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Introduction
Lung cancer is a major public health problem. 
It is the most common cancer worldwide and 
the leading cause of cancer‑related mortality, 
amounting to 1.76 million cancer deaths 
per year.[1] It is almost twice as common in 
males than in females.

In India, the incidence of lung cancer is 
lower than that in the west. It is the second 
most common cancer in males, while in 
females, it is ranked 6th. The mortality 
rate is ranked 4th  after breast, cervix, and 
lip‑oral cavity cancer.[2]

Diagnostic biopsies for detecting lung 
cancer are usually small and are obtained by 
bronchoscopy, by percutaneous route under 
image guidance, or from metastatic sites. 
Cell block preparations from malignant 
pleural effusions can also be used.

It is a challenge for a pathologist to 
accurately diagnose and classify lung cancer 
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in small biopsies. However, judicious use 
of immunohistochemistry  (IHC) assists 
in accurate histological categorization, 
which forms the basis for deciding further 
molecular tests and planning treatment.[3] 
This cross‑sectional study from a tertiary 
care hospital in North India aimed to study 
the distribution of various histological 
subtypes of lung cancer in the Indian 
population and role of IHC in their 
categorization.

Methods
This 9‑year study from 2009 to 2017 
included all cases diagnosed as lung 
carcinoma, whether biopsied from lung or 
metastatic sites. Histopathology of all cases 
and IHC, wherever done, were reviewed. 
The IHC markers were chosen based on 
histopathological findings, from a panel 
comprising CK7  (Leica, clone OV‑TL 
12/30, prediluted), CK20  (Dako, clone 
Ks20.8, prediluted), CK5/6  (Dako, clone 
D5/16 B4, prediluted), p63  (Biogenex, 

Received: 17 February, 2019.
Accepted: 08 April, 2019.

Access this article online

Website: 
www.ijabmr.org
DOI: 
10.4103/ijabmr.IJABMR_66_19

Quick Response Code:



Bhatti, et al.: Histopathology and immunohistochemistry of lung carcinomas

170� International Journal of Applied and Basic Medical Research | Volume 9 | Issue 3 | July-September 2019

clone 4A4, prediluted), TTF‑1  (Biogenex, clone 8G7G3, 
prediluted), napsin A  (Leica, clone IP64, dilution 1:400), 
synaptophysin  (Biogenex, clone Snp88, prediluted), 
chromogranin A  (Dako, clone DAK‑A3), neuron‑specific 
enolase  (NSE, Biogenex, clone MIG‑N3, prediluted), 
CD56 (Leica, clone 1B6, prediluted), and CDX2 (Biogenex, 
clone CDX2‑88, prediluted). IHC was performed using 
the Novolink   HRP‑linked Polymer Detection System 
with  DAB chromogen from Leica Biosystems.

Results
There were 199  cases of lung carcinoma, of which 
148  (74.4%) were diagnosed on biopsies from primary 
site in the lung and the rest 51  (25.6%) from metastatic 
sites. The overall male‑to‑female  (M:F) ratio was 2.8:1, 
and the age ranged from 29 to 89  years with a mean of 
60.9  ±  11  years. The mean age for males and females 
was 61.6 and 59.1  years, respectively. The age group 
of 51–70  years included 131  (65.9%) patients. The age 
and gender distribution of lung carcinomas are shown in 
Table 1.

The most common histological type of lung carcinoma 
was squamous cell carcinoma comprising 37.7%  (n  =  75), 
followed by adenocarcinoma  (26.1%  [n  =  52]), small 
cell carcinoma  (20.6%  [n  =  41]), and non-small cell lung 

carcinoma‑unclassifiable  (10.1%  [n  =  20]). Within the 
unclassifiable category of non-small cell lung carcinoma, 
IHC was not done in 15  cases, while five cases could 
not be classified even after IHC. Rest of the 11  cases 
comprised adenosquamous carcinoma  (2.5%  [n  =  5]), 
spindle cell carcinoma  (1%  [n  =  2]), adenoid cystic 
carcinoma  (1%  [n  =  2]), combined small cell 
carcinoma  (0.5%  [n  =  1]), and large cell neuroendocrine 
carcinoma (0.5% [n = 1]).

Squamous cell carcinoma and small cell carcinoma showed 
a marked male predominance with a sex ratio of 9.7:1 
and 4.1:1, respectively, while adenocarcinoma was more 
common in females with a M:F ratio of 1:1.4.

Of the 51  cases which were diagnosed on biopsies from 
metastatic sites, the distribution was as follows: regional 
lymph nodes  (47.1%  [n  =  24]), liver  (17.7%  [n  =  9]), 
bone  (11.8%  [n  =  6]), contiguous soft‑tissue 
extension  (9.8%  [n  =  5]), pleura  (5.9%  [n  =  3]), 
brain (5.9% [n = 3]), and pericardium (2% [n = 1]).

IHC was done on 47.7%  (95/199) cases. The IHC profile 
of various histological types is shown in Table 2.

Of 75  cases diagnosed with squamous cell carcinoma, 
IHC was done on 13  cases. CK5/6 was positive in all 

Table 1: Age and gender distribution of lung carcinomas
Age range Squamous cell 

carcinoma
Adenocarcinoma Small cell 

carcinoma
Non-small cell lung 

carcinoma‑unclassified
Others Total (%)

≤30 0 1 0 0 0 1 (0.5)
31-40 2 2 1 0 1 6 (3.0)
41-50 12 9 6 2 1 30 (15.1)
51-60 24 18 12 9 3 66 (33.2)
61-70 25 14 18 4 4 65 (32.7)
71-80 7 6 4 4 2 23 (11.5)
≥81 5 2 0 1 0 8 (4.0)
Total 75 52 41 20 11 199
Male: Female ratio 9.7:1 1:1.4 4.1:1 9:1 1.2:1 2.8:1

Table 2: Immunohistochemical profile of different histological types of lung carcinomas
IHC marker Squamous cell carcinoma 

(n†=13/75) (%)
Adenocarcinoma 

(n=41/52) (%)
Small cell carcinoma 

(n=28/41) (%)
Non‑small cell lung 

carcinoma - unclassifiable 
(n=5/20) (%)

CK7 7/13 (53.9) 37/37 (100) 14/22 (63.6) 3/4 (75)
CK20 1/13 (7.7) 6/39 (15.4) 4/22 (18.2) 1/4 (25)
CK5/6 13/13 (100) 7/15 (46) 6/15 (40) 3/5 (60)
p63 12/13 (92.3) 6/15 (40) 14/17 (82.4) 3/5 (60)
TTF‑1 3/13 (23.1) 35/41 (85.4) 25/28 (89.3) 4/5 (80)
Napsin A 0/9 (0) 12/13 (92.3) 0/5 (0) 2/3 (66.7)
Synaptophysin 0/1 (0) 0/1 (0) 27/27 (100) ‑
Chromogranin A 0/2 (0) ‑ 13/13 (100) ‑
NSE ‑ ‑ 9/9 (100) ‑
CD56 0/1 (0) 0/1 (0) 12/12 (100) ‑
†(n) number of cases on which IHC was done; (-): IHC marker not done. NSE: Neuron- specific enolase; IHC: Immunohistochemistry; 
TTF-1: Thyroid transcription factor 1
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the 13  cases  [Figure  1a and b] followed by p63, which 
was positive in 92.3%  (12/13). Positivity for CK7 in 
53.9%  (7/13) cases and thyroid transcription factor 
1  (TTF‑1) in 23.1%  (3/13) cases was also observed. The 
staining intensity of TTF‑1 was, however, weak.

Of 52 cases diagnosed with adenocarcinoma, IHC was done 
in 41  cases. CK7 was positive in all the cases on which it 
was done  (37/37), followed by napsin A in 92.3%  (12/13) 
and TTF‑1 in 85.4%  (35/41)  [Figure  1c and d]. Positivity 
for p63 in 40%  (6/15), CK5/6 in 46%  (7/15), and CK20 
in 15.4%  (6/39) cases was also observed although staining 
was focal and/or weak in most cases.

Histologically, ten cases were invasive mucinous 
adenocarcinomas. Seven cases, on which IHC was done, 
showed positivity for CK7 (6/6), TTF‑1  (4/7), CK20 (1/6), 
CDX2  (1/6), and CK5/6  (1/1). They were negative for 
p63 (0/1) and napsin A (0/1).

Three cases were poorly differentiated adenocarcinomas 
with signet ring cells. Two of them on IHC were positive 
for CK7 and TTF‑1, whereas they were negative for 
CK20 and CDX2. One case showed positivity for CK7, 
CK20, and CDX2 whereas being negative for TTF‑1. 
Clinical and radiological correlation to rule out metastasis 
from the gastrointestinal tract was necessary in this case.

There were 41  cases of small cell carcinoma, of which 
IHC was done on 28  cases. Neuroendocrine markers 

were positive in all cases tested as shown in Table  2 
and Figure  1e, f. TTF‑1, p63, and CK7 were positive in 
89.3%  (25/28), 82.4%  (14/17), and 63.6%  (14/22) cases, 
respectively. In addition, there was a single case of large 
cell neuroendocrine carcinoma diagnosed on a metastatic 
axillary lymph node, which was diffusely positive for 
TTF‑1 and synaptophysin, focally for CK7 and was 
negative for p63, CK5/6, and chromogranin A. A  single 
case was diagnosed with metastatic combined small cell 
carcinoma, showing components of small cell and spindle 
cell carcinoma.

Five cases of non-small cell lung carcinoma‑unclassifiable 
showed variable expression of CK5/6, p63, TTF‑1, napsin 
A, CK7, and CK20 and hence could not be further 
classified even after IHC.

There were five cases of adenosquamous carcinoma. In one 
case, the two components were obvious on histopathology. 
In rest of the four cases, IHC showed positivity for 
CK5/6, p63, TTF‑1, napsin A, and CK7 in different cell 
populations.

There were two cases of spindle cell carcinoma, showing 
malignant spindle cells positive for cytokeratin and 
vimentin.

Discussion
Our study of 199 lung cancer patients diagnosed 
over 9 years gives a glimpse of its occurrence in the North 
Indian population.

The mean age at the diagnosis was 60.9  years, which is 
slightly higher as compared to other Indian studies, which 
have shown a median or mean age ranging between 47.4 
and 56 years [Table 3].[4‑8] In this study, males had a higher 
mean age (61.6 years) as compared to females (59.1 years), 
an observation reflected in other Indian studies also.[5,7]

Lung cancer has always been more common in males. 
The gender ratio in our study was 2.8:1, which is higher 
as compared to that in the world population, in whom the 
ratio is 1.9:1.[1] In developed countries, the incidence rates 
between men and women have started converging, partly 
attributed to changing patterns of cigarette smoking.[9] 
However, studies on Indian population are still showing a 
high M:F ratio ranging from 3.5 to 4.6:1 [Table 3].[4‑8]

Histological types

Epidemiological studies have shown a changing trend in the 
histological subtypes of lung cancer over time. In the Western 
countries and most of the Asian countries, adenocarcinoma 
has surpassed squamous cell carcinoma as the most 
common histologic variant of lung cancer. The Surveillance, 
Epidemiology, and End Results cancer statistics 2011–2015 
covering US population shows percentage distribution of 
various histological subtypes to be adenocarcinoma (47.9%), 
squamous cell carcinoma  (23.2%), small cell 

Figure  1:  (a and b) Squamous cell carcinoma H  and  E and CK5/6 
immunohistochemistry  ×  400;  (c and d) primary lung adenocarcinoma 
H and E and thyroid transcription factor 1 immunohistochemistry × 400; 
(e and f) liver metastasis of small cell lung carcinoma H and E and CD56 
immunohistochemistry × 400
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carcinoma  (12.9%), and others  (15.9%).[10] However, in 
this regard, the Indian population is heterogenous. While 
some Indian studies are reflecting the trend of increasing 
incidence of lung adenocarcinoma as seen in the west,[4,6,7] 
some studies continue to report squamous cell carcinoma as 
the most prevalent subtype of lung cancer[5,8]  [Table  3]. In 
this study, squamous cell carcinoma was the most common, 
followed by adenocarcinoma and small cell carcinoma. Since 
cigarette smoking is strongly associated with squamous cell 
carcinoma and small cell carcinoma, the declining incidence 
of these two subtypes is probably related to declining 
prevalence of smoking. The increase in the incidence of 
adenocarcinoma could be related to change in design of 
cigarettes, composition of tobacco and inhalation patterns, or 
other unknown causes.[9]

Although evaluation of hematoxylin and eosin  (H  and  E) 
sections is sufficient to classify a large proportion of lung 
cancers, IHC plays an important role in their evaluation. 
Since lung is the most common site for metastatic tumors, 
it is essential to rule out metastasis before considering a 
primary lung malignancy.[11]

IHC is also required in poorly differentiated primary 
lung cancers, showing no definite squamous or glandular 
differentiation on H  and  E morphology. In this context, 
differentiation between squamous cell carcinoma and 
adenocarcinoma, erstwhile clubbed into non-small cell lung 
carcinoma category for therapeutic purposes, is very crucial 
in the present‑day oncology practice. This is because the 
anti-folate chemotherapeutic drug, pemetrexed, has shown 
efficacy in only adenocarcinomas of the lung. Moreover, 
anti‑vascular endothelial growth factor drug, bevacizumab, 
is contraindicated in squamous cell carcinoma of lung 
due to the risk of fatal pulmonary hemorrhage.[12,13] If 
the histology is adenocarcinoma, molecular tests play an 
important role due to the availability of targeted therapy.[3]

Most small cell carcinomas can be recognized by their 
distinct morphology. The tumour comprises of densely 
packed small cells with scant cytoplasm, showing nuclear 

molding, finely dispersed chromatin, and inconspicuous 
nucleoli. IHC can subsequently be done to confirm the 
neuroendocrine nature of the small cells.

Role of immunohistochemistry in differentiating 
primary lung carcinoma from metastatic carcinoma

Various IHC markers have been evaluated to 
differentiate primary lung adenocarcinomas from 
metastatic adenocarcinomas. TTF‑1 and napsin 
A are pneumocyte markers, and both have shown 
high sensitivity and specificity for primary lung 
adenocarcinomas  [Table  4].[14‑21] CK7 in combination with 
CK20 and CDX2 is useful to differentiate primary lung 
adenocarcinoma (CK7+/CK20−/CDX2−) from metastatic 
colon carcinoma (CK7−/CK20+/CDX2+).[11,23] However, 
immunoprofile of primary mucinous lung adenocarcinomas 
(including formerly designated bronchoalveolar 
carcinomas), colloid carcinomas, and adenocarcinomas 
with enteric differentiation is different from other 
adenocarcinomas and overlaps with that of gastric and 
pancreatobiliary tract carcinomas. These tumors are often 
positive for CK7, CK20, and CDX2 and can be negative 
for TTF‑1 and napsin A.[11,23] Of the ten cases of mucinous 
adenocarcinoma in our study, TTF‑1 was negative in 
42.9%  (3/7) cases and CK7 was positive in 100%  (6/6), 
while CK20 and CDX2 were positive in 16.7%  (1/6) 
cases each. Clinical correlation was necessary to rule out 
metastasis from gastrointestinal tract and pancreatobiliary 
tract.

TTF‑1 has limited value in differentiating pulmonary 
from extrapulmonary squamous cell carcinomas 
since most pulmonary squamous cell carcinomas are 
immunonegative  [Table  4].[14,18‑20] However, weak and/or 
focal positivity for TTF‑1 can be encountered, especially in 
poorly differentiated tumors  [Table  4].[15‑17,21] In this study, 
TTF‑1 was weakly and/or focally positive in 23.1% cases 
of squamous cell carcinoma, most of which were poorly 
differentiated.

Table 3: Demographic profile and distribution of histological subtypes of lung carcinoma in various Indian studies
Study Duration 

(period)
Number 
of cases

Mean/Median 
age

Male:Female 
ratio

Squamous cell 
carcinoma (%)

Adenocarcinoma 
(%)

Small cell 
carcinoma (%)

Other 
(%)

Present study 9 years 
(2009-2017)

199 60.9 2.8:1 37.7 26.1 20.6 15.6

Malik et al.[4] 3 years 
(2008-2011)

434 55 4.6:1 25.1 41.0 14.8 19.1

Dey et al.[5] 4 years 
(2006-2009)

607 47.4 4.14:1 35.1 30.8 16.5 17.6

Noronha et al.[6] 1 year 
 (2008)

489 56 3.5:1 24.1 40.3 8.0 27.6

Krishnamurthy 
et al.[7]

5 years 
(2003-2007)

258 56 3.5:1 15.9 42.6 13.2 28.3

Singh et al.[8] 1.5 years 
(2007-2009)

250 57.9 4.4:1 34.8 26 18.4 20.8
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Role of immunohistochemistry in differentiating 
poorly differentiated pulmonary adenocarcinoma from 
squamous cell carcinoma

As already stated, TTF‑1 and napsin A show high sensitivity 
and specificity for lung adenocarcinomas  [Table  4].[14‑21] 
Caution needs to be excised in interpreting TTF‑1 and 
napsin A IHC in small lung biopsies as normal alveolar 
epithelium will also express these markers. CK7 has also 
been used as a marker for adenocarcinomas; however, 
sometimes, it can be expressed by squamous cell 
carcinoma, limiting its utility [Table 4].[14,18,20]

Markers of squamous differentiation commonly evaluated 
in lung carcinomas include p63, CK5/6, and p40.[14‑20,22,24] 
Most studies have shown high sensitivity of CK5/6 
and p63 for the detection of squamous cell carcinoma; 
however, their expression in adenocarcinomas can be 
variable  [Table  4]. Camilo et  al.[22] found CK5/6 positivity 
in 56% of adenocarcinomas, while Pelosi et  al.[18] found 
p63 expression in 47.6% of adenocarcinomas, thus limiting 
the usefulness of these markers. In our study, although 
CK5/6 and p63 were expressed in 100% and 92.3% cases 
of squamous cell carcinomas, respectively, focal and/or 
weak expression of CK5/6 and p63 were found in 46% 
and 40% cases of adenocarcinoma, respectively. More 
recently, p40 has been shown to be an excellent marker 
for squamous differentiation. p40 is equivalent to p63 in 
sensitivity for squamous cell carcinoma, but it is markedly 
superior to p63 in specificity.[24]

Signet ring cell carcinoma of the lung is rare and regarded 
as a variant of poorly differentiated adenocarcinoma. IHC 
is often helpful to rule out metastasis as primary pulmonary 
adenocarcinomas with signet ring cells frequently express 
TTF‑1 and CK7 but are usually negative for CK20 and 
CDX‑2.[25] Two of three cases in our study were positive for 
CK7 and TTF‑1, whereas they were negative for CK20 and 
CDX2. The third case showed positivity for CK7, CK20, 
and CDX2 whereas being negative for TTF‑1. Clinical 
correlation was necessary in this case to rule out metastasis 
from the gastrointestinal tract.

A small percentage of non-small cell lung cancers cannot be 
classified even after an elaborate IHC panel.[16,19,26] There were 
five such cases in our study, which could not be classified and 
were designated non-small cell lung carcinoma‑unclassifiable.

Immunohistochemistry in small cell carcinoma

Neuroendocrine markers such as CD56, chromogranin 
A, synaptophysin, and NSE are consistently expressed 
by small cell carcinomas, of which CD56 is the most 
sensitive. In this study, all cases of small cell carcinoma 
showed 100% positivity for all these markers. Expression 
of non-neuroendocrine markers in small cell carcinoma 
have also been studied  [Table  5]. Besides pan-cytokeratin, 
which is positive, other cytokeratins such as CK7, CK5/6, 
and CK20 can also show variable positivity.[20,27] CK5/6 
expression in our study was higher as compared to other 
studies.[20,27,28] p63 and TTF‑1 are also expressed in a large 
proportion of cases.[20,27‑29] However, caution needs to be 
excised because TTF‑1 expression can be encountered in 
small cell carcinomas of sites other than lung, such as small 
cell carcinomas of the bladder, prostate, gastrointestinal 
tract, and female genital tract.[30]

Metastatic sites comprised 25.6%  (51/199) of biopsies in 
our study. Lymph node was the most common site (47.1%), 
followed by liver  (17.7%), bone  (11.8%), contiguous 
soft‑tissue extension  (9.8%), pleura  (5.9%), brain  (5.9%), 
and pericardium  (2%). Singh et  al. in their study of 
607  cases found metastasis in the liver  (7.7%), brain  (4%), 
adrenal  (3.3%), bone  (4.5%), chest wall  (5.9%), and 
opposite lung (1.2%).[8]

Conclusion
Squamous cell carcinoma is still the most prevalent 
histological type of lung cancer in the North Indian 
population, followed by adenocarcinoma and small cell 
carcinoma. The M:F ratio is also higher than the global ratio.

Although morphology alone is sufficient for diagnoses in a 
large proportion of cases, IHC can help classify problematic 
cases.

Table 4: Comparative immunohistochemical profile of pulmonary adenocarcinoma and squamous cell carcinoma
Study Adenocarcinoma (percentage IHC positivity) Squamous cell carcinoma (percentage IHC positivity)

TTF‑1 Napsin A CK5/6 p63 CK7 TTF‑1 Napsin A CK5/6 p63 CK7
Present study 85.4 92.3 46 40 100 23.1 0 100 92.3 53.9
Xu et al.[14] 94.6 ‑ 4.5 9 80.2 0 ‑ 91.9 97 8.1
Kim et al.[15] 70 81 4 9 ‑ 2 0 90 91 ‑
Whithaus et al.[16] 60 83 4 14 ‑ 2 2 53 95 ‑
Rekhtman et al.[17] 89 ‑ 18 32 ‑ 3.5 ‑ 97.8 100 ‑
Pelosi et al.[18] 81.9 ‑ 4.5 46.7 100 0 ‑ 100 100 30
Nicholson et al.[19] 62.5 ‑ 0 14.3 ‑ 0 ‑ 100 100 ‑
Johansson[20] 100 ‑ 9.1 ‑ 100 0 ‑ 100 ‑ 33.3
Tan et al.[21] 68 ‑ ‑ ‑ ‑ 20.9 ‑ ‑ ‑ ‑
Camilo et al.[22] ‑ ‑ 56.2 0 94.1 ‑ ‑ 47.1 77.8 5.6
IHC: Immunohistochemistry; TTF-1: Thyroid transcription factor 1; (-): IHC marker not done
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TTF‑1 in combination with napsin A can reliably identify 
primary lung adenocarcinomas. Weak expression of TTF‑1 
can be encountered in squamous cell carcinomas; however, 
napsin A is more specific and not expressed by squamous 
cell carcinomas. Although CK5/6 and p63 will stain most 
squamous cell carcinomas, they may be focally positive in 
adenocarcinomas and hence should be interpreted carefully 
in combination with TTF‑1 and napsin‑A.

An IHC panel comprising TTF‑1, napsin A, CK5/6, and 
p63 can resolve most of the diagnostic issues related to 
non-small cell lung carcinoma morphology. p40, which is a 
promising novel marker for squamous cell carcinoma, was 
not assessed in our study; however, additional studies can 
be done to further explore its utility.

Financial support and sponsorship

Nil.

Conflicts of interest

There are no conflicts of interest.

References
1.	 Global Cancer Observatory. International Agency for Research 

on Cancer. Population Fact Sheets. Available from: http://www.
gco.iarc.fr/today/data/factsheets/cancers/15‑Lung‑fact‑sheet.
pdf. [Last accessed on 2018 Nov 29].

2.	 Global Cancer Observatory. International Agency for Research 
on Cancer. Cancer Fact Sheets. Available from: http://www.gco.
iarc.fr/today/data/factsheets/populations/356‑india‑fact‑sheets.
pdf. [Last accessed on 2018 Nov 29].

3.	 Powell CA, Brambilla E, Bubendorf L, Dacic S, Dziadziuszko R, 
Geisinger  K, et  al. Molecular testing for treatment selection in 
lung cancer. In: Travis  WD, Brambilla  E, Burke  AP, Marx  A, 
Nicholson AG, editors. WHO Classification of Tumours of the 
Lung, Pleura, Thymus and Heart. 4th  ed. Lyon: International 
Agency for Research on Cancer (IARC); 2015. p. 22‑37.

4.	 Malik  PS, Sharma  MC, Mohanti  BK, Shukla  NK, Deo  S, 
Mohan  A, et  al. Clinico‑pathological profile of lung cancer at 
AIIMS: A changing paradigm in India. Asian Pac J Cancer Prev 
2013;14:489‑94.

5.	 Dey  A, Biswas  D, Saha  SK, Kundu  S, Kundu  S, Sengupta  A, 
et al. Comparison study of clinicoradiological profile of primary 
lung cancer cases: An Eastern India experience. Indian J Cancer 
2012;49:89‑95.

6.	 Noronha V, Dikshit R, Raut N, Joshi A, Pramesh CS, George K, 
et  al. Epidemiology of lung cancer in India: Focus on the 
differences between non‑smokers and smokers: A  single‑centre 

experience. Indian J Cancer 2012;49:74‑81.
7.	 Krishnamurthy  A, Vijayalakshmi  R, Gadigi  V, Ranganathan  R, 

Sagar  TG. The relevance of “Nonsmoking‑associated lung 
cancer” in India: A  single‑centre experience. Indian J Cancer 
2012;49:82‑8.

8.	 Singh  N, Aggarwal  AN, Gupta  D, Behera  D, Jindal  SK. 
Unchanging clinico‑epidemiological profile of lung cancer in 
North India over three decades. Cancer Epidemiol 2010;34:101‑4.

9.	 Unites States Public Health Service Office of the Surgeon 
General and Office of the Center for Chronic Disease Prevention 
and Health Promotion  (US) Office on Smoking and Health. The 
Health Consequences of Smoking  –  50  Years of Progress: a 
Report of the Surgeon General. U.S. Department of Health and 
Human Services. Centers of Disease Control and Prevention, 
National Center for Chronic Disease Prevention and Health 
Promotion. Office on Smoking and Health; 2014.

10.	 Noone  AM, Howlader  N, Krapcho  M, Miller  D, Brest  A, 
Yu  M, et  al., editors. SEER Cancer Statistics Review. Based on 
November 2017 SEER Data Submission, Posted to the SEER. 
Bethesda, MD: National Cancer Institute; 1975‑2015. Available 
from: https://www.seer.cancer.gov/csr/1975_2015/. [Last  
accessed on 2019 Jan 10].

11.	 Tan  D, Zander  DS. Immunohistochemistry for assessment of 
pulmonary and pleural neoplasms: A  review and update. Int J 
Clin Exp Pathol 2008;1:19‑31.

12.	 Scagliotti GV, Parikh P, von Pawel J, Biesma B, Vansteenkiste J, 
Manegold  C, et  al. Phase III study comparing cisplatin 
plus gemcitabine with cisplatin plus pemetrexed in 
chemotherapy‑naive patients with advanced‑stage non‑small‑cell 
lung cancer. J Clin Oncol 2008;26:3543‑51.

13.	 Johnson  DH, Fehrenbacher  L, Novotny  WF, Herbst  RS, 
Nemunaitis  JJ, Jablons  DM, et  al. Randomized phase II trial 
comparing bevacizumab plus carboplatin and paclitaxel with 
carboplatin and paclitaxel alone in previously untreated locally 
advanced or metastatic non‑small‑cell lung cancer. J  Clin Oncol 
2004;22:2184‑91.

14.	 Xu  XY, Yang  GY, Yang  JH, Li  J. Analysis of clinical 
characteristics and differential diagnosis of the lung biopsy 
specimens in 99 adenocarcinoma cases and 111 squamous cell 
carcinoma cases: Utility of an immunohistochemical panel 
containing CK5/6, CK34βE12, p63, CK7 and TTF‑1. Pathol Res 
Pract 2014;210:680‑5.

15.	 Kim MJ, Shin HC, Shin KC, Ro  JY. Best immunohistochemical 
panel in distinguishing adenocarcinoma from squamous cell 
carcinoma of lung: Tissue microarray assay in resected lung 
cancer specimens. Ann Diagn Pathol 2013;17:85‑90.

16.	 Whithaus  K, Fukuoka  J, Prihoda  TJ, Jagirdar  J. Evaluation of 
napsin A, cytokeratin 5/6, p63, and thyroid transcription factor 1 
in adenocarcinoma versus squamous cell carcinoma of the lung. 
Arch Pathol Lab Med 2012;136:155‑62.

17.	 Rekhtman  N, Ang  DC, Sima  CS, Travis  WD, Moreira  AL. 
Immunohistochemical algorithm for differentiation of lung 
adenocarcinoma and squamous cell carcinoma based on 
large series of whole‑tissue sections with validation in small 
specimens. Mod Pathol 2011;24:1348‑59.

18.	 Pelosi  G, Rossi  G, Bianchi  F, Maisonneuve  P, Galetta  D, 
Sonzogni  A, et  al. Immunhistochemistry by means of widely 
agreed‑upon markers  (cytokeratins 5/6 and 7, p63, thyroid 
transcription factor‑1, and vimentin) on small biopsies of 
non‑small cell lung cancer effectively parallels the corresponding 
profiling and eventual diagnoses on surgical specimens. J Thorac 
Oncol 2011;6:1039‑49.

19.	 Nicholson AG, Gonzalez D, Shah P, Pynegar MJ, Deshmukh M, 
Rice  A, et  al. Refining the diagnosis and EGFR status of 

Table 5: Immunohistochemical profile (percentage 
positivity) of non-neuroendocrine markers in small cell 

lung carcinoma
Study CK7 CK20 CK5/6 p63 p40 TTF‑1 Napsin A
Present study 63.6 18.2 40 82.4 ‑ 89.3 0
Johansson[20] 84.6 15.4 15.4 ‑ ‑ 100 ‑
Masai et al.[27] 25 ‑ 1.5 22.1 ‑ 85.5 ‑
Zhang et al.[28] ‑ ‑ 0 0 0 71.4 0
Au et al.[29] ‑ ‑ ‑ 77 ‑ ‑ ‑
TTF-1: Thyroid transcription factor 1; (-): IHC marker not done



Bhatti, et al.: Histopathology and immunohistochemistry of lung carcinomas

International Journal of Applied and Basic Medical Research | Volume 9 | Issue 3 | July-September 2019� 175

non‑small cell lung carcinoma in biopsy and cytologic material, 
using a panel of mucin staining, TTF‑1, cytokeratin 5/6, and P63, 
and EGFR mutation analysis. J Thorac Oncol 2010;5:436‑41.

20.	 Johansson  L. Histopathologic classification of lung cancer: 
Relevance of cytokeratin and TTF‑1 immunophenotyping. Ann 
Diagn Pathol 2004;8:259‑67.

21.	 Tan  D, Li  Q, Deeb  G, Ramnath  N, Slocum  HK, Brooks  J, 
et  al. Thyroid transcription factor‑1 expression prevalence 
and its clinical implications in non‑small cell lung cancer: 
A  high‑throughput tissue microarray and immunohistochemistry 
study. Hum Pathol 2003;34:597‑604.

22.	 Camilo  R, Capelozzi  VL, Siqueira  SA, Del Carlo Bernardi  F. 
Expression of p63, keratin 5/6, keratin 7, and surfactant‑A in 
non‑small cell lung carcinomas. Hum Pathol 2006;37:542‑6.

23.	 Inamura  K, Satoh  Y, Okumura  S, Nakagawa  K, Tsuchiya  E, 
Fukayama  M, et  al. Pulmonary adenocarcinomas with 
enteric differentiation: Histologic and immunohistochemical 
characteristics compared with metastatic colorectal cancers 
and usual pulmonary adenocarcinomas. Am J Surg Pathol 
2005;29:660‑5.

24.	 Bishop JA, Teruya‑Feldstein J, Westra WH, Pelosi G, Travis WD, 
Rekhtman  N, et  al. P40  (ΔNp63) is superior to p63 for the 
diagnosis of pulmonary squamous cell carcinoma. Mod Pathol 
2012;25:405‑15.

25.	 Rossi  G, Murer  B, Cavazza  A, Losi  L, Natali  P, Marchioni  A, 
et  al. Primary mucinous  (so‑called colloid) carcinomas of the 

lung: A  clinicopathologic and immunohistochemical study 
with special reference to CDX‑2 homeobox gene and MUC2 
expression. Am J Surg Pathol 2004;28:442‑52.

26.	 Mukhopadhyay S, Katzenstein AL. Subclassification of non‑small 
cell lung carcinomas lacking morphologic differentiation on 
biopsy specimens: Utility of an immunohistochemical panel 
containing TTF‑1, napsin A, p63, and CK5/6. Am J Surg Pathol 
2011;35:15‑25.

27.	 Masai  K, Tsuta  K, Kawago  M, Tatsumori  T, Kinno  T, 
Taniyama  T, et  al. Expression of squamous cell carcinoma 
markers and adenocarcinoma markers in primary pulmonary 
neuroendocrine carcinomas. Appl Immunohistochem Mol 
Morphol 2013;21:292‑7.

28.	 Zhang  C, Schmidt  LA, Hatanaka  K, Thomas  D, Lagstein  A, 
Myers  JL, et  al. Evaluation of napsin A, TTF‑1, p63, p40, and 
CK5/6 immunohistochemical stains in pulmonary neuroendocrine 
tumors. Am J Clin Pathol 2014;142:320‑4.

29.	 Au  NH, Gown  AM, Cheang  M, Huntsman  D, Yorida  E, 
Elliott  WM, et  al. P63 expression in lung carcinoma: A  tissue 
microarray study of 408  cases. Appl Immunohistochem Mol 
Morphol 2004;12:240‑7.

30.	 Agoff  SN, Lamps  LW, Philip  AT, Amin  MB, Schmidt  RA, 
True  LD, et  al. Thyroid transcription factor‑1 is expressed 
in extrapulmonary small cell carcinomas but not in other 
extrapulmonary neuroendocrine tumors. Mod Pathol 
2000;13:238‑42.


