
Submit Manuscript | http://medcraveonline.com

Introduction
World-wide, including Iraq, lung cancer (LC) is the second most 

commonly diagnosed cancer. Behind pulmonary cancer, lie a diverse 
and heterogeneous number of subtypes rendering it a serious threat 
to human life and a leading cause of cancer-related death.1‒5 This 
heterogeneity is reflected in the wide range of therapeutic strategies 
developed to combat the disease. The relationship of therapies and 
patient outcome with specific histologies and predictive biomarkers 
has made the handling of small biopsy specimens being the key factor 
for therapeutic and prognostic purposes. Hence the diagnosis should 
be reasonable.6,7 The reproducibility rate of the pathologic diagnoses, 
based on the routine light microscopic features is satisfactory for 
distinguishing small cell lung carcinoma (SCLC) from non-small 
cell lung carcinoma (NSCLC) and for identifying of glandular 
versus squamous differentiation in low grade adenocarcinoma 
(AC) and squamous cell carcinoma (SCC). However, it is less than 
satisfactory for categorization high grade NSCLC cases especially in 
tiny tissues8-10. The emerging evidence for differential responses of 
NSCLC specific subtypes to the new targeted therapies highlighted the 
increased need for a greater accuracy in such subtyping. Novel target 
therapy of lung cancer necessitates accurate diagnosis of non-small 
cell lung carcinoma. Several recent studies have addressed the issue 
of using immunohistochemistry (IHC) panels to correctly distinguish 
lung AC from SCC which form the commonest NSCLC.8‒12 To our 
best knowledge, the relative analysis of the sensitivity and specificity 
of specific immuno markers addressed for identifying subtypes of 
NSCLC in small bioptic specimens is limited in our locality and no 
previous study has been conducted in Kurdistan Region-Iraq in the 

same field. In this study, we focused on the immuno histochemical 
characterization of NSCLC in small biopsy samples using specific 
monoclonal antibodies (CK5/6 and p63 and TTF-1) to discriminate 
between SCC and AC and to find out the specificity and sensitivity 
rates of these three markers used for the same purpose.

Materials and methods
Overall, 200 lung biopsy specimens were received in Duhok 

Central Laboratory and Duhok Medical Private Laboratories, from 
January 2010 to January 2014. Of these, only 88 tiny (bronchoscopic 
and tru cut) biopsies were newly diagnosed NSCLC with no prior 
chemo or radiotherapy and thus were enrolled in the study. Information 
related to the patient’s age at presentation and gender were obtained 
from patient’s request forms. Two cases were excluded because of 
inadequate data and histopathological/immunohistochemical testing 
was performed on 88 patients in Histopathology Department, Central 
General Laboratories in Duhok-Iraq. Specimens were already fixed 
in 10% formalin for at least 2hours, processed and embedded in 
paraffin wax. Four micron-thick tissue sections were taken from the 
tumor and re-stained with Hematoxylin and Eosin (H&E) stains to 
confirm the diagnosis. The immunohistochemical technique applied 
was streptavidin-biotin, using monoclonal antibodies manufactured 
by Ventana corporation (Ventana, Rocklin, California) with 3-3’- 
diaminobenzidine tetrahydrochloride used as chromogen (DAB) 
and standard DAB detection kit (Ventana) was applied according 
to instructions described previously.13‒18 The primary antibodies 
used were monoclonal antibodies directed against cytokeratin 5/6 
(REF-790-4554, Ventana, USA), p63 (4A4, Ref-790-4509, Ventana, 
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Abstract

Background and objectives: Using immunomarkers nowadays becomes a routine 
histologic practice. This study is designed to declare the use of p63, CK5/6 and TTF-1 
immunomarkers for categorization of non-small cell lung cancer in tiny biopsy specimens.

Method: Out of 200 lung biopsy specimens, 88 non-small cell lung carcinomas were 
received between 2010 and 2014. All cases were formalin fixed, paraffin embedded. 
Specimens were processed with fully automated immunostaining instrument using 
monoclonal antibodies against CK5/6, p63 and TTF-1. For triple negative cases, selected 
antibodies and special stains were added to confirm the diagnosis and exclude mimics. 

Results: In squamous cell carcinoma, Cytokeratin 5/6 showed 95.3% sensitivity, 100% 
specificity, 100% positive predictive value and 88.4% negative predictive value, whereas 
p63 sensitivity and specificity were 98.4% and 86.9% respectively with 95.5% positive 
predictive value and 95.2% negative predictive value. Coexpression of p63 and CK5/6 
increased the sensitivity to 96.8% but decreased specificity to 87.5%. TTF-1 sensitivity for 
diagnosis of adenocarcinoma was 80.9% while its specificity was 100% with 100% positive 
predictive value and 94.3% negative predictive value.

Conclusions: The study declared the fact that CK5/6 and TTF-1 formed an optimal 
practical immunohistochemical panel for distinction between pulmonary squamous cell 
carcinoma and adenocarcinoma in the routine histologic practice. This panel offered the 
best discrimination, and correctly separated these two carcinomas with 100% specificity 
and 100% positive predictive value and decreased the undifferentiated cases. However, 
using CK5/6, p63 and TTF-1 couldn’t distinguish primary from metastatic lung carcinomas.

Keywords: non-small cell lung cancer, ck5/6, p63, ttf-1, immuno histochemistry, tiny 
biopsy
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USA) and TTF-1 (REF-760-4756, Ventana, USA). Strong positive 
controls (well differentiated squamous cell carcinoma for CK 5/6 
and p63 and normal thyroid tissue for TTF-1) and negative controls 
(using globulin instead of the primary antibody) were applied with 
each run. After being extracted from automated immunostaining 
instrument, sections were counterstained with Mayer’s Hematoxylin. 
Finally, slides were dehydrated through graded alcohols to xylen and 
then mounted with DPX solution and coverslipped. Immunostaining 
results were evaluated semi-quantitatively according to the percentage 
of positive tumor cells as described previous studies performed in this 
Laboratories.19‒21 The positivity was further evaluated according to the 
staining density into homogeneous (diffuse) or heterogeneous (focal). 
To exclude equivocal reactions, at least moderate staining intensity in 
more than 10% of the tumor cells was considered as diagnostically 
relevant positive reaction. Only cytoplasmic staining for CK5/6 
and nuclear staining for p63 and TTF-1 were addressed as positive 
Kaufmann et al.22 The designations true and false were based on the 
study hypothesis that p63 and CK5/6 are expressed in all squamous 
cell carcinomas, not in non-squamous cell carcinomas, while TTF-1 
is expressed in all adenocarcinomas, not in non-adenocarcinomas.22 

For triple negative cases, a panel of Pankeratin, Vimentin, CD45 
and S-100 protein was added to fix the diagnosis of carcinoma and 
exclude mesenchymal, hematopoietic and melanocytic neoplasms. 
Cases with Pankeratin positive and totally negative for vimentin and 
CD45, were exposed to further selective immunomarkers like CK7, 
CK20, EMA, monoclonal CEA, MOC-31, CD56, synaptophysin, 
chromogranin A, WT-1 and calretinin in addition to the special stains 
(PAS/PASD, mucicarmine and alcian blue stains) to confirm the 
diagnosis of adenocarcinoma and exclude neuroendocrine neoplasms, 
embryonal carcinoma and mesothelioma. The remaining negative 
cases were again immunostained with HMB45, Melan A, CD117, 
HCG, OCT3/4, CD30 and PLAP to exclude melanoma and germ cell 
tumors. Demographic variables and collected data were organized 
and tabulated. Statistics were used to summarize the numerical 
results. Sensitivity, specificity, positive predictive value and negative 
predictive value were measured as described previously.23 Double 
(Pankeratin and Vimentin) positive cases while negative for the above 
mentioned markers were exposed to extra markers, like CD34, CD31, 
CD99 and Bcl2 to exclude biphasic tumors.

Table 1 CK 5/6, p63 and TTF-1 expression in the study cases

 Squamous cell carcinoma
 N= 63

Adenocarcinoma 
N= 21

NSCLC-NOS
 N=4

Carcinosarcoma 
N=2

Marker Positive Negative Positive Negative Positive Negative Positive Negative

CK5/6 61 2 0 21 0 4 1 1

P63 63● 0 3* 18 0 4 1 1

TTF-1 0 63 17 4 0 4 0 2

NSCLC-NOS, non-small cell lung carcinoma not otherwise specified 

●, The staining was homogenous; *, The staining was heterogeneous

Results
Eighty eight (74 males and 14 females) patients with tiny lung 

biopsy specimens, diagnosed as NSCLC, were enrolled in the study. 
Their ages ranged from 38-88 (mean: 41.5) year. Morphologically 
and before applying immunomarkers, 63 cases were diagnosed as 
squamous cell carcinoma, 17 adenocarcinoma and 8 undifferentiated 
non-small cell carcinoma. Table 1 demonstrates CK5/6, p63 and 
TTF-1 expression results. CK5/6 showed a strong cytoplasmic 
immunostaining for 61 (96.8%) SCC (Figure 1), while negative in all 
adenocarcinoma and undifferentiated cases. p63 expressed a strong 
and homogenous nuclear staining in 63 SCC cases (Figures 2A) and 
heterogeneous nuclear staining in 3 adenocarcinoma cases (Figure 2B).  
On the other hand, TTF-1 showed a robust nuclear immunostaining 
in the 17 histologically diagnosed cases of adenocarcinoma (Figures 
3), while negative in all cases of squamous cell carcinomas. The 
diagnosis of adenocarcinoma was also given for other four TTF-1 
negative cases after proved to be positive for monoclonal CEA, CK7 
and MOC31 immunostains in addition to PASD and mucicarmine 
special stains. Carcinosarcoma was addressed for 2 biphasic tumors 
after being stained positive for both Pankeratin in the carcinomatous 
component and for Vimentin in the sarcomatous compartment (Figure 
4). The carcinomatous component of one case was SCC as it stained 
strongly positive for both CK5/6 and p63 (Figure 5), but negative for 
TTF-1. The carcinomatous component of the second case was negative 
for p63, CK5/6 and TTF-1, in addition to all the above mentioned 
immunomarkers and the special stains applied, hence addressed as 

large undifferentiated carcinoma component. The diagnosis of Non-
Small Cell Lung Carcinoma-Not Otherwise Specified (NSCLC-NOS) 
was given for the remaining 2 Pankeratin positive cases showing triple 
(p63, CK5/6 and TTF-1) negative cases, after immunohistochemical 
exclusion of sarcoma, neuroendocrine tumors, germ cell tumors, 
melanoma and mesothelioma.

                      A         B

Figure 1 A strong cytoplasmic CK5/6 staining in squamous cell carcinoma 
“A” and the carcinomatous compartment of a carcinosarcoma “B” (IHC, A, 
400X, B, 100X).

CK5/6, p63 and TTF-1 sensitivity, specificity and 
predictive value

For diagnosis of squamous cell carcinoma, the sensitivity of 
CK5/6 was 95.3% and its specificity was 100% with 100% positive 
predictive value and 88.4% negative predictive value. Whereas, the 
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p63 sensitivity was 98.4% while its specificity was 86.9% with 95.5% 
positive predictive value and 95.2% negative predictive value. Adding 
p63 to CK5/6 resulted in an increase in sensitivity to 96.8% while 
the specificity decreased to 87.5%. TTF-1 sensitivity for diagnosis 
of adenocarcinoma was 80.9% while its specificity was 100% with 
100% positive predictive value and 94.3% negative predictive value.

            A             B

Figure 2 p63 showing homogenous nuclear staining in squamous cell 
carcinoma “A” and heterogeneous nuclear staining in adenocarcinoma“B” 
(IHC, 400X).

            A                                                             B

Figure 3 Adenocarcinoma showing heterogeneous nuclear staining for p63 
“A” and homogenous nuclear staining for TTF-1 “B” (IHC, A, 400X, B, 200X).

            A                B

Figure 4 Strong cytoplasmic staining for vimentin in the sarcomatous 
compartment of carcinosarcoma (IHC, A, 100X; B, 400X).

Discussion
Application of a panel composed of CK5/6, p63 and TTF-1, has 

been shown to reduce the proportion of cases labeled as NSCLC-NOS 
with no definitive or probable histologic subtyping.24 In this study we 
used these three markers to find out their specificity and sensitivity 
in diagnosis of NSCLC in Duhok-Iraq. CK5/6 was found to be 
characteristic for SCC as it was completely negative in AC (i.e.100% 
specificity and 100% positive predictive value). Its sensitivity reached 
up to 95.3% with 88.4% negative predictive value among our series. 

Although most prior literature reported CK5/6 sensitivity in more 
than 60% of SCC, a variable expression ranging from 0-64% in 
bronchogenic adenocarcinoma has been reported.8,10,22,25,26 Stojisic et 
al.,27 in their study among Serbian population, have also demonstrated 
100% sensitivity but lower specificity as it was expressed in 7.4% of 
all diagnosed lung ACs and 28.6% of diagnosed NSCLCs-unclassified 
type. A study performed by Mukhopakhyay & Katzenstein9 indicated 
evidenced a lower CK5/6 sensitivity of expression in lung SCC 
(73%) but they demonstrated as high as our specificity (100%) with 
completely negative immunostaining in AC and unclassified NSCLC 
cases.9 Different origin of SCC can profoundly affect the detection 
rate.22,28 The score and cut-off point used, in addition to the variable 
interobserver reproducibility might represent the potential selection 
biases. The discrepancy rates observed might be further contributed 
to the impact of the employed staining technique, different antibody 
clone used. Most of the previously published results were based on 
polyclonal antibodies.22,28 

          A       B
Figure 5 A carcinosarcoma case showing strong cytoplasmic CK5/6 (A) and 
nuclear p63 (B) positivity in the squamous component (IHC, A, 400X, B, 250X).

Owing to its high specificity and sensitivity to distinguish between 
SCC from AC, p63 has been recommended exclusively for small 
biopsy samples to differentiate these two major lung cancers.8‒10,22,26,28 
Tan and Zander reported that p63 is essential in the differential 
diagnosis of small-cell lung carcinoma and small-cell type of SCC 
of the lung.29 Our findings concerning 98.4% sensitivity and 86.9% 
specificity of p63 expression in poorly differentiated SCC were 
correlated with what was reported by Mukhopadhyay and Katzenstein 
in their diagnostic algorithm.9 A wide range of p63 expression in 
SCC (50-99%) was described by Wang et al.,30 in their large meta-
analysis study with a slightly decreasing sensitivity by grade. p63 has 
been reported to be the most sensitive marker (98.7%) for SCC but 
much less specific than CK5/6 and other markers like desmocollin 
3, glypican 3, S-100A2, S-100A7 and SOX-2.26 The relatively lower 
specificity reported of p63 in SCC varies considerably with the SCC 
origin, being lowest in primary pulmonary SCC.22,26 It is noteworthy 
that we also demonstrated a heterogeneous p63 nuclear staining in 
AC. Similarly, Mukhopadhyay and Katzenstein also observed a 
positive expression of p63 in AC and large cell carcinoma.9 Given this 
consideration, it is useful to recall that genuine staining of p63 must 
be intensive and extensive. Faint or focal immunostaining for p63 
should be considered nonspecific until proved otherwise.22

Whilst some authors found that working together, CK5/6 and 
p63 co-expression is highly specific and sensitive,10,31,32 yet others 
evidenced unaltered sensitivity and specificity for both markers 
whether used together or alone,8,29,33 Adding p63 to CK5/6 in our 
series resulted in an increased sensitivity to 96.8% but the specificity 
decreased to 87.5%. In a study done by Kaufmann et al, the results 
of immunostaining for CK5/6 in squamous cell and non-squamous 
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cell carcinomas were found to be similar to p63 results with slightly 
anti-CK5/6 only more sensitive (0.84 vs 0.81) and slightly less 
specific (0.79 vs 0.86) than anti-p63 for squamous cell carcinomas.22 
Thus, a high predictive value for a squamous cell carcinoma of the 
lung was achieved with anti-CK5/6 alone (more specific and more 
sensitive than p63), a finding which is exactly correlated with what 
was demonstrated by Kaufmann et al.22

In our study the sensitivity and positive predictive value of TTF-
1 for diagnosis of AC was (80.9%) and (100%) respectively. On the 
other hand, all SCC cases showed a negative immunoreactivity for 
TTF-1 resulting in (100%) specificity and 94.3% negative predictive. 
These findings are coincided by a series reported by Stojsic et al.,9 
Mukhopadhyay et al.,27 Contrarily, Terry et al demonstrated 97% 
sensitivity and 88% specificity.10 The specificity of TTF-1 antibody is 
more likely to be decreased if the differential is expanded to include 
metastatic non-pulmonary ACs.28 This helps explain absence of TTF-
1 in 4 of our cases, where the diagnosis of AC (probably metastatic) 
was given after applying other immunomarkers and mucus-special 
stains. Therefore, further tests and a clinic-radiological assessment 
are mandatory to exclude metastatic neoplasms. 

A worth mentioning point in this study is that, 4 cases were 
designated as ‘NSCLC-NOS’ as previously described by the 2011 
IASLC/ATS/ERS guidelines, allowing patient eligibility for further 
molecular testing.11,24 This designation was coined since the diagnosis 
of large cell carcinoma has been discouraged nowadays particularly 
in limited biopsies or cytologic samples as none of these tumors could 
be diagnosed even with immunohistochemical support.11,24 This term 
‘NSCLC-NOS’ was given after exclusion of epithelial, mesenchymal 
and hematopoietic neoplasms, melanoma, germ cell tumors and 
mesothelioma. 

Furthermore, the two cases of carcinosarcoma showed strong 
vimentin positivity in the sarcomatous compartment. Whilst the 
carcinomatous compartment of one case was SCC because of the 
strong cytoplasmic expression of Pankeratin and CK5/6 and p63, but 
totally negative for TTF-1, the carcinomatous compartment of the 
second case was highly undifferentiated carcinoma (only Pankeratin 
and EMA were positive while negative for p63, CK5/6, TTF-1, CD56, 
chromogranin A, synaptophysin, S-100 protein, HMB45, Melan A, 
CD45, CD30, CD99, Bcl2, p63, monoclonal CEA, CD34, CD31, 
CD117, HCG, PLAP, AFP, WT-1 and calretinin, perhaps NSCLC-
NOS compartment. Finally, some limitations were observed in this 
study; a relatively small number of patients (n= 88) were studied 
with focusing on CK5/6, TTF-1 and p63 and we didn’t consider other 
tissue markers like Napsin A, desmocollin 3, glypican 3, S-100A2, 
S-100A7 and SOX-2, despite the fact that the latter five markers are 
so costly with no absolute sensitivity and specificity for NSCLC in 
addition to the evidenced false positive results.24,26,34 Additionally, in 
this study, we used cores of 2.0 mm diameter. The drawback of this 
tiny material is in its no enough preserve material for extra markers 
and for more advanced tests. 
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