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Abstract Napsin A and thyroid transcription factor-1 (TTF-
1) are useful biomarkers for differentiating lung adenocarci-
noma from squamous cell carcinoma and also for differentiat-
ing primary lung adenocarcinoma from metastatic lung carci-
noma. Pair-boxed 8 (PAX8) can help in distinguishing prima-
ry lung carcinoma from metastatic carcinomas and help to
determine the primary sites of metastatic carcinomas. Immu-
nohistochemistry for Napsin A, TTF-1, and PAX8 were per-
formed on 193 cases of carcinoma: 50 primary lung carcino-
ma and 143 carcinomas from other sites. Napsin A and TTF-1
were positive in 54, 52 % of lung carcinomas cases, respec-
tively. While in adenocarcinoma cases, their expressions were
86.7 and 83.3 %, respectively. PAX8 was negative in all lung
carcinomas. TTF-1 and PAX8 were positive in 93.3 and
96.7 % of thyroid carcinoma cases and in 87.5 and 93.8 %

of papillary carcinoma respectively, and both were positive in
100 % of follicular carcinoma. Napsin A was negative in all
thyroid carcinomas. Napsin A and PAX8 were positive in 50
and 93.3 % of renal carcinoma cases and in 81.8 and 100 % of
papillary carcinoma, 38.5 and 92.3 % of clear cell carcinoma,
and 16.7 and 83.3 % of chromophobe carcinoma respectively.
TTF-1 was negative in all renal carcinomas. PAX8 was posi-
tive in 80 % of ovarian carcinoma cases; 100 and 60 % of
serous mucinous carcinomas, respectively. It was also positive
in 100 % of endometrial carcinoma. Napsin A and TTF-1
were negative in both ovarian and endometrial carcinomas.
Our data demonstrated that combined use of Napsin A,
TTF-1, and PAX8 may help in differentiating between prima-
ry lung adenocarcinoma and metastatic lung carcinomas.
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Introduction

Lung cancer is one of the common cancers and the leading
cause of cancer-related death worldwide [1]. Approximately,
80 % of lung cancers are diagnosed as non-small cell lung
cancer (NSCLC); a heterogeneous group comprised of adeno-
carcinoma (AC) and squamous cell carcinoma (SCC) [2].

Accurate classifications of different subtypes of NSCLC
have risen to allowmaximal therapeutic benefit [3]. Therefore,
both routine histological diagnosis and immunohistochemis-
try (IHC) may play an important role in this process [4].

Lung carcinoma is one of the common primary carcino-
mas; other common types include renal, thyroid, ovarian,
breast, endometrial, upper gastrointestinal tract, and colorectal
carcinomas [5]. Metastatic carcinomas of an unknown prima-
ry accounts for approximately 3 to 5 % of all malignant
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neoplasms and, as such, is one of the ten most frequently
diagnosed cancers in humans [6]. Lung is a common site for
metastases from extrapulmonary carcinomas. Differential di-
agnoses of primary lung AC from metastatic carcinomas, es-
pecially poorly differentiated ones, are challenging [7]. Immu-
nohistochemistry has emerged as a powerful diagnostic and
confirmatory tool for the differential diagnosis of lung carci-
nomas, whether primary or secondary especially from com-
mon sites including colon, breast, prostate, pancreas, stomach,
kidney, bladder, ovaries, and uterus.

Recently, Napsin A and thyroid transcription factor 1
(TTF-1) are considered as a promising tool to distinguish
poorly differentiated lung AC from lung SCC [8–11]. Both
markers are useful for primary AC of the lung [1, 11, 12].
However, they also expressed in other extrapulmonary carci-
nomas, so we need an additional new marker to verify the
diagnosis. A transcriptional factor, Paired box gene 8
(PAX8), appears to be a marker for this purpose.

Napsin A is a functional aspartic proteinase involved in the
maturation of active surfactant protein B in type II
pneumocytes [13]. The expression of Napsin-A is regulated
by TTF-1 [14].

TTF-1 is a 38-kDa homeodomain protein containing DNA-
binding activity. TTF-1 transcriptional factor regulates gene ex-
pression in follicular cells of the thyroid, type II pneumocytes,
nonciliated bronchiolar epithelial cells of the lungs, and devel-
oping brain during embryogenesis [13]. TTF-1 is used for the
differentiation between primary lung AC and metastatic AC of
the lung [1, 2, 11, 15–18]. In addition, TTF-1 positivity is seen in
up to 100 % of primary thyroid carcinomas [1, 2, 7, 12, 15].

Pair-boxed 8 (PAX8) is a pair-boxed transcriptional factor
that is expressed during organogenesis of the kidney, thyroid,
and central nervous system [19]. PAX8 has been also shown
to be expressed in several primary human malignancies in-
cluding carcinomas arising in endometrium, endocervix, ova-
ry, thyroid, kidney, and urothelium [20] but not in primary
lung AC [21–24]. These findings suggest that PAX8 has po-
tential value for differential diagnosis of primary lung carci-
noma from that are metastatic to the lung and may be helpful
in determining primary site.

The aim of this study is to test the hypothesis that PAX8 in
combination with Napsin A and TTF-1 constitutes a valuable
immunostaining panel for differentiating AC from SCC on the
one hand and in differentiation between primary lung AC and
metastatic AC to the lung on the other hand.

Materials and methods

Cases selection

One hundred ninety-three specimens of resected primary car-
cinomas which included 50 cases of primary lung carcinoma

and 143 primary carcinomas from different organs were se-
lected. The specimens were obtained from the archives of the
Department of Pathology, Minia University Hospital, Egypt
during the period from March 2008 to December 2013.

Tissue specimens of 50 primary lung carcinomas included
were 30 AC, 15 SCC, and 5 large cell carcinomas.

Thirty thyroid specimens were included and subtyped as 16
papillary thyroid carcinomas and 14 follicular carcinomas.

Thirty specimens from the kidney were also included of
which 13 were clear cell, 11 were papillary, and 6 were chro-
mophobe renal cell carcinomas.

Twenty cases from ovaries, comprised of 10 serous carci-
noma and 10 mucinous carcinoma, were also included.

Other carcinomas included 15 cases from the uterus, 10
cases from breast tissue, 10 cases from the colon, 10 cases
from the liver, 10 cases from the prostate, 3 cases from the
esophagus, and 5 cases from the stomach.

All tissues were obtained from routine formalin-fixed par-
affin-embedded tissue blocks. Hematoxylin and eosin (H&E)
stained sections were prepared and examined to confirm the
diagnoses.

Immunohistochemistry

Streptavidin-biotin immunoperoxidase complex procedure
was applied for immunostaining. In brief, 4-μm-thick sections
from prediagnosed cases were transferred to adhesive slides
from representative formalin-fixed, paraffin-embedded
blocks. The sections were deparaffinized in xylene and
dehydrated through a series of graded alcohols. Endogenous
peroxidase activity was blocked by incubation with 0.3 %
hydrogen peroxide in methanol for 30 min. Antigen retrieval
was achieved by microwave treatment in sodium citrate buff-
er, pH 6, for Napsin A and in EDTA buffer, pH 9, for TTF-1
and PAX8 for 10 min.

Tissue sections were then incubated with monoclonal anti-
bodies for Napsin A; mouse monoclonal antibody, clone
(TMU-Ad 02) from Biocare Medical (Biocare Medical, Con-
cord, CA), was used at 1:100 ilution. TTF-1, mouse monoclo-
nal antibody 8G7G3/1 from Dako (Dako Cytomation), was
used at 1:100 dilution for 30 min and PAX8, mouse monoclo-
nal antibody, clone (BC12) from Biocare Medical (Biocare
Medical, Concord, CA), was used at 1:80 dilution, followed
by biotinylated secondary antibody for 30 min at room tem-
perature. Visualization of the reaction was performed with an
avidin-biotin complex immunoperoxidase system using 3,3′
diaminobenzidine (DAB) as a chromogen. Sections were then
counterstained with hematoxylin, dehydrated, cleared, and
mounted with distyrene, plasticizer, and xylene (DPX). Neg-
ative control sections were treated with phosphate-buffered
saline (PBS) instead of primary antibody. Sections of known
positive controls used were lung adenocarcinoma for Napsin
A and TTF-1 and renal cell carcinomas for PAX8.
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Scoring system

Cytoplasmic staining for Napsin A and nuclear staining for
TTF-1 and PAX8 were considered positive. Scoring was per-
formed according to percentage of positive immunoreactive
neoplastic cells; positivity of Napsin A, TTF-1, and PAX8
were defined by staining of more than 5 % of tumor cells [7].

Statistical analysis

Using MedCalc version 12.0 software, the sensitivity, speci-
ficity, positive predictive value, negative predictive value, and
accuracy of Napsin A, TTF-1, and PAX8 as regards the his-
topathologic findings of study group were estimated accord-
ing to the following:

1. Sensitivity
The test ability to identify the cases that truly have the

diagnosis. High sensitivity implies few false negatives.
Sensitivity = (true positive / true positive + false

negative).
2. Specificity

The test ability to identify those cases that do not have
the diagnosis. High specificity implies few false positive.

Specificity = (true negative / true negative + false positive).
3. Positive predictive value

Probability of the case having the diagnosis when the
test is positive (true positive / true positive + false positive).

4. Negative predictive value
Probability of the case not having the diagnosis when the

test is negative (true negative / true negative + false negative).
5. Receiver operating characteristic curve

It is a graph that measures the test accuracy that com-
bines sensitivity and specificity. The area under the curve
is one of the most popular measures of the accuracy of a
diagnostic test.

Results

The results of immunohistochemical expression for Napsin A,
TTF-1, and PAX8 were summarized in Table 1.

Expression pattern of Napsin A, TTF-1, and PAX8 in pri-
mary lung adenocarcinoma and carcinoma in other organs
were shown in Fig. 1.

Napsin A immunoreactivity

Twenty-seven cases (54 %) of all lung carcinoma cases were
positive for Napsin A immunostaining. Twenty-six cases
(86.7 %) of AC cases and 1 (6.7 %) case of SCC were positive
for Napsin A expression. As regarded cases of renal cell

carcinoma, 15/30 (50 %) were positive for Napsin A immuno-
staining including 5/13 (38.5 %) clear cell, 9/11 (81.8 %) pap-
illary, and 1/6 (16.7 %) chromophobe type. None of other pri-
mary carcinomas was positive for Napsin A immunostaining.

TTF-1 immunoreactivity

Twenty-six (52 %) of primary lung carcinomas showed posi-
tive TTF-1 immunostaining including 25/30 (83.3 %) AC,
1/15 (1.7 %) SCC, and 0/5 large cell carcinoma. Thyroid car-
cinoma showed TTF-1-positive immunostaining in 28/30
(93.3 %). Papillary thyroid carcinoma was positive for TTF-
1 in 14/16 (87.5 %). All cases of follicular carcinoma were
positive for TTF-1 immunostaining (100 %). Among TTF-1-
positive expression in other carcinomas were 1/20 (6.7 %) in
ovarian and 2/15 (13.3 %) in endometrium carcinomas.

PAX8 immunoreactivity

All 50 cases of primary lung carcinoma either AC, SCC, or
large-cell carcinoma were completely negative for PAX8.

Table 1 Number and percentage of positive-staining carcinoma for
Napsin A, TTF-1, and PAX8, categorized by carcinoma type (N=193)

Carcinoma No Napsin A
(% +ve)

TTF-1
(% +ve)

PAX8
(% +ve)

Lung (total) 50 27 (54) 26 (52) 0 (0)

Adenocarcinoma 30 26 (86.7) 25 (83.3) 0 (0)

Squamous cell carcinoma 15 1 (6.7) 1 (6.7) 0 (0)

Large cell carcinoma 5 0 (0) 0 (0) 0 (0)

Thyroid carcinoma (total) 30 0 (0) 28 (93.3) 29 (96.7)

Papillary 16 0 (0) 14 (87.5) 15 (93.8)

Follicular 14 0 (0) 14 (100) 14 (100)

Renal cell carcinoma (total) 30 15 (50) 0 (0) 28 (93.3)

Papillary 11 9 (81.8) 0 (0) 11 (100)

Clear cell 13 5 (38.5) 0 (0) 12 (92.3)

Chromophobe 6 1 (16.7) 0 (0) 5 (83.3)

Ovary (total) 20 0 (0) 1 (5) 16 (80)

Serous carcinoma 10 0 (0) 1 (5) 10 (100)

Mucinous carcinoma 10 0 (0) 0 (0) 6 (60)

Other carcinoma

Endometrium 15 0 (0) 2 (13.3) 15 (100)

Breast 10 0 (0) 0 (0) 0 (0)

Colon 10 0 (0) 0 (0) 0 (0)

Liver 10 0 (0) 0 (0) 0 (0)

Prostate 10 0 (0) 0 (0) 0 (0)

Esophagus 3 0 (0) 0 (0) 0 (0)

Stomach 5 0 (0) 0 (0) 0 (0)
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Among 143 cases of other carcinomas, positive immunostain-
ing was observed in carcinomas from thyroid (29/30; 96.7 %).

We noted that 28 (93.3 %) of 30 renal clear cell carci-
nomas were positive for PAX8. In ovarian carcinoma,

Fig. 1 Expression pattern of Napsin A, TTF-1, and PAX8 in primary
lung adenocarcinoma and carcinoma in other organs. Lung
adenocarcinoma was positive for Napsin A (a) and TTF-1 (b), and neg-
ative for PAX8 (c). Thyroid carcinomawas negative for Napsin A (d) and
positive for TTF-1 (e) and PAX8 (f). Renal cell carcinoma was positive
for Napsin A (g), negative for TTF-1 (h), and positive for PAX8 (i).

Ovarian carcinoma was negative for Napsin A (j) and TTF1 (k) and
positive for PAX8 (l). Endometrial carcinoma was negative for Napsin
A (m) and TTF1 (n) and positive for PAX8 (o). Sections were
immunohistochemically stained, DAB chromogen; hematoxylin counter-
stain (original magnification ×400)
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PAX8 expression was positive in 16/20 (80 %), and all
cases of serous carcinoma were positive (100 %) and 6/
10 (60 %) of mucinous carcinoma. Other PAX8 positive
carcinomas included those originated from endometrium
(15/15; 100 %); all other cases of adenocarcinoma were
negative for PAX8 immunostaining.

Sensitivity, specificity, positive predictive value,
and negative predictive value of Napsin A and TTF-1
in lung carcinoma

Positive immunoreactivity (sensitivity, 54 % and specificity,
90 %) was seen in 27 of 50 primary lung carcinoma and for

Fig. 1 (continued)
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Napsin A, compared with 26 of 50 (sensitivity, 52 % and
specificity, 78 %) for TTF-1. Napsin A showed 64 % positive
predictive value (PPV) and 85 % negative predictive value
(NPV) while TTF-1 showed 46 % PPV and 82 % NPV. As
regarded AC, the sensitivity (87 %), specificity (95 %), PPV
(96 %), and NPV (83 %) of Napsin A. TTF-1 sensitivity and
specificity were 83 and 96 % respectively and PPVand NPV
were 96 and 79% respectively as shown in Table 2. In Fig. 2a,
for AC from other lung carcinomas, the mean of area under
receiver operating characteristic (ROC) curve for Napsin A

was 0.93 with confidence interval (0.83–0.98) and for TTF-
1 was 0.92 with confidence interval (0.80–0.98) and p value =
0.31.

Sensitivity, specificity, PPV, and NPVof TTF-1 and PAX8
in thyroid carcinoma

As shown in Table 3, TTF-1-positive immunoreactivity was
seen in 28/30 of thyroid carcinoma with sensitivity of 93 %,
specificity of 82 %, and PPV and NPV were 49 and 99 %

Table 2 Sensitivity,
specificity, PPV, and
NPVof Napsin A and
TTF-1 in lung carcinoma
(N=50)

Carcinoma Napsin A TTF-1

Sens (%) Spec (%) PPV (%) NPV (%) Sens (%) Spec (%) PPV (%) NPV (%)

Lung (total) 54 90 64 85 52 78 46 82

Adenocarcinoma 87 95 96 83 83 96 96 79

Squamous cell
carcinoma

7 72 50 70 7 59 100 71

Large cell carcinoma (N=5 cases), all values 0 %

Fig. 2 aReceiver operating characteristic (ROC) plots curve of Napsin A
and TTF-1 in the diagnosis of lung adenocarcinoma from other lung
carcinomas. b ROC plots curve of Napsin A and TTF-1 in diagnosis of
lung carcinoma from other examined carcinomas. c ROC plots curve of

TTF-1 and PAX 8 in diagnosis of thyroid Carcinoma from other exam-
ined carcinomas. d ROC plots curve of Napsin A and PAX 8 in diagnosis
of renal carcinoma from other examined carcinomas
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respectively, while the sensitivity and specificity of PAX8 were
97 and 64% respectively, PPV (33%) and NPV (99%). TTF-1
was more specific but less sensitive than PAX8 in all examined
cases of thyroid carcinoma and papillary thyroid carcinoma.

TTF-1 sensitivity, specificity, PPV, and NPV were 88, 76,
25, and 99 % respectively in papillary carcinoma while PAX8
sensitivity, specificity, PPV, and NPV were 94, 59, 17, and
99 % respectively. In follicular thyroid carcinoma, the speci-
ficity was 76 % for TTF-1 and 59 % for PAX8, so TTF-1 was
more specific than PAX8 and the sensitivity was equal 100 %
for both markers.

Sensitivity, specificity, PPV, and NPV
of Napsin A and PAX8 in renal carcinoma

In renal cell carcinoma, the total sensitivity, specificity, PPV, and
NPVof Napsin Awere 50, 83, 36, and 90 % respectively while
PAX8were 93, 64, 32, and 98% respectively. As regarding clear
cell type, we found sensitivity (38 %), specificity (79 %), PPV
(12 %), and NPV (95 %) for Napsin A, and the sensitivity
(92 %), specificity (58 %), PPV (14 %), and NPV (99 %) for
PAX8. In papillary type, Napsin A sensitivity, specificity, PPV,
and NPVwere 82, 82, 21, and 99% respectively, while in PAX8
were 100, 57, 13, and 100% respectively. In chromophobe type,
sensitivity, specificity, PPV, and NPV were 17, 78, 2, and 97 %
respectively for Napsin A and 83, 56, 6, and 99 % respectively
for PAX8. Specificity of Napsin A in renal cell carcinoma as a
total and for the entire examined variant was more than PAX8
but the sensitivity of PAX8 was more than Napsin A; this indi-
cated that PAX8 was more sensitive and less specific than
Napsin A in renal cell carcinoma as shown in Table 4.

Sensitivity, specificity, PPV, and NPV
of immunohistochemical positive expression
of Napsin A, TTF-1, and PAX8 in diagnosis of primary
carcinoma from other examined carcinomas

Sensitivity, specificity, PPV, and NPV of Napsin A, TTF-1,
and PAX8 in diagnosis of primary carcinomas from other
carcinomas were shown in Table 5.

When examining lung cancer from other carcinomas, we
found that the sensitivity of Napsin A and TTF-1 were 54 and
52 % respectively, as regarding the specificity Napsin A was
more specific than TTF-1 (80, 68 % respectively). In Fig. 2b,
the mean of area under ROC curve for Napsin Awas 0.76 with
confidence interval (0.69–0.81) and for TTF-1 was 0.75 with
confidence interval (0.68–0.80) and p value = 0.31.

Regarding thyroid carcinomas from other carcinomas, we
found that TTF-1 was less sensitive (93 %) but more specific
(93 %) than PAX8which was sensitive in 97% and specific in
81 %. The mean area under ROC curve for TTF-1 was 0.96
with confidence interval (0.93–0.98) and for PAX8 was 98
with confidence interval (0.95–0.99) and p value = 0.31 as
shown in Chart Fig. 2c.

As regarding renal cell carcinoma from other examined
carcinomas, we found that Napsin A was more specific
(93 %) than TTF-1 (50 %) but it was more specific (88 %)
than Napsin A (83 %). The mean of area under ROC curve for
Napsin A was 0.75 with confidence interval (0.68–0.80) and
for PAX 8 was 0.96 with confidence interval (0.93–0.98) and
p value <0.001 shown in Fig. 2d.

In ovarian and endometrial carcinoma, PAX8 specificity
was 80 and 100 % respectively, more than TTF-1 which was
5 and 13 % respectively, also the sensitivity of PAX8 (75 %

Table 3 Sensitivity,
specificity, PPV, and
NPVof TTF-1 and PAX8
in thyroid carcinoma
(N=30)

Carcinoma TTF-1 PAX8

Sens (%) Spec (%) PPV (%) NPV (%) Sens (%) Spec (%) PPV (%) NPV (%)

Thyroid (total) 93 82 49 99 97 64 33 99

Papillary 88 76 25 99 94 59 17 99

Follicular 100 76 25 100 100 59 16 100

Table 4 Sensitivity,
specificity, PPV, and
NPVof Napsin A and
PAX8 in renal
carcinoma (N=30)

Carcinoma Napsin A PAX8

Sens (%) Spec (%) PPV (%) NPV (%) Sens (%) Spec (%) PPV (%) NPV (%)

Renal cell
carcinoma
(total)

50 83 36 90 93 64 32 98

Clear cell 38 79 12 95 92 58 14 99

Papillary 82 82 21 99 100 57 13 100

Chromophobe 17 78 2 97 83 56 6 99
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for both carcinomas) was more than TTF-1 (59, 61 %) respec-
tively; this indicated that PAX8 was more sensitive and more
specific than TTF-1 in ovarian and endometrial carcinoma.

Sensitivity, specificity, PPV, and NPV
of immunohistochemical positive expression of Napsin A,
TTF-1, and PAX8 in diagnosis of primary carcinoma

Sensitivity, specificity, PPV, and NPVof immunohistochemi-
cal positive expression of Napsin A, TTF-1, and PAX8 in
diagnosis of primary carcinoma as shown in Table 6.

As regarding Napsin Awhich was expressed in lung and renal
carcinomawhen compared to other carcinomas, we foundNapsin
A sensitivity (54 %) and specificity (100 %) for lung carcinoma
from other carcinomas except renal carcinomas. Napsin A

sensitivity and specificity were 93, 100 % respectively for renal
carcinoma from other carcinomas except lung carcinoma.

For TTF-1, when examining lung carcinoma compared to
other carcinomas except thyroid, we found that TTF-1 was
less sensitive (52 %) but more specific (96 %) for diagnosis
of lung carcinoma. TTF-1 sensitivity and specificity were 93
and 96 % respectively for thyroid carcinomas from other car-
cinomas except lung carcinoma.

PAX8 sensitivity and specificity were 98 and 100 % respec-
tively for thyroid carcinoma compared to other carcinomas
except renal, ovarian, and endometrial carcinomas. Renal cell
carcinoma sensitivity was 93 % and specificity was 100 %
compared to other examined carcinomas except thyroid, ovar-
ian, and endometrial carcinomas. PAX8 sensitivity (80 %) and
specificity (100 %) were for ovarian carcinoma compared to

Table 5 Sensitivity,
specificity, PPV,
and NPVof
immunohistochemical
positive expression of
Napsin A, TTF-1, and
PAX8 in diagnosis of
primary carcinoma from
other examined
carcinomas (N=193)

Immunohistochemical positive expression Sensitivity (%) Specificity (%) PPV (%) NPP (%)

Carcinoma examined Positive marker
expression

Lung carcinoma from other
carcinomas

Napsin A 54 80 49 83

TTF-1 52 68 36 80

Thyroid carcinoma from
other carcinomas

TTF-1 93 93 39 98

PAX8 97 81 48 99

Renal carcinoma from
other carcinomas

Napsin A 93 83 51 99

PAX8 50 88 21 65

Ovarian carcinoma from
other carcinomas

PAX8 80 75 24 97

TTF-1 5 59 1 84

Endometrial carcinoma from
other carcinomas

PAX8 100 75 25 100

TTF-1 13 61 3 89

Table 6 Sensitivity, specificity, PPV, and NPVof immunohistochemical positive expression of Napsin A, TTF-1, and PAX8 in diagnosis of primary
carcinoma (N=193)

Immunohistochemical positive expression Sensitivity (%) Specificity (%) PPV (%) NPV (%)

Positive marker
expression

Carcinomas examined

Napsin A Lung carcinoma from other carcinomas except
renal carcinoma

54 100 100 90

Renal carcinoma from other carcinomas except
lung carcinoma

93 100 100 98

TTF-1 Lung carcinoma from other carcinomas except
thyroid carcinoma

52 96 90 77

Thyroid carcinoma from other carcinomas except
lung carcinoma

93 96 90 98

PAX8 Thyroid carcinoma from other carcinomas s except
renal, ovarian and endometrial carcinomas

97 100 100 99

Renal carcinoma from other carcinomas except
thyroid, ovarian and endometrial carcinomas

93 100 100 98

Ovarian carcinoma from other carcinomas except
thyroid, renal and endometrial carcinomas

80 100 100 96

Endometrial carcinoma from other carcinomas
except thyroid, renal and ovarian carcinomas

100 100 100 100
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other carcinomas except thyroid, renal, and endometrial carci-
nomas. Endometrial cancer sensitivity and specificity were
100 % for both from other examined carcinomas except thy-
roid, renal and ovarian carcinomas.

Discussion

With recent advances in targeted therapies, histologic typing of
NSCLC has become important [1]; however, the diagnostic
accuracy has not always been satisfactory [8]. Both primary
lung AC andmetastatic carcinomas from other organs are com-
mon in the peripheral lung field, and their differential diagnoses
are sometimes difficult. Therefore, specific markers for primary
lung AC are needed to distinguish between both lesions [11].

To the best of our knowledge, this study is the second
research in differentiating primary lung AC from other AC
using Napsin A, TTF-1, and PAX8 following the first one
by [7]. The formal study used a restricted number of cases
and compared the expression of study markers in metastasize
AC and primary AC of the lung. The current study used larger
number of cases and compared primary AC from different site
with that of lung, making our results more reliable.

In this study, we found that Napsin A expression rate in lung
carcinoma was 54 % which was in concordance with previous
studies reported that Napsin A expression ranged from 48.5 to
87.1 % [2, 15, 16, 18, 22]. Napsin A expression was positive in
50 % of renal cell carcinoma, which was slightly lower than
57 % reported by [15]. On studying extrapulmonary carcino-
mas, we found no Napsin A expression in thyroid, breast,
ovary, endometrium, and colon carcinomas. These results are
largely in accordance with previous results [1, 2, 11, 15].

Our data demonstrated high frequency of Napsin A staining
in primary lung AC, compared with other carcinomas. This
result was consistent with previous studies [11, 23]. This study
supports the efficacy of Napsin A as a marker for lung AC,
distinguishing primary lung AC from other carcinomas which
metastasize to the lung except for renal cell carcinoma cases.

In the current study, TTF-1 expression was found in 52 %
of primary lung carcinoma. TTF-1 positive expression rates
ranged from 39 to 85 % for lung AC as reported by previous
studies [2, 16–18]. In thyroid carcinoma, the present study
showed TTF-1 positive immunostaining in 93.3 % of cases.
A similar result was reported [1, 2, 7, 12, 15]. TTF-1 is rarely
expressed in tumors of extrapulmonary origin [2, 25, 26].

In this study, TTF-1 was positive in small number of car-
cinoma from endometrium and ovary, and similar results were
reported in previous studies by [1, 7, 12, 26]. Although the
reported frequency of positivity of TTF-1 is low in this carci-
noma, this can lead to an incorrect diagnosis. Thus, TTF-1 is a
potentially useful marker in differentiating metastatic pulmo-
nary from extrapulmonary adenocarcinoma, provided that the
possibility of thyroid origin has been excluded.

Previous studies have shown that PAX 8 was noticed in thy-
roid (89–91 %) [22, 23], most renal cell (90 %) [17, 22, 23],
ovarian (64–100%) [20, 22, 27–29], and endometrial (93–98%)
[22, 23] carcinomas. Consistent with these reports, we found that
carcinomas from these organs were positive for PAX8 immuno-
staining. As expected, PAX8 was completely negative in prima-
ry lungAC, which was consistent with previous reports [21–24].

These findings indicate that PAX8 is a valuable diagnostic
biomarker for differentiating primary lung AC from carcino-
mas of these organs. Consistent with previous reports of [21,
28, 30], our results showed that PAX8 was negative in all of
non-Mullerian carcinomas (except for thyroid and renal carci-
nomas), which indicated its higher specificity.

Our study and previous studies suggested that PAX8 ex-
pression was an extremely valuable tool in clinical applica-
tion; however, as with any immunohistochemical stain, the
results should not be evaluated in segregation or without the
clinical situation for each case, and H&E morphology must
always be considered.

In the present study, comparing markers expression in AC
and SCC cases, we found that 54 % of all lung carcinoma were
positive for NapsinA immunostaining. Eighty-six percent of AC
cases and 6.7 % cases of SCC were positive for Napsin A ex-
pression. In addition, 52 % of primary lung carcinomas showed
positive TTF-1 immunostaining including 83.3%AC and 1.7%
SCC. We found that the overall sensitivity and specificity were
greater for Napsin A than for TTF-1, and for AC the sensitivity
and specificity of Napsin Awere slightly greater than TTF-1.

These results were consistent with previous studies of Napsin
Awhich found that the sensitivity and specificity were similar or
higher than that of TTF-1 in the identification of lung AC. The
sensitivity and specificity of Napsin A were 79–84 and 94–
100 %, respectively and those of TTF-1 were 84 and 76–97 %
respectively in the diagnosis of lungAC [1, 2, 11, 15–18]. On the
contrary, previous studies demonstrated lower sensitivity of
Napsin A 33–60 % than TTF-1 54–90 % [24, 31]. We have
shown that a combined Napsin A (+)/TTF-1 (+) and PAX8 (−)
immunoprofile patterns were highly sensitive and specific for
primary lung AC. Similar finding was reported by [7, 12].

Currently, TTF-1 is a commonly used marker for
confirming the diagnosis of pulmonary AC. The high sensi-
tivity and specificity of TTF-1 for lung AC has been reported
by previous studies [24, 31]. In the current study, TTF-1 stain-
ing was positive in the great majority of lung AC specimens
(83.3 %). On the other hand, TTF-1 was detected in 6.7 % of
SCC cases. Although TTF-1 is usually not detected in SCC [2,
24, 32], previously published data demonstrated that 3–21 %
of SCC were TTF-1 positive [32, 33] as well as our study.

Regarding thyroid carcinoma, we showed TTF-1 positive
immunostaining in 93.3 % of cases. Among cases, 87.5 and
100 % of papillary and follicular thyroid carcinomas were
positive for TTF-1 respectively. A similar result was reported
by [1, 2, 7, 12, 15]. Therefore, it is sometimes difficult to
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distinguish primary lung AC from metastatic AC of thyroid
origin using TTF-1 IHC [11]. On the contrary, all examined
thyroid carcinoma cases were negative for Napsin A, suggest-
ing Napsin A is a valuable marker in differentiating primary
lung carcinoma from thyroid carcinoma.

Our study showed PAX8 immunostaining in 96.7 % of
thyroid carcinoma, which was positive in 93.8 % of papillary
and in all cases of follicular carcinomas. Similar finding was
reported by previous studies [12, 19, 20, 28, 30]. The use of
PAX8 IHC may be a suitable marker.

The present study showed that the sensitivity of TTF-1 and
PAX8 were approximately equal in thyroid carcinoma while
TTF-1 was more specific than PAX8. TTF-1 was more specific
but less sensitive than PAX8 in all examined cases of thyroid
carcinoma and papillary thyroid carcinoma. In follicular thy-
roid carcinoma, TTF-1 was more specific than PAX8 while the
sensitivity was equal reaching 100 % for both markers.

The co-expression of TTF-1 (+)/PAX8 (+) and Napsin A
(−) immunoprofiles, especially in a metastatic site, is diagnos-
tic of a primary thyroid carcinoma and excludes a TTF-1 ex-
pressing lung AC. These observations clearly indicate PAX8
as a sensitive and specific marker for thyroid differentiation.

In renal cell carcinoma, Napsin A expression, we found
that 38.5 % of clear cell, 72.9 % of papillary, and 16.7 %
chromophobe renal cell carcinomas were positive for Napsin
A, and all the cases were negative for TTF-1. Earlier studies
have shown that 33 % of clear cell, 80 % of papillary, and 3 %
of chromophobe renal cell carcinomas were positive for
Napsin A and negative for TTF-1 [1, 2, 12, 25].

In the current study, we found that 96.7 % of renal cell
carcinoma including 92.2 % of clear cell RCC, 100 % of
papillary RCC, and 83.3 % chromophobe renal cell carcino-
mas were positive for PAX8 immunostaining. Previous stud-
ies were reported that PAX8 was positive in approximately all
cases of renal cell carcinoma [1, 20, 22, 23, 34]. It was positive
in 93–7 % of clear cell RCC, 76–100 % of papillary RCC, and
80–88 % chromophobe renal cell carcinomas [22, 23, 35].

In renal cell carcinoma cases, specificity of Napsin A ex-
pression showed less sensitivity and higher specificity than
PAX8. Considering renal cell carcinoma subtypes, we found
38 % sensitivity and 79 % specificity for Napsin A and 92 %
sensitivity and 58 % specificity for PAX8 in clear cell type. In
papillary type, Napsin A sensitivity and specificity were 82
and 82 % respectively, while PAX8 were 100, 57, 13, and
100 % respectively. Specificity of Napsin A in renal cell car-
cinoma as a total and for the entire examined variant was more
than PAX8, but the sensitivity of PAX8 was more than Napsin
A, indicating that PAX8 was more sensitive and less specific
than Napsin A in renal cell carcinoma. Previous study report-
ed that PAX8 sensitivity was 92 % [36]. Therefore, our results
together with previous studies suggested that PAX8 was a
useful adjunct for confirmation of RCC diagnoses. We have
shown that PAX8 (+), Napsin A (+), and TTF-1 (−)

immunoprofiles were useful for differentiating primary lung
AC from renal cell carcinoma.

In the current study, positive PAX8 expression was detected
in 80% of ovarian carcinoma. All cases of serous carcinoma and
60% of mucinous carcinoma were PAX8 positive. Several stud-
ies have shown that a great proportion of ovarian carcinomas
were immunoreactive for PAX8 [19, 21, 23, 27–29, 37–39].

PAX8 expression was detected in 79–100 % of ovarian
serous carcinoma [27, 37, 38] and ranged from 0 to 50 % in
mucinous carcinoma [24, 34]. In this study, we showed that
detection of PAX8 in ovarian mucinous carcinoma confirmed
the diagnosis of a primary ovarian carcinoma over a metasta-
sis from the gastrointestinal tract, as none of carcinoma of
colon, stomach, and esophagus was positive for PAX8 expres-
sion. Similar results were reported by [24, 34].

Ovarian and breast cancers encompass various histopatho-
logical variants, clinical behaviors, and prognosis. Both are
commonly metastasizing carcinomas, and their metastases
are histological similar, resulting in difficulty in distinguishing
between them [40]. In this study, no Napsin A or TTF-1 ex-
pression was found in our specimens of AC of breast or ovar-
ian origin. Moreover, PAX8 staining was absent in all breast
carcinoma. These findings were consistent with previous stud-
ies [7, 9, 19, 20, 24, 28, 29]. This finding indicated that PAX8
was a more superior marker for the differential diagnosis of
ovarian and breast cancer in metastatic sites.

In endometrial carcinoma, we found that PAX8 was posi-
tive on all examined cases. The results of this study were
similar to that of [24, 27, 34, 39]. Overall, these findings
confirmed the suggestions of previous studies regarding the
sensitivity of this marker.

The sensitivity and specificity of PAX8 by IHC for differ-
entiation of Mullerian from non-Mullerian carcinomas were
78.4 and 97.3 %, respectively [24].

Hepatocellular carcinoma may show morphologic overlap
with RCC. Consistent with previous studies [7, 22, 34], hepa-
tocellular carcinoma was negative for PAX8 expression, mak-
ing it a useful marker to distinguish among carcinomas of
unknown primary site.

In conclusion, the combination of Napsin A, TTF-1, and
PAX8 is suggested as the best panel of IHC markers in
distinguishing between primary lung AC and metastatic car-
cinoma to the lung. Napsin A appears to be a useful marker
when used in conjunction with TTF-1 because it provides high
sensitivity and specificity for both sorting primary lung carci-
noma as AC and for identifying lung origin in the setting of a
metastatic AC. This is particularly important in view of recent
advances in the treatment of non-small cell carcinomas and in
particular, of AC of the lung. PAX 8 is a highly sensitive and
specific marker for carcinomas of renal, thyroid, and
Müllerian origins and is suggested as beneficial marker to
distinguish between primary lung AC and metastatic AC from
thyroid, renal, and Müllerian carcinomas.
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