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Abstract. P40 and thyroid transcription factor‑1 (TTF‑1) 
dual expression in non‑small cell lung cancer (NSCLC) is a 
rare occurrence. However, the presence of EML4‑ALK and 
PIK3CA gene mutations in this type of cancer is unknown. The 
present study describes the case of a 38‑year‑old male patient 
who had never smoked. A 4.5‑cm mass adjacent to his right 
upper mediastinum was detected by a computed tomography 
(CT) scan of the chest. Biopsy of the level four lymph nodes 
in the right mediastinum revealed microscopic morphological 
features typical of high‑grade NSCLC. Immunohistochemical 
findings resembled those reported previously for several 
cases of NSCLC with the dual expression of P40 and TTF‑1 
markers. In addition, echinoderm microtubule‑associated 
protein‑like 4‑anaplastic lymphoma kinase (EML4‑ALK) 
and phosphatidylinositol‑4,5‑bisphosphate 3‑kinase catalytic 
subunit a (PIK3CA) gene mutations were detected using 
high‑throughput next‑generation sequencing. To the best of our 
knowledge, this is the first report of NSCLC with the expres‑
sion of P40 and TTF‑1 as well as EML4‑ALK and PIK3CA 
gene mutations. The presence of this type of tumor should be 
considered in patients with NSCLC who have never smoked 
and may have unique clinicopathological features.

Introduction

The first study on non‑small cell lung cancer (NSCLC) with 
the double expression of P40 and thyroid transcription factor‑1 
(TTF‑1) was reported by Pelosi et al (1) in 2015. Since then, 
only a few studies on this topic have been published (2‑5). 
In these studies, immunohistochemistry (IHC) revealed the 

expression of P40 and TTF‑1 in the same tumor cells, while 
the ultrastructural examination of the cells showed adenoid 
and squamous differentiation characteristics  (1,4). The 
histological features were consistent with those of NSCLC. 
In all cases, the high‑grade tumor cells presented in solid 
nests with a lamellar distribution, and exhibited distinct 
atypia, a high nucleoplasmic ratio and mitotic figures; some 
were necrotic and some exhibited squamous differentiation, 
adenoid differentiation and peripheral palisade structures. 
The gene mutations accompanying this disease vary; all six 
reported cases had a TP53 mutation or genetic polymorphism, 
including epidermal growth factor receptor gene (EGFR) (4), 
KRAS (1), PTEN (2) and neurofibromin 1 (NF1) (4) mutations, 
and fibroblast growth factor receptor 1 (FGFR1) (1) amplifica‑
tion with programmed death ligand 1 (PD‑L1) (3) expression. 
Treatments administered include surgery, radiotherapy, 
chemotherapy and targeted therapy, the effects of which were 
inconsistent.

The present article documents a case of lung adenosqua‑
mous carcinoma (LASC), a subtype of NSCLC with P40 and 
TTF‑1 double expression and echinoderm microtubule‑associ‑
ated protein‑like 4‑anaplastic lymphoma kinase (EML4‑ALK) 
and phosphatidylinositol‑4,5‑bisphosphate 3‑kinase catalytic 
subunit a (PIK3CA) gene mutations. This case highlights that 
this tumor cell can exhibit the characteristics of adenosqua‑
mous differentiation at the cytological level, which differs 
from the current definition of LASC recommended by the 
World Health Organization (WHO) (6).

Case report

A 38‑year‑old male patient with no history of smoking was 
admitted to the First People's Hospital of Xiaoshan District 
(Hangzhou, China) on June 24, 2019 with a cough and expecto‑
ration that had persisted for 4 months and become aggravated 
during the last month. On physical examination post‑admis‑
sion, the patient had a respiratory rate of 18 breaths/min and 
the lymph nodes on both sides of the clavicle were palpable; 
the larger nodes were approximately the size of a pea. A chest 
computed tomography (CT) scan showed a right mediastinal 
mass 4.5x3.7 cm in size (Fig. 1). Mediastinal lung cancer with 
superior vena cava invasion was considered as a potential 
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diagnosis. The patient had multiple nodules and patulous 
shadows in both lungs, numerous enlarged lymph nodes in the 
mediastinum, right hilum and bilateral supraclavicular region, 
but no pleural effusion. Multiple ribs, thoracic vertebrae, 
scapula bone density abnormalities and osteogenic metastases 
were considered. The serological tumor markers were as 
follows: Carcinoembryonic antigen 9.20 µg/l (normal range, 
0.00‑5.00 µg/l), cytokeratin 19 fragment 5.15 ng/ml (normal 
range, <3.3  ng/ml), cancer antigen (CA) 125 30.80  kU/l 
(normal range, <35 kU/l), CA199 <2.00 kU/l (normal range, 
<37 kU/l) and squamous cell carcinoma‑associated antigen 
1.30 µg/l (normal range <1.5 µg/l). Transbronchial endoscopic 
ultrasound was employed to perform a biopsy of the level four 
mediastinal lymph nodes. Cytopathologic investigation of the 
right supraclavicular lymph nodes was performed using fine 
needle aspiration. Gross pathological examination of the biopsy 
of the right level four mediastinal lymph node revealed a large 
mass of broken tissues that was gray, white and red in color 
(~1.0x0.8x0.3 cm3). The tissues were fixed with 4% neutral 
buffered formalin (24 h at 25˚C) and paraffinized to prepare 
4‑µm sections for hematoxylin and eosin staining (according 
to a standard protocol) and IHC staining. High‑throughput 
next‑generation sequencing (NGS) was employed to detect the 
molecular pathology.

Microscopic examination of the tissues at low power 
revealed that the broken tumor tissue was distributed in clus‑
ters and nests (Fig. 2), and a small number of lymphocytes 
were present in a loose cellulose exudate between tumor nests 
without evident fibrous stroma. At high magnification, solid 
flake tumor cells were observed with obvious cell atypia, 
different cell sizes and clear boundaries in some parts. In addi‑
tion, the cells had a high nucleus‑plasma ratio, varying nuclear 
sizes, coarse chromatin and indistinct nucleoli. Mitotic figures 
were visible, along with abundant eosinophilic cytoplasm 
and some nuclear deviation. However, no salt and pepper‑like 
particles, keratinization or necrosis were observed (Fig. 3).

IHC was performed using an EnVision IHC kit (polymer 
method; cat. no.  KIT‑0014; Beijing Jinqiao Zhongshan 
Biological Co. Ltd.) with antibodies from Beijing Zhongshan 
Jinqiao Biological Co., Ltd. to target the following proteins 
(pre‑diluted working solutions unless otherwise indicated): 
P40 (cat. no. 2106230815d), TTF‑1 (cat. no. 2011260599c7), 
cytokeratin (CK)7 (cat. no.  21050820), napsin A (cat. 
no.  21110130), Ki‑67 (1:200 dilution; cat. no.  21030436), 
P63 (cat. no. 21063006), CD56 (cat. no. 21082702), chromo‑
graninA (CgA: cat. no. 2108052), synaptophysin (Syn; cat. 
no. 2105130742c), CK5/6 (cat. no. 21030108), paired box 8 
(Pax8; cat. no. 21012350), thyroglobulin (TG; cat. no. 20030932) 
and Tp53 (cat. no. 20082125). The results were as follows: P40 
50‑60%+ (Fig. 4), TTF‑1+ (Fig. 5), CK7+ (Fig. 6) and napsin 
A+ (Fig. 7). In addition, the Ki‑67 proliferation index was 10% 
positive, P63, CD56, CgA, Syn, CK5/6, Pax8 and TG staining 
were negative; and TP53 exhibited no mutations.

Molecular pathology. For this analysis, 15  paraffin 
sections were extracted and library construction and probe 
capture were performed (AmoyDx Essential NGS Panel; 
cat. no.  8.0627401X024I; Amoy Diagnostics Co., Ltd.). 
High‑throughput NGS was performed to detect gene mutations 
associated with drug sensitivity in the solid tumor sections. The 

reagent used was a 10‑gene kit procured from Amoy Diagnostics 
Co., Ltd. A sequencing platform from Illumina, Inc. was used 
with a cancer gene mutation information analysis system devel‑
oped by Amoy Diagnostics Co., Ltd., as the analytical software.

Figure 1. Prior to treatment, computed tomography showed a mass in the 
right upper mediastinum with a size of 4.5x3.7 cm. Mediastinal lung cancer 
was considered. 

Figure 2. Microscopic examination revealed that the tumor tissue was 
distributed in clumps and nests. Hematoxylin and eosin staining (scale bar, 
100 µm).

Figure 3. Tumor tissue observed at high magnification. The tumor cells exhib‑
ited obvious atypia, a high nucleoplasmic ratio, variably sized nuclei, coarse 
chromatin, inconspicuous nucleoli and abundant eosinophilic cytoplasm. In 
addition, some nuclei were skewed, and appeared to have an adenoid struc‑
ture. Hematoxylin and eosin staining (scale bar, 50 µm). 
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Molecular pathology results and drug sensitivity. The muta‑
tion rate was 24.77% for the fusion gene between exon 6 of 
EML4 and exon 20 of ALK (ALK transcript NM_004304.4 
and EML4 transcript NM_019063.4; indel fusion), and 
according to US Food and Drug Association/National 
Comprehensive Cancer Network guidelines, this mutation 
indicates that the tumor is sensitive to crizotinib (www.
nccn.org/patients). The mutation rate of the PIK3CA 
gene was 4.32% (exon10 c.1658 G>C p.S553t, transcript 
NM_0062182, mutation type single nucleotide variant; 
indel), suggesting a lack of drug sensitivity, and resistance 
to gefitinib, erlotinib, afatinib and icotinib. No mutations 
were observed in EGFR, BRAF, HER2, KRAS, MET, 
ROS1, RET and NRAS genes.

Pathological diagnosis. The patient presented with lymph 
node metastatic poorly differentiated carcinoma, combined 
with a clinical diagnosis of NSCLC with P40 and TTF‑1 
expression and EML4‑ALK and PIK3CA gene mutations. 
Fine needle aspiration cytology of the right supraclavicular 
lymph node revealed poorly differentiated cancer cells. The 
clinical stage was cT3N3M1C‑stage IVB.

Treatment and follow‑up. In July 2019, 850 mg pemetrexed 
combined with 600  mg carboplatin was started daily as 
intravenous chemotherapy. Due to abnormal liver function, 
the patient stopped chemotherapy immediately after the first 

chemotherapy cycle, and then began single‑agent targeted 
therapy with 250‑mg oral crizotinib capsules 8 days after 
starting intravenous chemotherapy. The tumor shrank by 
~50% within 1 month on CT (Fig. 8). After 3 months, the 
lung tumor had shrunk further on CT (Fig. 9). The patient was 
subsequently lost to follow‑up.

Discussion

In the GLOBOCAN 2020 estimates reported by Sung et al (7) for 
36 types of cancer in 185 countries, the incidence and mortality 
of lung cancer ranked first and second worldwide, respectively. 
The section on thoracic neoplasms in the fifth edition of the 
WHO Classification of Tumors (6) recommends the use of an 
IHC package containing TTF‑1 and P40 as specific markers 
to diagnose adenocarcinoma and squamous cell carcinoma, 
respectively, in NSCLC biopsy tissues without distinct morpho‑
logical differentiation of adenocarcinoma and squamous cell 
carcinoma. However, no clear definition or explanation has been 
provided for the double expression of P40 and TTF‑1 markers 
in NSCLC. Following the first case reported by Pelosi et al (1), 
only six additional cases have been reported, including the 
current case (2‑5). To the best of our knowledge, the present 
study reports the first‑ever case of NSCLC with EML4‑ALK 
and PIK3CA gene mutations. The clinicopathological and 
molecular characteristics of this disease were analyzed using 
methods documented in the literature. The clinical features of 
all the reported cases are presented in Table I. A total of seven 
cases have been investigated. The tumor has mostly affected 

Figure 4. Immunohistochemical staining revealed that the tumor cells were 
50‑60% positive for P40 (scale bar, 100 µm). 

Figure 5. Immunohistochemical staining revealed that the tumor cells were 
strongly positive for thyroid transcription factor‑1 (scale bar, 100 µm). 

Figure 6. Immunohistochemical staining of the tumor cells was strongly 
positive for cytokeratin 7 (scale bar, 100 µm). 

Figure 7. Immunohistochemical staining of the tumor cells was strongly 
positive for napsin A (scale bar, 100 µm). 
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males (male to female ratio, 5:2). The age range of the patients 
is 38‑77 (median, 62; mean, 59.6) years, and six of the seven 
cases reported a history of smoking. A symptomatic cough and 
expectoration were present in one case, and a persistent head‑
ache was reported in one case in which the lung cancer was 
accompanied by brain metastasis. Lung tumors were found by 
CT examination in 3 patients. The symptoms of the remaining 
two cases remains unknown. The cancer was located in the 
left lobe in four cases and in the right lobe in three cases. The 
maximum diameter of the tumor was 1.9‑8.5 cm. The thorax, 
liver, bone, brain and other sites were associated with pleural 
effusion in one case. CT scanning revealed no particular differ‑
ence between these lung tumors and other cancers.

Several specimens were obtained for the analysis of 
pathological features, including bronchial biopsy, lung tumor 
puncture, lymph node puncture and lobectomy specimens. 

The findings of the microscopic examination were not unusual 
compared with those of other lung cancer biopsies, punctures 
and surgical specimens. On microscopic observation, the 
high‑grade tumor cells showed a solid nested patchy distribu‑
tion, conspicuous atypia, high nucleoplasmic ratio and mitotic 
figures in all cells, and necrosis was present in some cases. 
These features were sometimes accompanied by squamous 
differentiation, glandular differentiation and peripheral 
palisading.

Pelosi et al (1,4) performed an electron microscopic exami‑
nation of three cases, which revealed adenoid and squamous 
differentiation concurrently in the same tumor cells, which 
included abundant perinuclear stress fibers, cytoplasmic dense 
keratin fiber bundles and desmosomal junctions. The features 
of adenoid differentiation included the formation of extra‑
cellular lumen, villous cytoplasmic processes and mucous 
granules. The IHC results revealed that the same tumor cells 
co‑expressed TTF‑1 and P40 in all cases.

With regard to molecular genetic characteristics, no 
specific pattern in gene mutations was observed in these 
cases. Six cases had a TP53 mutation or polymorphism, but 
no TP53 mutation was detected in the current case. EGFR, 
KRAS, PTEN and NF1 mutations, and FGFR1 amplification 
with PD‑L1 expression were also detected in certain cases. 
EML4‑ALK and PIK3CA gene mutations were concurrently 
observed in the present case. ALK is a powerful tumor driver 
gene. In NSCLC, 3‑7% of cases have ALK fusion muta‑
tions  (8), of which EML4‑ALK fusion mutations are the 
most common, with >20 fusion configurations. EML4 exon 
13‑ALK exon 20 is the most common EML4‑ALK fusion 
mutation, constituting ~50% of all mutations (9). Most fusion 
breakpoints occur within or upstream of exon 20 in the ALK 
gene, although a few occur in exon 19, enabling the fused ALK 
protein to retain an intact kinase region, a key site of carcino‑
genic activity. PIK3CA, a common proto‑oncogene, occurs in 
1‑3% of lung cancers (10). Most mutations of the PIK3CA gene 
occur in exons 10 and 21, which encode the helical and kinase 
domains of the protein, respectively. PIK3CA gene muta‑
tion can activate different downstream signaling pathways, 
including AKT and mTOR pathways, thereby promoting the 
occurrence and development of tumors. As indicated by clin‑
ical analyses, PIK3CA mutation is an important mechanism of 
secondary resistance to EGFR‑tyrosine kinase drugs in lung 
cancer (11). In the present case, the fusion configuration EML4 
exon 6‑ALK exon 20 had a mutation proportion of 24.77%. 
Cancers with this rare mutation are sensitive to treatment with 
crizotinib. PIK3CA mutations (4.32%) were also detected, for 
which no drug sensitivity is known, and resistance to gefitinib, 
erlotinib, afatinib and icotinib is recorded. EGFR mutation, 
which is most commonly found in patients with NSCLC, 
especially adenocarcinoma, was found in a previous case. The 
mutation leads to a change in normal cell biology that results 
in cancer (12).

No mutations in BRAF, HER2, KRAS, MET, ROS1, 
RET and NRAS genes were detected in the present case. 
BRAF‑encoded RAF kinase is a key regulator of the 
MAPK/ERK pathway, and its mutation can lead to the contin‑
uous activation of RAF protein, resulting in uncontrolled cell 
growth and proliferation (13). HER2 mutations occur in ~3% 
of cases of NSCLC. HER2 is a member of the EGFR family; it 

Figure 8. After 1 month of treatment, computed tomography showed that the 
maximum diameter of the right upper mediastinal mass had been reduced by 
approximately half. 

Figure 9. Three months after treatment, computed tomography showed that 
the maximum diameter of the right upper mediastinal mass was reduced by 
more than half. 
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is a receptor tyrosine kinase that is bound to the surface of cell 
membranes and regulates various signal transduction path‑
ways to promote cell growth and differentiation. Mutations 
in HER2 cause abnormal cell growth and differentiation (14). 
The KRAS gene is mutated in 20‑30% of cases of NSCLC, 
and these mutations lead to uncontrolled malignant cell 
proliferation and division (15). MET is a proto‑oncogene. The 
MET gene encodes a transmembrane receptor protein with 
tyrosine kinase activity, which can affect cell growth, survival, 
invasion, metastasis and angiogenesis. The mutation of MET 
is known to cause excessive cell proliferation  (16). ROS1 
mutation can produce an ROS1 fusion protein in which the 
ROS1 tyrosine kinase is continuously activated and induces 
downstream signaling, resulting in excessive cell growth and 
proliferation (17). The mutation probability of the NRAS gene 
in NSCLC is ~1%. The NRAS protein encoded by the NRAS 
gene operates within the RAS/MAPK signaling pathway, and 
its mutation can lead to continuous activation of the NRAS 
protein, causing uncontrolled cell proliferation (18).

Hypotheses for the causes of such lesions have been 
disclosed in previous studies. Specifically, Pelosi  et al  (1) 
proposed that the double expression of P40 and TTF‑1 may be 
caused by stem/progenitor cell plasticity. In another study, it 
was suggested that the common mutation of TP53 and PTEN 
alleles leads to poorly differentiated and multiphenotypic 
tumors (2). Pelosi et al (4) also suggested that this tumor may 
be derived from the co‑differentiation of distal bronchial basal 
stem cells with the double‑positive expression of adenosqua‑
mous markers. The present case had no TP53 mutations, which 
supports the third hypothesis. Such lesions are not distinctly 
classified in the fifth edition of the WHO Classification of 
Tumors. Multiple names for adenosquamous carcinoma have 
been proposed, including NSCLC‑not otherwise specified, 
NSCLC with adenosquamous cell immunophenotype, and 
NSCLC with the double expression of adenocarcinoma and 
squamous cell carcinoma markers. Based on the observation 
of the tumor cells using electron microscopy, which revealed 
that three cases had characteristics of glandular and squamous 
differentiation, and the detection of seven cases with the 
concurrent expression of glandular and squamous markers 
by IHC, an appropriately named adenosquamous carcinoma 
is likely to be accepted. The current authors propose that the 
WHO term adenosquamous carcinoma (6) should be renamed 
as compound carcinoma, defined as squamous carcinoma and 
adenocarcinoma, each ≥10%. This suggestion is similar to 
the concept of compound small cell carcinoma (6), which is 
considered as small cell carcinoma plus any NSCLC, adeno‑
carcinoma, squamous cell carcinoma or large cell carcinoma.

Treatments used for this cancer include surgery, radio‑
therapy, chemotherapy and targeted therapy. Three patients 
died during follow‑up, and the survival time ranged from 1.5 to 
48.0 months (mean, 17.5 months). In the present case, the tumor 
size shrank remarkably after 3 months of chemotherapy plus 
targeted therapy, but the patient was lost to further follow‑up.

Overall, this type of NSCLC with concurrent P40 and 
TTF‑1 expression presents several unique clinicopathological 
features. This cancer is not yet mentioned in the guidelines 
of the WHO Classification of Tumors, the International 
Association for the Study of Lung Cancer, or other authoritative 
organizations. For consideration as an independent subtype, 

the clinicopathological characteristics, molecular phenotype, 
treatment and prognosis of NSCLC with concurrent P40 and 
TTF‑1 expression warrant further studies and investigation.
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