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Abstract

Currently, non-small cell lung carcinomas are primarily classified by light microscopy. However,
recent studies have shown that poorly-differentiated tumors are more accurately classified by
immunohistochemistry. In this study, we investigated the use of immunohistochemical analysis in
reclassifying lung carcinomas that were originally diagnosed as squamous cell carcinoma. Tumor
slides and blocks were available for histologic evaluation, and tissue microarrays were constructed
from 480 patients with resected lung carcinomas originally diagnosed as squamous cell carcinoma
between 1999 and 2009. Immunohistochemistry for p40, p63, thyroid transcription factor-1
(TTF-1; clone SPT24 and 8G7G3/1), Napsin A, Chromogranin A, Synaptophysin, and CD56 were
performed. Staining intensity (weak, moderate, or strong) and distribution (focal or diffuse) were
also recorded. Of all, 449 (93.5%) patients were confirmed as having squamous cell carcinomas;
the cases were mostly diffusely positive for p40 and negative for TTF-1 (8G7G3/1). Twenty cases
(4.2%) were reclassified as adenocarcinoma since they were positive for TTF-1 (8G7G3/1 or
SPT24) with either no or focal p40 expression, and all of them were poorly-differentiated with
squamoid morphology. In addition, 1 case was reclassified as adenosquamous carcinoma, 4 cases
as large cell carcinoma, 4 cases as large cell neuroendocrine carcinoma, and 2 cases as small cell
carcinoma. In poorly-differentiated non-small cell lung carcinomas, an accurate distinction
between squamous cell carcinoma and adenocarcinoma cannot be reliably determined by
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morphology alone and requires immunohistochemical analysis, even in resected specimens. Our
findings suggest that TTF-1 8G7G3/1 may be better suited as the primary antibody in
differentiating adenocarcinoma from squamous cell carcinoma.
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Introduction

Over the past few decades, the simple histological division of lung carcinomas between
small cell carcinoma and other major histologic types such as adenocarcinoma or squamous
cell carcinoma was clinically adequate for determining the appropriate therapy for patients.
However, with recent major advances in thoracic medical oncology, the precise distinction
between adenocarcinoma and squamous cell carcinoma—the 2 most common types of lung
cancer—have become important in clinical practice. First, activating mutations in the
tyrosine kinase domain of epidermal growth factor receptor (EGFR) can predict sensitivity
to EGFR tyrosine kinase inhibitors, such as erlotinib and gefitinib, in patients primarily with
lung adenocarcinomas.13 Second, pemetrexed—a potent inhibitor of thymidylate synthase
and other folate-dependent enzymes—has greater efficacy in patients with lung
adenocarcinoma than it does in patients with squamous cell carcinoma.* ® Third,
bevacizumab—a recombinant humanized version of the murine antihuman vascular
endothelial growth factor monoclonal antibody—was excluded from use in patients with
squamous cell carcinomas because of the potential risk of life-threatening pulmonary
hemorrhage.5: 7 Lastly, the recently recognized anaplastic lymphoma kinase (ALK)
rearrangement predicted sensitivity to the targeted agent, Crizotinib, and it also specifically
occurred in adenocarcinoma.8: @ These findings have increased the requirement for accurate
pathological classification (i.e., adenocarcinoma vs. squamous cell carcinoma) in the
personalized selection of patients for appropriate histology-specific evaluation for targeted
therapies.

In the 2004 World Health Organization (WHO) lung carcinoma classification, histological
identification between adenocarcinoma and squamous cell carcinoma was still based on
morphologic criteria that used standard hematoxylin and eosin (H&E) staining, with the
option of histochemical staining of mucin to identify the presence of intraluminal and
cytoplasmic mucin.19 Squamous cell carcinoma was characterized by keratinization and
intercellular bridges, while adenocarcinoma was characterized by glandular structures and
the presence of mucin. However, the histological distinction between them was difficult
because those features were not always prominent in poorly-differentiated carcinomas.
Recently, there have been various studies that have investigated the ability of a number of
immunohistochemical markers to differentiate between squamous cell carcinoma and
adenocarcinoma of the lung.11-17 Among these markers, p40 and thyroid transcription
factor-1 (TTF-1) proved to be the two best squamous cell carcinoma and adenocarcinoma
markers.12: 16 More importantly, the majority (80%) of large cell carcinomas can be
reclassified into squamous cell carcinoma or adenocarcinoma using these 2 markers.18 For
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squamous cell carcinoma, p40, which is an isoform of p63, has equivalent sensitivity and
higher specificity than p63.16: 17 Regarding TTF-1, two monoclonal antibodies (8G7G3/1
and SPT24) have been commercially available for immunohistochemistry. When
differentiating adenocarcinoma and squamous cell carcinoma, 8G7G3/1 was more specific
to but less sensitive while SPT24 was less specific to but more sensitive for lung
adenocarcinoma.1? 20 In addition to TTF-1, Napsin A has been also recognized as a
promising lung adenocarcinoma marker.13. 14

In a recent study from our institution, immunohistochemical analysis with p40 and TTF-1
using whole sections from 98 resected tumors which were originally diagnosed as squamous
cell carcinoma revealed that 4 cases had an immunoprofile supporting the diagnosis of solid
subtype adenocarcinoma rather than squamous cell carcinoma.2! To expand on these
findings, in this study, we reviewed and reclassified a larger series of resected lung
carcinomas, which were originally diagnosed as squamous cell carcinomas, using an
expanded immunohistochemical analysis in an effort to distinguish them from other lung
cancers such as adenocarcinoma, large cell neuroendocrine carcinoma, small cell carcinoma,
and large cell carcinoma. We also compared the specificity —positive rate in squamous cell
carcinomas—of the two monoclonal antibodies as we used immunohistochemistry to
reclassify this series of squamous cell carcinomas.

Materials and methods

Patients

This retrospective study was approved by the Memorial Sloan Kettering Cancer Center
Institutional Review Board. We reviewed patients with solitary lung carcinomas that were
surgically resected and originally diagnosed as squamous cell carcinoma at Memorial Sloan
Kettering Cancer Center between 1999 and 2009. Other clinical and pathologic aspects of
these tumors have been published elsewhere.22 Tumor slides and blocks were available for
histologic evaluation and tissue microarray construction from 480 patients. This series
included a subset of our previous study (n=98) analyzing squamous cell carcinoma cases
with immunohistochemistry.2 Clinical data were collected from our prospectively
maintained lung carcinoma database.

Histologic Evaluation

All available H&E stained slides were reviewed by two pathologists (K.K. and W.D.T.)
using an Olympus BX51 microscope (Olympus Optical Co., Tokyo, Japan) with a standard
22-mm diameter eyepiece. Both pathologists had no knowledge of the clinical information
of those cases during the review.

Tumors were graded by a degree of squamous differentiation—well, moderately, and
poorly-differentiated—in accordance with the 2004 WHO classification of lung
carcinomas.19 In the well-differentiated tumors, tumor nests were composed of
differentiated keratinocyte-like tumor cells with prominent keratinization (layered and
cytoplasmic keratin) and intercellular bridges (Figures 1A and 1B). In the poorly-
differentiated tumors, squamous morphology was only noticeable in a small area of the
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tumor and the vast majority of tumor cells showed nonkeratinizing pattern (Figure 1C).
Moderately-differentiated tumors showed an intermediate degree of squamous
differentiation between well-differentiated and poorly-differentiated tumors.

Histologic subtyping was performed in a similar fashion for nasopharyngeal carcinomas in
the 2005 WHO Classification, Pathology and Genetics of Head and Neck Tumours; they
were classified as nonkeratinizing, keratinizing, and basaloid squamous cell carcinomas.23
The percentage of keratinizing pattern, including layered and cytoplasmic keratinization,
was recorded and then tumors were classified as either keratinizing subtype, which was
defined as having any amount of keratinizing pattern in the tumor, or nonkeratinizing
subtype, which was defined as having no keratinizing pattern. Basaloid pattern was defined
as tumor nests that showed prominent peripheral palisading of tumor cells with scant
cytoplasm (high nuclear/cytoplasmic ratio) and had a greater amount of hyperchromatic
nuclei (Figure 2A).10 The percentage of basaloid pattern was recorded in each tumor; the
tumor was classified as basaloid subtype if there was >50% basaloid pattern.24

Tissue Microarray Construction and Immunohistochemistry

Formalin-fixed, paraffin-embedded tumor specimens were used for tissue microarray
construction. We marked 3 representative tumor areas on H&E stained slides and, using an
Automated Tissue Arrayer ATA-27 (Beecher Instruments inc., Sun Prairie, WI, USA), we
arrayed cylindrical 0.6 mm tissue cores from corresponding paraffin blocks into a recipient
block; this resulted in 5 tissue microarray blocks.

We took 4-pm sections from the tissue microarray blocks and briefly deparaffinized them in
xylene and dehydrated them in graded alcohols. The standard avidin-biotin-peroxidase
complex technique was used for immunohistochemical stains of anti-p40 antibody
(polyclonal 5-17, CalBiochem; diluted at 1:2000), anti-p63 antibody (clone 4A4, Dako;
diluted at 1:600), anti-TTF-1 antibody (clone SPT24, NovoCastra; diluted at 1:100), anti-
TTF-1 antibody (clone 8G7G3/1, Dako; diluted at 1:100), anti-Napsin A antibody (clone
IP64, NovoCastra; diluted at 1:200), anti-Chromogranin A antibody (polyclonal, Dako;
diluted at 1:2000), anti-Synaptophysin antibody (polyclonal, Dako; diluted at 1;1000), and
anti-CD56 antibody (clone 123C3.D5, Lab Vision; diluted at 1:25). Sections were stained
using a Ventana Discovery XT Automated Immunohistochemical Stainer (Ventana Medical
Systems Inc., Tucson, AZ, USA), according to manufacturer guidelines. Diaminobenzidine
and hematoxylin were used as the chromogen and the nuclear counterstain, respectively.
Positive control tissues were stained in parallel with the study cases.

For each marker, both maximal intensity immunostaining (weak, moderate, and strong) and
distribution of positive tumor cells (percentage) were recorded for each core.25 26 The
average percentage of positive tumor cells within the tumor cores was used as the
immunoreactive distribution for each patient. Diffuse reactivity was defined as =250%
positive tumor cells and 1-49% as focal reactivity.1?
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Results

Histologic Evaluation with Immunohistochemical Analysis

Figure 3 represents a flowchart to show how the tumors that were originally diagnosed as
squamous cell carcinoma were reclassified based on slide review and
immunohistochemistry. This is not a proposed algorithm for how to classify
adenocarcinoma versus squamous cell carcinomas. After slide review, we identified 251
keratinizing tumors, 191 nonkeratinizing tumors, and 38 basaloid tumors.

All tumors were first classified on the basis of p40 and TTF-1 (8G7G3/1) expression
because of their high specificity in differentiating squamous cell carcinoma from
adenocarcinoma.16: 20 However, if the tumors were negative for both of these markers
without diffuse TTF-1 (SPT24) expression in tissue microarray analysis (n = 11), squamous
and adenocarcinoma differentiation was confirmed via immunohistochemistry (p40 and
TTF-1 [SPT24]) and mucicarmine stain using whole blocks. However, not all cases were
systemically stained for mucin staining using whole blocks. In addition, if that tumor
showed neuroendocrine morphology and differentiation in tissue microarray analysis (n =
6), neuroendocrine marker expression (Chromogranin A and CD56) was confirmed with
immunohistochemistry using whole blocks.

Among keratinizing tumors (n = 251), 250 were positive for p40 but negative for TTF-1
(8G7G3/1); and they were confirmed as keratinizing squamous cell carcinoma. One tumor
was identified as having both squamous cell carcinoma and adenocarcinoma morphology
(more than 10% for each component). After immunohistochemistry and mucicarmine
histochemistry, using a whole tumor block, this tumor was reclassified as adenosquamous
carcinoma with both p40 and TTF-1 expression in distinct areas and focal positivity for
mucin stain in the area with adenocarcinoma morphology.

Among nonkeratinizing tumors (n = 191), 2 tumors showed neuroendocrine morphology and
differentiation and they were reclassified as large cell neuroendocrine carcinomas. Of the
tumors showing no neuroendocrine morphology (n = 189), 165 were positive for p40
(Figure 1D) but negative for TTF-1 (8G7G3/1), and they were confirmed as nonkeratinizing
squamous cell carcinoma. Among them, there were two cases where p40 was negative on
tissue microarray analysis but positive on whole block analysis; these tumors were negative
for mucicarmine stain. Ten cases were positive for TTF-1 (8G7G3/1) and negative for p40,
and they were reclassified as adenocarcinoma. Three cases were all focally positive for p40,
but focally (n = 2) or diffusely (n = 1) positive for TTF-1 (8G7G3/1), all diffusely positive
for TTF-1 (SPT24), and focally (n = 1) or diffusely (n = 2) positive for Napsin A, and they
were reclassified as adenocarcinoma. Eleven cases were completely negative for both p40
and TTF-1 (8G7G3/1), and they were further classified using TTF-1 (SPT24). There were 3
cases that were diffusely positive for TTF-1 (SPT24), and one of them was positive for
Napsin A as well; those 3 cases were subsequently reclassified as adenocarcinoma. One of
them was very focally positive for TTF-1 (SPT24) on tissue microarray analysis but was
diffusely positive for TTF-1 (SPT24) and mucicarmine stain on whole block analysis. Eight
cases were only focally positive (n = 3) or negative (n = 5) for TTF-1 (SPT24) in tissue
microarray analysis, and were all negative for Napsin A. After reevaluation of these 8 cases
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with whole block analysis, 4 cases were focally positive for TTF-1 (SPT24), and one of
them was positive for mucicarmine stain; those 4 cases were reclassified as adenocarcinoma.
The other 4 cases remained negative for TTF-1 (SPT24) and mucicarmine stain in whole
block analysis, and were classified as large cell carcinoma. In 11 cases tested for
mucicarmine stain, none of the squamous cell carcinomas (n=2; positive for p40 but
negative for TTF-1 [8G7G3/1 and SPT24]) or large cell carcinomas (n=4; negative for p40
and TTF-1 [8G7G3/1 and SPT24]) were positive for mucicarmine stain, and 2 out of 5
adenocarcinomas (negative for p40 but positive for TTF-1 [SPT24]) were positive for
mucicarmine stain. Of all nonkeratinizing tumors, 20 cases (10%) were reclassified as
adenocarcinoma.

Among basaloid tumors (n=38), 4 tumors showed neuroendocrine morphology and
differentiation (Figure 2C and 2D), and they were reclassified as high grade neuroendocrine
carcinoma (2 large cell neuroendocrine carcinomas and 2 small cell carcinomas). Those
cases exhibited rosette-like structures and nuclear palisading (Figure 2C) that probably
contributed to their misidentification as basaloid squamous cell carcinoma. Among them,
there was one small cell carcinoma that had focal large cell morphology and was classified
as combined small cell carcinoma and large cell carcinoma. The rest of the tumors (n = 34)
were positive for p40 (Figure 2B) but negative for TTF-1 (8G7G3/1), and they were
confirmed as basaloid squamous cell carcinoma.

of Histologic Types Confirmed with Immunohistochemistry

Of all 480 cases originally diagnosed as squamous cell carcinoma, 449 (93.5%) were
positive for p40 and negative for TTF-1 (8G7G3/1), and were confirmed as squamous cell
carcinomas including 250 keratinizing, 165 nonkeratinizing, and 34 basaloid tumors. The 20
cases (4.2%) that were positive for TTF-1 (8G7G3/1 or SPT24) with no or focal p40
expression were reclassified as adenocarcinoma. In addition, 1 case (0.2%) was reclassified
as adenosquamous carcinoma, 4 (0.8%) cases as large cell carcinoma, 4 (0.8%) cases as
large cell neuroendocrine carcinoma, and 2 (0.4%) cases as small cell carcinoma.

Immunohistochemical and Morphological Profiles of Squamous Cell Carcinomas
Confirmed with Immunostaining

Table 1 summarizes the immunohistochemical profile of squamous cell carcinomas
confirmed by immunohistochemistry (n = 449; p40 positive and TTF-1 [8G7G3/1]
negative). Of all, p40 was diffusely positive in 97% and strongly positive in 91% of cases.
p63 was diffusely positive in 97% and strongly positive in 91%. Focal positivity for p40 and
p63 was identified in 13 (3%) and 14 (3%) cases, respectively, and every case was negative
for TTF-1 (SPT-24). In tissue microarray analysis for p63, 3 cases lacked tumor cores for
evaluation but all were positive for p40 where the tumor cores were available. TTF-1
(SPT24) was positive in 27 (6%) squamous cell carcinomas cases, but most of them were
focally (70%) and weakly (63%) positive. Importantly, all squamous cell carcinomas cases
that were positive for TTF-1 (SPT24) were diffusely positive for p40.

With regard to neuroendocrine markers, Chromogranin A was positive in 45 (10%) cases,
Synaptophysin was positive in 17 (4%) cases, and CD56 was positive in 70 (16%) cases.
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However, most of them were focal or weak expression, and none of them showed typical
neuroendocrine morphology. In addition, expression of none of these neuroendocrine
makers showed any prognostic impact for overall survival using the Kaplan—-Meier method
(P-value > 0.5 for all markers).

Table 2 summarizes immunohistochemical profiles of squamous cell carcinomas according
to histologic subtypes and tumor differentiation. Almost all of keratinizing and
nonkeratinizing tumors were diffusely positive for p40 (99% and 98%, respectively) and p63
(99% and 98%, respectively) while basaloid tumors less frequently showed diffuse
expression for p40 (82%) and p63 (85%). TTF-1 (SPT24) was positive in 7% of keratinizing
tumors and 6% of nonkeratinizing tumors while it was negative in all basaloid tumors.
Diffuse TTF-1 (SPT24) expression was more frequently identified in nonkeratinizing tumors
(50%) than keratinizing tumors (18%).

Of all squamous cell carcinomas confirmed via immunohistochemistry, 51 (11%) cases were
classified as well-differentiated tumor, 176 (39%) cases as moderately-differentiated tumor,
and 222 (49%) cases as poorly-differentiated tumor. Every well-differentiated tumor was
diffusely positive for p40 and p63, with strong intensity in the vast majority of cases (98%
and 96%, respectively). Conversely, poorly-differentiated tumors exhibited strong intensity
less frequently (86% and 86%, respectively). Tumors positive for TTF-1 showed weak to
strong intensity, regardless of tumor differentiation.

Immunohistochemical and Morphological Profile of Tumors Reclassified into Other
Histology From Squamous Cell Carcinoma

Table 3 summarizes the immunohistochemical profile of tumors reclassified into other
histology from squamous cell carcinoma. Of reclassified adenocarcinomas (n = 20), 3 (15%)
cases were focally positive for p40. In 8 (40%) cases, p63 was positive and most of those
cases showed focal expression (n = 7). There were 13 (65%) cases that were positive for
TTF-1 (8G7G3/1) (Figure 4D), approximately half of which showed focal (n = 8) and weak
(n = 6) expression. All cases were positive for TTF-1 (SPT24) and most of them showed
diffuse (n = 16) and strong (n = 17) expression. There were 13 (65%) cases positive for
Napsin A. Most of these showed diffuse expression (n = 10) and half showed strong
expression (n = 7). Among tumors positive for both TTF-1 SPT 24 and 8G7G3/1 (n = 13),
most cases (n = 12) were also positive for Napsin A. In contrast, among cases positive for
TTF-1 SPT 24 but negative for TTF-1 8G7G3/1 (n = 7), only one case was positive for
Napsin A. The cases that showed any positivity for neuroendocrine markers (Chromogranin
A and Synaptophysin) did not have typical neuroendocrine morphology.

Morphologically, all tumors reclassified as adenocarcinomas from squamous cell
carcinomas were poorly-differentiated (solid subtype) tumors with no clear glandular
structure. They showed focal squamoid morphology, including cytoplasmic findings that
were suggestive of keratinization such as abundant eosinophilic cytoplasm with sharp cell
borders and pyknotic nuclei, and features that were suggestive of intercellular bridges
(Figures 4A, 4B, and 4C). These were occasionally observed near necrotic areas with acute
inflammation. Of all squamoid adenocarcinomas reclassified from squamous cell
carcinomas in this series, only one case was described in our prior publication.?!
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Of tumors reclassified as neuroendocrine carcinomas (large cell neuroendocrine carcinoma
[n = 4] and small cell carcinomas [n = 2]), p63 was positive in 3 cases. One of those was
also positive for p40 with squamous morphology, and was classified as combined large cell
neuroendocrine carcinoma and squamous cell carcinoma.

All tumors reclassified as large cell carcinomas (n = 4) were negative for p40, TTF-1
(8G7G3/1 and SPT24), Napsin A, Synaptophysin, and CD56. One case was focally positive
for p63 but was not classified as squamous cell carcinoma because it was negative for p40
and did not show keratinization. One case was focally positive for Chromogranin A but was
not classified as neuroendocrine carcinoma because it did not show neuroendocrine
morphology.

Discussion

One of the significant advances in lung cancer classification in the past decade was the
discovery that immunohistochemical analysis was required for precise diagnosis in a
significant percentage of tumors.11-17 While this discovery was in the context of small
biopsies and cytology samples from patients with advanced lung cancer, data from our study
showed that immunostains were also needed for proper histologic classification of resected
tumors, particularly poorly-differentiated tumors. In a prior study of 98 resected tumors with
original diagnosis of squamous cell carcinoma from our institution, immunohistochemical
analysis reclassified 4 cases as solid variant of adenocarcinoma with squamoid morphologic
features.2! In support of immunophenotypic re-classification, it was found that some of
these tumors harbor mutations typical of adenocarcinoma (EGFR, KRAS) rather than
squamous cell carcinoma.?! To expand on these observations, in this study we reviewed 480
tumors that had been originally diagnosed as squamous cell carcinoma, and performed
immunohistochemistry for squamous cell carcinoma markers (p40 and p63),
adenocarcinoma markers (TTF-1, both 8G7G3/1 and SPT24, antibodies and Napsin A), and
neuroendocrine markers (Chromogranin A, Synaptophysin, and CD56) using tissue
microarray analysis. After this re-evaluation, 449 (93.5%) cases were confirmed as
squamous cell carcinoma. The remainder of the cases were reclassified as adenocarcinoma
(n = 20), adenosquamous carcinoma (n = 1), large cell carcinoma (n = 4), and high grade
neuroendocrine carcinoma (small cell carcinoma or large cell neuroendocrine carcinoma; n
=6).

In the upcoming revision of the WHO Classification of Tumours of the Lung, squamous cell
carcinoma will be classified as either keratinizing, nonkeratinizing, or basaloid subtype.2’
The results of our study underscore the importance of immunohistochemistry for tumors that
are classified as either nonkeratinizing squamous cell carcinomas or basaloid carcinoma.

Introduction of immunohistochemistry into routine diagnostic work requires awareness of
sensitivity and specificity of the various antibodies that are available. Our group and others
have previously reported that p40 was equivalent to p63 in sensitivity for squamous cell
carcinoma; p40 still had greater specificity than p63.16: 17 In lung cancer, previous reports
have found that TTF-1 (clone 8G7G3/1) was more specific (positive in 1% of squamous cell
carcinomas), yet less sensitive (65—77%), for lung adenocarcinoma while TTF-1 (clone
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SPT24) was less specific (positive in 17% of squamous cell carcinomas), yet more sensitive
(72-84%), for adenocarcinomas when differentiated from squamous cell

carcinomas.1’: 19.20 |n order to differentiate adenocarcinoma from tumors originally
diagnosed as squamous cell carcinoma, we first classified them by p40 and TTF-1
(8G7G3/1) because of their high specificity for squamous cell carcinoma and
adenocarcinoma, respectively. After this evaluation, 449 cases (94%) were confirmed as
squamous cell carcinoma (p40 positive/TTF-1 [8G7G3/1] negative).

In all squamous cell carcinoma cases confirmed via immunohistochemistry (p40 positive
and TTF-1 [8G7G3/1] negative) in our series, the vast majority of them were diffusely
(97%) or strongly (91%) positive for p40. Similarly, all squamous cell carcinoma cases were
also positive for p63 and the vast majority of them were diffusely (97%) or strongly (91%)
positive for p63. These findings confirmed high sensitivity of p40 and p63 for the detection
of squamous cell carcinomas. Among the subset of squamous cell carcinoma cases that were
completely negative for TTF-1 (8G7G3/1), 27 (6%) cases were focally or diffusely positive
for TTF-1 (SPT24) with weakly to strong intensity; these cases were diffusely positive for
p40. In contrast, all squamous cell carcinoma cases were negative for Napsin A. These
findings confirmed that TTF-1 (SPT24) had lower specificity than TTF-1 (8G7G3/1) and
Napsin A in the classification of poorly-differentiated tumors into adenocarcinomas. All of
these findings suggest that the anti-TTF-1 antibody that is more specific for adenocarcinoma
(clone 8G7G3/1) is better suited as the primary antibody in routine clinical practice for
addressing the differential of lung adenocarcinoma versus squamous cell carcinoma. It also
emphasizes the importance of staining for both squamous and adenocarcinoma markers in
poorly differentiated solid carcinomas rather than only adenocarcinoma or only squamous
markers.

Of all tumors reclassified as adenocarcinoma in our series (n = 20), only 3 cases were
positive for p40—yet all of them had only focal positivity for p40—and no case showed
clear squamous differentiation by morphology or strong positivity for p40. Focal labeling for
p40 in lung adenocarcinomas has been previously described by our group.1® On the other
hand, p63 was positive (n = 8) in more cases—although staining was only focal in most
cases (n = 7)—and no case showed strong intensity for p63. These findings may support the
previous reported results that demonstrated that p40 had higher specificity than p63 for
squamous cell carcinoma.1®: 17 Among tumors reclassified as adenocarcinomas, 13 cases
were positive for TTF-1 (8G7G3/1), which is more specific antibody for lung
adenocarcinoma; most of those (n = 12) were also positive for Napsin A. The rest of them (n
= 7) were negative for TTF-1 (8G7G3/1) but positive for TTF-1 (SPT 24), which is less
specific antibody for lung adenocarcinoma; however, only one of those were positive for
Napsin A. Given the lower specificity but higher sensitivity of TTF-1 SPT24 antibody, it
cannot be determined in individual cases whether labeling for SPT24 in 8G7G3/1-negative
cases reflects true low-level expression - as may be suspected in our single Napsin A-
positive case - versus non-specific labeling, as seen in a subset of squamous cell carcinomas.
Further studies are warranted to investigate, in poorly differentiated lung carcinomas,
whether TTF-1 SPT24 antibody can reliably classify tumors that are negative with highly
specific markers of adenocarcinoma and squamous cell carcinoma (TTF-1 8G7G3/1 and
p40) into either adenocarcinoma or large cell carcinoma. Regardless, for decisions about
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molecular testing and management, there is no major clinical impact whether a tumor is
considered to be a solid adenocarcinoma or a large cell carcinoma.

All squamous cell carcinomas cases that were reclassified as adenocarcinomas (n = 20) were
poorly-differentiated with some amount of squamoid morphology, as originally described by
Rekhtman et al.2Y—abundant eosinophilic cytoplasm, sharp cell borders, and intercellular
bridges—and often near necrotic area of the tumors, but they did not have typical layered
keratinization. It can be very difficult to classify these cases as either poorly-differentiated
adenocarcinoma or squamous cell carcinoma using only histological assessment, via H&E
stained slides, and may require further immunohistochemical analysis. It must also be
emphasized that immunohistochemistry was not required for the diagnosis of every
squamous cell carcinoma. If squamous differentiation in the tumor—Ilayered keratin and
cytoplasmic keratinization with intercellular bridge—was clearly distinguishable based on
morphological assessment on H&E stained slides and if there was no secondary component
that morphologically raised the possibility of the tumor classified as adenocarcinoma, small
cell carcinoma, or large cell neuroendocrine carcinoma. The positive staining for small
percentages of neuroendocrine markers has been previously recognized but is not known to
have any clinical significance in adenocarcinomas or squamous cell carcinomas that lack
neuroendocrine morphology or that are a component of a combined neuroendocrine tumor
such as large cell neuroendocrine carcinoma or small cell carcinoma.10: 28-30 The |ack of
prognostic significance for neuroendocrine markers in lung squamous cell carcinoma was
confirmed in our data.

In addition to the distinction between lung squamous cell carcinoma and adenocarcinoma,
high-grade neuroendocrine carcinoma and large cell carcinoma also need to be differentiated
from poorly-differentiated squamous cell carcinoma, especially if the tumors have a basaloid
feature. In our series, 4 out of the 6 cases (2 large cell carcinoma and 2 small cell carcinoma)
reclassified as high grade neuroendocrine carcinoma had predominant (=50%) basaloid-like
patterns and they were difficult to differentiate from basaloid squamous cell carcinomas
based on morphology alone.

In conclusion, we demonstrated the need for immunohistochemistry in poorly-differentiated
tumors that were originally considered squamous cell carcinomas, particularly those of the
nonkeratinizing or basaloid types. We reclassified 6% (n = 31) of the tumors originally
diagnosed as squamous cell carcinoma (n = 480) into other histologic types—
adenocarcinoma (n = 20), adenosquamous carcinoma (n = 1), large cell carcinoma (n = 4),
and high grade neuroendocrine carcinoma (n = 6). We confirmed 94% (n = 449) as
squamous cell carcinoma after re-evaluation with slide review and immunohistochemistry.
In the cases where typical adenocarcinoma morphology—Iepidic, acinar, papillary, or
micropapillary structures—was not identified and clear squamous morphology was not
evident, immunohistochemical analysis using p40 and TTF-1 (8G7G3/1), which are markers
for squamous cell carcinoma and adenocarcinoma, respectively, may be useful. In tumors
that have basaloid morphology, immunohistochemistry for neuroendocrine markers and
TTF-1 should be considered, particularly if p40 is negative; this remains true even if the
tumor has some squamoid morphology.
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Figure 1. Histologic findings of squamous cell carcinoma (original magnification, x100: A-D)
(A) Well-differentiated tumor cells with layered keratinization. (B) Well-differentiated

tumor cells with cytoplasmic keratinization. (C) Nonkeratinizing, poorly-differentiated
tumor cells. (D) Nonkeratinizing, poorly-differentiated tumor cells positive for p40.
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Figure 2. Basaloid pattern in squamous cell carcinoma and large cell neuroendocrine carcinoma
(original magnification, x100: A-B)

(A) Basaloid squamous cell carcinoma showing prominent peripheral palisading of tumor
cells with scanty cytoplasm. (B) Basaloid squamous cell carcinoma positive for p40. (C)
Large cell neuroendocrine carcinoma showing basaloid-like pattern with rosette-like features

and nuclear palisading. (D) Large cell neuroendocrine carcinoma positive for CD56.
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Figure 3. Flowchart reclassifying tumors originally diagnosed as squamous cell carcinoma
(n=480) with histologic review and immunohistochemical analysis

Among keratinizing tumors (n = 251), 250 were confirmed as keratinizing squamous cell
carcinoma—p40 positive but TTF-1 (8G7G3/1) negative—and one tumor was reclassified
as adenosquamous carcinoma since it had both squamous cell carcinoma and
adenocarcinoma morphology. Among nonkeratinizing tumors (n = 191), 165 cases were
confirmed as nonkeratinizing squamous cell carcinoma—p40 positive but TTF-1 (8G7G3/1)
negative—and there were 20 cases reclassified as adenocarcinoma since they were TTF-1
(8G7G3/1 or SPT24) positive but p40 only very focally positive or negative. The two cases
reclassified as large cell neuroendocrine carcinoma exhibited neuroendocrine morphology
and differentiation. Among basaloid tumors (n = 38), 34 were confirmed as basaloid
squamous cell carcinoma—p40 positive but TTF-1 (8G7G3/1) negative—and 4 tumors were
reclassified as high-grade neuroendocrine carcinoma (2 large cell neuroendocrine
carcinomas and 2 small cell carcinomas) because they exhibited neuroendocrine
morphology and differentiation.
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Figure 4. Squamoid morphology of lung adenocarcinoma (original magnification, x100: A-C)
(A) Cytoplasmic keratinization-like feature (eosinophilic cytoplasm with pyknotic nuclei)

identified near necrotic area (bottom right). (B) Squamoid tumor cells that exhibited
abundant eosinophilic cytoplasm. (C) Squamoid tumor cells the exhibited abundant
eosinophilic cytoplasm with sharp cell borders and intercellular bridge-like features. (D)
Squamoid adenocarcinoma positive for TTF-1 (8G7G3/1).
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