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Large Cell Carcinoma

Bruce Mackay

Many non-small cell carcinomas arising in the lung are diagnosed
by light microscopy as large cell carcinomas, but the term is
imprecisely used, because any lung carcinoma that is not a small
cell carcinoma, including well-differentiated adenocarcinoma or
squamous cell carcinoma, is a large cell carcinoma. The term large
cell carcinoma should be viewed as synonymous with large cell
undifferentiated carcinoma, defined by the World Health Organi-
zation as a malignant epithelial tumor without the characteristic
features of squamous cell carcinoma, small cell carcinoma, or
adenocarcinoma.’

Ideally, the large cell undifferentiated category is reserved for
tumors that totally lack evidence of differentiation, but minor
degrees of maturation are readily overlooked in light microscopic
sections, especially if a specimen is small, fragmented, or distorted,
and many tumors that possess minimal difterentiation are placed
in the large cell undifferentiated group. Certain other tumors in
the lung, including poorly differentiated nonepithelial, pleural,
and metastatic neoplasms, can closely resemble a primary large cell
undifferentiated carcinoma in routine light microscopic sections,
making it even more difficult to keep the category pure.

Poorly differentiated carcinoma of the lung is also an abused
term. It is fcmpting to a pathologist to resort to its use if there is a
suspicion that some differentiation exists in a non—small cell carci-
noma, but it is not clearly glandular or squamous. The assessment
is to some degree subjective, because there are no reproducible
criteria for the diagnosis. The management of a patient is not
influenced by the information that the carcinoma is poorly differ-
entiated, and the expression should be avoided. If convincing
evidence of differentiation in a non—small cell lung carcinoma can
not be detected after examination of slides stained with hematox-
ylin and cosin and with a mucin stain, the tumor is a large cell
undifferentiated carcinoma and should be so designated.

At least 10% of primary lung tumors are large cell undifferen-
tiated carcinomas. The incidence is higher if diagnoses are based
on bronchoscopic or needle biopsies and lower in resection speci-
mens. The rate is also lower if mucin stains are performed. In one
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series of 1336 successive lung cancer patients, 12% were large cell

undifferentiated carcinomas.” Most patients are older adults, but

among 22 patients 40 vears of age or younger, 9 had large cell
undifferentiated carcinomas.®

In this chapter, the light microscopic and ultrastructural fea-
tures of large cell undifferentiated carcinomas of the lung are
delineated and compared with those of poorly differentiated lung
carcinomas and other neoplasms that enter into the differential
diagnosis.

PATHOLOGY
Light Microscopy

The absence of an architectural pattern helps to separate large cell
undifferentiated carcinoma from other non-small cell carcinomas
of the lung, and certain cytologic features aid in differentiating the
tumor from other types. Many of the tumors are composed of
continuous sheets of closely packed mononuclear cells that are
relatively uniform in size and shape, with consistent nuclear fea-
tures. A variant composed of large, pleomorphic cells (i.e., giant
cell subset) may also have no evidence of differentiation.

In the compact type of large cell unditterentiated lung carci-
noma, the cells are arranged in diftuse sheets or irregular, anasto-
mosing, broad cords demarcated by zones of necrosis and fibrous
stroma (Fig. 50-1). Fragments of residual lung structures may be
entrapped within the tumor. A suggestion of grouping of the cells
into small clusters can sometimes be detected (Fig. 50-2). Individ-
ual cells are usually fairly regular in size and shape, with the result
that nuclei tend to be evenly spaced. Although the cells are often
compactly arranged, they can also show various degrees of loss of
cohesion (Fig. 50-3).

Individual cells are of medium size, larger than in a small cell
carcinoma, and comparable in overall dimensions to those of
poorly differentiated squamous and adenocarcinomas. Nuclei are
round or oval and centrally positioned with clumped chromatin.
Nucleoli are always obvious and often large, and nucleolar orga-
nizer region counts have been higher than in adenocarcinomas.*

The same nuclear features are evident in cytologic prepara-
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FIGURE 50-1. In this large cell carcinoma, broad cords of tumor cells

are separated by zones of fibrous stroma and foci of necrosis. (H & E stain;
low magnification.)
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tions (Fig. 50-4). In smears, including those from fine needle
aspiration biopsies, the cells can have moderate amounts of cyto-
plasm which may be slightly basophilic or eosinophilic, generally
without a distinctive appearance. If the cells form continuous
sheets, the margins of individual cells may not be clearly discern-
ible (Fig. 50-5). The accuracy of typing large cell undifferentiated
carcinomas in cytologic preparations is less than it is for the
differentiated forms of non-small cell carcinoma.®

In the first WHO classification of lung tumors, one of the
subcategories of large cell undifferentiated carcinoma was clear cell
carcinoma with mucin production.” Because mucin formation is
an indication of glandular differentiation, this form was appro-
priately changed to a subtype of adenocarcinoma in the 1981
revision." The cells of some large cell undifferentiated carcinomas
do have clear cytoplasm (Fig. 50-6), but mucin stains must be
negative for the tumor to be retained in this subdivision.
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FIGURE 50-2. The large cell carcinoma is a cellular tumor with scanty

stroma and a tendency for cell clustering. (H & E stain; intermediate
magnification.)
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FIGURE 50-3. The uniform cells of a large cell carcinoma are loosely
cohesive. They have moderate amounts of cytoplasm and nuclei with
clumped chromatin and prominent nucleoli. There is no suggestion of an
architectural pattern. (H & E stain; intermediate magnification.)

Sarcomatoid changes can occur in large cell undifferentiated
carcinomas.® The pleomorphic form of large cell carcinoma was
called giant cell carcinoma by the WHO, following the observa-
tions of Hadley and Bullock in 1953 and the recommendation by
Nash and Stout, who published 5 cases in 1958, that the tumor be
accorded special recognition.”'® Hathaway and colleagues an-
alyzed the 118 cases published up to 1969 and added 21 new
examples.'" It is more common to find this histology as a compo-
nent of a dedifferentiating adenocarcinoma than of a squamous
cell carcinoma.'? The number of giant cells increases with tumor
size and extent of necrosis.'?

A diagnosis of pleomorphic variant of large cell carcinoma is
more likely to be made on a small biopsy specimen, but an excision
specimen, affording the opportunity for extensive microscopic
analysis, may reveal areas of differentiation; the giant cell portion
of the tumor should then be listed in the diagnosis as a component.

i

FIGURE 50-4. In this cytologic preparation of a large cell carcinoma,
thq nuclei are round to ovoid, and the nucleoli are prominent. (H & E
stain; high magnification.)
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FIGURE 50-5. The spacing of the nuclei in a compact large cell carci-
noma indicates the amount of cytoplasm. There was some suggestion of
acinar grouping in this tumor (ar7ow). (H & E stain; high magni-
fication.)

At least 30% of the cells in a tumor should be large and pleomor-
phic for it to qualify as a giant cell carcinoma.'*

A spectrum of sizes and appearances between the small and
large cells can often be seen in a tumor with a differentiated
component. The pleomorphic cells are much larger than the
mononuclear cells of the compact type of large cell undifferenti-
ated carcinoma, and they have abundant cytoplasm. Loss of cohe-
sion is the rule, and there are often zones of necrosis. It is custom-
ary to find many neutrophils infiltrating the pleomorphic form of
large cell carcinoma (Fig. 50-7). The large tumor cell nuclei can
have markedly irregular outlines, most nuclei are multilobated,
and some cells contain more than one nucleus.

Ultrastructure

The uniform mononuclear cells in a large cell undifferentiated
carcinoma show more variation in size and shape at the ultrastruc-
tural level than is generally perceived by light microscopy, but the
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FIGURE 50-6. A large cell carcinoma made up o .
cells with clear cytoplasgm. The stains for mucin were negative. (H & E

stain; high magnification. )
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FIGURE 50-7. In this pleomorphic variant of a large cell carcinoma,
the tumor cells have abundant cytoplasm and bizarre, multiple nuclei.
Many neutrophils are seen. (H & E stain; high magnification.)

teatures of the cells are similar throughout. Cell borders are smooth,
and they may be intimately apposed (Fig. 50-8) or separated by
clefts. Acinar lumens bordered by cells with tight junctions are not
found, and microvilli are absent; few filopodia are seen. Where
cells are in contact, attachment sites can be found, but they are
sparse and poorly developed. Mature desmosomes should prompt
a search for tonofilament bundles and other evidence of differen-
tiation. A similar undifferentiated appearance is seen in the tumor
cells if they are grown in culture, and the cells grow as solid tumors
in nude mice and show little evidence of maturation by electron
microscopy.'®

The cytoplasm often contains moderate numbers of organ-
elles, aiding differentiation from small cell carcinoma, which is
characterized by a paucity of organelles. A few mitochondria,
scattered slender cisternae, and one or two lysosomes and lipid
droplets are customary. Round, dense granules of the size seen
in Clara cells are sometimes present, and these tumors are pre-
sumably dedifferentiated bronchioloalveolar adenocarcinomas.
Rarely, a few granules of endocrine caliber are seen.'®

Organelles can be numerous in the pleomorphic variant of
large cell undifferentiated carcinoma'’, and the irregularity of the
nuclear profiles is easily seen at the ultrastructural level (Fig. 50-9).
Neutrophils may be detected within the large cells, and Wang has
suggested that they enter by emperipolesis.'®

Immunocytochemistry

The phenotypic heterogeneity of large cell undifterentiated carci-
noma of the lung has been confirmed by immunostaining of tis-
sue sections and cytologic preparations.'” Histologic markers of
epithelial differentiation were found more frequently in the com-
pact growth type than in tumors with a looser structure.”>! The
tumors can be subdivided into two groups according to their
cytokeratin expression. Tumors with some glandular differentia-
tion express cytokeratins of the type found in simple epithelia.
Squamous differentiation is indicated by the expression of a strati-
fied epithelium type of cytokeratin pattern, and these tumors stain
for involucrin.*
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Large cell undifferentiated carcinomas may express vimentin.
It was observed in 25% of anaplastic large cell carcinomas but in
only 8.5% of adenocarcinomas and in none of the squamous
carcinomas in one study.”* Immunostaining for S-100 protein has
been recorded.** Human chorionic gonadotropin has been found
in all types of lung cancer, but the highest incidence is in large cell
undifferentiated carcinomas.?® *” In a patient with a preoperative
a-fetoprotein—producing large cell undifferentiated lung carci-
noma, the serum levels returned to normal postoperatively.*®

A series of ten large cell undifferentiated carcinomas was
studied for production of bombesin, and none displayed immu-
noreactivity, but seven showed a focal hybridization signal, indi-
cating the presence of gastrin-releasing peptide mRNA and this
was confirmed by Northern blot analysis.>” PI8SNEU expression
was not detected in large cell undifferentiated carcinomas in the
study of Kern and associates, but Weiner and colleagues found it in
cell lines of all histologic types of non-small cell carcinomas.***!

FIGURE 50-8. The carcinoma cells are closely ap-
posed in large cell carcinoma. They contain moderate
numbers of organelles and a few lysosomes and lipid
droplets, but there is no suggestion of differentiation.
(Original magnification X 4500.)

Neuroendocrine differentiation has been detected in the dif-
ferentiated forms of non-small cell carcinoma and in large cell
carcinomas.>* A correlation with nodal metastases, but not with
survival, has been observed for non-small cell lung carcinomas
with neuroendocrine differentiation.*?

DIFFERENTIAL DIAGNOSIS

Many lung tumors called large cell carcinoma by conventional
light microscopy are found on ultrastructural examination to pos-
sess evidence of maturation. This is strikingly demonstrated by the
findings of Hammar and associates, who observed that approx-
imately 80% of the tumors showed evidence of glandular differen-
tiation, 10% showed evidence of squamous differentiation, and
features of other tumors were found among the remaining 10%.** =
These results underscore the difficulty of making a confident

FIGURE 50-9. The nuclei of the cells are markedly
irregular in this pleomorphic variant of large cell carci-
noma, and the nucleoli are large. (Original magnifica-
tion X 6200.)




diagnpsis by light microscopy, although the minor levels of differ-
entiation that elude detection even when good material is available
and mucin stains are performed are of questionable clinical relevance.

The evidence for glandular differentiation that can be seen in
large cell undifferentiated carcinomas by electron microscopy usu-
ally takes the form of small acini with microvilli and tight junctions
or of slender clefts between the cells into which microvilli protrude
(Fig. 50-10). The microvilli vary in length and spacing and do not
as a rule have any visible internal structure, although cores of actin
filaments and associated glycocalyceal vesicles are rarely seen; the
latter are occasional findings in the bronchioloalveolar form of
lung adenocarcinoma.

Squamous differentiation is not seen often, but it is indicated
by frequent and better developed cell junctions with associated
cytokeratin filament bundles; and the nuclei may be more irregular
in profile than those of the surrounding undifferentiated cells
(Fig. 50-11). Cytologic preparations can reveal the admixture
of squamous and undifferentiated cells (Fig. 50-12). Distinc-
tions between adenocarcinoma and squamous carcinoma become
blurred in poorly differentiated tumors at the ultrastructural
level.*

In a well-preserved biopsy or resection specimen, it is usually
possible to differentiate small cell from large cell carcinomas,
despite the fact that neither has an identifiable architectural pat-
tern. However, even with optimal material, separation of the two
can sometimes prove to be a problem, which is more likely to arise
in a small biopsy sample. It can be insoluble if the cells are
artifactually distorted, and then there may be no alternative to
requesting a larger tissue specimen. The available biopsy frag-
ments should be sectioned at intervals before it is concluded that
a firm diagnosis can not be reached. Morphometric studies per-
formed on low-magnification electron micrographs have con-
firmed that there is overlap in cell and nuclear size between small
cell lung carcinoma cells and those of the non-small cell carcino-
mas, including large cell undifferentiated carcinoma.®” The most
revealing difference is the nuclear-cytoplasmic ratio, which is sig-
nificantly higher in small cell tumors. In evaluating light micro-
scopic preparations, an attempt should be made to assess the

FIGURE 50-10. Although this poorly differentiated
adenocarcinoma was diagnosed as a large cell carcinoma
by light microscopy, the ultrastructural study revealed
slender clefts containing microvilli. (Original magnifica-
tion x 6200.)
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quantity of cytoplasm that the tumor cells possess. If there are
many naked nuclei or distortion from crushing, this can be diffi-
cult, but where the cells are apposed within clusters, the spacing of
the nuclei conveys an impression of how much cytoplasm the cells
possess. A diagnosis of small cell carcinoma should be questioned
if the cells have even moderate amounts of cytoplasm.

Markers for endocrine differentiation in lung cancer have
clinical applications, but they are of limited utility for separating
undifferentiated small cell and large cell carcinomas.*® Chromo-
granin A is more frequently positive in the small cell tumors, but it
marks about 10% of non-small cell lung carcinomas, and other
endocrine markers have similar limitations. Neuron-specific enol-
ase is nonspecific and virtually of no value in this diagnostic
dilemma. ~

Electron microscopy has contributed to the solution of sep-
arating small and large cell undifferentiated lung carcinomas by
delineating details of the morphology of the cells of the two
tumors. Figure 50-13 shows the ultrastructural appearance of cells
from a typical small cell lung carcinoma, and they can be compared
with the cells in the illustrations of large cell carcinomas. The
scanty cytoplasm and sparse organelles that are characteristic of
small cell carcinoma can be appreciated; Figure 50-13 also
shows that the nuclei are oval rather than spherical and that the
nuclear chromatin is finely and evenly clumped throughout the
nucleus. This is reflected in microscopic sections and smears by a
homogeneous, moderately hyperchromatic appearance, and the
nucleoli, typically small, are further obscured by the chromatin.
There are exceptions; in approximately 10% of small cell lung
carcinomas, the nuclear chromatin is fine, and the nucleoli are
prominent.

With the electron microscope, small granules can sometimes
be identified in the cytoplasm in small cell carcinoma. They occur
in moderate numbers in about one third of the tumors and are
sparse in another third. In some of the tumors, granules cannot be
found even after a persistent search. Because an occasional large
cell carcinoma also contains granules of endocrine caliber, they are
not a reliable criterion to differentiate these tumors, but the gran-
ules in small cell carcinoma cells are uniformly small, about 120
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pm in diameter, and those in large cell carcinomas tend to be
larger.

The clinical relevance of subtyping of small cell lung carcino-
mas is controversial. The pathology group of the International
Association for the Study of Lung Cancer recommended that the
adjectives “oat cell” and “intermediate” be abandoned, but they
suggested that two variants be retained.* One of these, the com-
bined form of small cell carcinoma in which a discrete, differenti-
ated non-small cell carcinoma coexists with the small cell compo-
nent, is widely accepted as an entity, albeit uncommon. The other
variant, small cell and large cell carcinoma, is supposedly a mixture
of undifferentiated large cell and small cell carcinoma with inti-
mate intermingling of the two cell types. The existence of such a
tumor would imply a shared histogenesis, and this contravenes
current theories on the origin of the two tumor types. Identifica-
tion of this variant has been based on light microscopy, and this is

FIGURE 50-12. Scattered small foci of squamous differentiation were
found in this otherwise undifferentiated large cell tumor. Both compo-
nents can be seen in the cytologic preparation. (Papanicolaou stain; inter-
mediate magnification.)
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FIGURE 50-11. In this poorly differentiated squa-
mous carcinoma, a small cluster of cells with cytokeratin
filaments is surrounded by undifferentiated cells. (Orig-
inal magnification x 3500.)

a dubious criterion because of the frequent distortion that mars
paraffin sections of lung tumors. Artifactual damage can induce
pyknotic changes in some of the cells within a large cell carcinoma,
and these shrunken cells with hyperchromatic nuclei readily simu-
late small cell carcinoma.

Some small cell carcinomas undergo morphologic transfor-
mation of their cells toward a larger cell type, particularly in
response to therapy or in metastatic foci. Matthews and Gazdar
found larger cells in one third of their autopsy cases.* Figure
50-14 illustrates the ultrastructural appearance of a lung tumor
that was diagnosed by light microscopy as a large cell undifferenti-
ated carcinoma. The smaller cells with high nuclear-cytoplasmic
ratios simulate small cell carcinoma cells, but various degrees of
transition between the large and small cells exist. In a study of 34
small cell lung carcinomas, 12 were considered to be of the mixed
type, and they had fewer cells immunoreactive for chromogranin
A and ultrastructurally had fewer granules and more desmosomes
than in the pure subtype.*' Proof of the existence of a small celland
large cell form of small cell carcinoma requires more convincing
documentation than 1s available.

In most carcinoid tumors of the lung, the cells are arranged in
patterns. These may take the form of clusters, cords, or glandlike
aggregates. With dedifferentiation, the structure of a carcinoid
tumor becomes obscured and ultimately lost, giving way to sheets
of compact or loosely cohesive cells that display various degrees of
cytologic atypia. The terms atypical carcinoid and large cell neuro-
endocrine carcinoma have been used. Because the cell size and
nuclear-cytoplasmic ratio in these tumors can be the same as those
of large cell undifferentiated carcinomas, the two tumors can be
difﬁcult to separate, particularly in small biopsies. However, endo-
crine differentiation in a carcinoid tumor is usually pronounced in
the classic form and still detectable in atypical tu'mors, and chro-
mogranin A and other endocrine markers are usually positive.

Tl ons of these markers in the differential diagnosis
ot larg ‘entiated lung carcinoma have been described.
‘If elect is available, carcinoid tumors can usually be
e

i v endocrine granules, and although the
imt ishes in the more aggressive tumors,
[n carcinoid tumors, the cisternae
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FIGURE 50-13. In this small cell lung carcinoma,
the cells have sparse cytoplasm and few organelles, and
the nuclear chromatin forms small clumps. (Original
magnification X 5500.)

tend to form short stacks, and this is not a feature of large cell
undifferentiated carcinomas, in which the endoplasmic reticulum
is often sparse and haphazard in its distribution. The uniform
structure of carcinoid cells, a round central nucleus, an even amount
of cytoplasm, and round cell border are usually obvious to the
electron microscopist; these are usually not features in large cell
undifferentiated carcinomas. It may, however, be impossible to
confidently separate a poorly differentiated endocrine tumor from
large cell undifferentiated carcinoma of the lung by light or elec-
tron Mmicroscopy.

Among uncommon lung tumors, there are only a few that can
be difficult to differentiate from large cell undifferentiated carci-
noma, and with adequate material and the use of special stains,
confusion is unlikely. The sheets of cells that occupy some areas of
a sclerosing hemangioma do not have the cytologic atypia of the
carcinomas. Loss of cohesion of cells in the carcinomas can simu-

FIGURE 50-14. A large cell lung carcinoma wit.h an
admixrure of smaller, darker cells. (Original magnifica-
tion % 7600.)
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late a large cell lymphoma, but the nuclear features and immuno-
staining for keratin and leukocyte common antigen suffice for the
determination.

Some epithelial mesotheliomas closely resemble large cell
undifferentiated carcinomas histologically. The radiologic find-
ings may strongly suggest one or other diagnosis, but microscopic
confirmation is always necessary. Mesothelioma cells are generally
cuboidal; they form circles, nests, or cords; and the cell borders are
usually distinct because of the many microvilli sandwiched be-
tween neighboring cells.*> Immunostaining for keratin and carci-
noembryonic antigen is the usual approach, but electron micros-
copy is often definitive. Mesothelioma cells have relatively few
organelles compared with the carcinomas, and they may have
perinuclear zones of intermediate filaments, not a feature of the
carcinomas. The luxuriant profusion of long, slender, often bran-
ching microvilli coating many of the free surfaces of cells of an




578 SECTION NINE: TUMORS AND TUMORLIKE LESIONS OF THE LUNG AND PLEURA

epithelial mesothelioma is diagnostic. Scparat.i(?n frorp a Poprly
differentiated adenocarcinoma may not be easy if the microvilli are
sparse, but undifferentiated carcinoma ccll§ do NOt possess regular
arrays of microvilli. It is not possible to differentiate between an
undifferentiated epithelial mesothelioma and a large cell un-
differentiated carcinoma by electron microscopy.

The clear cell form of large cell undifferentiated carcinoma of
lung may contain some glycogen, and metastatic renal cell ade-
nocarcinoma must be considered. Nuclei are smaller in renal cell
tumors; lipid and microvilli can often be detected by electron
microscopy; and the clinical history will probably be helpful. The
rare benign clear cell tumor of the lung is composed of bland cells
in sheets with a delicate vascular pattern and is never encountered
by most pathologists.

The true nature of the pleomorphic form of large cell un-
differentiated carcinoma may be recognized in resection speci-
mens by the presence of a differentiated component, which is
commonly adenocarcinoma. In a small biopsy specimen or cyto-
logic preparation, the latter may not be detected, and the entire
tumor may be made up of pleomorphic cells. Metastatic neoplasms
composed of pleomorphic cells must then be considered, includ-
ing soft tissue sarcomas, notably malignant fibrous histiocytoma,
and melanoma. Because the ultrastructural features of pleomor-
phic lung carcinoma cells are nonspecific, electron microscopy is of
limited value in making the determination, but if the tumor is a
metastatic sarcoma, a primary tumor is likely to have been diag-

nosed earlier. Melanoma is usually positively immunostained with
S-100 and HMB-45.

CLINICAL MANIFESTATIONS

Large cell undifferentiated lung carcinomas are often large tu-
mors, and in keeping with the frequent finding by electron micros-
copy of minor degrees of adenocarcinomatous differentiation, the
tumors are often peripheral.** However, there are no radiologic
features that reliably separate the large cell undifferentiated tumors
from adenocarcinomas. Etiologic factors are the same as for ade-
nocarcinomas and squamous carcinomas of the lung, although an
increased risk for large cell undifferentiated carcinoma with ciga-
rette smoking was not observed in one study.™

As befits an undifferentiated tumor, the behavior of large cell
undifferentiated carcinoma is typically aggressive, and the prog-
nosis is poorer than for differentiated forms of non-small cell lung
carcinoma.® Ishida and colleagues found that the patients with
tumors with a compact structure had better survival rates than
those with tumors in which cell cohesion was less apparent; the
S-year survival rates were 46% and 28%, respectively.”! Survival
was related to clinical stage. After apparent complete resection of
the tumors in 53 patients, Huwer and associates found that the
mean survival time for patients with stage I disease was 19 months
and the 5-year survival rate was 30.1 %, but for stage I tumors, the
corresponding figures were 8 months and 10%; for stage IIIA
disease, they were 6.5 months and 0%.*

Only 10 of a series of 96 consecutive patients had stage 1
lesions favorable for resection.*” In an assessment of lung tumors
larger than 10 cm in diameter, there was no significant difference
between the large cell undifferentiated and differentiated types.*®
Many patients had regional lymph node metastases at the time of
diagnosis. Those who did not have nodal spread lived longer, and

an improved survival after chemotherapy was reported. The pleo-
morphic variant of large cell undifferentiated carcinoma is partic.
ularly aggressive.
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