlines, and inconspicuous
amounts of cytoplasm are characteristic. (H & E stain; high magni-
fication.)




FIGURE 49-10. This small cell carcinoma of the lung is com-
posed of ovoid-to-fusiform tumor cells. (H & E stain; high magni-
fication.)

the predominant SCCL component, but more often, the two
components are categorically distinct, and the appearance resem-
bles a collision tumor.

IMMUNOHISTOCHEMISTRY

As with bronchial carcinoids and neuroendocrine tumors of
other sites, pulmonary SCCL are neuroendocrine epithelial tu-
mors characterized by cytoskeletal intermediate filaments and the
production of various hormones and bioactive amines. The immu-
nohistochemical findings are not specific for pulmonary SCCL
and must be interpreted in concert with the tumor’s morphologic
appearance. Non-small cell pulmonary carcinomas may also ex-
press neuroendocrine features, but they are usually easily sepa-
rated by conventional histologic means.

The precise intermediate filament composition of these tu-
mors was once a controversial topic, because preliminary studies

FIGURE 49-11. This small cell carcinoma has focal areas com-
posed mostly of spindled cells with numerous mitoscs. (H&E
stain; high magnification.)
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reported that pulmonary SCCL were immunohistochemically
negative for cytokeratin and positive for neurofilament.>”* Sub-
sequent studies using appropriate monoclonal antibodies and
preliminary enzymatic digestion showed that virtually all pul-
monary SCCL express low-molecular-weight cytokeratins (Fig.
49-14).5°° Two-dimensional electrophoresis studies have shown
that pulmonary SCCL specifically express cytokeratin polypep-
tides 8, 18, and 19.% Neurofilaments are rarely found in pulmo-
nary SCCL and are not considered diagnostically useful.®® Other
intermediate filament types, such as vimentin, desmin, and glial
filament protein, are not routinely detected.™***

Other markers commonly found in pulmonary SCCL include
desmoplakins, epithelial membrane antigen, and neuron-specific
enolase (NSE).>°"* NSE, an enolase isoenzyme normally pres-
ent in neurons and neuroendocrine cells, was once considered
a relatively specific marker of neural and neuroendocrine differen-
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tiation. Immunoreactivity with the polyclonal and, to a lesser
extent, monoclonal anti-NSE preparations have been documented
in many other nonendocrine tissues and tumors.®"*® Several
studies reported diffuse cytoplasmic immunoreactivity for NSE
in approximately one half of the SCCL studied, but because of
its varied distribution, immunopositivity for NSE cannot be used
to reliably differentiate SCCL from other, non-SCCL tumor
typcs'65,67,68

The chromogranin-secretogranin polypeptides comprise a
family of acidic proteins found in mammalian and nonmammalian
species.”” Two chromogranins designated A and B are recognized;
both form a major portion of the soluble proteins in endocrine
secretory granules.®” Pulmonary SCCL contain abundant chro-
mogranin A mRNA but little stored chromogranin A protein,
consistent with the low number of neuroendocrine granules in
these tumors.®>~”! Pulmonary SCCL stain focally or often not at

FIGURE 49-12. A mixed small cell-large cell undifferen-
tiated carcinoma consists of small fusiform cells with molded,
hyperchromatic nuclei intermixed with larger cells that have
more prominent cytoplasm and vesicular nuclei. (H & E stain;
high magnification.)

all with antichromogranin monoclonal antibody LK2H10 (Fig.
49-15).°*°%72 Although one study found chromogranin immu-
nopositivity in 18 (56%) of 32 SCCL samples, in our experience,
definitive, punctate cytoplasmic positivity for chromogranin A in
SCCL i1s an unusual event.

Synaptophysin, a 38-kd membrane glycoprotein isolated
from presynaptic vesicles of bovine brain neurons, is a highly
sensitive and specific marker of neuronal and neuroendocrine
differentiation.”*°>*>** A monoclonal antibody raised against
synaptophysin (i.., SY38) labels the vesicles of neuronal and
neuroendocrine tissues and neoplasms in a granular, peripheral
cytoplasmic distribution. The immunohistochemical expression of
synaptophysin is often masked on formalin-fixed, paraffin-embed-
ded tissue.” For optimal results, the use of cryostat sections,
ethanol-fixed sections, or tissues fixed for 2 to 4 hours in Bouin
solution has been advocated.” Even in studies using optimal

FIGURE 49-13. A combined small cell carcinoma has areas of (A) glandular and (B) squamous differentiation.
(H & E stain; [A] high and [B] intermediate magnifications.)



FIGURE 49-14. Virtually all small cell carcinomas of the lung
immunostain for low-molecular-weight cytokeratins using the
appropriate antibodies and preliminary enzymatic digestion.
(Immunoperoxidase stain for keratin; intermediate magnifi-
cation.)

fixation techniques, synaptophysin immunoreactivity is usually
observed in only a portion of the pulmonary SCCL.”>%*%* Gould
and associates reported synaptophysin positivity in 2 of 10 SCCL
on cryostat section and in 6 (43%) of 14 SCCL on Bouin-fixed
tissue.®® Kayser and colleagues observed SY38 reactivity in 49
(79%) of 68 SCCL samples and in 6 (8%) of 74 non-SCCL
samples.”

Pulmonary SCCL react with various hormonal peptides and
biogenic amines, including bombesin, calcitonin, ACTH, leu-
enkephalin, gastrin, serotonin, somatostatin, vasoactive intestinal
peptide, glucagon, insulin, and substance P.**”° Immunoreac-
tivity for bombesin and probombesin has been reported in as
many as 69% of pulmonary SCCL, but it may also be found in rare
cases of non-SCCL.“***7%7” Hamid and associates reported im-
munoreactivity for the C-terminal peptide of human bombesin in
175 (70%) of 250 pulmonary SCCL and in 31 (63%) of 49
atypical carcinoids but in only 10 (16%) of 62 of carcinoids.”®

FIGURE 49-15. Rarely, small cell carcinomas immunostain for
chromogranin in a granular, cytoplasmic distribution. (Immuno-
peroxidase stain; high magnification.)
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Patients with tumors immunoreactive for the C terminal fragment
had significantly shorter survival times than those without the
fragment, leading the rescarchers to propose the C-terminal pep-
tide as a useful marker for diagnosis and predicting the course of
disease.”

The monoclonal antibody, HNK-1, directed against the
Leu-7 antigen originally described on human natural killer cells
has been proposed as useful in the diagnosis of SCCL.%® The
HNK antibody reacts with a 75-kd protein within the matrix of
the chromaffin granule, and Leu-7 immunopositivity has been
described in many neuroendocrine tumors, including islet cell
tumors, carcinoids, and pheochromocytomas.” #° The HNK an-
tibody reacted with 18 (56%) of 32 samples of pulmonary SCCL
by Linnolia and colleagues, but it also labeled 17 (22%) of 77 of
non-SCCL.* Because of its relatively poor sensitivity and specific-
ity, most investigators do not advocate the routine use of Leu-7
immunohistochemistry in the diagnosis of pulmonary SCCL.
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ELECTRON MICROSCOPY

Well-preserved, nondistorted material is always desirable in
an ultrastructural examination, but careful specimen sampling and
thick-section screening is vitally important in the ultrastructural
examination of pulmonary SCCL because of the large areas of
necrosis and crush artifact in these tumors.

Ultrastructurally, a SCCL is composed of round or oval cells
with complex, interlacing cvtoplasmic processes connected by
primitive cell junctions or, less often, well-formed desmosomes.
The nuclei are typically angular and mildly irregular, with focally
clumped chromatin and occasional nucleoli (Fig. 49-16). Nuclei
are typically closely apposed, with such small amounts of cyto-
plasm that the shape of the cell usually parallels that of the nucleus.

Neurosecretory-tvpe granules that are 80 to 150 nm in diam-
eter are found in most, but not all, SCCL (Fig. 49-17)."%%"%
Elema and Keuning were unable to locate dense core granules in 7
(16%) of 43 pulmonary SCCL studied.®' This is also our experi-
ence and that of other investigators.®*® The granules are spheri-
cal, uniform, typically 80 and 150 nm in diameter, and demarcated
by a limiting membrane separated from the granular substance by
a halo. Granules may be seen throughout the cytoplasm but tend
to aggregate within the dendritic processes. The cytoplasm is
typically sparse and contains a few bundles of intermediate fila-
ments and scattered microtubules. Unlike non-small cell pulmo-
nary carcinomas, there is a marked paucity of cytoplasmic organ-
elles in SCCL.

Distorted tumor cells with dark, irregular nuclei, coarse chro-
matin clumping, and dark cvtoplasm packed with mitochondria and
other organelles may be seen.®! Cell borders are indistinct, and the
general appearance is that of tumor degeneration. These areas are
considered secondary to tumor anoxia or crush artifact and proba-
bly correspond to the oat cell phenotype seen histologically.®!

Pulmonary SCCL may mimic many other poorly differenti-
ated metastatic tumors, including lymphoma, small cell mela-
noma, rhabdomyosarcoma, Ewing sarcoma, and olfactory neuro-
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blastoma. In selected cases, confirmatory studies may be helpful,
In our experience, the immunohistochcmncal d;mopstration of
neuroendocrine epithelial differentiation, in combination with the
morphologic features described, are sufﬁa_cnt to conﬂrm. the diag-
nosis in most cases. The situations for which electron microscopy
would be required for diagnosis are rare, and most would involve
examination of poorly preserved or suboptimally fixed tissue in
which immunohistochemical examination proved unsatisfactory.

DNA PLOIDY AND CYTOGENETICS

Relatively few studies have analyzed the ploidy (i.e., DNA con-
tent) of pulmonary SCCL by flow cytometry or other means.
Vindelov and associates analyzed 38 SCCL, 74% of which were
aneuploid and 26% of which were diploid.*® Of the aneuploid
specimens, 73% were hypotetraploid or near-tetraploid, 15%
were hypodiploid, and 12% were hypotriploid.*® The researchers
also detected two or more cell clones with difterent ploidy mea-
surements in 21% of the tumors overall.*® Bunn and colleagues
studied 87 SCCL; 83% were aneuploid, and 17% were near-
diploid.*” Most of these were hypotriploid, with a tetraploid or
greater DNA index observed in 7 tumors (8%). In this study, the
mean DNA index was 1.42 = 0.37, with a median of 1.43.
Compared with the findings of Vindelov, there was a much smaller
prevalence of clonal heterogeneity, with multiple cell clones de-
tected in 9 (9%) of 99 tumor samples.***” Other investigators
have found DNA aneuploidy in approximately 75% of SCCL
studied.”** Aneuploidy in SCCL has not been found to be an
independent prognosticator of patient survival, tumor recurrence,
or progression.**%

Cytogenctic investigations have shown a relatively specific
chromosomal abnormality in SCCL: deletion of part of the short
arm of chromosome 3. The size of the deletion varies, but most
cases show a deletion in the 3p14-p23 region.**~*” Karyotypic

FIGURE 49-16. A small cell carcinoma of the lung
has a typical ultrastructural appearance. The neoplastic
cells have mildly irregular, closely opposed nuclei with
rare nucleoli. The cellular organelles are characteris-
tically scant. (Original magnification x 7000.)

i



FIGURE 49-17. Intertwining cellular processes joined by
primitive cellular junctions are often observed in small cell carcino-
mas. Notice the single, dense-core, neurosecretory-type granule.
(Original magnification X 18,000.) o

analyses have identified this deletion in about 85% of SCCL
(range, 21%—100%). These results led to the conclusion that
inactivation of one or more genes within the 3p14-23 region may
be an carly, essential step in SCCL carcinogenesis. However, many
of these studies were conducted on cell lines derived from treated
patients and maintained in culture for 4 to 96 months rather than
on primary tumor tissue. Abnormalities of the short arm of chro-
mosome 3 also occur in most pulmonary carcinoids and in as
many as 25% of non-SCCL tumors.”® %%

Pulmonary SCCL cell lines have frequent structural aberra-
tions of chromosomes 1, 2, 9, 10, 14, and the X chromosome;
aberrations of the remaining chromosomes, with the sole excep-
tion of chromosome 18, have been found in at least one SCCL cell
line.”” Using restriction fragment length polymorphism technol-
ogy, Yokota and associates reported the loss of heterozygosity on
chromosome 3p in 7 of 7 patients, 13q in 10 of 11 patients, and
17p in 5 of 5 patients.'*

Structural abnormalities have been observed within the 13q14
retinoblastoma gene; Harbour and colleagues reported 13q14
anomalies in 1 (12%) of 8 primary SCCL tumors, in 4 (18%) of
22 SCCL celllines, and in 1 of 4 pulmonary carcinoid cell lines.'*!
Harbour and associates also reported an absence of retinoblas-
toma gene mRNA expression in 60% of the SCCL cell lines,
including all samples with structural abnormalities.'®" In contrast,
retinoblastoma gene mRNA was found in 90% of non-SCCL cell
lines and in normal lung tissue. These findings suggest that inac-
tivation or loss of the retinoblastoma gene may be important in the
development of pulmonary neuroendocrine tumors.

Some pulmonary SCCL may appear as different histologic
types at autopsy, presumably because of the clonal heterogeneity
and genetic instability inherent in these tumors. Yesner examined
205 biopsy-diagnosed SCCL treated with adjuvant chemotherapy
or placebo; overall, 82% were histologically unchanged at autopsy,
8% were diagnosed as combined SCCL, and 10% were inter-
preted as non-SCCL."** Continuous cell lines established from
patients with pure SCCL may also convert into large cell carcino-
mas.'* Other human SCCL cell lines have developed several
variant morphologic and biochemical characteristics, such as accel-
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erated growth and cloning efficiency, radiation resistance, and
morphologic characteristics of mixed small and large cell or large
cell carcinomas.'**~1%¢

Numerous DNA abnormalities and examples of genetic insta-
bility have been identified in primary SCCL tumors and cell lines,
corresponding to the high incidence of aneuploidy in these tu-
mors. None of the aberrations identified are entirely sensitive or
specific for the disease, nor do they seem to be prognostically
useful.

CLINICAL MANIFESTATIONS

Because of the rapid clinical progression of SCCL, most patients
are symptomatic at the time of presentation. Except for the various
parancoplastic syndromes, the symptoms are nonspecific. Com-
plaints secondary to regional or metastatic disease are relatively
frequent. The duration of symptoms is usually shorter than in
other lung carcinoma types; more than 80% of SCCL patients
typically have symptoms for 3 months or less.***

Patients usually present with airway irritation because of the
central location of most SCCL. Cough is by far the most common
complaint (75%), followed by chest pain from regional nerve
involvement (36%), and dyspnea secondary to bronchial obstruc-
tion (20%-35%).**'°” The usual submucosal location of the
tumor may account for a lower frequency of hemoptysis (10%—15%)
than with other lung cancer types.*®

Regional extension of the tumor into the mediastinum almost
always occurs, accounting for the frequent occurrence of the supe-
rior vena cava syndrome, hoarseness from recurrent laryngeal
nerve involvement, and dysphagia secondary to extrinsic esopha-
geal compression.'” ' Signs and symptoms of pericardial in-
volvement are uncommon at presentation but develop during the
clinical course of disease in as many as 25% of patients.!!

Because of rapid tumor growth, systemic metastases appear
carlier and more frequently in SCCL than in other lung cancer
types.''*'"* Patients presenting with liver failure, bone marrow
failure, or central nervous system (CNS) symptoms secondary to
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metastatic tumor are common. As many as 67% o‘t patients have
clinical evidence of metastatic disease at presentation. The most
common sites of extrathoracic disease detected during pretreat-
ment staging include bone (38%), liver (22%1—381"1/2’)‘ bone mar-
row (17%—23%), and the CNS (8%-14%). = At autopsy,
virtually all patients had hilar and mediastinal node involvement,
and 50% had metastases to bone, liver, adrenal, pancreas, contra-
lateral lung, abdominal lymph nodes, and CNS sites.*® 117 SCCL
may also metastasize to relatively unusual sites, such as the heart,

- 118-120
bowel, and testis. ;
CNS involvement is more common 1in SCCL than in other

types of lung cancer, and prophylactic irradiation is frequently
included in many treatment protocols.!*?17* Most chemo-
therapeutic agents poorly penctrate the blood—brai}] barrier, leav-
ing the brain as a relatively protected reservoir for mctastascs.
Without prophylaxis, the incidence of CNS dissemination appears
to be increasing with lengthened survival, and as many as 50%
of patients develop brain metastases during the course of dis-
ease.'227127 Metastases to the CNS are classified in three groups:
intracranial, spinal epidural with spinal cord compression, and
leptomeningeal with carcinomatous meningitis.'**"'*" Intra-
cranial metastases are the most common, occurring in about 42%
of patients with CNS dissemination. Spinal and leptomeningeal
metastases each occur in approximately 15% of patients, and
pituitary dissemination has been observed in 0% to 21% of pa-
tients with CNS spread.™''®'** Most intracranial metastases are
cerebral and multiple.

Elevated concentrations of polypeptide hormones produced
ectopically are common in pulmonary SCCL, but clinical para-
neoplastic syndromes are relatively infrequent.'*'~*** Inappropri-
ate antidiuretic hormone (i.e., vasopressin) secretion (SIADH)
and Cushing syndrome are strongly associated with pulmonary
SCCL. Bondy and Gilby evaluated 106 patients with pulmonary
SCCL before therapy; 47% showed abnormal adrenocortical hor-
mone secretion, 38% had SIADH, but only two patients had
clinical Cushing syndrome.'** Eagan and colleagues studied 37
patients with SCCL and found evidence of 13 ectopic hormonal
syndromes in 11 patients, including 5 with SIADH and 3 with
Cushing syndrome.'”” Gropp and associates detected elevated
levels of ACTH in 15 (30%) of 50 SCCL patients before therapy,
although only 2 had Cushing syndrome.'*! Calcitonin levels are
also frequently increased, with elevated levels detected in as many
as 4.»8%‘ of patients. Hansen and colleagues reported elevated
calcitonin in 48 (64%) of 75 SCCL patients, 33% of whom also
had SIADH."** Elevations in human chorionic gonadotropin and
parathormone levels may also be seen, and parathyroid hormone
::]1211\\151;’; Egsl;l?c;r} lcsi::.monstrated in a SCCL by Northern blot

ThclE:%toT-Ifambcrt (2.e., myasthenic) syndrome occurs al-
most exclusively in patients wi 127,137,138 .
with this svndr'omcpcvaluatcgl Ttl !:Sh(e:(;\hvo Clini 2; ‘;053 .

lasms, and 20 of these had pu o : 1;1a11g-
gz?lzorgconitic m;chanismofbr :;C i p}llmonary SCCL.™ The
¢ impairment of neuromuscular

transmission is uncertain, but the syndrome is often reversed with
effective chemotherapy.'+* 14!

STAGING

Two principal staging systems are used fi i i
3 or patients with pulmo-
nary SCCL: the TNM system advocated by the Americall)lu]ror;ﬁt

Committee (AJC) for Cancer Staging and End Results Reporting
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and the limited and extensive discase system of the VALCG 5142
Mountain and associates reviewed 268 pulmonary SCCI, Pﬂt’icnts
with the AJC staging system and f(.)ul‘ld that, in contrast with other
types of lung cancef, the prognosis fo'r SCCL was independent of
more than 40 tumor characteristics, including stage, tumor size
and anatomic location. 143 Because the TNM system did not 3Ppea;
to have prognostic significance for SCCL patients treated wig,
surgery or radiation therapy, the AJC initially recommended g
use for reference purposes only. However, recognition that some
pulmonary SCCL are surgically resectable has revived the yse of
TNM staging, primarily for identifying potential surgical cap-
didates.'**

For most patients who do not undergo surgical resection
virtually all investigators have adopted the two-stage VALcd
system. In this two-stage system, limited disease is defined as thyt
confined to one hemithorax and regional lymph nodes, including
the mediastinal, contralateral hilar, and ipsilateral supraclavicular
nodes, and extensive discase is defined as that beyond the limited
area, including distant nodal, cranial, and soft tissue metastases,
The system was designed primarily to determine whether the
known tumor could be encompassed within a tolerable radiation
port. Its significance today is less evident, because systemic multi-
agent chemotherapy is the accepted treatment for most SCCL
patients. Ipsilateral pleural effusion and mediastinal extension
with recurrent laryngeal nerve involvement and superior vena cava
obstruction has been considered consistent with limited or exten-
sive disease by different researchers, but neither factor appears to
influence survival.''®

CLINICAL COURSE
AND TREATMENT

Dramatic, albeit short-term, results have been achieved in recent
years with the use of multiagent chemotherapy.''>*5*% Current
treatment modalities include multiagent chemotherapy, with or
without radiation therapy, and surgical resection in selected cases.
Patients presenting with resectable SCCL confined to the lung
have been shown in some studies to benefit from resection coupled
with adjuvant chemotherapy or irradiation.'*®

SCCL is exquisitely radiosensitive, and external beam irradia-
tion is often used for emergent management of obstructive com-
plications. Because of dissemination of disease, most patients can-
not be adequately treated by irradiation alone, and irradiation is
rarely used as the only therapeutic modality. The role of radiation
therapy in patients with limited-stage discase remains controversial

Because most SCCL are locally unresectable and are often
complicated with distant metastases, multiagent chemotherapy 1§
ic best primary treatment modality in most cases. One P
liminary study comparing cyclophosiahamidc with no treatment
showed a nearly threefold increase in survival in treated p¥
tients.'*” Eagan and colleagues reported a partial respons rate 0
85% using cyclophosphamide, vincristine, and methotrexaf®
combined with irradiation.'>” Most programs use various combr
nations of cyclophosphamide, doxorubicin, vincristiné, metho-
trexate, lomustine, and ctoposide. .

_ In patients with pure SCCL and limited-stage diseast combr
nation chemotherapy results in a complete response rate 0 a
60% with a median survival of 15 months. In patients with pur©
SCCL 'fmd extensive disease, the complete response rate drops ¥
approximately 20%, with a median survival of 8 months:

general, relapses occur within 6 months of iniial ther¥ &



chpqnq poorly to second-line chcmotherapy. Prophylactic cranial
irradiation has been shown to reduce the incidence of cranial
metastases by as much as 20%, but it has not resulted in increased
median or disease-free survival.'*® Intellectual deficits are being
reported in long-term survivors with increasing frequency.

Cell subtype in SCCL appears to have minimal effect on
patient prognosis. Most studies investigating the prognostic sig-
nificance of morphologic subtyping have reported no differences
in survival or response to therapy between the oat cell and inter-
mediate cell variants.” % **1%% To our knowledge, published
cases of combined SCCL with foci of squamous or glandular
differentiation are rare enough to preclude meaningful survival
comparisons with the other cellular types.

Mixed large cell and small cell SCCL (i.e., 22/40 tumor)
appears to have a poorer survival and lower response rate than
typical SCCL.*>*® Radice and associates found that the differ-
ences remained significant after adjusting for disease extent, al-
though there were too few mixed large cell and small cell patients
with limited disease for meaningful comparison; among patients
with extensive disease, the mixed subtype retained a significant
survival disadvantage.” In a study of 249 SCCL patients, includ-
ing 13 mixed large cell and small cell tumors, Bepler and col-
leagues found no significant survival differences among the differ-
ent subtypes.'*” The degree to which intraobserver diagnostic
variation contributed to these differences is unknown but cannot
be ignored. In our opinion, the evidence that mixed large cell and
small cell tumors have a worse prognosis than typical SCCL is
suggestive but inconclusive.

The prognosis of previously untreated patients with pulmo-
nary SCCL primarily depends on disease stage and patient perfor-
mance. The importance of stage was demonstrated in a VALCG
study, which reported median survival times in 118 untreated
patients with limited and extensive pulmonary SCCL as 3.1 and
1.4 months, respectively.'*”**! In chemotherapeutic trials with or
without irradiation, patients with limited disease had a 60% com-
plete response rate and a median survival of 51 weeks, compared
with a 25% complete response rate and a 33-week median survival
for patients with extensive disease.''? Limited-discase patients
with surgically resected tumors subsequently treated with adju-
vant chemotherapy, irradiation, or both have an especially favor-
able prognosis.'*?

Some studies have reported considerable prognostic variation
within the category of extensive disease, depending on the extent
and distribution of tumor involvement. In one study of 106 pa-
tients, those with extensive disease and a single metastatic site had
survival rates statistically indistinguishable from patients with
limited disease, but liver, CNS, or multiple soft tissue metastases
conferred an especially poor prognosis.'’® In another study of
more than 800 patients, multivariate analysis revealed that specific
sites of metastatic involvement were not prognostically indepen-
dent of disease stage, performance status, and various markers of
tumor burden.'®?

Initial performance status strongly influences survival of un-
treated patients and those receiving adjuvant thcrapy.“s‘ -
Within either stage, performance status is the single most impor-
tant prognostic variable. 115.153 That favorable performance status
is more common among limited-stage patients and poor pertor-
mance is more common among extensive-disease patients corre-
lates with increasing numbers of metastases, suggesting that the
prognostic effect of performance may be related to overall tumor
burden.''®

Other tumor- and host-related factors have been proposed as
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prognostically important in pulmonary SCCL, including weight
loss, impaired immune status, gender, age, and time since cessa-
tion of smoking.
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