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ABSTRACT

ÖZ

Objective: It is now important to distinguish between adenocarcinoma
and squamous cell carcinoma of the lung because of target-specific
treatments. Our study aimed to study the efficiency of Thyroid
Transcription Factor-1 (TTF-1), cytokeratin 5/6 (CK5/6) and p63
in distinguishing between adenocarcinoma and squamous cell
carcinoma and to study the contribution of these markers to the
diagnosis in non-small cell lung cancer.

Amaç: Günümüzde, hedefe yönelik tedaviler nedeniyle, akciğerin
skuamöz hücreli karsinomunun adenokarsinomundan ayrımı
çok önemlidir. Çalışmada, skuamöz hücreli karsinom ile
adenokarsinomun ayrımında, Tiroid Transkripsiyon Faktör-1
(TTF-1), sitokeratin 5/6 (SK5/6) ve p63 kullanımının etkinliğinin
ve bu belirteçlerin küçük hücreli dışı akciğer karsinomunun tanısına
katkısı araştırıldı.

Material and Method: Immunohistochemically, TTF-1, CK 5/6 and
p63 were used in 72 cases of squamous cell carcinoma, 19 cases of
adenocarcinoma, and 29 cases of non-small cell lung cancer whose
final diagnosis was decided with the subsequent resection material.
The specificity, sensitivity, and positive and negative predictive value
were calculated for each marker.

Gereç ve Yöntem: İmmunhistokimyasal olarak; 72 skuamöz hücreli
karsinom, 19 adenokarsinom ve 29 küçük hücreli dışı akciğer
karsinom (kesin tanısı rezeksiyon materyalinde verilen) olgusunda,
TTF-1, SK5/6 ve p63 kullanılmıştır. Her belirteç için duyarlılık,
özgüllük, pozitif ve negatif prediktif değer hesaplanmıştır.

Results: TTF-1 positivity was seen in none of the 72 squamous cell
carcinomas but in all of 19 adenocarcinoma cases. CK5/6 negativity
was seen in all cases of adenocarcinoma and in two cases of squamous
cell carcinoma. p63 was positive in all squamous cell carcinomas and
in 4 adenocarcinomas. Cytokeratin 5/6, p63 positivity and TTF-1
negativity were observed in 17 non-small cell lung cancers whose final
diagnosis was squamous cell carcinoma. None of the 12 non-small
cell lung cancers whose final diagnosis was adenocarcinoma
exhibited positive staining for CK5/6. However, p63 staining was not
seen in the biopsy but was focal in the surgical specimen in one case.
All the 12 non-small cell lung cancers whose certain diagnosis was
adenocarcinoma were positive for TTF-1. TTF-1, CK 5/6 and p63
seem to be useful for differentiating adenocarcinoma from squamous
cell carcinoma with 100% specificity, 100% sensitivity and 100%
specificity, 97% sensitivity and 87% specificity, and 100% sensitivity,
respectively.
Conclusion: We concluded that TTF-1 is a reliable marker for
subtyping lung cancer. Different staining patterns can be seen with
CK5/6 and p63; however, if they are used together with TTF-1 and
interpreted correctly, they can be of help for the final diagnosis even
in cases in which the morphology is unclear.
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carcinoma,

Bulgular: TTF-1 pozitifliği, 19 adenokarsinom olgusunun tersine, 72
skuamöz hücreli karsinom olgusunun hiçbirinde izlenmemiştir. CK5/6
negatifliği tüm adenokarsinomlarda ve 2 skuamöz hücreli karsinom
olgusunda izlenmiştir. p63, tüm skuamöz hücreli karsinomlarda ve
4 adenokarsinom olgusunda pozitiftir.Son tanısı skuamöz hücreli
karsinom olan 17 küçük hücreli dışı akciğer karsinom olgusunda,
SK5/6 ve p63 pozitif, TTF-1 negatiftir. Son tanısı adenokarsinom
olan 12 küçük hücreli dışı akciğer karsinom olgusunun hiçbirinde
SK5/6 ile pozitiflik saptanmamıştır. Ancak, birinde p63 ile biyopside
boyanma izlenmezken, rezeksiyon materyalinde fokal pozitiflik
saptanmıştır. Son tanısı adenokarsinom olan 12 küçük hücreli dışı
akciğer karsinom olgusunda TTF-1 pozitiftir. TTF-1, SK5/6, p63,
adenokarsinomu skuamöz hücreli karsinomdan ayırmada, sırasıyla
%100 özgüllük ve duyarlılık, %100 özgüllük, %97 duyarlılık ve %87
özgüllük, %100 duyarlılık ile kullanışlı görünmektedir.
Sonuç: Çalışmada, akciğer kanserlerinin alt tiplendirmesinde TTF-1
güvenilir bir belirteç olarak bulunmuştur. SK5/6 ve p63 ile değişik
boyanma paternleri izlenebilir, fakat eğer TTF-1 ile birlikte kullanılır
ve doğru yorumlanırsa, bu belirteçler morfolojinin açık olmadığı
olgularda bile kesin tanıya yardımcı olabilir.
Anahtar Sözcükler: Adenokarsinom, Skuamöz hücreli karsinom,
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INTRODUCTION
Lung cancer is the number one cause of cancer-related
mortality in men and women worldwide (1). Various
histological types of lung cancer have been described.
Historically, lung cancers were divided into two major
groups as small-cell lung cancer and non-small-cell lung
cancer (NSCLC) (2). Adenocarcinoma (AC), squamous
cell carcinoma (SCC) and large cell carcinoma are the
most common types of NSCLC (3). It is important to
distinguish between AC and SCC because effectiveness of
target-specific treatments (such as monoclonal antibody
inhibitor of vascular endothelial growth factor (VEGF)
and epidermal growth factor receptors–tyrosine kinase
inhibitors) is different for AC and SCC. For example,
bevacizumab, a VEGF drug/inhibitor, is an important drug
in the treatment of some ACs. However, when it is used for
SCC, it may cause life-threatening hemorrhage (3,4). When
the pulmonary carcinomas are classified, their histological
features are considered first. However, morphology alone
may not be enough in some cases due to small biopsies,
poor differentiation, artifacts, and the heterogeneity
of the tumor (5,6). Immunohistochemistry (IHC) and
gene expression profiling have been studied to solve this
problem, but usually immunohistochemistry is the most
practical solution (6,7,8).
Our study aimed to study the efficiency of Thyroid
Transcription Factor-1 (TTF-1), cytokeratin 5/6 (CK5/6)
and p63 in distinguishing between AC and SCC and to
study the contribution of these markers to the diagnosis in
NSCLC.
MATERIALS and METHODS
Study Design and Specimen Characteristics
Malignant lung specimens were retrieved between
December 2008- December 2010, using an electronic
database. Nonepithelial tumors, metastatic tumors,
large cell carcinoma and small cell lung carcinomas were
excluded. All the tumor slides stained with Hematoxylin
and Eosin (H&E) of the 175 specimens were reviewed by
three pathologists, at least one of whom was a pulmonary
pathologist. In biopsy specimens, the tumors were classified
as SCC if they contained intercellular bridges and/or
showed keratinization, and as AC if they clearly showed
gland formation or mucin production. Extracellular mucin
or a goblet cell-like appearance were considered as mucin
production. To be certain about the tumor classification for
NSCLC in biopsy, we required a surgical specimen as the
gold standard for diagnosis. Three pathologists blinded to
the immunohistochemical findings subtyped the resected
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tumors on the basis of H&E slides according to the World
Health Organization classification of lung tumors (9) and
they changed the first diagnosis if necessary.
The cases were included in the study (1) if the biopsy
had typical AC morphology (2), if the biopsy had
typical SCC morphology (3) when the pathologists
agreed on the diagnosis of NSCLC and if the tumor was
subsequently resected at our institution (4) if blocks
from biopsy and lobectomy specimens were available for
immunohistochemical study. Fifty-five of the 175 cases did
not meet these criteria and were excluded. The remaining
120 cases were included in this study. Using morphological
evaluation, the cases were divided into four groups: AC,
SCC, NSCLC-SCC whose final diagnosis was SCC in the
subsequent resection material, and NSCLC-AC whose final
diagnosis was AC in the subsequent resection material.
Immunohistochemistry
Four-micron-thick sections were obtained for IHC
investigation. Immunohistochemistry was performed by a
standard protocol on a Ventana Discovery XT automated
stainer (Ventana Medical Systems, Tucson, AZ, USA). Only
primary antibodies, cytokeratin 5/6 (Clone D5/16B4, Dako,
1:200 dilution), p63 (Clone 4A4, Dako, 1:700 dilution) and
TTF-1 (Clone SPT24, NovoCastra, 1:50 dilution) were
added manually and incubated in 37°C for 32 minutes.
Pneumocytes were considered as internal controls for TTF1 positivity, and bronchial basal cells for p63 and CK5/6
positivity.
Immunohistochemically, cytoplasmic staining was
considered positive for cytokeratin 5/6 and nuclear staining
was considered positive for TTF-1 and p63. All the areas of
biopsy materials and at least 10 high power fields in tumor
surgical materials were evaluated and the mean percentage
of the positive tumor cells was determined. The staining
rate was divided into four categories as follows: 0, <1%; 1+,
1–33%; 2+, 34–66%; 3+, >66%. Intensity of staining was
graded as negative (0, no reactivity); weak (1+, less than
normal cells); moderate (2+, same as normal cells); and
strong (3+, stronger than normal cells) (9,10). When the
staining was heterogeneous, the prominent pattern became
the basis. The demographic features (age, gender) were
obtained from the hospital archive system. For NSCLC
cases, we also assessed whether immunohistochemical
staining on biopsies correlated with staining on the
subsequent surgical specimens as lung cancers are known
to show morphologic heterogeneity in different areas of the
same tumor.
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Data Analysis

72 (60.0%) cases were SCC and 19 (15.8%) cases AC. The
remaining 29 cases were NSCLC, 17 (14.2%) of which were
NSCLC-SCC and 12 (10.0%) were NSCLC-AC. The results
of immunohistochemical staining for each histological
subtype of carcinoma are summarized in Table I. The
relationship between the stainings on biopsy and resection
materials and p values are shown in Table II.

The statistical analyses were performed with SPSS software,
version 20.0. The specificity, sensitivity, positive predictive
value and negative predictive value were calculated for each
marker. In addition, the relationship between the staining on
biopsy and resection materials was analyzed using Pearson
Chi-Square test, Chi-Square test and Fisher’s Exact Test. p
values of ≤0.05 were considered statistically significant.

Cytokeratin 5/6: Of the 72 SCC cases, 56 had 3+ staining, 4
had 2+ and 10 had 1+. CK5/6 negativity was encountered
in two SCC cases that had TTF-1(-)/p63(+) (Figure 1A-C).
In the cases that stained positive, intensity of staining was
strong in 54 cases, moderate in 13 cases and weak in 3 cases.
However, no staining was seen in any of the 19 AC cases.

RESULTS
There were 104 (86.7%) males and 16 (13.3%) females
included in the study with a mean age of 62.30±8.74 and a
median age of 62.00 (Min: 37, max: 82) years. Histologically,

Table I: The results of immunohistochemical staining for each histological subtype of carcinoma and the specificity, sensitivity, positive
predictive value and negative predictive value

Cytokeratin 5/6

p63

Positive (n)
SCC
AC
NSCLC-SCC
NSCLC-AC

1+
10
0
0
0

2+
4
0
6
0

Negative
(n)

3+
56
0
11
0

2
19
0
12

Positive (n)
1+
0
2
0
0

2+
1
1
1
0

3+
71
1
16
0

TTF-1
Negative
(n)
0
15
0
12

Positive (n)
1+
0
2
0
0

2+
0
1
0
0

Negative
(n)

3+
0
16
0
12

72
0
17
0

TTF-1: Thyroid Transcription Factor 1; AC: Adenocarcinoma; SCC: Squamous cell carcinoma
NSCLC-SCC: Non-small-cell lung cancer whose final diagnosis was SCC in their subsequent resection material
NSCLC-AC: Non-small-cell lung cancer whose final diagnosis was AC in their subsequent resection material.

Table II: The results of immunohistochemical staining for each histological subtype of carcinoma in biopsy and resection material and
the p value

NSCLC-SCC
biopsy
NSCLC-SCC
resection
P value*
NSCLC-AC
biopsy
NSCLC-AC
resection
P value*

Cytokeratin 5/6
Positive (n)
Negative
(n)
1+
2+
3+

p63
Positive (n)
1+
2+
3+

0

6

11

0

0

1

16

0

0

0

0

17

0

4

13

0

0

1

16

0

0

0

0

17

0.50

Negative
(n)

TTF-1
Positive (n)
Negative
(n)
1+ 2+ 3+

-

-

0

0

0

12

0

0

0

12

0

0

12

0

0

0

0

12

1

0

0

11

0

0

12

0

-

1.00

-

TTF-1: Thyroid Transcription Factor 1; AC: Adenocarcinoma; SCC: Squamous cell carcinoma
NSCLC-SCC biopsy: Biopsy of non-small-cell lung cancer whose final diagnosis was SCC in their subsequent resection material
NSCLC-AC biopsy: Biopsy of non-small-cell lung cancer whose final diagnosis was AC in their subsequent resection material.
*: The statistical analysis was not performed in condition where there was constant
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A

B

C

D

Figure 1: A) SCC case whose morphology is typical in biopsy (H&E; x20), B) CK5/6 negativity (CK5/6; x10), C) p63 positivity (p63; x10),
D) TTF-1 negativity (TTF-1; x10).

When focal staining was considered positive, the specificity,
sensitivity, positive predictive value and negative predictive
value were 1.000 (95% Confidence Interval: 0.1000-1.0000),
0.978 (95% Confidence Interval: 0. 9467-1.0000), 0.939
(95% Confidence Interval: 0.8580-1.0000) and 1.000 (95%
Confidence Interval: 0.1000-1.0000), respectively.

When the staining intensity in the NSCLC-SCC cases and
that in surgical specimens were compared, it did not change
in 15 cases but it increased in the surgical specimens of 2
cases. In the NSCLC-SCC cases, the intensity of staining
displayed no statistically significant difference between
biopsy and surgical specimens (p=0.500).

Positive staining was observed in all of the 17 NSCLCSCC cases (Figure 2A-B). While the staining rate did not
change in the biopsy and the surgical specimen in 15 of
the 17 cases, it increased in the surgical specimen in the
remaining 2 cases. No statistically significant difference
was found between the staining rates of the biopsy and
surgical specimens (p=0.500). None of the 12 NSCLC-AC
cases exhibited positive staining either in biopsy or surgical
specimens so no statistical calculations were performed.

p63: We observed 3+ staining in 71 of the 72 SCC cases and
2+ staining in one. There was no staining in 15 of the 19 AC
cases. However, p63 positivity was observed in 4 AC cases
that had TTF-1(+)/ CK5/6 (-) (Figure 3A-D). Two cases had
1+ staining. One of the remaining two had 2+ staining and
the other had 3+ staining. Intensity of p63 staining was weak
in 3 of the 4 AC cases and it was moderate in one. When
the focal staining was considered positive, the specificity,
sensitivity, positive predictive value and negative predictive
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value were 0.871 (95% Confidence Interval: 0.7530-1.0000),
1.0000 (95% Confidence Interval: 1.0000-1.0000), 1.000
(95% Confidence Interval: 1.0000-1.0000) and 0.957 (95%
Confidence Interval: 0,9158- 1.0000), respectively.
In all of the 17 NSCLC-SCC cases (Figure 2C), the staining
rate and intensity were the same both in the NSCLC areas
and surgical specimens so no statistical assessment was
conducted. Eleven of the 12 NSCLC-AC had no staining
both in biopsy and surgical specimens. In the other case,
staining was not seen in the biopsy but 1+ staining was
seen in the surgical specimen. That finding was not found
statistically significant (p=1.000).
TTF-1: TTF-1 staining was not seen in any of the 72 SCC
cases while it was seen in all AC cases. In 16 of the AC cases,
the staining was 3+ but 2+ in one of them and 1+ in two of
them. Staining intensity was strong in 17 cases whereas it was

weak in one case. When the focal staining was considered
positive, the specificity, sensitivity, positive predictive value
and negative predictive value were 1.000 (95% Confidence
Interval: 1.0000-1.0000), 1.000 (95% Confidence Interval:
1.0000-1.0000), 1.000 (95% Confidence Interval: 1.00001.0000) and 1.000 (95% Confidence Interval: 1.00001.0000), respectively.
In all of the 12 NSCLC-AC cases, the rate and intensity
of staining in the NSCLC areas were the same as those in
the surgical specimens. In all of the 17 NSCLC-SCC cases
(Figure 2D), staining was seen in neither NSCLC areas nor
surgical specimens. Since TTF-1 staining in NSCLC- SCC
and NSCLC-AC was the same, no statistical analyses were
performed.
In 29 NSCLC cases whose diagnosis was confirmed by the
surgical specimen, no difference was found in the rate and

A

B

C

D

Figure 2: A) NSCLC case whose final diagnosis is SCC in its subsequent resection material (H&E; x20), B) CK5/6 focal-weak positivity
(CK5/6; x20), C) p63 positivity (p63; x20), D) TTF-1 negativity (TTF-1; x20).
Vol. 31, No. 2, 2015; Page 81-88
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D

Figure 3: A) AC case whose morphology is typical in biopsy (H&E; x10), B) CK5/6 negativity (CK5/6; x10), C) p63 positivity (p63; x10),
D) TTF-1 positivity (TTF-1; x10).

intensity of staining in both biopsy and surgical specimens
for all three immunohistochemical markers (p>0.050).
Statistically, no difference was found between the
sensitivity of immunohistochemical markers (p=0.506)
but the specificity of TTF-1 and CK5/6 was higher than
that of p63 (p=0.001). The specificity, sensitivity, positive
predictive value and negative predictive value for each
immunohistochemical marker are shown in Table III.
DISCUSSION
With target-specific therapies, precise histologic
subtyping of lung cancer is needed more than ever before.
Morphological misdiagnosis is more common in biopsy
because of more limited tissue than in surgical specimens
(5). For accurate diagnosis, immunohistochemistry is
usually employed in both surgical and biopsy (10,12,13).
The immunohistochemical use of CK5/6, TTF-1 and p63
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together is recommended by the International Association
for the Study of Lung Cancer/American Thoracic Society/
European Respiratory Society (14). Thyroid transcription
factor 1 is an indication of the lung and thyroid origin. The
high sensitivity and specificity of TTF-1 for pulmonary
adenocarcinoma (AC) have been noted by earlier studies
(13-15). Most studies dealt with the sensitivity and
specificity of TTF-1 for AC of the lung. In a study conducted
on a large series by Warth et al.(2), it was reported that
TTF-1 positivity was seen in 87.7% of AC cases. However,
in the studies conducted on a limited series, positivity went
down to 70% (14). TTF-1 positivity was seen in all of the
AC cases in our study while it was focal in three cases and
weak in one. A few studies suggest that some squamous
cell carcinomas (SCC) (3% to 21%) may be TTF-1 positive
(17,18,19). As already known, TTF-1 positivity is not an
anticipated finding in SCC. If TTF-1 positivity exists in
Vol. 31, No. 2, 2015; Page 81-88
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Table III: The specificity, sensitivity, positive predictive value and negative predictive value for each immunohistochemical marker

Specificity*
Sensitivity*
PPV*
NPV*

Cytokeratin 5/6
100%
97.8%
100%
93.9%

p63
87.1%
100%
95.7%
100%

TTF-1
100%
100%
100%
100%

p value
0.001
0.506
0.144
0.053

TTF-1: Thyroid Transcription Factor 1 ; PPV: Positive predictive value ; NPV: Negative predictive value
*: When focal stainings are regarded as positive

SCC, it could be entrapped lung epithelium or solid AC
may have been misinterpreted as SCC (13,20). There was
no staining in any SCC case in our study. Moreover, TTF1 positivity was observed in neither biopsy nor surgical
specimen of non-small-cell lung cancer (NSCLC-SCC)
cases. According to the results of our study, TTF-1 is the
most reliable marker to distinguish between AC and SCC.
Besides, TTF-1 positivity can be considered as a finding of
AC differentiation even if it is focal and weak in the cases
where histological differentiation is not clear.
The reported sensitivity of CK5/6 for pulmonary SCC
ranges from 73% to 100% and the sensitivity of CK5/6 is
reported to go down as there is a decrease in the tumor
differentiation (7,13,21). CK5/6 positivity was observed in
43 of 48 SCC cases in the study by Kim et al. (16), but in all
32 SCC cases in the study by Nicholson et al. (22). One of
the reasons for the wide range of CK5/6 sensitivity can be
the fact that some studies regard focal or weak staining as
positive but others do not. In our study, no CK5/6 staining
was detected in only two cases while 75% of SCC cases were
diffuse and strong positive. All the NSCLC-SCC cases were
CK5/6 positive but six of them were focal. In addition, the
staining was diffuse in two surgical specimens but it was
focal in their former biopsies. According to our findings,
CK5/6 was a highly specific but not very sensitive marker
in distinguishing between SCC and AC when focal and
weak staining were considered to be positive. Additionally,
CK5/6 positivity can be considered as a finding supporting
SCC even if it is focal in the cases where histological
differentiation is not clear.
The utility of p63 for the identification of lung SCCs is
well-known, and its sensitivity ranges from 73% to 100%
(5,7,13). However, p63 specificity is not high because p63
can be stained focal and/or weak in some ACs (12,13,16). In
our study, p63 positivity was observed in 4 AC cases which
had TTF-1(+)/ CK5/6 (-). Staining was focal in three cases
but diffuse in one. Nevertheless, intensity of staining was

Vol. 31, No. 2, 2015; Page 81-88

weak in the case that had diffuse staining like the other two
cases that had focal staining. This finding is in agreement
with the literature. All of the NSCLC-SCC in our study were
positive for p63 and their staining rate and intensity were
the same both in NSCLC areas and surgical specimens.
None of the NSCLC-AC cases had staining except one,
in which staining was not seen in the biopsy while focal
(1–33%) staining was seen in the surgical specimen. In a
study contucted by Warth et al. (2), p63 positivity was
seen in 16.3% of the histomorphologically unclear ACs
and staining intensity was lower than in SCC. Our study
suggests that an AC diagnosis can be made despite p63
positivity in some cases, as in the literature. If the p63
positivity is focal and weak or moderate, TTF-1 positivity
and CK5/6 negativity are enough for AC diagnosis even if
AC is not clear histomorphologically. In our study, SCC had
CK5/6 negativity and AC had p63 positivity in a few cases.
However, TTF-1 was positive in all the ACs and negative
in all the SCCs. Although the specificity, sensitivity, PPV
and NPV of TTF-1 were 100%, a statistically significant
difference was found in only the specificity value due to the
limited number of cases. Our results need to be supported
by studies including large series.
Subtyping of NSCLCs is very important due to current
treatment modalities. Immunohistochemistry can be used
in subtyping of samples with limited tissue and cases in
which the morphology is unclear. TTF-1, CK 5/6 and p63
are the markers that can be used for this purpose. Different
staining patterns can be seen with CK5/6 and p63; however
they can be of help for the final diagnosis even in the cases
in which morphology is unclear, if they are used together
with TTF-1 and interpreted correctly.
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