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A B S T R A C T

Distinguishing metastatic lung tumors from primary lung cancer is essential for planning the ap-
propriate treatment strategy. Thyroid transcription factor-1 (TTF-1) is a reliable immunohisto-
chemistry (IHC) marker for differentiating between primary lung adenocarcinomas and metasta-
tic lung tumors originating from colorectal adenocarcinomas. Herein, we report a rare case of
TTF-1 expression in both the metastatic lung tumor and primary rectal adenocarcinoma. Aside
from the similar histological characteristics of both tumors when stained with hema-
toxylin–eosin, the IHC patterns, including negative results for alveolar epithelium markers
(napsin A and CK7) and positive results for intestinal markers (CK20, CDX2, SATB2, and β-
catenin), of the lung tumor and the primary rectal adenocarcinoma strongly supported the final
diagnosis. Considering the non-negligible frequency of TTF-1 positivity in colorectal adenocarci-
nomas, applying the IHC panel including multiple markers for alveolar epithelium and intestinal
differentiation, would be helpful to support the diagnosis of metastatic lung tumor from a rectal
adenocarcinoma.
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CDX2 caudal-related homeobox transcription factor 2
CK20 cytokeratin 20
CK7 cytokeratin 7
IHC immunohistochemistry
SATB2 special AT-rich sequence binding protein 2
S6 superior segment
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TTF-1 thyroid transcription factor-1

1. Introduction
Distinguishing metastatic lung tumors from primary lung cancer is essential for planning the appropriate treatment strategy. Thy-

roid transcription factor-1 (TTF-1) is an immunohistochemistry (IHC) marker with a high sensitivity and specificity and is the gold-
standard for distinguishing primary lung adenocarcinomas from metastatic colorectal adenocarcinoma [1]. Herein, we report a rare
case of TTF-1 expression in a metastatic lung tumor originating from a rectal adenocarcinoma. The consistent IHC patterns, including
the alveolar epithelium and positive intestinal markers, between the lung tumor and primary rectal adenocarcinoma were decisive
factors for arriving at a definitive diagnosis.

2. Case report
A 42-year-old man was diagnosed with rectal cancer (cT2N2bMx [UICC 8th edition]) with a solid nodule measuring 21 × 20 mm

in diameter at the superior segment (S6) of the left lower lobe on the chest computed tomography (Fig. 1). The lung nodule was con-
sidered to be either primary lung cancer or metastatic lung tumor originating from the rectal cancer. Firstly, the patient underwent la-
paroscopic ultralow anterior resection with lateral lymph node dissection for the rectal cancer (moderately differentiated tubular ade-
nocarcinoma, pT4aN2bMx). Six weeks after rectal surgery, we performed robotic-assisted thoracoscopic S6 segmentectomy to both
diagnose and treat the tumor. As the intraoperative pathological diagnosis of the lung nodule was metastatic tubular adenocarcinoma
resembling rectal adenocarcinoma, we did not perform further resection. The patient had an uneventful postoperative course and was
discharged on the 4th postoperative day.

We conducted detailed pathological examinations of the obtained tumor samples, including IHC analysis of markers for differenti-
ating metastatic and primary lung adenocarcinoma. Hematoxylin–eosin staining of the lung tumor demonstrated columnar epithelial
cancer cells consisting of tubular structures (Fig. 2a); these morphologies resembled rectal adenocarcinoma (Fig. 2i). However, con-
trary to our expectations, TTF-1 (clone: SPT24, Novocastra, San Ramon, CA, USA) was positive in the lung tumor sample (Fig. 2b),
prompting us to retrospectively review the rectal adenocarcinoma specimen. Surprisingly, TTF-1 was also positive in the rectal adeno-
carcinoma specimen (Fig. 2j). Further results of IHC were as follows: the lung tumor sample was napsin A (−) (clone: IP64, Novocas-
tra, San Ramon, CA, USA), cytokeratin 7 (CK7) (−) (clone: SP52, Ventana, Tucson, AZ, USA), cytokeratin 20 (CK20) (+) (clone: SP33,
Ventana, Tucson, AZ, USA), Caudal-related homeobox transcription factor 2 (CDX2) (weakly +) (clone: CDX2-88, Biocare Medical,
Pacheco, CA, USA), special AT-rich sequence binding protein 2 (SATB2) (+) (clone: EPNCIR130A, abcam, Cambridge, UK), and β-
catenin (+) (clone: 17C2, Leica Biosystems Newcastle Ltd, Newcastle, UK) (Fig. 2c–h); the rectal adenocarcinoma sample was napsin
A (−), CK7 (−), CK20 (partly +), CDX2 (weakly +), SATB2 (+), and β-catenin (+) (Fig. 2k-p). Hence, we diagnosed the lung tumor
as metastatic rectal adenocarcinoma based on the histological findings and the IHC results. We applied MEBGEN RASKET™-B kit
(RASKET-B) (Medical & Biological Laboratories Co., Tokyo, Japan) for the pulmonary lesion and confirmed BRAF wild and KRAS mu-

Fig. 1. Chest computed tomography image demonstrating a solid nodule (arrow) measuring 21 × 20 mm in diameter in the superior segment (S6) of the left lower
lobe.
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Fig. 2. Histopathological findings of the lung tumor and rectal adenocarcinoma (200 × magnification). Hematoxylin–eosin staining of the lung tumor sample demon-
strated columnar epithelial cancer cells consisting of tubular structures (a) that resembled rectal adenocarcinoma (i). Thyroid transcription factor-1 (TTF-1) was posi-
tive in both the lung (b) and rectal adenocarcinoma samples (j). Further results of immunohistochemistry were as follows: the lung tumor sample was napsin A (−) (c),
cytokeratin 7 (CK7) (−) (d), cytokeratin 20 (CK20) (+) (e), Caudal-related homeobox transcription factor 2 (CDX2) (weakly +) (f), special AT-rich sequence binding
protein 2 (SATB2) (+) (g) and β-catenin (+) (h); the rectal adenocarcinoma sample was napsin A (−) (k), CK7 (−) (l), CK20 (partly +) (m), CDX2 (weakly +) (n),
SATB2 (+) (o), and β-catenin (+) (p).

tation (G12R). The pathological stage of the rectal cancer was confirmed as pT4aN2bM1 stage IV (UICC 8th edition), and the patient
initiated systemic chemotherapy based on the results of RASKET-B.

3. Discussion
TTF-1 is expressed in alveolar type II cells and Clara cells of the lungs, and follicular cells of the thyroid gland [2]. Three commer-

cial monoclonal antibodies against TTF-1 (clones SPT24, SP414, and 8G7G3/1) with varying diagnostic attribution are available for
IHC use: SPT24 and SP141, which have superior sensitivity over 8G7G3/1 [3]. In our case, SPT24 was used for IHC studies. Although
TTF-1 expression in other organs is rare, 5% of metastatic lung tumors originating from colorectal adenocarcinomas are TTF-1-
positive [3]. In such cases, the differential diagnosis between primary and metastatic lung cancer needs further validation by IHC
markers.
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Table 1
Reported cases of TTF-1-positive lung tumors originating from colorectal adenocarcinoma.

Case Year Age Sex Primary
site

TTF-1 napsin A CK7 CK20 CDX2 SATB2 β-catenin

1 Belalcazar et
al. [4]

2016 53 M rectum lung
tumor

₊ not
performed

– ₊ ₊ not
performed

not
performed

primary
tumor

₊ unknown unknown unknown unknown unknown unknown

2 Ito et al. [5] 2017 70 M rectum lung
tumor

₊ ₊ not
performed

not
performed

not
performed

not
performed

not
performed

primary
tumor

₊ ₊ not
performed

not
performed

not
performed

not
performed

not
performed

3 Aversa et al.
[6]

2018 69 M rectum lung
tumor

₊ – – ₊ ₊ not
performed

not
performed

primary
tumor

₊ unknown unknown unknown unknown unknown unknown

4 Li et al. [7] 2020 58 M rectum lung
tumor

₊ ₊ – ₊ ₊ not
performed

not
performed

primary
tumor

not
performed

not
performed

not
performed

not
performed

not
performed

not
performed

not
performed

5 our case 2022 42 M rectum lung
tumor

₊ – – ₊ ₊ ₊ ₊

primary
tumor

₊ – – ₊ ₊ ₊ ₊

The use of various IHC markers for diagnosing TTF-1-positive lung tumors originating from colorectal adenocarcinoma have been
reported in five independent cases listed in Table 1 [4–7], including our case (Table 1). Except for case 4, TTF-1 positivity was ob-
served in both the primary and metastatic lung tumors. As TTF-1 positivity was consistent between the metastatic lung and primary
colorectal tumors in our case, our findings strongly supported the diagnosis of metastasis from a primary colorectal tumor. Moreover,
in the four cases except for case 2, CK7 positivity and CK20 and CDX2 negativity were confirmed. In cases 2 and 4, napsin A, which is
highly specific for alveolar epithelium, was positive in the lung tumor. Consistent napsin A positivity in the metastatic and primary
lung tumors supported the diagnosis in case 2. In our case, a broad IHC panel, including new enteric markers (SATB2 and β-catenin)
that are useful in differentiating between pulmonary enteric-type adenocarcinomas (PEA) and metastatic colorectal adenocarcinomas
[8], was used for testing both lung and primary tumor samples to confirm the diagnosis of metastatic colorectal cancer. SATB2 is a
known intestinal differentiation marker rarely expressed in PEAs (13%), whereas the reported positive rate of SATB2 in colorectal
adenocarcinomas is 100% [8]. Meanwhile, the accumulation of β-catenin is caused by adenomatous polyposis coli gene mutation,
which is common in colorectal adenocarcinomas [8]. The positive rates of β-catenin in PEAs and colorectal adenocarcinomas are 0%
and 55%, respectively [8]. Thus, the differential diagnosis of PEA was excluded in our case. Additionally, the primary tumor sites in
all cases were the rectum, which is consistent with a previous report stating that TTF-1 positivity in colorectal adenocarcinomas is as-
sociated with distant metastatic tumor locations [3].

Lastly, rare cases of TTF-1 expression in adenocarcinomas arising outside from the lung or thyroid are reported: 2.4% in breast
carcinomas [9], 5.5–22% in serous carcinoma of the uterus and ovary [10], 5.5–22% in endometrioid carcinoma of the uterus [10],
and 14% in clear cell carcinoma of the ovary [10]. Metastasis from these malignant tumors should also be raised as pitfall.

4. Conclusion
Considering the non-negligible frequency of TTF-1 positivity in colorectal adenocarcinomas [3], the application of an IHC panel

including multiple markers for alveolar epithelium and intestinal differentiation, would be helpful to support the diagnosis of a
metastatic lung tumor from a primary rectal adenocarcinoma.
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