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Purpose: Classification of non-small cell lung carcinoma (NSCLC), as adenocarcinoma or

squamous cell carcinoma, is important both in the diagnosis and treatment of lung cancer. Use of

appropriate markers for this identification is crucial in order to conserve patient tissue for further

molecular testing that could guide treatment decisions and have prognostic implications.

Patients and methods: We constructed tissue microarrays from archival resections of 200

NSCLC that were previously subtyped based on morphology and immunohistochemistry

(IHC) in some cases. We performed IHC with three TTF-1 clones (SP141, SPT24 and

8G7G3/1), Napsin A, p40, p63 and CK5/6 and panels of four or two markers that best

help identify adenocarcinoma and squamous cell carcinoma were ascertained.

Results: Our results showed that the best four-marker panel utilized TTF-1 (clone SP141),

Napsin A, p63 and CK5/6 with a sensitivity of 98.3% and high specificity of 91.7%. The best two-

marker panel was TTF-1 (clone SP141) and p63 with 96.5% sensitivity and 85.71% specificity.

Conclusion: As there are variations in the performance of different clones of TTF-1 IHC

antibodies, the clone chosen can increase the diagnostic value in differentiating adenocarci-

noma from squamous cell carcinoma. In the panels analyzed, the survival of cases con-

cordant with the diagnosis had longer survival compared to those that were discordant. The

difference was however not statistically significant (p>0.05).

Keywords: non-small cell lung carcinoma, immunohistochemistry, squamous cell

carcinoma, adenocarcinoma

Plain language summary
Lung cancer is the leading cause of cancer death. Non-small cell lung carcinomas are the

most common type of lung cancers. They can further be divided into adenocarcinomas and

squamous cell carcinomas. Accurately classifying these tumors is important to select the best

treatment options for patients. Immunohistochemical tests help in improving the histopatho-

logical diagnosis of the cancer. However there are many antibodies used in the process and

there is a lack of data on panels of antibodies that work best in diagnosing lung carcinomas.

We have collected tissue from patients who were previously diagnosed and we performed

immunohistochemistry with panels of antibodies. Our results show that the best four marker

panel utilized the antibodies TTF-1 (clone SP141), Napsin A, p63 and CK5/6. The best two

marker panel was TTF-1 (clone SP141) and p63.

Introduction
Lung cancer is a health problem worldwide with an estimated 1.8 million new cases

being diagnosed in 2012, accounting for 12.9% of all new cancer cases. Amongst the

10 most commonly diagnosed cancers, lung cancer also has one of the lowest 5-year

relative survival rates (14%).1–3 Approximately 85% of lung cancers are non-small cell

Correspondence: Sonja Klebe
Department of Anatomical Pathology,
Flinders Medical Centre and Flinders
University, Bedford Park, SA 5042,
Australia
Tel +61 088 204 3936
Fax +61 88 374 1437
Email sonja.klebe@sa.gov.au

Pathology and Laboratory Medicine International Dovepress
open access to scientific and medical research

Open Access Full Text Article

submit your manuscript | www.dovepress.com Pathology and Laboratory Medicine International 2019:11 7–15 7
DovePress © 2019 Prabhakaran et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/

terms.php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing
the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed.
For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

http://doi.org/10.2147/PLMI.S204421

P
at

ho
lo

gy
 a

nd
 L

ab
or

at
or

y 
M

ed
ic

in
e 

In
te

rn
at

io
na

l d
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0003-3252-2519
http://orcid.org/0000-0001-8311-8984
http://orcid.org/0000-0002-8976-4714
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php


lung carcinomas (NSCLC) that include the subtypes adeno-

carcinomas (ADC) and squamous cell carcinomas (SCC).

Tumors with histological features of ADC comprise approxi-

mately 70% of the NSCLC.4,5 In a large proportion of cases

(60–75%), the disease is metastatic or locally advanced at the

time of diagnosis.6

Often the diagnostic sample is a small biopsy with

minimal tumor tissue. It is thus imperative to conserve

tissue for molecular testing that would optimize treatment

options with prognostic implications for the patient,7 as

alterations of gene expression impact therapy selection.

Testing for these alterations is important for identification

of potentially effective targeted therapies, as well as avoid-

ance of therapies unlikely to provide clinical benefit.

These include EGFR, ALK, ROS1, BRAF V600E muta-

tions and PD-L1 expression. According to the National

Comprehensive Cancer Network (NCCN) guidelines, the

outcomes from these molecular investigations determine

the chemotherapeutic or targeted therapy that patients may

receive.8 SCC rarely have targetable mutations, and iden-

tifying them more precisely would avoid unnecessary

further testing.9

Although a diagnosis of ADC or SCC can be readily

apparent based on morphological features in lung cancer

resections, smaller biopsies with limited tumor may be

more problematic. Poorly differentiated tumors may lack

clear morphologic criteria on histology and artifacts in speci-

mens, scant tumor tissue in biopsies and tumor heterogeneity

are factors contributing to the difficulty in providing an

accurate diagnosis in small biopsies.10,11 Another confound-

ing factor is the co-localization of squamous and glandular

markers that can occur in a significant number of NSCLC,

making a precise diagnosis extremely difficult.12 In order to

preserve material for further studies, a limited panel of anti-

bodies is recommended.13

Several studies suggest p40 and TTF-1 are sufficient to

discriminate between SCC and ADC of the lung, resulting

in a reduction of cases in the NSCLC NOS (not otherwise

specified) diagnostic group.14–16 Although this two-marker

analysis is recommended, there is still a “miss” rate in

establishing the diagnosis with these markers, that can

approximate 18%.17

p40 is an isoform of p63 (deltaNp63). The p63 antibody

clone 4A4 used in this study recognizes p63 and its transac-

tivation domain. On the other hand, the antibody clone of p40

used in this study (BC28) recognizes p40 but not the trans-

activating domain. This difference in antigenic structure has

led to the conclusion that p40 is a more specific and sensitive

marker for squamous cell lung carcinoma (SCC) than p63.18

However, other studies revealed that p40 may have superior

specificity but inferior sensitivity compared with p63 in the

diagnosis of pulmonary SCC.19 Expression of p63 has also

been found in around 30% of lung ADC, reducing its speci-

ficity as a marker for SCC.18,20,21

CK5/6 is a high molecular weight cytokeratin

expressed in several neoplasms of epithelial origin includ-

ing SCC.22 CK5/6 expression has been considered to be as

good as p40 and even superior to p63 in the differentiation

of ADC from SCC.23 Nonetheless, others have found

lower sensitivity of CK5/6 expression compared to p63

and p40.24 There is therefore no consensus on the most

ideal IHC (Immunohistochemistry) marker for SCC.

The most widely used IHC markers for pulmonary ADC

include TTF-1 and Napsin A. TTF-1 is a homeodomain-

containing transcription factor that is predominantly found

in normal type II alveolar pneumocytes25 that has shown

high sensitivity and specificity in the immunohistochemical

labeling of lung adenocarcinomas.14,18,26,27 TTF-1 is a

nuclear stain and has long been used to help confirm origin

from a lung ADC at metastatic sites. The clone of antibody

used matters, with different clones of antibodies exhibiting

varying sensitivity and specificity.28 The most widely used

clones of TTF-1 are 8G7G3/1 and SPT24. Of these two,

clone SPT24 has a stronger affinity for TTF-1.28 Both

clones 8G7G3/1 and SPT24 are mouse monoclonal primary

antibodies while the more recent SP141 clone is a rabbit

monoclonal primary antibody. This clone has been reported

to be 98% specific for ADC.29

Napsin A is an aspartic proteinase and its expression is

thought to be regulated by TTF-1 and is involved in the

maturation of surfactant protein B. In some earlier studies,

Napsin A has had a higher sensitivity and specificity for

ADC than TTF-1.30,31

The addition of Napsin A to TTF-1 has been suggested

by some to complement the diagnosis of lung adenocarci-

nomas. This may be especially relevant in cases where the

lower sensitivity of TTF-1 is insufficient to render an exact

diagnosis.32,33 Interestingly, in other studies, the IHC per-

formance of Napsin A has shown reduced sensitivity

compared to TTF-1.34,35 Although the nuclear stain of

TTF-1 is easier to interpret compared to the cytoplasmic

stain of Napsin A, mistyping of ADCs as SCCs can occur

due to the labeling of trapped lung epithelial cells in the

tumor.33,36

Comparing the results of IHC studies on a combination

of 4 marker, 3 marker and 2 makers has been undertaken
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by several others. Studies indicate that dual or triple mar-

ker combinations offer similar or higher sensitivities and

specificities compared to labeling by individual IHC

markers.37

The aim of our study was to compare the performance

of IHC antibodies CK5/6, p40, p63, Napsin A, TTF-1

clones as well as to identify the best 4 and 2 IHC mar-

ker-panel to distinguish SCC and ADC among NSCLC.

This study is unique in that the diagnostic utility of all

three TTF-1 clones are compared to each other. We there-

fore assessed combinations of IHC antibodies in order to

determine the most effective panel utilizing a minimum

number of antibodies that can classify NSCLC into ADC

and SCC subgroups more accurately.

Materials and methods
Patient recruitment
We selected a cohort of 200 patients, diagnosed with either

ADC or SCC at the Department of Anatomical Pathology,

FlindersMedical Centre between 1991 and 2011. All patients

had histological diagnosis on resection specimens and cases

were reclassified according to the 2015 WHO classification

of tumors of the lung. These cases had initially been diag-

nosed based on morphology, IHC and electron microscopy.

They included well and poorly differentiated tumors. The

cohort is a mixed population including Caucasians and

Asians. Definite ethnic status is not part of the clinical infor-

mation kept on these cases. EGFRmutation status is unavail-

able as it was not performed in these historical cases. The

work was approved by the Southern Adelaide Clinical

Human Research Ethics Committee (OFR#136.16-HREC/

16/SAC/). As this study was conducted retrospectively, all

samples collectedwere historical archival FFPE tissue blocks

with no direct contact with subjects. The ethics committee

waived the need for individual consent due to the retrospec-

tive nature of the review. All data were anonymized (but re-

identifiable with a study key) and maintained with

confidentiality.

Tissuemicroarray (TMA) construction
Briefly, tissue cylinders with a diameter of 2.0 mm were

punched from representative tumor regions of each donor

tissue block and brought into recipient paraffin block using

a Quick-Ray Manual Tissue Microarrayer. Control tissue

was included in each TMA. There were 116 SCC and

84 ADC.

Immunohistochemical analysis
The immunohistochemical labeling for the different clones of

TTF-1, Napsin A, CK5/6, p40 and p63 was performed on a

Ventana BenchMark ULTRA immunostainer (Ventana

Medical Systems, Inc., Tucson, AZ, USA) using QAP-com-

pliant protocols which included in-house developed protocol

for SPT24 and 8G7G3/1. The antibody clones used are

summarized in Table 1. For Napsin A and CK5/6, membrane

labeling was considered positive. For all other markers,

nuclear labeling was indicative of a positive result. Focal

labeling was regarded as a positive result for TTF-1 and

>50% labeling was required for designation as positive for

p40, in keeping with the IASLC recommendations.38

Interestingly, all positive cases showed more than 5% posi-

tive labeling for TTF-1. All slides we considered as positive

for p40 had more than 50% labeling. Similar to other studies,

those cases expressing both TTF-1 and p63 were classified as

ADC.33 If a case was positive for TTF-1 but negative for

Napsin A expression (or vice versa), this was considered

sufficient to diagnose ADC. The results of combinations of

IHC antibody labeling were analyzed to identify the number

of correctly classified ADC and SCC with each panel. The

combinations tested included 4 and 2 IHC marker panels

shown in Table 2.

Statistical analysis
Sensitivity of the individual IHC antibody labeling was

calculated as described.39 Diagnostic reliability of the dif-

ferent antibodies for IHC classification was assessed by

receiver-operating characteristic (ROC) curves and area

under curve (AUC) calculations as done previously.23

Sensitivity and specificity of panels of IHC antibodies

was calculated using GraphPad Prism version 8.

Survival was calculated as the number of months between

first diagnosis and death of the patient, or last follow-up in

the case of patients whowere still alive. Survival curves were

generated using the Kaplan-Meier method, with significance

evaluated using the Mantel-Cox log-rank test. Chi-square

tests were used to examine the relationship between nominal

variables. The limit of significance for all analyses was

defined as a p-value of 0.05. This analysis was performed

using SPSS software version 23.

Results
IHC expression in lung ADC and SCC
Among the antibodies that label SCC, expression in decreas-

ing order was p63 labeling 112/116; p40 labeling 110/116
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and CK5/6 labeling 108/116 SCC. Labeling of ADC with

these antibodies was seen in 29/84, 5/84 and 3/84 cases,

respectively. CK5/6 had the highest specificity (96.4%) and

p63 has shown the lowest specificity (65.4%). Sensitivities

and specificities of these IHC markers are shown in Table 3.

Within the ADC cases, the individual TTF-1 clones

varied slightly in sensitivity with SP141 labeling 72/84,

SPT24 labeling 71/84 while both 8G7G3/1 and Napsin A

labeled 69/84 ADC. These three TTF-1 clones also labeled

13/116, 14/116 and 10/116 of the SCC, respectively. The

difference in sensitivities between the TTF-1 clones SPT 24

and 8G7G3/1 (84.5% and 82.1%, respectively) in our study

is comparable to that found by others, who found sensitiv-

ities of 84.1% and 93% for SPT24 and 89% and 79.3% for

8G7G3/1.40,41 The IHC platform and detection system used

has been implicated as one of the reasons for the differences

in sensitivities.42 The SP141 clone had the highest sensitiv-

ity (85.7%) compared to the other TTF-1 antibody clones.

The 8G7G3/1 clone had the highest specificity (91.3%).

Napsin A labeled only 4/116 SCC. Sensitivities and specifi-

cities of individual IHC markers are also shown in Table 3.

ROC analysis (not shown) revealed that the values of the

area under the curve were high and relevant for each mar-

ker. This demonstrates the high performance of individual

IHC antibodies to correctly classify NSCLC into ADC and

SCC. CK5/6 had the highest AUC of 0.947 for SCC mar-

kers and Napsin had the highest AUC of 0.893 of all of the

ADC makers. Among the three TTF-1 clones, SP141 and

8G7G3/1 had the highest AUC of 0.868, slightly higher

than that seen with clone SPT24 (AUC 0.862).

Table 1 Antibodies used for immunohistochemistry

Antibody Clone Source Clonality Species Dilution

TTF-1 8G7G3/1 Ventana Monoclonal Mouse Predilute

TTF-1 SPT24 Leica Monoclonal Mouse 1:50

TTF-1 SP141 Ventana Monoclonal Rabbit Predilute

Napsin A RQ-60 Ventana Monoclonal Mouse Predilute

p40 BC28 Ventana Monoclonal Mouse Predilute

p63 4A4 Ventana Monoclonal Mouse Predilute

CK5/6 D5/16 B14 Ventana Monoclonal Mouse Predilute

Abbreviations: TTF-1, thyroid transcription factor-1, p63, tumor protein p63; p40, deltaNp63; CK5/6, Cytokeratin 5/6.

Table 2 Combinations of 4 and 2 antibody panels used

for immunohistochemistry

1 TTF-1 (SP141), NapsinA, p63, CK5/6

2 TTF-1 (SP141), NapsinA, p40, CK5/6

3 TTF-1 (SPT24), NapsinA, p63, CK5/6

4 TTF-1 (SPT24), NapsinA, p40, CK5/6

5 TTF-1 (8G7G3/1), NapsinA, p63, CK5/6

6 TTF-1 (8G7G3/1), NapsinA, p40, CK5/6

7 TTF-1 (SP141), p63

8 TTF-1 (SP141), p40

9 TTF-1 (SP141), CK5/6

10 TTF-1 (SPT24), p63

11 TTF-1 (SPT24), p40

12 TTF-1 (SPT24), CK5/6

13 TTF-1 (8G7G3/1), p63

14 TTF-1 (8G7G3/1), p40

15 TTF-1 (8G7G3/1), CK5/6

16 NapsinA, p63

17 NapsinA, p40

18 NapsinA, CK5/6

Abbreviations: TTF-1, thyroid transcription factor-1, p63, tumor protein p63;

p40, deltaNp63; CK5/6, Cytokeratin 5/6.

Table 3 Sensitivity and specificity of individual IHC(immunohistochemistry) markers and AUC (area under the curve)

Antibody n Sensitivity % Specificity % AUC Std error

CK5/6 108/116 93.9 96.4 0.947 0.018

p40 110/116 94.8 94 0.944 0.019

p63 112/116 96.5 65.4 0.804 0.034

Napsin A 69/84 82.1 96.5 0.893 0.027

TTF-1(8G7G3/1) 69/84 82.1 91.3 0.868 0.029

TTF-1(SP141) 72/84 85.7 88.7 0.868 0.028

TTF-1(SPT24) 71/84 84.5 87.9 0.862 0.029

Abbreviations: TTF-1, thyroid transcription factor-1, p63, tumor protein p63; p40, deltaNp63; CK5/6, Cytokeratin 5/6.
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The four-marker IHC panels that had the highest sensi-

tivity and specificity was TTF-1 (clones SP141, NapsinA,

p63 and CK5/6 with sensitivity of 98.3% and specificity of

91.7%). This panel accurately identified 77/84 ADC and

114/116 SCC. Four-marker panels with both clones SPT24

and 8G7G3/1 closely followed with sensitivities of 98.28%

and specificities of 90.48%. They accurately identified 76/

84 ADC and 114/116 SCC. These panels were highly accu-

rate in poorly differentiated tumors in this study. The Chi

square test for association was however not significant

(p=0.7) (data not shown). Sensitivities and specificities of

the 4 antibody panels are shown in Table 4.

We then analyzed panels of 2 IHC antibody markers

with 1 ADC and 1SCC marker. The two-marker IHC

panel with the highest sensitivities consisted of TTF-1

(either of the clones SP141, SPT24 or 8G7G3/1) and p63

correctly identifying 72/84, 71/84 and 69/84 ADC,

respectively. They also identified 112/116 SCC.

Although the sensitivities were the same in these panels

(96.55%), the specificities varied (85.71%, 84.52% and

82.14%, respectively). The 2 IHC marker panel with the

highest sensitivity and specificity was TTF-1 (SP141) and

p63 with sensitivity of 96.55% and specificity of 85.71%.

The results of labeling with these panels were not sig-

nificantly associated with either stage or differentiation

status. Sensitivities and specificities of the two-antibody

panels are shown in Table 5.

Interestingly, two-marker panels of TTF-1 clone SP141

utilizing either p40 or CK5/6 also had very high specificities

(85.71%) but definitely lower sensitivities compared to the

two-marker panel of TTF-1 (SP141) and p63. Kaplan-

Meier survival curves were constructed to determine if

there were differences in the survival distribution between

cases that had concordant immunohistochemical results and

the final diagnosis, versus those cases that had discordant

results. The cases whose expression was concordant with

the diagnostic subtype had higher survival compared to

cases discordant with the diagnosis. The differences were

not statistically significant. (Log Rank p>0.05. Figure 1)

Discussion
The purpose of histopathological examination of tumor

tissue is to establish a correct diagnosis with the aim of

directing the most effective therapy based on the type of

Table 4 Sensitivity and Specificity of 4 IHC antibody panels

Panels of 4 IHC antibodies n Sensitivity % n Specificity % p value Std error

TTF-1(SP141), NapsinA,p63,CK5/6 77/84 98.2 114/116 91.6 <0.0001 0.019

TTF-1(SP141), NapsinA,p40,CK5/6 77/84 96.5 112/116 91.6 <0.0001 0.01957

TTF-1(SPT24), NapsinA,p63,CK5/6 76/84 98.2 114/116 90.4 <0.0001 0.02007

TTF-1(SPT24), NapsinA,p40,CK5/6 76/84 97.4 113/116 90.4 <0.0001 0.0206

TTF-1(8G7G3/1), NapsinA,p63,CK5/6 76/84 98.2 114/116 90.4 <0.0001 0.02007

TTF-1(8G7G3/1), NapsinA,p40,CK5/6 75/84 97.4 113/116 89.2 <0.0001 0.02157

Abbreviations: TTF-1, thyroid transcription factor-1, p63, tumor protein p63; p40, deltaNp63; CK5/6, Cytokeratin 5/6.

Table 5 Sensitivity and Specificity of 2 IHC antibody panels

Panels of 2 IHC antibodies n Sensitivity % n Specificity % p value Std error

TTF-1(SP141),p63 72/84 96.5 112/116 85.7 <0.0001 0.02459

TTF-1(SP141),p40 72/84 94.8 110/116 85.7 <0.0001 0.02538

TTF-1(SP141),CK5/6 72/84 93.1 108/116 85.7 <0.0001 0.02613

TTF-1(SPT24),p63 71/84 96.5 112/116 84.5 <0.0001 0.02535

TTF-1(SPT24),p40 71/84 94.8 110/116 84.5 <0.0001 0.0261

TTF-1(SPT24),CK5/6 71/84 93.1 108/116 84.5 <0.0001 0.02683

TTF-1(8G7G3/1),p63 69/84 96.5 112/116 82.1 <0.0001 0.02677

TTF-1(8G7G3/1),p40 69/84 94.8 110/116 82.1 <0.0001 0.02746

TTF-1(8G7G3/1),CK5/6 69/84 86.2 100/116 82.1 <0.0001 0.03051

NapsinA,p63 69/84 96.5 112/116 82.1 <0.0001 0.02677

NapsinA,p40 69/84 92.2 107/116 82.1 <0.0001 0.02844

NapsinA,CK5/6 69/84 93.1 108/116 82.1 <0.0001 0.02812

Abbreviations: TTF-1, thyroid transcription factor-1, p63, tumor protein p63; p40, deltaNp63; CK5/6, Cytokeratin 5/6.
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tumor and biomarker profile. The selection of molecular

tests performed depends on the histological subtype – for

example, EGFR testing performed on ADC. The aim of

our study was to compare the performance of IHC anti-

bodies CK5/6, p40, p63, Napsin A, three TTF-1 clones as

well as to identify the best four- and two-marker panel to

accurately distinguish SCC and ADC. As each of these

groups are associated with unique molecular alterations,

their treatment options differ. Several factors influence the

ability to distinctly identify and segregate NSCLC samples

into either the SCC or ADC groups. Co-localization of

markers of the two subtypes within a tumor can add to the

conundrum, often delaying a diagnosis. The WHO sug-

gests a minimal panel of TTF-1 and p40 or p63 (one ADC

marker and one SCC marker, respectively) to differentiate

between the two tumors especially in small biopsies where

tumor tissue can be sparse.26 In such cases, the presence of

TTF-1 labeling with absence of p40 labeling should be

classified as NSCC favor adenocarcinoma.43

The most commonly used TTF-1 antibody clones are

8G7G3/1, SPT24 and SP141. Several studies have demon-

strated increased sensitivity of the SPT24 and SP141

clones in lung carcinomas. A recent NordiQC assessment

on TTF-1 deemed clones SP141 and SPT24 as being more

sensitive than clone 8G7G3/1 in detecting primary lung

adenocarcinomas.42 However, this comes at the cost of

decreased specificity as evidenced by SP141 labeling in

sarcomatoid mesotheliomas, sarcomatoid carcinoma of the

lung and in atypical squamous lesions of the lung.44 The

present study is unique in that all 3 TTF-1 clones are

compared to each other individually and also in combina-

tion with commonly used IHC antibodies. The difference

in sensitivities between the TTF-1 clones SPT24 and

8G7G3/1 were probably due to the difference in IHC

platforms and detection systems used.42

Others have combined TTF-1 with a range of antibodies to

diagnose Adenocarcinoma.10,33,45,46 One of the four-marker

combinations we examined (p63, TTF-1 (SP141), Napsin A

and CK5/6) accurately classified more cases (91.6%) of

Adenocarcinomas, compared to an identical panel by

Mukhopadhyay et al where just over three-fourths of cases

were classified correctly.33 The best four-marker IHC panel in

our study that had the highest sensitivity and specificity was

TTF-1 (clones SP141, NapsinA, p63 and CK5/6 with sensi-

tivity of 98.3% and specificity of 91.7%). When the other

clones of TTF-1 were substituted in this panel, the sensitivity

was lower. As the expression of TTF-1 overrides that of the

squamous markers, the choice of the TTF-1 antibody clone

4 IHC panel: TTF-1(SP141), napsin A, p63, CK5/6A B 2 IHC panel: TTF-1(SP141), p63

4marker_SP141napsinA,
p63CK5/6
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Figure 1 Kaplan-Meier survival curves of cases classified correctly with the panel of 4 IHC markers: TTF-1 (SP141), NapsinA, p63 and CK5/6, and the panel of 2 IHC

markers: TTF-1 (SP141) and p63. (A) Kaplan-Meier survival curves for cases classified correctly with the panel of 4 IHC markers: TTF-1 (SP141), NapsinA, p63 and CK5/6 in

the cohort of 200 NSCLC patients. The green line represents cases in whom the results of immunohistochemistry and final diagnosis were concordant (utilizing the specified

panel of antibodies); the blue line represents cases in whom the results of immunohistochemistry and final diagnosis were discordant. The difference was not statistically

significant with a log-rank p-value of 0.69. (B) Kaplan-Meier survival curves for cases classified correctly with the panel of 2 IHC markers: TTF-1 (SP141), and p63 in the

cohort of 200 NSCLC patients. The green line represents cases in whom the results of immunohistochemistry and final diagnosis were concordant (utilizing the specified

panel of antibodies); the blue line represents cases in whom the results of immunohistochemistry and final diagnosis were discordant. The difference was not statistically

significant with a log-rank p-value of 0.39.
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determines the sensitivity in ADC diagnosis. This could mean

that using these four-marker panels identify more ADC cases

who would then have further molecular testing and help in

optimizing treatments.

In situations where tissue is sparse and the need to

preserve material for molecular and immune marker studies

is vital, the use of a two-marker panel of antibodies would

help conserve residual tumor tissue. Rekhtman et al sug-

gested that a combination of TTF-1 and p63 was adequate to

classify both ADC and SCC with CK5/6 used only if this

combination required additional support.27 We found that

the two-marker combinations of TTF-1 and p63 had similar

sensitivity (96.55%) but higher specificity only when the

clone SP141 of TTF-1 was used emphasizing the advantage

of utilizing these markers. When we finally compared all the

IHC antibody combination results comprehensively, the

panel with the highest sensitivity and specificity was the

four-marker IHC antibody panel TTF-1 (SP141), Napsin A,

p63 and CK5/6. We analyzed the survival time of patients

whose IHC expression was either concordant or discordant

with the final diagnosis but did not find a statistically sig-

nificant difference between the two groups.

Napsin A has been shown to have higher specificity com-

pared to TTF-1 by others as well as Agackiran et al.28,32,47

Napsin A expression is valuable when the TTF-1 expression

results are inconclusive in ADCs. Our results showed that the

combination of Napsin A and p63 had similar sensitivity of

96.55% and could be utilized if have ambiguous results are

obtained with TTF-1.42

Our results provide a rationale for using TTF-1 or p63

in combinations of IHC antibody panels. Such panels

would be particularly useful in diagnosing poorly differ-

entiated tumors and small biopsies. In instances where the

differential diagnosis would include mesothelioma, pathol-

ogists should be aware of the increased likelihood of

labeling with the SP141 clone. Metastatic lung tumors

sometimes rely on the expression of TTF-1 in the tumor

to help identify their origin or confirm recurrence. While it

is important to take measures to conserve as much tissue

as possible for molecular testing, it is good to be aware of

choosing antibody clones that are optimally sensitive.

Abbreviations
ADC; adenocarcinoma; SCC squamous cell carcinoma.

Acknowledgments
We gratefully acknowledge the support of Michelle Styles

and Shilpa Virdi. This project was funded by an

Investigator Initiated Research Agreement with Ventana

Medical Systems, Inc., Tucson, Arizona 85755, USA.

Disclosure
Dr Sonja Klebe reports grants, non-financial support from

Roche Ventana, during the conduct of the study. Dr Sonja

Klebe and Professor Henderson (now deceased) provided

reports on diagnosis of lung malignancies to the courts.

The authors report no other conflicts of interest in this

work.

References
1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2017. CA Cancer J

Clin. 2017;67(1):7–30. doi:10.3322/caac.21387
2. Australian Institute of Health and Welfare Canberra. Cancer in

Australia. Cancer Series; 2017. Number 101(Cat. no. CAN 100).
3. Ferlay J, Soerjomataram I, Dikshit R, et al. Cancer incidence and mortal-

ity worldwide: sources, methods and major patterns in GLOBOCAN
2012. Int J Cancer. 2015;136(5):E359–E386. doi:10.1002/ijc.29210

4. Herbst RS, Heymach JV, Lippman SM. Lung cancer. N Engl J Med.
2008;359(13):1367–1380. doi:10.1056/NEJMra0802714

5. Travis WD, Travis LB, Devesa SS. Lung cancer. Cancer. 1995;75(1
Suppl):191–202. doi:10.1002/1097-0142(19950101)75:1+<191::aid-
cncr2820751307>3.0.co;2-y

6. Travis WD, Brambilla E, Riely GJ. New pathologic classification of
lung cancer: relevance for clinical practice and clinical trials. J Clin
Oncol. 2013;31(8):992–1001. doi:10.1200/JCO.2012.46.9270

7. Hirsch FR, Kerr KM, Bunn PA Jr., et al. Molecular and immune
biomarker testing in squamous-cell lung cancer: effect of current and
future therapies and technologies. Clin Lung Cancer. 2018;19
(4):331–339. doi:10.1016/j.cllc.2018.03.014

8. Network NCC. NCCN clinical practice guidelines in oncology. Non-
Small Cell Lung Cancer (Version 6.2018); 2018. Available from:
https://www.nccn.org/professionals/physician_gls/pdf/nscl.pdf.
Accessed August 18, 2018.

9. Rekhtman N, Paik PK, Arcila ME, et al. Clarifying the spectrum of
driver oncogene mutations in biomarker-verified squamous carci-
noma of lung: lack of EGFR/KRAS and presence of PIK3CA/
AKT1 mutations. Clin Cancer Res. 2012;18(4):1167–1176.
doi:10.1158/1078-0432.CCR-11-2109

10. Ao MH, Zhang H, Sakowski L, et al. The utility of a novel triple
marker (combination of TTF1, napsin A, and p40) in the subclassi-
fication of non-small cell lung cancer. Hum Pathol. 2014;45(5):926–
934. doi:10.1016/j.humpath.2014.01.005

11. Thunnissen E, Kerr KM, Herth FJ, et al. The challenge of NSCLC
diagnosis and predictive analysis on small samples. Practical
approach of a working group. Lung Cancer. 2012;76(1):1–18.
doi:10.1016/j.lungcan.2011.10.017

12. Koyi H, Branden E, Kasim I, Wilander E. Co-localisation of glandular
and squamous cell markers in non-small cell lung cancer. Anticancer
Res. 2018;38(6):3341–3346. doi:10.21873/anticanres.12600

13. Ou SH, Zell JA. Carcinoma NOS is a common histologic diagnosis
and is increasing in proportion among non-small cell lung cancer
histologies. J Thorac Oncol. 2009;4(10):1202–1211. doi:10.1097/
JTO.0b013e3181b28fb9

14. Pelosi G, Fabbri A, Bianchi F, et al. DeltaNp63 (p40) and thyroid
transcription factor-1 immunoreactivity on small biopsies or cell-
blocks for typing non-small cell lung cancer: a novel two-hit, spar-
ing-material approach. J Thorac Oncol. 2012;7(2):281–290.
doi:10.1097/JTO.0b013e31823815d3

Dovepress Prabhakaran et al

Pathology and Laboratory Medicine International 2019:11 submit your manuscript | www.dovepress.com

DovePress
13

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.3322/caac.21387
https://doi.org/10.1002/ijc.29210
https://doi.org/10.1056/NEJMra0802714
https://doi.org/10.1002/1097-0142(19950101)75:1+%3C191::aid-cncr2820751307%3E3.0.co;2-y
https://doi.org/10.1002/1097-0142(19950101)75:1+%3C191::aid-cncr2820751307%3E3.0.co;2-y
https://doi.org/10.1200/JCO.2012.46.9270
https://doi.org/10.1016/j.cllc.2018.03.014
https://www.nccn.org/professionals/physician_gls/pdf/nscl.pdf
https://doi.org/10.1158/1078-0432.CCR-11-2109
https://doi.org/10.1016/j.humpath.2014.01.005
https://doi.org/10.1016/j.lungcan.2011.10.017
https://doi.org/10.21873/anticanres.12600
https://doi.org/10.1097/JTO.0b013e3181b28fb9
https://doi.org/10.1097/JTO.0b013e3181b28fb9
https://doi.org/10.1097/JTO.0b013e31823815d3
http://www.dovepress.com
http://www.dovepress.com


15. Walia R, Jain D, Madan K, et al. p40 & thyroid transcription factor-1
immunohistochemistry: a useful panel to characterize non-small cell lung
carcinoma-not otherwise specified (NSCLC-NOS) category. Indian J
Med Res. 2017;146(1):42–48. doi:10.4103/ijmr.IJMR_1221_15

16. Siddaraju N. Minimalistic immunohistochemical approach to non-
small cell carcinoma of the lung in small biopsies in the context of
the 2015 WHO classification of lung cancer. Indian J Med Res.
2017;146(1):8–10. doi:10.4103/ijmr.IJMR_1069_17

17. Zachara-Szczakowski S, Verdun T, Churg A. Accuracy of classifying
poorly differentiated non-small cell lung carcinoma biopsies with
commonly used lung carcinoma markers. Hum Pathol. 2015;46
(5):776–782. doi:10.1016/j.humpath.2015.02.001

18. Bishop JA, Teruya-Feldstein J, Westra WH, Pelosi G, Travis WD,
Rekhtman N. p40 (DeltaNp63) is superior to p63 for the diagnosis of
pulmonary squamous cell carcinoma. Mod Pathol. 2012;25(3):405–
415. doi:10.1038/modpathol.2011.173

19. Lilo MT, Allison D, Wang Y, et al. Expression of P40 and P63 in lung
cancers using fine needle aspiration cases. Understanding clinical
pitfalls and limitations. J Am Soc Cytopathol. 2016;5(3):123–132.
doi:10.1016/j.jasc.2015.07.002

20. Righi L, Graziano P, Fornari A, et al. Immunohistochemical subtyp-
ing of nonsmall cell lung cancer not otherwise specified in fine-
needle aspiration cytology: a retrospective study of 103 cases with
surgical correlation. Cancer. 2011;117(15):3416–3423. doi:10.1002/
cncr.25830

21. Wang BY, Gil J, Kaufman D, Gan L, Kohtz DS, Burstein DE. P63 in
pulmonary epithelium, pulmonary squamous neoplasms, and other
pulmonary tumors. Hum Pathol. 2002;33(9):921–926. doi:10.1053/
hupa.2002.126878

22. Gurda GT, Zhang L, Wang Y, et al. Utility of five commonly used
immunohistochemical markers TTF-1, Napsin A, CK7, CK5/6 and
P63 in primary and metastatic adenocarcinoma and squamous cell
carcinoma of the lung: a retrospective study of 246 fine needle
aspiration cases. Clin Transl Med. 2015;4:16. doi:10.1186/s40169-
015-0057-2

23. Tran L, Mattsson JS, Nodin B, et al. Various antibody clones of
Napsin A, thyroid transcription factor 1, and p40 and comparisons
with cytokeratin 5 and p63 in histopathologic diagnostics of non-
small cell lung carcinoma. Appl Immunohistochem Mol Morphol.
2016;24(9):648–659. doi:10.1097/PAI.0000000000000235

24. Nonaka D. Ancillary immunohistochemical techniques for the sub-
classification of non-small cell lung cancer. In: Moreira AL, Saqi A,
editors. Diagnosing Non-Small Cell Carcinoma in Small Biopsy and
Cytology. New York: Springer New York; 2015:77–95.

25. Ikeda K, Clark JC, Shaw-White JR, Stahlman MT, Boutell CJ,
Whitsett JA. Gene structure and expression of human thyroid tran-
scription factor-1 in respiratory epithelial cells. J Biol Chem.
1995;270(14):8108–8114. doi:10.1074/jbc.270.14.8108

26. Travis WD, Brambilla E, Nicholson AG, et al. The 2015 World
Health Organization classification of lung tumors: impact of genetic,
clinical and radiologic advances since the 2004 classification. J
Thorac Oncol. 2015;10(9):1243–1260. doi:10.1097/JTO.00000
00000000630

27. Rekhtman N, Ang DC, Sima CS, Travis WD, Moreira AL.
Immunohistochemical algorithm for differentiation of lung adenocar-
cinoma and squamous cell carcinoma based on large series of whole-
tissue sections with validation in small specimens. Mod Pathol.
2011;24(10):1348–1359. doi:10.1038/modpathol.2011.92

28. Whithaus K, Fukuoka J, Prihoda TJ, Jagirdar J. Evaluation of napsin
A, cytokeratin 5/6, p63, and thyroid transcription factor 1 in adeno-
carcinoma versus squamous cell carcinoma of the lung. Arch Pathol
Lab Med. 2012;136(2):155–162. doi:10.5858/arpa.2011-0232-OA

29. Bir F, Celiker D, Evyapan BF, Yaren A, Edirne T. New immunohisto-
chemical markers in the differential diagnosisof nonsmall cell lung
carcinoma. Turk J Med Sci. 2016;46(6):1854–1861. doi:10.3906/sag-
1501-68

30. Woo JS, Reddy OL, Koo M, Xiong Y, Li F, Xu H. Application of
immunohistochemistry in the diagnosis of pulmonary and pleural neo-
plasms. Arch Pathol Lab Med. 2017;141(9):1195–1213. doi:10.5858/
arpa.2016-0550-RA

31. Turner BM, Cagle PT, Sainz IM, Fukuoka J, Shen SS, Jagirdar J.
Napsin A, a new marker for lung adenocarcinoma, is complementary
and more sensitive and specific than thyroid transcription factor 1 in
the differential diagnosis of primary pulmonary carcinoma: evalua-
tion of 1674 cases by tissue microarray. Arch Pathol Lab Med.
2012;136(2):163–171. doi:10.5858/arpa.2011-0320-OA

32. Bishop JA, Sharma R, Illei PB. Napsin A and thyroid transcription
factor-1 expression in carcinomas of the lung, breast, pancreas, colon,
kidney, thyroid, and malignant mesothelioma. Hum Pathol. 2010;41
(1):20–25. doi:10.1016/j.humpath.2009.06.014

33. 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(1):15–25.
doi:10.1097/PAS.0b013e3182036d05

34. Zhao W, Wang H, Peng Y, Tian B, Peng L, Zhang DC. DeltaNp63,
CK5/6, TTF-1 and napsin A, a reliable panel to subtype non-small
cell lung cancer in biopsy specimens. Int J Clin Exp Pathol. 2014;7
(7):4247–4253.

35. Stoll LM, Johnson MW, Gabrielson E, Askin F, Clark DP, Li QK.
The utility of napsin-A in the identification of primary and metastatic
lung adenocarcinoma among cytologically poorly differentiated car-
cinomas. Cancer Cytopathol. 2010;118(6):441–449. doi:10.1002/
cncy.20108

36. El Hag M, Schmidt L, Roh M, Michael CW. Utility of TTF-1 and
Napsin-A in the work-up of malignant effusions. Diagn Cytopathol.
2016;44(4):299–304. doi:10.1002/dc.23442

37. Osmani L, Askin F, Gabrielson E, Li QK. Current WHO guidelines
and the critical role of immunohistochemical markers in the subclas-
sification of non-small cell lung carcinoma (NSCLC): moving from
targeted therapy to immunotherapy. Semin Cancer Biol. 2017;52
(1):103–109.

38. Yatabe Y, Dacic S, Borczuk AC, et al. Best practices recommenda-
tions for diagnostic immunohistochemistry in lung cancer. J
Thorac Oncol. 2019;14(3):377–407. doi:10.1016/j.jtho.2018.12.005

39. de Sá JPM. Applied Statistics: Using SPSS, Statistica, Matlab and R.
Berlin. Berlin, Heidelberg: Springer; 2007.

40. Smits AJ, Vink A, Tolenaars G, Herder GJ, Kummer JA. Different
cutoff values for thyroid transcription factor-1 antibodies in the
diagnosis of lung adenocarcinoma. Appl Immunohistochem
Mol Morphol. 2015;23(6):416–421. doi:10.1097/PAI.0000000000
000099

41. Vidarsdottir H, Tran L, Nodin B, et al. Comparison of three different TTF-
1 clones in resected primary lung cancer and epithelial pulmonary metas-
tases. Am J Clin Pathol. 2018;150(6):533–544. doi:10.1093/ajcp/aqy083

42. NordiQC. Assessment Run 46 Thyroid Transcription Factor-1 (TTF-1).
Denmark; 2016.

43. Travis LB. WHO Classification of Tumours of the Lung, Pleura,
Thymus and Heart. Lyon: International Agency for Research on
Cancer; 2015.

44. Klebe S, Swalling A, Jonavicius L, Henderson DW. An immunohis-
tochemical comparison of two TTF-1 monoclonal antibodies in aty-
pical squamous lesions and sarcomatoid carcinoma of the lung, and
pleural malignant mesothelioma. J Clin Pathol. 2016;69(2):136–141.
doi:10.1136/jclinpath-2015-203184

Prabhakaran et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
Pathology and Laboratory Medicine International 2019:1114

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.4103/ijmr.IJMR_1221_15
https://doi.org/10.4103/ijmr.IJMR_1069_17
https://doi.org/10.1016/j.humpath.2015.02.001
https://doi.org/10.1038/modpathol.2011.173
https://doi.org/10.1016/j.jasc.2015.07.002
https://doi.org/10.1002/cncr.25830
https://doi.org/10.1002/cncr.25830
https://doi.org/10.1053/hupa.2002.126878
https://doi.org/10.1053/hupa.2002.126878
https://doi.org/10.1186/s40169-015-0057-2
https://doi.org/10.1186/s40169-015-0057-2
https://doi.org/10.1097/PAI.0000000000000235
https://doi.org/10.1074/jbc.270.14.8108
https://doi.org/10.1097/JTO.0000000000000630
https://doi.org/10.1097/JTO.0000000000000630
https://doi.org/10.1038/modpathol.2011.92
https://doi.org/10.5858/arpa.2011-0232-OA
https://doi.org/10.3906/sag-1501-68
https://doi.org/10.3906/sag-1501-68
https://doi.org/10.5858/arpa.2016-0550-RA
https://doi.org/10.5858/arpa.2016-0550-RA
https://doi.org/10.5858/arpa.2011-0320-OA
https://doi.org/10.1016/j.humpath.2009.06.014
https://doi.org/10.1097/PAS.0b013e3182036d05
https://doi.org/10.1002/cncy.20108
https://doi.org/10.1002/cncy.20108
https://doi.org/10.1002/dc.23442
https://doi.org/10.1016/j.jtho.2018.12.005
https://doi.org/10.1097/PAI.0000000000000099
https://doi.org/10.1097/PAI.0000000000000099
https://doi.org/10.1093/ajcp/aqy083
https://doi.org/10.1136/jclinpath-2015-203184
http://www.dovepress.com
http://www.dovepress.com


45. Ikeda S, Naruse K, Nagata C, et al. Immunostaining for thyroid
transcription factor 1, Napsin A, p40, and cytokeratin 5 aids in
differential diagnosis of non-small cell lung carcinoma. Oncol Lett.
2015;9(5):2099–2104. doi:10.3892/ol.2015.3045

46. Khayyata S, Yun S, Pasha T, et al. Value of P63 and CK5/6 in
distinguishing squamous cell carcinoma from adenocarcinoma in
lung fine-needle aspiration specimens. Diagn Cytopathol. 2009;37
(3):178–183. doi:10.1002/dc.20975

47. Agackiran Y, Ozcan A, Akyurek N, Memis L, Findik G, Kaya S.
Desmoglein-3 and Napsin A double stain, a useful immunohisto-
chemical marker for differentiation of lung squamous cell carci-
noma and adenocarcinoma from other subtypes. Appl
Immunohistochem Mol Morphol. 2012;20(4):350–355. doi:10.1097/
PAI.0b013e318245c730

Pathology and Laboratory Medicine International Dovepress
Publish your work in this journal
PathologyandLaboratoryMedicineInternational isapeer-reviewed,open
access journal focusing on innovative basic research and translational
research related to pathology or human disease. The journal includes
original research, updates, case reports, reviews and commentaries on

current controversies. The manuscript management system is completely
online and includes a very quick and fair peer-review system. Visit
http://www.dovepress.com/testimonials.php to read real quotes from
published authors.

Submit your manuscript here: https://www.dovepress.com/pathology-and-laboratory-medicine-international-journal

Dovepress Prabhakaran et al

Pathology and Laboratory Medicine International 2019:11 submit your manuscript | www.dovepress.com

DovePress
15

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.3892/ol.2015.3045
https://doi.org/10.1002/dc.20975
https://doi.org/10.1097/PAI.0b013e318245c730
https://doi.org/10.1097/PAI.0b013e318245c730
http://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com
http://www.dovepress.com

