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PAX8 is expressed in thymic epithelial neoplasms and a subset of neuroendocrine carcinomas of

gastrointestinal origin but not pulmonary neuroendocrine carcinomas. Thyroid transcription factor 1 (TTF-1)

is known to be positive in pulmonary neuroendocrine carcinomas, but studies investigating its expression in

thymic neuroendocrine carcinomas are lacking. To date, there are no comprehensive studies focusing on the

comparative expression of PAX8 or TTF-1 in pulmonary and thymic neuroendocrine carcinoma. Twenty-five

cases of low and intermediate grade neuroendocrine carcinomas of pulmonary and thymic origin, respectively,

were selected for immunohistochemical studies using antibodies directed against PAX8 and TTF-1. The

percentage of positive tumor cells as well as the intensity of staining were evaluated and scored. Twenty-one of

the pulmonary neuroendocrine carcinomas were classified as low grade (typical carcinoid) and 4 as

intermediate grade (atypical carcinoid) tumors; the thymic tumors consisted of 8 low grade and 17 intermediate

grade neuroendocrine carcinomas. Only 2 (8%) of the pulmonary tumors showed nuclear expression of PAX8

while 19 (76%) expressed TTF-1. Of the thymic tumors, 8 (32%) were positive for PAX8 and 2 (8%) showed TTF-1

positivity. Primary neuroendocrine carcinomas of the thymus are rare neoplasms that display a more

aggressive clinical course than pulmonary neuroendocrine carcinomas, highlighting the importance of the

separation of these tumors. To date, there are no specific immunomarkers to distinguish between

neuroendocrine carcinomas of pulmonary and thymic origin. The differential expression of PAX8 and TTF-1

may prove useful in this context as a PAX8þ /TTF-1� immunophenotype appears to be more common in

thymic neuroendocrine carcinomas, whereas the reverse (PAX8� /TTF-1þ ) is true for most pulmonary

neuroendocrine carcinomas.
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Neuroendocrine carcinomas are a group of neo-
plasms that can occur in many organ systems, with
the highest incidence in the lung (30%) and
intestinal tract (30%), while primary thymic neu-
roendocrine carcinomas account for only 0.4% of all
neuroendocrine tumors.1 In general, the pathological
spectrum of these tumors ranges from low to high
grade neuroendocrine carcinomas, although their
classification is not uniform throughout the body
but is rather defined by organ site and, to date, is

still an evolving process. In the lung and thymus,
low grade lesions correspond to ‘typical carcinoid
tumors’, intermediate grade tumors to ‘atypical
carcinoid tumors’ and high grade malignancies are
divided into large cell and small cell neuroendocrine
carcinomas.2,3 Compared with other tumors,
neuroendocrine carcinomas are rare in the lung
representing about 1% of all primary lung
neoplasms4 and are extremely rare in the thymic
gland where they account for o5% of all
mediastinal tumors.5 Similar morphology and
routine immunohistochemical markers often do not
differentiate between neuroendocrine carcinomas of
different locations, thus making it difficult to
establish the exact site of origin in cases of
metastatic tumors. Therefore, the objective of this
study was to compare the staining patterns of two
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immunohistochemical markers associated with lung
and thymic tumors, thyroid transcription factor-1
(TTF-1) and PAX8 in 25 cases of low and intermediate
grade neuroendocrine carcinomas of pulmonary and
thymic origin, respectively, in order to evaluate their
use for the differential diagnosis of these tumors.

Materials and methods

Twenty-five cases of pulmonary and thymic
neuroendocrine carcinomas, respectively, from the
surgical pathology files of MD Anderson Cancer
Center, Houston, TX, USA form the basis of this
study. The tissue was obtained from resection
specimens in all cases. The pulmonary tumors were
classified as 21 low grade (typical carcinoids)
and 4 intermediate grade (atypical carcinoids)
neuroendocrine carcinomas based on the classification
schema proposed by Moran et al.2 The tumors of the
thymic gland were categorized as 8 low grade
(typical carcinoids) and 17 intermediate grade
(atypical carcinoids) neuroendocrine carcinomas
according to Moran and Suster.3 Before this study,
all tumors were confirmed as neuroendocrine
carcinomas using pancytokeratin, synaptophysin
and chromogranin A immunohistochemical stains.
In addition, clinical and radiological correlation had
confirmed their respective primary sites. For the
purpose of the present study, representative
unstained sections obtained from formalin-fixed
and paraffin-embedded blocks were used to perform
immunohistochemical studies. The sections were
incubated with 3% H2O2 in methanol and fetal
bovine serum to block endogenous peroxidase
activity and non-specific protein–protein interactions,
respectively. Pretreatment consisted of Dako High ph
Target Retrival (ph 9). Immunostaining was performed
using a horseradish peroxidase-labelled polymer
system. Tissue sections were incubated with TTF-1
(Dako, Carpinteria, CA, USA: 1:200) and PAX8
(Proteintech Group, Chicago, IL, USA; 1:100) anti-
bodies for 65 and 45min at room temperature,
respectively. Diaminobenzidine was used as a chro-
mogen for antigen localization. Adequate positive and
negative controls were run, respectively. Nuclear
staining in the tumor cells was scored on a sliding
scale of 0 to 4þ according to the percentage of
reactive cells (0, negative; 1þ , 1–25%; 2þ , 26–50%;
3þ , 51–75%; 4þ , 76–100%). The staining intensity
was graded as weak, intermediate or strong. Cytoplasmic
staining alone was scored as negative. Clinical and
follow-up information were obtained from the
patients’ charts or from the referring physicians.

Results

Clinical Features

Among the patients with pulmonary neuroendo-
crine carcinomas were 17 females and 8 males with

an age range from 31 to 75 years (mean 54 years)
(Table 1). Patients primarily presented with symp-
toms of chest pain, cough and shortness of breath.
Twenty-three patients were treated with surgical
resection and clinical follow-up only, while 2
patients with intermediate grade tumors received
surgery followed by adjuvant chemotherapy.

The patients with thymic neuroendocrine
carcinomas were 19 males and 6 females aged
20 to 87 years (mean 50 years) (Table 1). Chest pain
and shortness of breath were the main symptoms,
and in 3 patients the tumors were detected incidentally.
Complete surgical resection was performed in all
the cases.

Histological Features

The pulmonary tumors categorized as low grade
neuroendocrine carcinomas (carcinoid tumors) were
tumors with a mitotic rate of r3 mitoses per 10 high
power fields (HPF). If present, necrosis was only
focally identified and did not amount to more than
punctuate necrosis. The intermediate grade tumors
(atypical carcinoid) differed from the lower grade
tumors by the presence of 4–10 mitoses per 10 HPF
and/or more extensive areas of necrosis, often of the
comedo-type. Architecturally, both tumor types
showed the typical neuroendocrine growth pattern
characterized by a nested, organoid, trabecular or
rosette-like architecture (Figure 1a); however, the
intermediate grade tumors showed focal areas of
more diffuse growth and an often higher degree of
cytological atypia.

In a similar fashion to the pulmonary neuroendo-
crine carcinomas, the thymic tumors were classified
according to their mitotic activity and the presence
or absence of necrosis. Low grade thymic neuroen-
docrine carcinomas, in addition to neuroendocrine
morphology, had a mitotic activity of up to 3 mitoses
per 10 HPF and were allowed focal punctuate
necrosis. Tumors displaying 4–10 mitoses per 10
HPF and/or the presence of more extensive areas
of necrosis, more diffuse growth and increased
cytological atypia were categorized as intermediate
grade tumors (Figure 1b).

Immunohistochemical Features

The results of the immunohistochemical study are
summarized in Tables 1–5. In the pulmonary
neuroendocrine carcinomas TTF-1 was expressed
in a total of 19 of 25 cases (76%) (Figure 2a). It has to
be noted, however, that although diffuse staining
(Z3þ ) was seen in all of the positive cases, the
staining intensity was always weak (score 1).
Contrary to the high number of TTF-1 positive
cases, PAX8-positive tumor cells were only seen in
two of the pulmonary tumors (8%), both of which
also demonstrated diffuse yet weak nuclear staining
(Figure 2b). Both TTF-1 and PAX8 reactivity were

PAX8 and TTF-1 in neuroendocrine carcinomas

A Weissferdt et al 1555

Modern Pathology (2013) 26, 1554–1560



seen in low and intermediate grade pulmonary
neuroendocrine carcinomas.

The expression of these markers in the thymic
tumors showed the reverse staining pattern. In these
lesions, TTF-1 positivity was noted in only two of
the cases (8%), one low and one intermediate grade
tumor (Figure 2c). Again, the staining was diffuse in
both the cases, but staining intensity was weak.
PAX8, on the other hand, was found to be positive in
approximately one-third of the cases (8/25; 32%)
(Figure 2d). In these cases, the staining intensity
ranged from weak to strong among a generally
diffuse staining pattern. Again, both low and
intermediate grade thymic neuroendocrine carcinomas
were among the positive cases.

Clinical Follow-up

Clinical follow-up among the patients with pulmon-
ary neuroendocrine carcinomas showed that 22
patients were alive with a follow-up ranging from
32 to 105 months (mean 68 months) and 2 patients
had died 26 and 41 months after their diagnosis,
both from unrelated causes.

Of the patients with thymic neuroendocrine
carcinomas, only 6 were alive (follow-up range 24–
204 months; mean 116 months) while 11 patients
had died from their mediastinal tumors 12–228

months after their initial diagnosis (mean 79
months). Eight patients were lost to follow-up.

Discussion

Neuroendocrine carcinomas are a unique group of
tumors characterized by a specific morphological
appearance, ultrastructural evidence of neuroendo-
crine granules and immunohistochemical expression
of neuroendocrine markers, such as synaptophysin
or chromogranin A. Neuroendocrine carcinomas
can occur throughout the body and most often
originate in the pulmonary and gastrointestinal
systems.1,6,7 All neuroendocrine carcinomas have
the potential to metastasize, including those tumors
that belong to the low or intermediate grade
spectrum (carcinoid and atypical carcinoid tumors)
despite their relatively bland morphological
appearance. This can cause diagnostic difficulty
when the differential diagnosis includes the
possibility of metastatic disease, as the morphological
and immunohistochemical features of these tumors
often overlap regardless of their site of origin. This
is particularly true for neuroendocrine carcinomas
that present in the lung or thymic gland, as both
these sites can not only harbor either primary
neuroendocrine carcinomas but are also often the
site of metastatic deposits. Important to note in
this context is the fact that low and intermediate

Table 1 Clinical features and immunohistochemical expression of TTF-1 and PAX8 in pulmonary and thymic neuroendocrine
carcinomas

Case

Pulmonary
neuroendocrine
carcinoma Gender Age TTF-1 PAX8

Status/
months

Thymic
neuroendocrine
carcinoma Gender Age TTF-1 PAX8

Status/
months

1 Low grade F 31 Pos Neg A/99 Intermediate grade F 47 Neg Neg NK
2 Low grade F 51 Pos Neg A/105 Intermediate grade M 56 Neg Neg D/132
3 Low grade M 34 Pos Neg A/39 Low grade M 55 Neg Pos A/132
4 Low grade F 60 Pos Neg A/85 Low grade F 64 Neg Neg NK
5 Low grade F 59 Neg Neg A/83 Intermediate grade M 38 Neg Pos D/228
6 Low grade F 46 Neg Neg A/37 Intermediate grade M 32 Neg Neg NK
7 Low grade M 48 Pos Neg A/97 Intermediate grade M 87 Neg Pos NK
8 Low grade F 65 Pos Neg A/90 Low grade F 60 Pos Neg D/24
9 Low grade F 36 Pos Neg A/72 Intermediate grade M 37 Neg Neg A/168
10 Low grade F 66 Pos Neg D/41 Intermediate grade F 25 Neg Pos D/84
11 Low grade M 31 Pos Neg A/65 Low grade M 56 Neg Pos A/24
12 Low grade F 56 Pos Neg A/57 Intermediate grade M 48 Neg Neg NK
13 Low grade F 42 Pos Pos A/57 Intermediate grade M 29 Neg Neg D/48
14 Low grade F 31 Pos Neg A/66 Intermediate grade F 90 Neg Neg D/60
15 Low grade M 67 Pos Neg A/63 Low grade M 47 Neg Neg NK
16 Low grade F 37 Pos Neg A/57 Intermediate grade M 34 Neg Neg D/12
17 Low grade F 50 Pos Neg A/66 Low grade F 51 Neg Neg NK
18 Low grade M 54 Neg Neg NK Intermediate grade M 72 Neg Pos D/48
19 Low grade F 31 Pos Neg A/34 Intermediate grade M 55 Neg Pos A/132
20 Low grade F 65 Pos Neg A/32 Intermediate grade M 68 Neg Neg D/108
21 Intermediate grade M 66 Neg Neg A/86 Low grade M 47 Neg Neg A/204
22 Intermediate grade M 46 Pos Neg A/74 Intermediate grade M 34 Neg Pos D/12
23 Intermediate grade M 51 Neg Neg A/68 Low grade M 49 Neg Neg A/36
24 Low grade F 46 Neg Neg A/73 Intermediate grade M 20 Neg Neg NK
25 Intermediate grade F 75 Pos Pos D/26 Intermediate grade M 43 Pos Neg D/120

Abbreviations: A, alive; D, deceased; F, female; M, male; Neg, negative; NK, not known; Pos, positive; TTF-1, thyroid transcription factor 1.
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neuroendocrine carcinomas of the lung and thymus
demonstrate very different biological behavior,
making careful assessment as to their site of origin
of utmost importance.

Low and intermediate grade neuroendocrine
carcinomas of the lung tend to occur at a younger
age than other lung carcinomas, with an average age
at presentation in the sixth decade.8–10 Females are

more commonly affected. For low grade pulmonary
neuroendocrine carcinomas, survival rates vary
from 87–100% at 5 years and 87–93% at 10 years
while intermediate grade neuroendocrine carcinomas
show 40–66% 5-year and 31–59% 10-year
survival.9–13 On the other hand, low and
intermediate grade neuroendocrine carcinomas
arising from the thymic gland have a strong male
predominance with a mean age at diagnosis of
58 years. Contrary to pulmonary neuroendocrine
carcinomas, these tumors are often associated with
endocrine disturbances.3 Most importantly, the
survival rate for patients with thymic neuroendocrine
carcinomas is significantly worse than for patients
with pulmonary primaries. In the largest series on
this topic,3 the survival for carcinoid tumors of the
thymus was calculated at only 50% at 5 years while
that rate decreased to 25% for patients with atypical
carcinoid tumors. This underscores the importance

Figure 1 (a) Low grade neuroendocrine carcinoma of the lung
with prominent rosette-like growth pattern. (b) Intermediate grade
neuroendocrine carcinoma of the thymus showing a less well-
developed architecture and comedo-type necrosis.

Table 2 Immunohistochemical expression of TTF-1 in pulmon-
ary and thymic neuroendocrine carcinomas

TTF-1 n 0 1þ 2þ 3þ 4þ
Positive
cases %

Pulmonary
neuroendocrine
carcinomas

25 6 0 0 1 18 19 76

Thymic neuroendocrine
carcinomas

25 23 0 0 0 2 2 8

Abbreviation: TTF-1, thyroid transcription factor 1.
n¼ sample size; 0¼negative; 1þ ¼1–25%; 2þ ¼26–50%;
3þ ¼ 51–75%; 4þ ¼76–100%.

Table 3 Immunohistochemical expression of PAX8 in pulmonary
and thymic neuroendocrine carcinomas

Pax8 n 0 1þ 2þ 3þ 4þ
Positive
cases %

Pulmonary
neuroendocrine
carcinomas

25 23 0 0 0 2 2 8

Thymic neuroendocrine
carcinomas

25 16 0 0 0 8 8 32

n¼ sample size; 0¼negative; 1þ ¼ 1–25%; 2þ ¼ 26–50%;
3þ ¼ 51–75%; 4þ ¼ 76–100%.

Table 4 Staining intensity of TTF-1 in pulmonary and thymic
neuroendocrine carcinomas

TTF-1 n
Weak

intensity
Intermediate
intensity

Strong
intensity

Pulmonary
neuroendocrine
carcinomas

19 18 1 0

Thymic neuroendocrine
carcinomas

2 2 0 0

n¼ sample size of positive tumors; TTF-1, thyroid transcription
factor 1.

Table 5 Staining intensity of PAX8 in pulmonary and thymic
neuroendocrine carcinoma

PAX8 n
Weak

intensity
Intermediate
intensity

Strong
intensity

Pulmonary
neuroendocrine
carcinomas

8 5 2 1

Thymic neuroendocrine
carcinomas

2 2 0 0

n¼ sample size of positive tumors.
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of correct classification of neuroendocrine carcinomas
based on their site of origin.

In the past, numerous studies have focused on
how to separate pulmonary from non-pulmonary
neuroendocrine carcinomas, especially those of
gastrointestinal or pancreatic origin using immuno-
histochemical markers.7,14–23 In this scenario, the
use of TTF-1 has attracted a lot of attention. TTF-1 is
a transcription factor that has been linked with
expression in lung and thyroid neoplasms.7,24–26

The documented expression of TTF-1 in typical
and atypical carcinoids of lung origin has been very
variable ranging from 0 to 94% and 0 to 100%,
respectively.7,14–23,27–31 This corresponds to an
average expression rate of 34.3% for carcinoid
tumors and 37.3% for atypical carcinoid tumors.
This contrasts with neuroendocrine carcinomas of
non-pulmonary origin, the majority which are
reportedly negative for this marker,15,16,18,19,23

although isolated cases of low grade gastrointestinal
neuroendocrine carcinoma may show some
reactivity with TTF-1.14,16 When applied to thymic

neuroendocrine carcinomas, TTF-1 has shown more
consistent results: all reported cases, although
low in number, failed to show expression of this
antibody.7,14,18

A novel marker that has recently attracted a lot of
attention in surgical pathology is PAX8. PAX8 is a
transcription factor that is commonly expressed in
epithelial tumors of the thyroid gland, parathyroid
gland, kidneys and Müllerian tract.24,32–34 In
addition, PAX8 has recently also been described to
label neoplastic epithelial cells of thymic epithelial
neoplasms.35 Interestingly, PAX8 expression has
also been described in a subset of neuroendocrine
neoplasms, such as pancreatic neuroendocrine
tumors as well as duodenal and rectal carcinoid
tumors.21,22 In the same studies, primary pulmonary
neuroendocrine carcinomas failed to stain with this
marker.21,22

The fact that the immunohistochemical staining
pattern of TTF-1 and PAX8 has not been investi-
gated for neuroendocrine carcinomas of thymic
origin has led us to study the expression pattern of

Figure 2 (a) TTF-1 positivity is noted in a case of pulmonary low grade neuroendocrine carcinoma with spindle cell morphology.
(b) Weak PAX8 reactivity was seen in two cases of pulmonary neuroendocrine carcinoma. (c) Faint TTF-1 reactivity was identified in a
case of intermediate grade neuroendocrine carcinoma of the thymus. (d) Strong expression of PAX8 in an intermediate grade thymic
neuroendocrine carcinoma.

Modern Pathology (2013) 26, 1554–1560

PAX8 and TTF-1 in neuroendocrine carcinomas

1558 A Weissferdt et al



these markers in 25 low and intermediate grade
neuroendocrine carcinomas of the thymus and
compare it with that of pulmonary neuroendocrine
carcinomas in order to evaluate whether these
markers could assist in the identification of the
primary site in the context of thoracic neuroendo-
crine tumors.

From a clinical point of view, the results of our
study largely confirm previous observations. Age at
presentation, gender predominance and survival
mirrored the data of previous studies.3,8–13 On an
immunohistochemical level, expression of TTF-1
was noted in 76% of our pulmonary neuroendocrine
carcinoma cases, although the staining was often
weak requiring careful evaluation of the material.
Interestingly, two of the pulmonary neuroendocrine
carcinomas also showed weak staining with PAX8, a
finding that has not been noted before. A reverse
staining pattern was noted in the primary thymic
tumors. We were able to demonstrate PAX8
reactivity in up to 1/3 of the cases confirming that
PAX8 expression is not only restricted to thymic
epithelial cells but can also be identified in
neoplastic neuroendocrine cells of the thymus.
Careful evaluation is also required when TTF-1
positivity is encountered in tumors of the thymic
gland. This does not automatically rule out a
primary thymic process as demonstrated by two of
our thymic neuroendocrine carcinomas that were
positive for this marker. This finding is in support
of previous observations that showed TTF-1
expression in rare cases of thymoma36,37 and
emphasizes once again the importance of close
clinical correlation in addition to the use of
immunohistochemical studies.

In summary, we have described the differential
immunohistochemical expression pattern of TTF-1
and PAX8 in 25 cases of neuroendocrine carcinomas
of the lung and thymic gland, respectively. Our
results indicate that these markers may aid in the
differential diagnosis of thoracic neuroendocrine
carcinomas. Close evaluation of the submitted
material, however, may be required due to often
weak expression of these markers. In addition, both
TTF-1 and PAX8 staining may be seen in a small
subset of thymic and pulmonary neuroendocrine
carcinomas, respectively, making close clinical
correlation invaluable in the context of thoracic
neuroendocrine neoplasms.
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