
Distinction of pulmonary small cell carcinoma
from poorly differentiated squamous cell
carcinoma: an immunohistochemical
approach

Hong Zhang1, Jing Liu1, Philip T Cagle2, Timothy C Allen2, Alvaro C Laga2 and
Dani S Zander1

1Department of Pathology and Laboratory Medicine, University of Texas Health Science Center at Houston
Medical School, Houston, TX, USA and 2Department of Pathology, Baylor College of Medicine, Houston,
TX, USA

Accurate morphologic distinction between small cell carcinoma and poorly differentiated squamous cell
carcinoma has critical therapeutic significance, but can be limited by crush artifact, tumor necrosis, limited
tumor representation, and overlapping morphologic features. We evaluated a panel of antibodies for their
efficacy in distinguishing between these neoplasms. Formalin-fixed paraffin-embedded tissue sections of small
cell carcinomas and poorly differentiated squamous cell carcinomas underwent immunohistochemical staining
with antibodies to thyroid transcription factor-1, p63, high molecular weight keratin, and p16(INK4A). Of 28
small cell carcinomas, 26 (93%) small cell carcinomas showed diffuse moderate or strong staining for thyroid
transcription factor-1 with no staining for high molecular weight keratin and p63. In contrast, 27/28 (96%) poorly
differentiated squamous cell carcinomas manifested opposite immunoreactivities, with diffuse moderate or
strong staining for high molecular weight keratin and p63, and no or minimal staining for thyroid transcription
factor-1. In two additional cases originally interpreted as small cell carcinoma, high molecular weight keratin
highlighted small numbers of neoplastic large cells, leading to reclassification as combined small cell and non-
small cell carcinomas. p16(INK4A) expression varied widely in poorly differentiated squamous cell carcinomas,
but was consistently moderate or strong and diffuse in small cell carcinomas, and proved helpful in the two
thyroid transcription factor-1-negative small cell carcinomas. This study demonstrates that a panel consisting
of antibodies to thyroid transcription factor-1, p63, high molecular weight keratin, and p16(INK4A) is highly
effective for distinguishing between small cell carcinoma and poorly differentiated squamous cell carcinoma.
This panel also facilitates diagnosis of combined small cell and non-small cell carcinomas.
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Current therapeutic strategies for lung cancers
require accurate morphologic differentiation be-
tween primary pulmonary small cell carcinomas
and primary pulmonary non-small cell carcinomas.
While morphologic evaluation, supported by
immunohistochemical features of epithelial and/or
neuroendocrine differentiation, usually is sufficient
to accurately classify these cancers, problematic

cases are common. Crush artifact, tumor necrosis,
and limited tumor representation can preclude
definitive morphologic diagnosis. Furthermore, pro-
blems in differential diagnosis frequently compli-
cate the morphologic assessment of the combined
small cell carcinoma with non-small cell carcinoma
variant of small cell carcinoma, and the uncommon
small cell squamous cell variant of poorly differ-
entiated squamous cell carcinoma.1

Many investigators have applied immunohisto-
chemical techniques to the evaluation of small cell
carcinomas and non-small cell carcinomas. Anti-
bodies directed towards neuroendocrine differentia-
tion, such as chromogranin A, synaptophysin,
CD56, and CD57, stain 10–20% of non-small cell
carcinomas, and in some reports substantially
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higher numbers of non-small cell carcinomas, but
can be negative in up to 25% of small cell
carcinomas.2–6 Recent studies suggest the potential
utility of several newer antibodies including thyroid
transcription factor-1 (TTF-1), p63, p16(INK4A)
(p16), and high molecular weight keratin, to help
differentiate between small cell carcinomas and
non-small cell carcinomas.7–10 In this study, we
evaluated the utility of a panel of these antibodies
for distinguishing between small cell carcinoma and
poorly differentiated squamous cell carcinoma.

Materials and methods

Samples

A total of 60 archival, routinely processed formalin-
fixed and paraffin-embedded tissue samples were
retrieved from three hospitals affiliated with the
University of Texas Health Science Center at
Houston Medical School or Baylor College of
Medicine, Houston, TX. These samples included
30 small cell carcinomas and 30 poorly differen-
tiated squamous cell carcinomas, obtained as
bronchoscopic biopsies (13 cases) or surgical speci-
mens (47 cases).

Histologic Evaluation and Additional Histochemical
Staining

All hematoxylin–eosin-stained slides were reviewed
by the authors to determine the histologic type of
the neoplasm, according to recognized criteria.5 In
addition, two cases received mucicarmine staining.

Immunohistochemical Staining

Unstained recuts of 4mm thickness were obtained
from a representative paraffin block from each
specimen. Primary antibodies selected for staining
included TTF-1 (clone 8G7G3/1, Dako Corp., Car-
pinteria, CA, USA) optimized at a dilution of 1:60,
p63 (clone 7JUL, Novocastra Laboratories Ltd, New-
castle upon Tyne, UK) optimized at a dilution of
1:100, p16 (clone G175-405, B-D Pharmingen, San
Diego, CA, USA) optimized at a dilution of 1:7000,
and high molecular weight keratin (clone 34bE12,
Dako Corp.) optimized at a dilution of 1:20. For TTF-
1, p63 and p16, heat-induced epitope retrieval using
a steamer (Handy Steamer Plus. Black & Decker,
Shelton, CT, USA) was used. The slides were placed
in 1mM EDTA buffer (pH 8.0), steamed for 20min,
and then allowed to cool at room temperature in
buffer for 20min. The Dako Autostainer (Dako
Corp.) was used for the remaining steps. The slides
were incubated with the primary antibody at room
temperature for 30min. The PowerVisiont (Immuno
Vision Technologies Co., Daly City, VA, USA)
detection system was used with diaminobenzidine
as the chromogen. For high molecular weight

keratin, the staining procedure included pretreat-
ment with proteinase K (Dako Corp.) at room
temperature for 5min before incubation with the
antibody. The LSAB2 detection system, with diamino-
benzidine as the chromogen, was used.

Two cases received additional immunohistochem-
ical staining for surfactant precursor protein B. Heat-
induced epitope retrieval was first performed as
described earlier, and then the slides were incubated
with a 1:15 dilution of surfactant precursor protein
B antibody (clone 19H7, Novocastra Laboratories
Ltd) at room temperature for 30min. The LSAB2
detection system (Dako Corp.) was used, and
diaminobenzidine was applied as the chromogen.

Identically prepared slides from known positive
tissues were used as positive controls for all staining
runs. Negative controls were performed for all cases
and consisted of identically prepared slides that
were treated with antibody diluent (Dako Corp.) in
place of primary antibody, but otherwise subjected
to the same immunohistochemical staining protocol.

Assessment of Immunohistochemical Staining

Both staining intensity and extensiveness (percen-
tage of tumor cells staining) were evaluated for each
antibody applied to each neoplasm. Staining in-
tensity was graded as weak—1þ /moderate—2þ /
strong—3þ . Staining extensiveness was scored as
1þ if the percentage of tumor cells stained was less
than 10%, 2þ if 10–50% of tumor cells stained, and
3þ if more than 50% of tumor cells stained. Overall
reactivity was defined as negative if o10% of tumor
cells stained, regardless of staining intensity, low if
1þ staining was observed in 10–50% of tumor cells,
intermediate if 2þ or 3þ staining occurred in 10–
50% of tumor cells or 1þ staining occurred in more
than 50% of tumor cells, and high if 2þ or 3þ
staining was present in more than 50% of tumor
cells.

Results

Three of the antibodies tested demonstrated mark-
edly different patterns of reactivities for the two
types of neoplasms evaluated (Table 1). Of 28 small
cell carcinomas, 26 (93%) showed diffuse moderate
or strong staining for TTF-1 with no staining for high
molecular weight keratin and p63 (Figure 1). In 21/
26 of the TTF-1-positive small cell carcinomas, more
than 90% of tumor cells expressed TTF-1, and the
staining intensity was usually strong. In the few
TTF-1-positive small cell carcinomas with less than
90% staining, this was usually related to substantial
crush artifact or less optimal fixation in the centers
of resected neoplasms. In contrast, 27/28 (96%)
poorly differentiated squamous cell carcinomas
manifested the opposite pattern of reactivities, with
diffuse moderate or strong staining for high mole-
cular weight keratin and p63, and no or minimal
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staining for TTF-1 (Figure 2). While high molecular
weight keratin staining increased with increased
squamoid differentiation, p63 staining was inver-
sely related to keratinization, making p63 particu-
larly useful as a marker for squamous differentiation
in the most poorly differentiated squamous cell
carcinomas. Seven of the poorly differentiated
squamous cell carcinomas included a component
of small cell variant of squamous cell carcinoma,
which showed the same pattern of immunohisto-
chemical staining as the conventional poorly differ-
entiated squamous cell carcinomas.

Small cell carcinomas usually showed moderate
or strong staining for p16 by more than 90% of the
neoplastic cells (27/28 cases; Table 1), while loss of

p16 expression was common in poorly differen-
tiated squamous cell carcinomas. Although p16
expression overlapped between the two groups of
neoplasms, p16 staining was helpful in one parti-
cular circumstance: in the two TTF-1-negative small
cell carcinomas, which were also nonreactive for
p63 and high molecular weight keratin, p16 was
strongly and diffusely expressed (Figure 3). Thus,
for TTF-1-negative small cell carcinomas, p16
staining may be useful for supporting a diagnosis
of small cell carcinoma.

The four cases eliminated from the original cohort
of 60 highlighted two additional benefits of using
the panel of antibodies studied. In two cases
originally interpreted as small cell carcinoma, over

Table 1 Immunohistochemical reactivities of small cell carcinomas and poorly differentiated squamous cell carcinomas

Negative Low Intermediate High

Small cell carcinomas (n¼ 28)
TTF-1 2 (7.1%) — — 26 (92.9%)
p63 28 (100%) — — —
High molecular weight keratin 28 (100%) — — —
p16 — 1 (3.6%) — 27 (96.4%)

Poorly differentiated squamous cell carcinomas (n¼ 28)
TTF-1 27 (96.4%) 1 (3.6%) — —
p63 — — — 28 (100%)
High molecular weight keratin — — — 28 (100%)
p16 13 (46.4%) 6 (21.4%) 7 (25.0%) 2 (7.1%)

TTF-1¼ thyroid transcription factor -1, p16¼p16(INK4A).

Figure 1 Small cell carcinoma. Representative images of histology (a and b) and immunohistochemical stains for TTF-1 (c), p63 (d), high
molecular weight keratin (e), and p16 (f) (a, c, d, e, and f, original magnification � 200; b, original magnification �400).
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90% of tumor cells displayed strong (3þ ) and
diffuse (3þ ) nuclear staining for TTF-1 and p16.
Interestingly, high molecular weight keratin high-
lighted small numbers of neoplastic large cells
(o10% of total cells in each case) that showed
moderate (2þ ) p63 reactivity in one case and no p63
reactivity in the other case (Figure 4). These
observations led to the reclassification of these two
cases as combined small cell carcinoma/non-small
cell carcinoma. In two other cases originally diag-
nosed as poorly differentiated squamous cell carci-
noma, tumor cells demonstrated diffuse moderate or
strong TTF-1 staining, no reactivity with high
molecular weight keratin and p63, and diffuse weak
staining for p16, a pattern of reactivities more

consistent with the diagnosis of small cell carcino-
ma than poorly differentiated squamous cell carci-
noma (Figure 5). However, by light microscopy, both
tumors were poorly differentiated large cell neo-
plasms with a solid pattern. On subsequent staining,
both cases expressed surfactant precursor protein B
and in one, neoplastic cells contained intracytoplas-
mic mucin. The mucin-positive case was reclassi-
fied as a poorly differentiated adenocarcinoma, and
the mucin-negative case was reclassified as a large
cell carcinoma, with immunohistochemical evi-
dence of type II pneumocyte/Clara cell differentia-
tion. In both of these cases, discrepancy between the
morphologic impression and the staining results led
to further evaluation and reclassification.

Figure 2 Poorly differentiated squamous cell carcinoma. Representative images of histology (a) and immunohistochemical stains for
TTF-1 (b), p63 (c), high molecular weight keratin (d), and p16 (e) (original magnification � 200).

Figure 3 TTF-1-negative small cell carcinoma with strong p16 expression. Histology (a) and immunohistochemical stains for TTF-1 (b)
and p16 (c) (original magnification �200).
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Discussion

For patients with lung cancer, pathologic classifica-
tion of the neoplasm as small cell carcinoma or

non-small cell carcinoma remains a key decision
point in the therapeutic algorithm. Distinction
between small cell carcinomas and poorly differ-
entiated squamous cell carcinomas, however, can be

Figure 5 Poorly differentiated adenocarcinoma. Histology (a), immunohistochemical stains for TTF-1 (b), p63 (c), high molecular weight
keratin (d), and p16 (e), mucicarmine (f and inset), and immunohistochemical stain for surfactant precursor protein B (g) (all except inset,
original magnification �200; inset, original magnification � 400).

Figure 4 Combined small cell carcinoma and non-small cell carcinoma. The high molecular weight keratin stain highlights small
numbers of neoplastic large cells in two cases (a—case 1, b and c—case 2) (original magnification �200).
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difficult due to a variety of endogenous and
procedural factors. Particular challenges may occur
in diagnosis of the combined small cell carcinoma
with non-small cell carcinoma variant of small cell
carcinoma, and distinction between the small cell
squamous cell variant of poorly differentiated
squamous cell carcinoma and small cell carcinoma.
Although chromatin characteristics can help to
direct one to the correct diagnosis, chromatin detail
is often impaired by crush artifact, necrosis and less
than optimal preservation. Other cytologic charac-
teristics such as cell and nuclear size, and amount of
cytoplasm, may overlap. Furthermore, presence or
absence of neuroendocrine differentiation, as deter-
mined using immunohistochemical or ultrastructur-
al methods, does not separate these groups of
neoplasms.

Recently, however, reports have appeared suggest-
ing the utility of several newer antibodies for
distinguishing between small cell carcinomas and
poorly differentiated squamous cell carcinomas.
From among this group, we selected the particular
antibodies for the current panel with the intent of
providing both positive and negative stains for both
entities, as well as the capacity to draw attention to
neoplasms in which a third diagnosis should be
considered. A similar approach has been used by
Lantuejoul et al11 to distinguish between basaloid
and large cell neuroendocrine carcinomas of the
lung.

Most small cell carcinomas display a TTF-1þ /
p16þ /p63�/ high molecular weight keratin�
immunophenotype, while most poorly differen-
tiated squamous cell carcinomas show opposite
reactivities for three of the antibodies (TTF-1�/p63
þ / high molecular weight keratinþ ) and variable
retention or loss of p16 expression. Tumor compo-
nents of small cell variant of squamous cell
carcinoma showed the same staining properties as
conventional poorly differentiated squamous cell
carcinomas. Our results confirm and extend the
recent work of Wu and colleagues, who reported
negative or rarely equivocal immunohistochemical
reactivity for p63 in 23/23 small cell carcinomas
compared with diffuse intense staining for p63 in
13/13 poorly differentiated squamous cell carcino-
mas, as well as TTF-1 staining in 20/23 small cell
carcinomas and 0/13 poorly differentiated squa-
mous cell carcinomas.8 Others have also reported
high frequencies (generally 485% of cases) of TTF-
1 expression by pulmonary small cell carcinomas as
well as many pulmonary adenocarcinomas.9,12–19

Interestingly, in two of our original cohort of cases,
observation of TTF-1 staining, in combination with
a lack of p63 and high molecular weight keratin
staining, led to reconsideration of the diagnosis,
additional mucicarmine and surfactant precursor
protein B staining, and reclassification. TTF-1 is a
transcription factor that is normally expressed in
alveolar pneumocytes, Clara cells, ciliated respira-
tory epithelial cells, and basal cells of the lung,9 and

is also expressed in the thyroid and brain.20 p63 is a
p53 homologue mapped to chromosome 3q27, that
is commonly amplified early in the development of
pulmonary squamous cell carcinoma.21 In the non-
neoplastic lung, p63 is normally expressed by
bronchial reserve cells, and lower strata of meta-
plastic squamous epithelia, and it may play a role in
stem cell commitment in squamous epithelium.22

The high molecular weight keratin antibody
recognizes cytokeratins 1, 5, 10, and 14 in the Moll
catalog23 and reacts with airway basal cells and
metaplastic squamous cells. Morphologic small cell
carcinomas showing the typical immunohistochem-
ical profile (TTF-1þ /p16þ /p63�), except for re-
activity of some cells with high molecular weight
keratin, should be carefully scrutinized for popula-
tions of large neoplastic cells. Our results support
the recent report by Sturm et al,10 who noted the
utility of this stain for highlighting small popula-
tions of neoplastic large cells in predominant small
cell carcinomas that were not obviously combined
neoplasms histologically.

Lastly, p16 contributed least to the efficacy of the
panel, but was helpful for supporting a diagnosis of
small cell carcinoma in two neoplasms demonstrat-
ing the expected nonreactivity with p63 and high
molecular weight keratin, and no reactivity with
TTF-1. Over the last 10 years, increasing data have
emerged supporting the importance of p16 in the
development of neoplasms of the lungs and numer-
ous other sites. The protein is an inhibitor of the
cyclin-dependent kinase that catalyzes the phos-
phorylation of the retinoblastoma gene protein.
Disruption of the retinoblastoma pathway of cell
cycle arrest appears to occur in most non-small cell
carcinomas, through p16 inactivation and/or upre-
gulation of cyclin D1.24–26 Aberrant methylation of
p16 appears to represent an early event in pulmon-
ary carcinogenesis and is associated with p16
inactivation and loss of p16 expression.27,28 In
contrast to pulmonary small cell carcinomas, which
largely retain p16 expression, pulmonary squamous
cell carcinomas have demonstrated more frequent
loss of expression of p16.29–31

In summary, a primary immunohistochemistry
panel including TTF-1, p63, and high molecular
weight keratin is an efficient and powerful supple-
ment to morphology for distinguishing between
small cell carcinoma and poorly differentiated
squamous cell carcinoma. This panel revealed two
distinctively different patterns of reactivities for
small cell carcinomas and poorly differentiated
squamous cell carcinomas, including small cell
variant neoplasms. In cases deviating from the usual
reactivity patterns, second tier evaluation of p16 or
mucin and surfactant precursor protein B (depend-
ing upon the morphology) offers additional support
for diagnoses of small cell carcinoma or adenocarci-
noma/large cell carcinoma, respectively. High mo-
lecular weight keratin is also useful for highlighting
minor populations of large cells in combined small
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cell carcinomas with non-small cell carcinomas that
are comprised predominantly of small neoplastic
cells.
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