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Introduction
In the past, the only important distinction 
necessary was between small cell lung 
carcinoma (SCLC) and non‑SCLC (NSCC). 
As targeted therapies have evolved for 
various subtypes of NSCC, there is an 
ever‑increasing need for differentiating 
these subtypes. Distinguishing 
adenocarcinoma (ADC) and squamous 
cell carcinoma (SQCC) is important as the 
treatment protocols differ.

To a large extent, the hematoxylin and 
eosin (H and E)‑stained sections are enough 
to study the morphology for a definite 
diagnosis. However, in poorly differentiated 
carcinomas, and more importantly for 
small/core biopsies, difficulty arises 
in subtyping NSCC accurately. It is 
mandatory for the small/core biopsies 
to be preserved for detecting the driver 
mutations making the tissue available for 
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Abstract
Context: In this era of targeted therapy, it is important to distinguish the various subtypes of 
nonsmall cell lung carcinoma  (NSCC). Diagnosis based on morphology alone is challenging in 
poorly differentiated carcinomas and core biopsies. Immunohistochemistry  (IHC) helps in specifying 
the lineage for the subtype of NSCC. Till date, p63 is the most frequently used and sensitive 
marker for squamous cell carcinoma  (SQCC). However, it is not specific and stains a subset of 
adenocarcinoma  (ADC). Thus, a more reliable and specific marker is required for the diagnosis of 
SQCC. Objective: The objective of the study was to validate the diagnostic utility of p40 over p63 in 
differentiating pulmonary SQCC from ADC and NSCC‑not otherwise specified (NOS). Materials and 
Methods: A  total of 123 cases of NSCC were initially reviewed and subtyped blinded to the results 
of IHC. This was followed by a review of IHC slides which included p63, p40, thyroid transcription 
factor 1, Napsin‑A, cytokeratin (CK) 5/6, and CK7. Results: There were 64 ADC, 19 SQCC, and 40 
NSCC‑NOS. IHC helped to confirm the morphological diagnosis in 62/64 ADCs and19/19 SQCCs. 
IHC classified the cases of NSCC‑NOS into NSCC favoring ADC  –  12  cases, NSCC favoring 
SQCC  –  10  cases, and NSCC favoring AD‑SQCC  –  4  cases. Both p63 and p40 showed near equal 
sensitivity for SQCC (100% and 97%, respectively), whereas p63 showed far lower specificity when 
compared to p40 (51.3% vs. 100%). Conclusion: The present study confirms and validates that p40 is 
equally sensitive but highly specific than p63 in detecting SQCC. Hence, we recommend the routine 
use of p40 instead of p63 for the definite categorization of NSCC of the lung.
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any required ancillary tests, especially 
immunohistochemistry (IHC) even less.

There are various IHC markers available 
to subtype NSCC. For ADC, the more 
important ones are the nuclear marker 
TTF‑1 and the cytoplasmic marker, 
Napsin‑A. SQCC has sensitive antibody 
markers like the nuclear marker, p63, and 
the cytoplasmic and membrane staining 
cytokeratin 5/6  (CK 5/6) antibody, among 
others. Novel antibodies always take 
antibody detection to new levels by being 
more specific and/or sensitive.

Till date for SQCC, anti‑p63 antibody is 
the most frequently used nuclear marker. 
Although it has good sensitivity, it is 
not highly specific as it also stains other 
NSCCs. It is not useful, especially in 
cases of poorly differentiated NSCC‑not 
otherwise specified  (NOS) as it stains 
15%–65% of ADC.[1] Hence, there is a need 
for a reliable, easy to assess, and a more 
specific marker in diagnosing SQCC.
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The anti‑p40 antibody is highly specific for squamous/
basal cells. Studies have shown this marker to have similar 
sensitivity as p63 and markedly high specificity for SQCC, 
as it stains a lesser number of ADC. The potential pitfall of 
diagnosing a p63‑positive ADC as SQCC can be averted 
to a large extent if p40 is used. In this study, we have 
validated the utility of p40 over p63 in differentiating 
pulmonary SQCC from ADC and NSCC‑NOS in a large 
cohort of biopsies and resected specimens (RSs).

Materials and Methods
A total number of 123 consecutive cases of NSCC 
diagnosed on core‑needle biopsies  (CNBs), endobronchial 
biopsies  (EBBs), and RSs of the lung sent for 
histopathological evaluation to the department of pathology 
between December 2014 and May 2016 were analyzed 
prospectively. This study was approved by the Institutional 
Ethics Committee. The demographic data, clinical details, 
radiological features, and laboratory investigations were 
retrieved from the medical records. The SCLCs, carcinoids, 
lymphomas, mesenchymal neoplasms, metastatic 
carcinomas, and mesotheliomas were excluded from the 
study.

Morphological analysis

Initially, all the cases of NSCC were morphologically 
categorized based on the review of H  and  E slides 
blinded to the results of special stains and IHC results. 
Subsequently, special stains with Alcian–periodic acid–
Schiff for mucin were reviewed wherever performed.

Immunohistochemistry

In all cases where IHC was done, the slides were reviewed 
to subtype the NSCC. In those cases where IHC was not 
done, the initial morphological diagnosis was considered 
as a final diagnosis. The primary panel of SQCC and 
ADC markers included p40, p63, CK5/6, TTF1, Napsin‑A, 
and CK7. All IHCs were performed on fully automated 
immunostainer  (Xmatrx Elite; BioGenex) by Poly horse 
raddish peroxide (Poly HRP) technique. Of the primary 
antibodies used, Napsin‑A was supplied by Biocare, p40 by 
Pathinsitu, and the rest by BioGenex. All were monoclonal 
antibodies except p40.

All cases of NSCC were categorized as per the proposed 
International Association for the Study of Lung Cancer 
American Thoracic Society European Respiratory Society 
classification for small biopsies.[2,3] For all the markers, the 
intensity of staining was taken into consideration and was 
compared to positive controls. For the SQCC markers, p40 
and p63, nuclear staining was accepted, and cytoplasmic 
staining was ignored. For p40 and p63 antibody, the 
intensity of staining was scored semi‑quantitatively using 
a 3‑tier system: weakly positive  (Grade 1), moderate 
positivity  (Grade 2), and strongly positive  (Grade 3). The 
staining proportion pattern was scored on a 4‑tier system: 

<5%; 6%–25%; 26%–50%; and  >50%. Cases showing 
positivity of 5% or less were considered negative. However, 
H‑score was not determined.

The sensitivity, specificity, positive predictive value (PPV), 
and negative predictive value  (NPV) of both the ADC and 
SQCC markers were analyzed.

Results
Of the 123  patients, nearly three‑fourth, 92/123  (74.8%) 
were male with a male‑to‑female ratio of 3:1. The age 
of the patients ranged from 18  years to 84  years, with a 
mean age of 57.8  years among males and 51.8 among 
females. Nearly 94.3% of the samples received were small 
biopsies, with only a small fraction of 7 (5.6%) cases being 
surgical resection specimen. Of the biopsies, majority were 
computed tomography‑guided CNB  [95/123  (77.2%)], 
followed by EBB  [20/123  (16.2%)]. There was only one 
biopsy which was done under ultrasound guidance.

Histopathologic examination

ADC was the most common histological subtype 
accounting for more than 60% (74/123) of NSCC cases. Of 
these, more than 80%  (62/74) were diagnosed on H and E 
slides alone with the remaining 12 cases (16.2%) requiring 
IHC for subcategorization. Of the total 64 ADC cases 
diagnosed on H and E morphology, majority  (46  [71.9%]), 
were acinar type, followed by lepidic type  (10  [15.6%]), 
mucinous  (4  [6.3%]), papillary  (3  [4.7%]), and fetal 
subtype  1  (1.5%). Most of the acinar‑type ADCs showed 
pure acinar morphology (38 cases) with remaining showing 
predominantly acinar morphology in combination with other 
morphologies like solid pattern  (4  cases) and 1  case each 
of papillary, cribriform, and focal micropapillary pattern. 
There was one case which had an additional combination 
of lepidic as well as micropapillary pattern. Two of the 
four cases which showed predominant acinar morphology 
in combination with solid areas were categorized as 
adenosquamous carcinoma  (AD‑SQCC) after IHC. These 
two cases showed expression of SQCC markers in solid 
areas and ADC markers in acinar areas. Of the 10  cases 
of lepidic subtype, 8  cases had a pure lepidic pattern and 
2 cases had additional micropapillary and acinar patterns.

Although NSCC‑NOS formed the second major subtype, 
40/123 (32.5%) on H and E morphology, 24 (60%) of these 
were further subtyped on IHC. These included 12  cases 
as NSCC favoring ADC, 10  cases favoring SQCC, and 
the remaining 2  cases as favoring AD‑SQCC. Still, 
16/123  (13%) cases could not be further subcategorized 
and were retained as NSCC‑NOS. Of these 16  cases, 
IHC slides were not available in 6  cases and the rest 10 
remained uncategorized even after an appropriate panel of 
IHC.

SQCCs accounted for 23.6%  (29/123) of the cases of 
NSCC in the present study. Of these, 19  (65.5%) were 
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diagnosed on H  and  E morphology alone, while the 
remaining  (10  [34.5%]) required IHC to favor a diagnosis 
of SQCC. The distribution of the cases based on histological 
subtype before and after IHC is provided in Table 1.

Immunohistochemistry

IHC was done in 110/123  (89.4%) cases, of which both 
p40 and p63 was performed in 107  (86.9%) cases. The 
most common IHC markers performed included lung 
ADC markers, TTF‑1 and Napsin A, and SQCC markers, 
p63 and p40. The other ADC marker, CK7 and the SQCC 
marker, CK5/6, were performed in a smaller number of 
cases. The results of ADC and SQCC markers done in the 
NSCC cases are provided in Tables  2 and 3, respectively. 
The morphological and immunohistochemical features of 
SQCC and ADC are depicted in Figures 1‑3.

Squamous cell carcinoma markers

As stated earlier, SQCC markers, p63 and p40, which were 
the main subjects of the present study, were performed 
in 107/123  (86.9%) NSCC cases, which included both 
morphologically differentiated and undifferentiated NSCC 
cases. Both p63 and p40 showed near equal sensitivity 
for SQCC  (100% and 97%, respectively), whereas p63 
showed far lower specificity when compared to p40 (51.3% 
vs. 100%). Only one case in which p40 was negative but 
p63 was positive was a case of NSCC‑NOS on initial 
morphology which was later categorized as NSCC favoring 
SQCC after IHC. This case showed additional positivity 
for CK5/6 and was negative for both TTF‑1 and Napsin‑A. 
None of the ADC cases were positive for p40, whereas p63 
was positive in half of the cases of ADC including majority 
of the morphologically well‑differentiated ones. Majority of 
ADC showed Grade 1 to Grade 2 positivity in 5%–50% 
of cells. However, there were also cases showing Grade 
3 staining, as well as staining in more than 50% cells. 
There were five cases where p63 showed weak staining in 
5%–25% which were not categorized as NSCC favoring 
SQCC and retained as NSCC‑NOS. These five cases were 
negative for p40 and two of these where CK5/6 was also 

done showed negative staining. In one of these cases, ADC 
markers were negative, while in one case, they were not 
performed.

Of the total 4  cases finally categorized as NSCC favoring 
AD‑SQCC, two were morphologically ADC (predominantly 
acinar with focal solid areas) and the remaining two were 
morphologically undifferentiated  (NSCC‑NOS). In all 
these cases, there were distinct areas of staining for ADC 
markers  (TTF‑1 and Napsin‑A) and SQCC markers p40 
and CK5/6  (done in 1  case), but the marker p63 showed 

Table 1: Distribution of the cases of nonsmall cell lung carcinoma based on histological subtype before and after 
immunohistochemistry

H and E diagnosis (before IHC) n Final diagnosis (after IHC*) n
ADC 64 ADC

NSCC favor AD-SQCC
62
2

SQCC 19 SQCC 19
NSCC-NOS 40 NSCC-NOS

NSCC favor ADC
NSCC favor SQCC
NSCC favor AD-SQCC

16
12
10
2

Total 123 Total 123
*IHC was not done in all cases. In such cases where IHC was not done initial morphological diagnosis was considered as final diagnosis. 
H and E – Hematoxylin and Eosin; IHC – Immunohistochemistry; ADC – Adenocarcinoma; SQCC – Squamous cell carcinoma; NSCC – 
Nonsmall cell carcinoma; NOS – Not otherwise specified; AD-SQCC – Adenosquamous carcinoma

Figure 1: (a and b) Squamous cell carcinoma (H and E; a, ×40; b, ×100). 
(c) p63 and (d) p40 showing diffuse strong nuclear staining in the tumor 
cells (c and d, ×100). (e) TTF‑1, negative in tumor cells. Few cells showing 
nuclear staining at the periphery of tumor nests are normal alveolar 
epithelial cells which serve as internal positive control (e, ×100). (f) Napsin 
A, negative in tumor cells. Few cells showing granular cytoplasmic staining 
at the periphery of tumor nests are normal alveolar epithelial cells which 
serve as internal positive control (f, ×100)
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Table 2: Results of adenocarcinoma markers
Final diagnosis (after IHC) n TTF-1 (%) Napsin A (%) CK 7 (%)
ADC 62 46/50 45/49 14/14
NSCC favor ADC 12 11/12 9/12 2/2
Total 74 57/62 (91.9) 54/61 (88.5) 16/16 (100)
SQCC 19 0/14 0/12 0/1
NSCC favor SQCC 10 0/12 0/10 0/1
Total 29 0/26 (0) 0/22 (0) 0/2 (100)
NSCC favor AD-SQCC 4 4/4 (100) 4/4 (100) -
NSCC-NOS 16 0/14 (0) 0/15 (0) 1/1 (100)
ADC – Adenocarcinoma; SQCC – Squamous cell carcinoma; NSCC – Nonsmall cell carcinoma; NOS – Not otherwise specified; AD-SQCC 
– Adenosquamous carcinoma

Table 3: Results of squamous cell carcinoma markers
Final diagnosis (after IHC) n P40 (%) P63 (%) CK5/6 (%)
ADC 62 0/56 30/56 5/7
NSCC favor ADC 12 0/12 4/12 3/12
Total 74 0/68 (0) 34/68 (50.0) 8/19 (42.1)
SQCC 19 19/19 19/19 6/6
NSCC favor SQCC 10 9/10 10/10 1/4
Total 29 28/29 (96.5) 29/29 (100) 7/10 (70.0)
NSCC favor AD-SQCC 4 4/4 (100) 4/4 (100) 1/1 (100)
NSCC-NOS 16 0/12 (0) 5/12 (41.6) 1/4 (25.0)
ADC – Adenocarcinoma; SQCC – Squamous cell carcinoma; NSCC – Nonsmall cell carcinoma; NOS – Not otherwise specified; AD-SQCC 
– Adenosquamous carcinoma

overlapping positivity both in squamous as well as in 
glandular areas.

Adenocarcinoma markers

This study also documented high sensitivities of the 
markers TTF‑1 and Napsin‑A for ADC. The sensitivity 
of TTF‑1 and Napsin‑A was 92.42% and 89.23%, 
respectively. Although TTF‑1 showed slightly higher 
sensitivity compared to Napsin‑A, both were 100% 
specific. One case of invasive mucinous ADC showed 
negativity for both TTF‑1 and Napsin‑A, while for another 
double‑negative case, no primary was found in any other 
part of the body even after extensive investigations; hence, 
it was categorized as primary lung ADC. This case was 
a morphologically well‑differentiated ADC of acinar type 
and was positive for CK7.

There were four cases of ADC which showed discordant 
staining for Napsin‑A and TTF‑1. Two of cases were 
Napsin‑A postive and TTF‑1 negative, with other two 
showing the reverse pattern of staining. None of the ADC 
markers were positive in SQCC. As stated earlier, both 
TTF‑1 and Napsin‑A distinctly highlighted the ADC areas, 
while the remaining negative in SQCC areas of all four 
cases of NSCC favor AD‑SQCC. Figures  4 and 5 show 
cases categorized as NSCC favoring ADC and SQCCC 
after IHC, respectively. Figure  6 depicts adenosquamous 
carcinoma which was initially categorized as ADC with 
solid and acinar patterns on morphology.

The sensitivity, specificity, PPV, and NPV of ADC and 
SQCC markers are provided in Tables 4 and 5, respectively.

Figure 2: (a and b) Adenocarcinoma showing predominantly lepidic pattern 
with focal acinar pattern (H and E; a, ×40; b, ×100). Both (c) p63 and (d) p40 
being negative in the tumor cells. Please note nonspecific cytoplasmic 
staining with p40 (c and d, ×100). (e) TTF‑1 showing diffuse strong nuclear 
staining in tumor cells (e, ×40). (f) Napsin A showing diffuse strong granular 
cytoplasmic staining in tumor cells (f, ×40)
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Discussion
Approximately 85%–90% of all lung carcinomas are 
NSCC.[4] ADC is the largest group among NSCC, followed 
by SQCC, NSCC‑NOS, large cell carcinoma, AD‑SQCC, 
and sarcomatoid carcinoma. Prior to 2004, the precise 
subtyping of NSCC was not necessary. Treatment options 
for NSCC included primarily surgery, radiation, and 
platinum‑based chemotherapy.[5]Major therapeutic advances 
have had a profound impact on pathological diagnosis 
and molecular testing, and it is now imperative to subtype 

NSCC.[6] Epidermal growth factor receptor mutations or 
anaplastic lymphoma kinase translocation in ADC have 
different specific targeted treatments, and so the small 
biopsy material needs to be conserved for molecular 
testing. In this context, ancillary testing, especially IHC, 
becomes very important in the correct diagnosis of small 
biopsies/cytology material and poorly differentiated lung 
cancers (NSCC‑NOS).[2]

Table 5: The sensitivity, specificity, positive predictive value, and negative predictive value of squamous cell carcinoma 
markers

IHC marker Sensitivity (%) Specificity (%) PPV (%) NPV (%)
Value 95% CI Value 95% CI Value 95% CI Value 95% CI

P63 100.00 89.42-100.00 51.25 39.81-62.59 45.83 34.02-58.00 100.00 91.4-100.00
P40 96.97 84.24-99.92 100.00 94.72-100.00 100.00 89.11-100.00 98.55 92.19-99.96
CK5/6 72.73 39.03-93.98 60.87 38.54-80.29 47.06 22.98-72.19 82.35 56.57-96.20
IHC – Immunohistochemistry; CI – Confidence interval; PPV – Positive predictive value; NPV – Negative predictive value

Table 4: The sensitivity, specificity, positive predictive value, and negative predictive value of adenocarcinom markers
IHC marker Sensitivity (%) Specificity (%) PPV (%) NPV (%)

Value 95% CI Value 95% CI Value 95% CI Value 95% CI
TTF-1 92.42 83.20-97.49 100 91.19-100 100 94.13-100 88.89 75.95-96.29
Napsin A 89.23 79.06-95.56 100 90.51-100 100 93.84-100 84.09 69.93-93.36
CK7 100 79.41-100.00 66.67 9.43-99.16 94.12 71.31-99.85 100 15.81-100.00
IHC – Immunohistochemistry; CI – Confidence interval; PPV – Positive predictive value; NPV – Negative predictive value

Figure  3:  (a and b) Adenocarcinoma showing lepidic, acinar, and focal 
micropapillary patterns (H and E; a, ×40; B, ×100). (c and d) p63 showing nuclear 
positivity in the tumor cells. Staining of nuclei of the basal cells of bronchiolar 
epithelium serves as internal positive control (c, ×40; d, ×100). (e and f) p40 
being negative in tumor cells. Staining of nuclei of the basal cells of bronchiolar 
epithelium serves as internal positive control (e, ×40; f, ×100)
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fe Figure 4: (a and b) Nonsmall cell lung carcinoma‑not otherwise specified on 
morphology showing nests and cords of tumor cells infiltrating the fibrous 
stroma  (H and E; a, ×40; b, ×100).  (c) p63 showing positivity within the 
tumor cells (×100). (d) p40 being negative in tumor cells. (e) TTF‑1 showing 
diffuse strong nuclear staining in tumor cells (e × 100). (f) Napsin‑A showing 
moderate granular cytoplasmic staining in tumor cells. This case was later 
categorized as nonsmall cell lung carcinoma favour adenocarcinoma after 
immunohistochemistry
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According to Travis et  al., there is no well‑established 
grading system for ADC, but grading according to the 
predominant histologic architecture is a simple and 
reproducible method and seems to be of prognostic 
importance.[7] In the present study, we classified ADC 
based on this approach. Similar to Travis et  al., we also 
found an acinar pattern to be the most common histological 

pattern  (48.4% vs. 71.9%).[7] However, unlike the present 
study, they found solid pattern as the second most 
important histologic pattern  (37.7%). There was no solid 
pattern in this study. The solid areas in our study were seen 
in combination with predominant acinar pattern in four 
cases. This combination of pattern probably is the reason 
which might have reflected a higher incidence of an acinar 
pattern as the predominant histologic pattern in this study.

IHC was performed in 110 of the total 123  cases in the 
present study, while 107  cases had both p63 and p40 
performed. In the present study, it was possible to diagnose 
more than 80% of ADC and more than 65% of SQCC 
on morphology alone without the need for special stains 
or IHC. Among the poorly differentiated/undifferentiated 
cases  (40/123), IHC was able to favor a definite diagnosis 
in 24 cases.

The antibody, anti‑p63, recognizes two isoforms of the 
p63 gene product, the TAp63 isoform, which contains 
the N‑terminal transactivation domain and acts as a 
tumor suppressor, and a truncated isoform known as 
p40  (ΔNp63), which lacks the N‑terminal domain and acts 
as an oncogene. The new anti‑p40 antibody recognizes 
only the ΔNp63 isoform and not the TAp63 isoform.[1,8]

Many studies have established the lack of specificity of 
p63 for SQCC.[8‑10] Quest for a more specific antibody 
has brought about the novel antibody, p40, which is both 
sensitive and specific for lung SQCC. In the present 
study, the antibody p40 was nearly as sensitive as p63 for 
detecting SQCC but was far more specific than p63 for 
SQCC. According to several studies, apart from staining 
squamous cells, p63 also stains 15%–65% of ADCs.[1] 
This lack of specificity is more important in the context 
of limited tissue availability for categorization as well as 
for further molecular testing to administer the targeted 

Table 6: The comparison of immunohistochemistry results for p40 and p63 of the present study with others
Study p-40 p63

Type of antibody Sensitivity 
(%)

Specificity 
(%)

PPV 
(%)

NPV 
(%)

Type of 
antibody

Sensitivity 
(%)

Specificity 
(%)

PPV 
(%)

NPV 
(%)

Bishop et al., 2012 
(n=470)[1]

Polyclonal 100 98 92 100 Monoclonal 100 64 34 100

Righi et al., 2011 
(n=103)[11]

- 100 96 94 100 Monoclonal 96 80 64 98

Tacha et al., 2013 
(n=90)[12]

Monoclonal 85 98 - - Monoclonal 85 90 - -
Polyclonal 85 98 - -

Collins et al., 2013 
(n=100)[13]

Monoclonal 89.4 100 100 93.9 Monoclonal 86.8 96.7 94.3 92.3

Ming-Hui et al., 2014 
(n=200)[8]

- 80.5 90 - - Monoclonal 93.5 80 - -

Dvorak et al., 2016 
(n=538)[14]

Monoclonal 
(BC28)

92.6 94.8 94.1 93.8 Monoclonal 92.1 89.2 88.3 92.6

Monoclonal 
(VP Echelon 40)

75 98.6 97.9 81.6

Present study Polyclonal 96.97 100 100 98.55 Monoclonal 100 51.25 45.83 100
PPV – Positive predictive value; NPV – Negative predictive value

Figure 5: (a and b) Nonsmall cell lung carcinoma‑not otherwise specified on 
morphology showing nests and cords of tumor cells infiltrating the fibrous 
stroma (H and E; a, ×40; b, ×100). (c) p63 and (d) p40 showing positivity 
within the tumor cells (c, ×100; d, ×100). (d) TTF‑1 and (e) Napsin‑A being 
negative in tumor cells (e, ×100; f, ×100). This case was later categorized as 
nonsmall cell lung carcinoma favoring SQCCC after immunohistochemistry
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