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Abstract: Introduction: In women, most malignant effusions are from breast and ovary primary carcinomas that
have metastasized to body cavity fluids (pleural, peritoneal and pericardial). When carcinoma is diagnosed in effu-
sions, it is not possible to identify its site of origin solely by cytology (morphology); therefore, immunocytochemistry is
used as a complementary method. There are no immunocytochemical markers with 100% sensitivity and specificity
for identifying carcinoma primary site. The markers most used are TTF-1 for the lung, GATA-3 for the breast, and
PAX-8 for the ovary. The aim of this study was to evaluate the sensitivity and specificity of a panel including these
markers for detecting the primary site of carcinoma in effusions. Methods: Samples of pleural, pericardial, and
peritoneal effusions and peritoneal washings with carcinoma of known primary site from women (n = 60) and men
(n = 18) were prepared by using the cell block method, and immunocytochemistry was performed to evaluate the
expression of primary site markers (TTF-1, PAX-8, and GATA-3). Results: In women, the breast was the most frequent
primary site of metastatic carcinoma to both pleural and pericardial cavities, followed by the lung, whereas the ovary
was the most frequent primary site of carcinoma within peritoneal effusions and washings, followed by the gastroin-
testinal tract (stomach or intestine). The expected profiles for carcinomas of the most common primary sites were:
breast (GATA-3 (+), PAX-8 (-), TTF-1 (-)), ovary (PAX-8 (+), GATA-3 (-), TTF-1 (-)), lung (TTF-1 (+), PAX-8 (-) GATA-3 (-)) and
gastrointestinal tract (PAX-8 (-), GATA-3 (-), TTF-1 (-)). These were observed in 88.23% (45/51) of women’s samples
with carcinoma from these primary sites. By using TTF-1 as the sole primary site marker, 6.25% of carcinomas of
primary site other than the lung would have been misdiagnosed. Conclusion: An initial panel of markers including
GATA-3, PAX-8, and TTF-1 allows, with high sensitivity and specificity, the identification or exclusion of frequent pri-
mary sites of carcinoma in effusions from women. Our results highlight the importance of using a panel of markers
to avoid misidentification of the primary site of tumor.
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Introduction metastasis of this known primary or to the
appearance of a second primary carcinoma
Pleural, peritoneal, and pericardial effusion [2-4].

analysis for cancer is a diagnostic challenge.
Effusions may be the first sign of the diagnosis

of a carcinoma of unknown primary site since

Metastases from breast or ovarian carcinoma
are the most common etiology for malignant

only approximately 31% effusion specimens
with positivity for malignancy have known pri-
mary sites [1]. In addition, the presence of car-
cinoma in effusions of patients with a previous
history of carcinoma may either correspond to

effusions in female patients [5]. Breast carcino-
mas are more common in pleural fluid and ovar-
ian carcinomas in peritoneal fluid, but metasta-
sis to an unexpected serous cavity may occur
[5]. Most effusions associated with metastatic
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carcinoma of ovarian origin are synchronous,
that is, they are detected simultaneously with
the primary tumor, while most effusions of bre-
ast carcinoma origin are metachronous, diag-
nosed months after the primary tumor [6].

When carcinoma is diagnosed in effusions, it is
not possible to identify the site of origin of the
carcinoma solely by cytologic morphology [7-9].
Immunocytochemistry represents the most
commonly employed study in effusions, com-
plementary to cytomorphology, but other ancil-
lary methods also have specific and relevant
applications [7-9]. For instance, flow cytometry
is well established as a valuable technique in
the diagnosis of lymphoproliferative disorders.
The use of fluorescence in situ hybridization
(FISH) in effusion cytology is currently focus-
ed on the diagnosis of mesothelioma (detec-
tion of homozygous deletion of p16/CDKN2A)
and for detection of ALK gene rearrangements,
while PCR-based assays have been used for
EGFR mutations. Multiplexed genetic sequenc-
ing panels that detect multiple types of altera-
tions using a single platform, such as next-gen-
eration sequencing (NGS), have emerged as a
preferred testing platform, especially for tumor
types that require more comprehensive molec-
ular profiling.

Due to its lower cost, ease of use, availability
of its reagents and equipment, high accuracy,
and its different applications, immunocyto-
chemistry is still the ancillary method of choi-
ce in anatomic pathology laboratories [7-9].
Specific applications of immunocytochemistry
in the routine diagnosis of effusion and perito-
neal washing samples are 1) resolving the
mesothelial or epithelial origin of isolated atypi-
cal cells and cell clusters; 2) identifying the pri-
mary site of malignancy in a patient with an
unknown primary site or with a history of multi-
ple malignancies; and 3) establishing the
expression of therapeutic response markers.
The most sensitive and specific markers for the
differentiation between mesothelial and epi-
thelial origin of atypical cells in effusions and
peritoneal washing are Claudin-4 and EpCAM
(detected by clone MOC-31) [10, 11]. For
women, the immunocytochemical panel used
to identify the primary site of the carcinoma is
different from the panel used for men, since
markers for the primary site in breast and ovary
must be included. The most commonly used
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markers are TTF-1 for the lung, GATA-3 for the
breast, and PAX-8 for the ovary; nonetheless,
there are no immunocytochemical markers
with 100% specificity and sensitivity [12, 13].
Thus, the aim of this study was to evaluate the
sensitivity and specificity of a panel including
these markers for detecting the primary site
of carcinoma in effusions and peritoneal
washings.

Materials and methods

This was an observational and cross-sectional
study approved by the Human Ethics Review
Committee of Brasilia University under the
number CAAE: 34150314.9.0000.5558. All
samples of effusion and peritoneal washing
were analysed at the Pathological Anatomy
Unit of University Hospital of Brasilia be-
tween 2013 and 2020. Only samples diag-
nosed with carcinoma by cytology and immuno-
cytochemistry (positivity for clone MOC-31 of
Epcam and Claudin-4) and with known primary
sites were included. The cell block adequacy
was assessed by the presence of a minimum of
five carcinoma cell groups [14]. Most carcino-
mas in the present study were classified as
adenocarcinomas by histologic type, with the
exception of one small cell carcinoma of the
lung and one squamous cell uterine cervix
carcinoma.

No fixative solution was used, and cell block
preparation was performed as previously de-
scribed using the plasma-thromboplastin or
agar method [15]. In the plasma-thromboplas-
tin method, cytologic samples were centri-
fuged, and 100 ul of plasma and 100 ul of
thromboplastin (Stago®, Asniéres sur Seine,
France) were added to the cell pellet. For sam-
ples with a large amount of sediment, cell pel-
lets were homogenized with agar 1-5%. The
clot/gel was formalin-fixed, submitted to usual
histologic processing, and sections mounted
on previously silanized slides. These were
stained with hematoxylin-eosin and used for
immunocytochemistry.

Prior to exposure to the primary antibodies,
samples were submitted to antigen retrieval
with citrate buffer pH 6.0 in a water bath at
95-99°C for 45 min. For blockade of endoge-
nous tissue peroxide, the slides were immers-
ed in 3% H,0, solution at room temperature
for 30 min and thoroughly washed with phos-
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Table 1. Antibodies used for immunocyto-
chemistry

Antibody  Manufacturer Clone Dilution
GATA-3 CELL MARQUE  L50-823 1:300
PAX-8 MEDAYSIS 1491&1492 1:100
TTF-1 ABCAM BP1 1584Y  1:50

phate buffered saline (PBS). Incubation with
primary antibodies (Table 1) was performed
overnight at 4°C. After a 30-min incubation
with secondary antibody at room temperature,
positive cells were marked with the streptavi-
din-peroxidase complex (Kit REVEAL-Biotin-
Free Polyvalent DAB - Spring Bioscience®, CA,
USA), and the reactions were developed using
a diaminobenzidine chromogen solution (kit
REVEAL-Biotin-Free Polyvalent DAB-Spring Bio-
science®, California, USA). Counterstaining was
performed with Harris hematoxylin. Positive
and negative controls were used for each pri-
mary antibody according to the manufacturer’s
recommendation. An additive scoring system
that ranges from O to 8 was used: proportion
score (0 = no nuclear staining; 1<1% nuclei
staining; 2 = 1-10% nuclei staining; 3 = 11-
33% nuclei staining; 4 = 34-66% nuclei stain-
ing and 5 = 67-100% nuclei staining) and
intensity score (0O = no staining; 1 = weak stain-
ing; 2 = moderate staining and 3 = strong stain-
ing) [16].

Results

The expression of GATA-3, PAX-8, and TTF-1
markers was analyzed in 78 samples with
carcinoma: pleural fluid, n = 40; ascitic fluid, n
= 24; pericardial fluid, n = 7; and peritoneal
washing, n = 7. Of the total samples, 76.92%
(60/78) were from female patients. Female
patient samples comprised 65% (26/40),
87.5% (21/24), 85.71% (6/7) and 100% (7/7)
of pleural fluid, ascitic fluid, pericardial fluid and
peritoneal washings, respectively.

The frequency of the carcinoma origin sites
according to the sample type (pleural, ascitic,
pericardial and peritoneal washing) is shown in
Table 2. In women, the most frequent carcino-
ma primary site was the breast in pleural and
pericardial fluids and the ovary in ascitic fluid
and peritoneal washings. Breast carcinomas
accounted for 50% (13/26) of carcinomas in
pleural fluid and 66.66% (4/6) of carcinomas
in pericardial fluid in women, while ovarian car-
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cinomas accounted for 52.38% (11/21) of
ascitic fluid carcinomas and 71.42% (5/7) of
peritoneal washing carcinomas in women.
Samples with carcinoma from the breast and
ovary together accounted for 55% (33/60) of
samples with carcinoma in effusions/peritone-
al washing from female patients. In women,
the second most frequent carcinoma sites in
pleural fluid and ascitic fluid were the lung and
gastrointestinal tract (stomach and intestine),
respectively.

The marker profile expression frequency ac-
cording to the carcinoma primary site in effu-
sions/peritoneal washings in women is shown
in Table 3. All samples showed a positivity
score > 3.

The sensitivity and specificity of the GATA-3 (+),
PAX-8 (-), and TTF-1 (-) profile for breast carci-
noma detection were 94.11% (16/17) and
100% (43/43), respectively. One of the breast
carcinoma samples was GATA-3 (+), PAX-8 (-),
and TTF-1 (+). The sensitivity and specificity of
the PAX-8 (+), GATA-3 (-), and TTF-1 (-) profile
for ovarian carcinoma detection were 87.50%
(14/16) and 86.36% (38/44), respectively.
One ovarian carcinoma sample was PAX-8 (-),
GATA-3 (-), TTF-1 (-) and another was PAX-8 (+),
GATA-3 (-), TTF-1 (+). The sensitivity and speci-
ficity of the TTF-1 (+) and PAX-8 (-) GATA-3 (-
profile for the detection of lung carcinoma were
83.33% (10/12) and 97.91% (47/48), respec-
tively. Two lung carcinoma samples were PAX-8
(-), GATA-3 (-), and TTF-1 (-). The sensitivity and
specificity of the PAX-8 (), GATA-3 (9,
and TTF-1 (-) profile for gastrointestinal tract
(stomach and intestine) carcinoma detection
were 83.33% (5/6) and 88.88% (48/54),
respectively. One sample of stomach carcino-
ma was TTF-1 (+), PAX-8 (-), and GATA-3 (-). The
expected profile for carcinomas of the most
common primary sites, breast (GATA-3 (+),
PAX-8 (-), TTF-1 (-)), ovary (PAX-8 (+), GATA-3 (),
TTF-1 (9), lung (TTF-1 (+), PAX-8 (-) GATA-3 ()
and gastrointestinal tract (PAX-8 (-), GATA-3 (-),
TTF-1 (-)), was observed in 88.23% (45/51) of
women’s samples with carcinoma from these
primary sites. By using TTF-1 as the sole prima-
ry site marker, 6.25% (3/48) of carcinomas of
primary sites other than the lung would have
been misdiagnosed: breast (n = 1), ovary (n =
1) and stomach (n = 1). The expression of TFF-1
was intense and diffuse in breast and gastric
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Table 2. Frequency of primary sites of carcinoma according to type of effusion or peritoneal washing

Pleural fluid n = 40

Ascitic fluid n =24  Pericardial fluid n =7 Peritoneal washing n =7

M (n = 14) F (n = 26)

M(n=3) F(n=21)

M(n=1) F(n=6) M{n=0) F(n=7)

Lung n =27 13 11
Breastn = 17
Ovaryn =16

Stomachn=7

[N
w

Peritoneum n = 3
Cervixn=3
Colonn=2
Bileductsn=1
Pancreasn=1
Kidneyn =1
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M: male; F: female.

Table 3. Frequency of marker profiles in primary carcinoma sites

patients. The high frequency

of effusion and peritoneal

GATA-3 (+) PAX-8(+) TIF-1(+) TIF1() _ : .
Marker panel/Primary site PAXB()  GATA3() GATA3() GATA3 () washmg.samples \.Nlth carer
TTF-1 () TTF-1() PAX-8() PAX8() noma diagnosed in women

n n n n can be explained by the fact

Lung n = 12 0 0 10 2 that breast and ovarian carci-
Breast n = 17 16 0 0 0 nomas are types of cancer
Ovary n = 16 0 14 0 1 that most ' often spread
Stomach n = 4 o 0 1 3 to bod_y cavity metastases.
) Accordingly, here, the sam-
Peritoneal n =3 0 3 0 0 ples of both breast and ovari-
Uterine cervixn = 3 0 2 0 1 an carcinomas combined
Colonn =2 0 0 0 2 accounted for the majority
Biliary tractn = 1 0 0 0 1 (55%) of the effusion/perito-
Pancreasn =1 0 0 0 1 neal washing samples with
Kidney n = 1 0 1 0 0 carcinoma in female patients.

carcinomas (Figure 1) and focal in ovarian
carcinoma.

Discussion

Use of the most appropriate panel of markers
makes it possible to suggest the probable pri-
mary site of carcinoma in effusions and to
exclude other possible sites, thus reducing
immunocytochemistry cost. The marker choice
should consider the patient’s gender, the fre-
quency of primary sites, the effusion type (pleu-
ral, peritoneal or pericardial fluid), the markers’
sensitivity and specificity, and clinical findings.

In the present study, the majority (76.92%) of
all samples, including pleural, peritoneal, and
pericardial effusions and peritoneal washings
with carcinoma, were obtained from female
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Thus, the immunohistochemi-

cal markers that constitute
the initial panel for identifying the carcinoma
primary site in effusions/peritoneal washings
are different in women’s samples and should
include markers for breast and ovary primary
tumor. Breast, ovary and lung were, respective-
ly, the most frequent carcinoma primary sites
corresponding to 28.33%, 26.66% and 20% of
the total carcinoma samples in effusions/peri-
toneal washings of women. This result justifies
the use of markers in an initial panel to identify
primary site.

The most frequent type of carcinoma-contain-
ing effusion in women was pleural fluid
(43.33%), followed by ascitic fluid (35%) and
pericardial fluid (10%). The distribution of pri-
mary sites according to effusion types/perito-
neal washings in female samples herein was
similar to that observed in previous studies [17-

Int J Clin Exp Pathol 2022;15(4):191-200
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Figure 1. Immunocytochemistry expression of TTF-1 (arrows) in breast (A)

and gastric (B) carcinoma effusions.

19]. Breast was the most frequent primary site,
followed by lung in pleural fluid, while ovary was
the most frequent primary site, followed by the
gastrointestinal tract (stomach and intestine),
in ascitic fluid. In pericardial fluid, the most fre-
quent primary site was breast and, in peritone-
al washings, ovary. The possibility of carcinoma
dissemination to a cavity other than the one
where the site of its origin is located highlights
the importance of using a panel of markers
rather than a single marker. In the present
study, lung carcinoma was identified in ascitic
and pericardial fluid, stomach carcinoma in
pleural and pericardial fluid, and cervical carci-
noma in pericardial fluid.

The choice of GATA-3 and PAX-8 as markers for
breast and ovary primary sites, respectively,
was based on the high sensitivity and high posi-
tivity score of these markers in relation to other
markers, such as mammoglobin, GCDFP-15,
estrogen receptor, and WT1 [14, 20-22]. Re-
garding the best choice for lung primary site, no
significant difference was reported in positivity
of napsin A and TTF-1 as a single marker in
metastatic pulmonary adenocarcinomas [23].
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Napsin-A and TTF-1 are both
useful markers in distinguish-

X ing pulmonary and extrapul-

monary adenocarcinoma in
effusions; however, the nucle-
ar staining of TTF-1 is much
easier to interpret than
Napsin-A cytoplasmic staining
[24]. For TTF-1, there are a
variety of antibody clones
with different sensitivities
and specificities; for example,
the SPT24 clone is more sen-
sitive but less specific for the
detection of all lung adeno-

. carcinomas in comparison to

the 8G7G3/1 clone [25, 26].

No prior study evaluated
A TTF-1 expression of metastat-
ic lung adenocarcinoma in
effusions by using the same
antibody used herein. How-
ever, its sensitivity in the pres-
ent study was greater than
that observed in a previous
study for the TTF-1 clone
(8G7G3/1) and Napsin-A [24].
Another important aspect is
specificity: although the mark-
ers used in the initial panel (GATA-3, PAX-8, TTF-
1) can be expressed in mesotheliomas, they
are usually not expressed in normal mesotheli-
al cells, which are usually found in effusions
and peritoneal washings and are morphologi-
cally confused with carcinoma cells [27-33].
Although considered a sensitive marker for
ovarian carcinoma primary site, WT1, for exam-
ple, can be expressed both in normal mesothe-
lial cells and mesothelioma [34].

B

The GATA-3 (+), PAX-8 (-), and TTF-1 (-) profile
for the detection of breast carcinoma showed
high sensitivity (94.11%) and 100% specificity.
All carcinomas with a primary site in the breast
were positive for GATA-3. This result is in agree-
ment with previous studies in which GATA-3
expression ranged from 89% to 93.5% in breast
carcinoma effusions [33, 35, 36].

Breast carcinomas were identified in the pleu-
ral and pericardial fluid herein. In pleural fluid,
the breast was the most common primary site,
followed by the lung. Thus, in pleural fluid,
markers were used to allow for differential
diagnosis between breast and lung. In the peri-
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cardium, TTF-1 expression was found in one
breast carcinoma sample, resulting in GATA-3
(+), PAX-8 (), and TTF-1 (+) marker profile.
Therefore, the sensitivity of the GATA-3 (+),
PAX-8 (), and TTF-1 (-) profile was not 100%.
In a previous study with 546 histopathologic
breast carcinoma samples, 2.4% showed the
expression of TTF-1 [37]. The predominant his-
tologic type in these TTF-1-positive breast carci-
noma samples was the ductal type, a finding
similar to the one observed here. In the present
study, the specificity of the GATA-3 (+), PAX-8
(), and TTF-1 (-) profile was 100%, as there
was no expression of GATA-3 in carcinomas of
other sites. However, in a previous study in
which a large number of surgical specimens (n
= 2500) with carcinoma of different primary
sites were analysed, GATA-3 expression was
observed in carcinoma primary sites frequently
found in effusions such as lung (8%), ovary
(6%), and stomach (5%) [38]. This result indi-
cates that the presence of GATA-3 immunore-
activity cannot by itself be used to exclude the
possibility of carcinomas of additional primary
sites, especially in carcinomas from effusion.
Thus, a panel including GATA-3, PAX-8 and
TTF-1 should be applied, as it increases speci-
ficity while excluding carcinomas from those
primary sites.

The PAX-8 (+), GATA-3 (-), and TTF-1 (-) profile
showed high sensitivity (87.50%) and specificity
(86.36%) for detecting primary ovarian carci-
noma. The sensitivity of this profile is in agree-
ment with results from previous studies in
which PAX-8 expression ranged from 70%
to 100% of ovarian carcinoma in effusions
[39-41].

Gastrointestinal tract carcinoma, the second
most frequent carcinoma in ascitic fluid sam-
ples of women, is the main differential diagno-
sis from ovarian carcinomas. Importantly,
PAX-8 expression has not been observed in
studies with large numbers of samples using a
tissue microarray (TMA) or whole-tissue sec-
tions of colon and gastric carcinoma [42, 43].

The PAX-8 (+), GATA-3 (-), TTF-1 (-) profile was
not observed in 2 samples from ovary primary
site; in one of them there was no expression of
PAX-8, resulting in a PAX-8 (-), GATA-3 (-), TTF-1
(-) profile; and in another there was expression
of TTF-1, in addition to the expression of PAX-8,
resulting in a PAX-8 (+), GATA-3 (-), TTF-1 (+) pro-
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file. In carcinomas with PAX-8 (-), GATA-3 (-), and
TTF-1 (-) profile, adding markers such as estro-
gen receptor and HBME would be useful to sug-
gest the possibility of a primary site in the
ovary. In the present study, ER expression was
observed in 37.5% of the ovarian carcinoma
samples and in none of the gastrointestinal
carcinoma samples, while HBME expression
was observed in 87.5% of the ovarian carcino-
ma samples and in 16.66% of the gastrointes-
tinal carcinoma samples (data not shown). The
expression of TTF-1 was detected in 17.7% and
3.2% of ovarian carcinomas using SPT24 and
8G7G3/1 antibody clones, respectively, in a
previous study [44].

PAX-8 expression was not observed in primary
sites of breast and lung carcinoma in this stu-
dy. However, in previous studies, a significant
fraction of breast carcinoma showed immuno-
reactivity for PAX-8, and positivity rates seemed
to be antibody-dependent [45, 46]. A recent
meta-analysis indicated that primary lung can-
cers showed PAX-8 expression in rare cases
regardless of tumor subtype [47]. Thus, the
presence of PAX-8 immunoreactivity alone can-
not exclude mammary or pulmonary origin.

As expected, the PAX-8 (+), GATA-3 (), and TTF-1
(-) profile is not specific for ovarian carcinoma
due to the high expression of PAX-8 in
carcinomas from other female genital organs
and kidneys [39, 42, 43]. In the present study,
PAX-8 expression was observed in 2 adenocar-
cinomas of cervical origin and in 1 renal carci-
noma. Carcinomas originating from these
organs are not frequent in effusions, but appro-
priate markers should be included for differen-
tial diagnoses.

The TTF-1 (+), PAX-8 (-) and GATA-3 (-) profile
showed high sensitivity (83.33%) and specifici-
ty (97.91%) for detecting lung carcinoma.
Similar results were observed in a meta-analy-
sis that evaluated TTF-1 expression in meta-
static lung carcinoma in effusions in 20 stud-
ies, in which the sensitivity was 74.95% and
the specificity was 99% [48]. TTF-1 was found
in adenocarcinoma and small cell lung carcino-
ma with high frequencies of 96% and 89%,
respectively, and was not detected in squa-
mous cell carcinoma and large cell carcinoma
[49]. In the present study, most lung carcino-
mas were adenocarcinoma except for one
small cell carcinoma.

Int J Clin Exp Pathol 2022;15(4):191-200
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The TTF-1 (-) PAX-8 (), GATA-3 (-) profile was
observed in two lung carcinoma samples, and
in these cases, the panel for lung carcinoma
detection should be complemented with the
use of napsin A. The combined use of napsin A
and TTF-1 results in improved sensitivity and
specificity for identifying pulmonary adenocar-
cinoma in a metastatic setting [50].

The PAX-8 (), GATA-3 (-), and TTF-1 (-) profile
showed high sensitivity (83.33%) and specifici-
ty (88.88%) for identifying carcinomas of the
gastrointestinal tract; in all samples, CK20 was
expressed (data not shown).

In peritoneal effusion/washing samples from
female patients, the main differential diagnosis
of carcinomas of the gastrointestinal tract is
ovarian carcinoma, especially mucinous ovari-
an tumors, which are positive for PAX-8 in only
32% of samples, are negative for WT1, and can
be positive for CK20 and CDX-2 [51, 52]. The
expressions of CK20 and CDX2 in paraffin-
embedded tissue microarrays of carcinoma pri-
mary sites were as follows: colon 88.6% and
93.3%; stomach 24.6% and 46.9%; lung, 5.6%
and 2.8%; serous ovary, 8.5% and 4.4%; muci-
nous ovary 50% and 66.7%; and breast 2.7%
and 0% [53], respectively, all of which are often
observed in effusions.

One stomach carcinoma sample was TTF-1 (+),
PAX-8 (-) and GATA-3 (-). In a previous study
using the most sensitive TTF-1 antibody clone
(SPT24), TTF-1 was positive in 25% of all gastric
adenocarcinomas, and of the TTF-1-positive
cases by SPT24, 31% also showed focal to dif-
fusely positive granular cytoplasmic staining
for Napsin A [54]. In the same study, by using
the 8G7G3/1 clone, only 1 SPT24-positive case
showed positive nuclear staining [42]. TTF-1
and Napsin A positivity, therefore, cannot be
used as conclusive evidence of pulmonary ori-
gin, and the TTF-1 antibody clone should be
considered [54].

By using tissue microarrays from resected pri-
mary lung cancer and pulmonary metastases,
TTF-1 was found to be expressed in 90% of pri-
mary lung adenocarcinomas, napsin A in 84%,
CDX2 in 7%, and CK20 in 2%, while 83%, 99%,
and 4% of colorectal cancer pulmonary metas-
tases were positive for CK20, CDX2, and TTF-1,
respectively, and no napsin expression was
observed [55].
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Thus, within the TTF-1 (-), PAX-8 (-) and GATA-3
(-) profile, positivity for CK20 and/or CDX2
favors the gastrointestinal tract as the pri-
mary site in relation to other common primary
sites (breast, ovary and lung). However, this
pattern can be observed in carcinomas of sites
that are less frequently observed in cavities
such as the pancreatic and biliary tracts, which,
in some clinical settings, should be further
investigated.

The expected profile for carcinomas of breast
(GATA-3 (+), PAX-8 (-), TTF-1 (), ovary (PAX-8 (+),
GATA-3 (), TTF-1 (-)), lung (TTF-1 (+), PAX-8 (-)
GATA-3 (-)) and gastrointestinal tract (PAX-8 (-),
GATA-3 (), TTF-1 (-)) was observed in most
female samples (88.23%) that had carcinoma
from these primary sites. Thus, by using the ini-
tial panel, it is possible to define the probable
primary site and exclude the other common
sites with high sensitivity and specificity.
Nonetheless, one should consider that carcino-
mas in effusions and peritoneal washings could
still arise from less frequent primary sites, such
as the uterus and pancreas/bile duct, which
may have overlapping profiles with ovary and
gastrointestinal tract carcinomas, respectively.
Importantly, 6.25% of carcinomas from other
primary sites would be diagnosed as lung carci-
noma if TTF-1 were used as the sole marker. It
is noteworthy that TTF-1 expression was inten-
se and diffuse in carcinoma samples of these
primary sites other than the lung.

In conclusion, an initial panel including GATA-3,
PAX-8 and TTF-1 allows, with high sensitivity
and specificity, the identification of the proba-
ble carcinoma primary site and the exclusion of
the other most frequent sites in effusions of
women. Our results highlight the importance of
using a panel of markers to avoid misidentifica-
tion of the primary sites of metastatic carcino-
ma in effusions.
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