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Abstract: Background: Pulmonary adenosquamous carcinoma (ASC) is a rare type of lung cancer containing both 
adenocarcinoma (AC) and squamous cell carcinoma (SCC) cells. To better understand the mechanism by which 
the AC and SCC components are involved in lymph node metastasis, we evaluated the distribution of these cellular 
components in both primary ASC tumors and lymph node metastases. Methods: Twenty-two patients with ASC and 
142 with AC were admitted to the First Affiliated Hospital of Sun Yat-sen University between July 2006 and July 2012 
and underwent surgical resection. Primary ASCs and lymph nodes, with or without metastasis, were assayed immu-
nohistochemically for TTF-1, p63, p40, and VEGF-C. Results: The incidence of lymph node metastasis was higher in 
patients with ASCs than ACs; however, other features of ASC and AC showed no differences. ASC tumors were posi-
tive for TTF-1, p63, and p40; however, these proteins were distributed in different tumor islands in the same tumor. 
Co-expression was less frequent, but TTF-1 expression was higher in metastatic lymph nodes. Conclusions: ASCs 
are highly aggressive tumors that metastasize via the lymphatic pathway. The two cellular components of these 
tumors (AC and SCC) behave independently, with the AC component playing a predominant role in lymphatic inva-
sion. Metastatic lymph nodes should be evaluated immunohistochemically to choose a proper chemotherapeutic 
strategy in patients with ASCs.
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Introduction

Adenosquamous carcinoma (ASC) of the lung, 
defined as a mixture of adenocarcinoma (AC) 
and squamous cell carcinoma (SCC), is a rare 
subtype of non-small cell lung cancer (NSCLC) 
that is present in 0.5-5% of patients with NSCLC 
[1]. Because lung carcinoma is inherently het-
erogeneous, there remains persistent uncer-
tainty regarding the histogenesis, clinical, and 
histopathologic features of ASC [2]. In one 
study that included 1,284 patients with prima-
ry lung cancer, 44 (3.4%) patients had ASCs 
and had a cumulative 5-year postoperative sur-
vival rate of only 18.5%, markedly lower than in 
patients with SCCs and ACs [3]. Another study, 
in which 141 of 5,218 (2.7%) patients with pri-
mary lung cancer had ASCs, found that ASCs 

were associated with larger tumor size and 
more frequent visceral pleura invasion, microin-
vasion of the lymphatic vessels, and ipsilateral 
second nodules compared to ACs and SCCs [4]. 
Among the patients with documented ASCs, 
48% presented with a combination of AC and 
SCC tumor cells, with each component contrib-
uting 40-60% of the tumor, and 55% were  
associated with undifferentiated large cells. 
Interestingly, although ASCs were associated 
with a lower 5-year survival rate (37%) than ACs 
(42.8%) and SCCs (43.4%), survival has 
improved over the last decade, especially in 
patients with balanced AC and SCC compo-
nents [5]. ASCs are highly aggressive and fre-
quently accompanied by lymph node metasta-
sis; consequently, adjuvant chemotherapy is 
recommended even in patients with early stage 
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disease [6, 7]. However, the mechanisms 
underlying this aggressive tumor behavior 
remain unclear, raising questions about opti-
mal treatment [8]. Several recent studies have 
suggested that ASCs are not simply mixtures of 
AC and SCC cells, but that the two components 
behave as a single entity [9-11]. Four biomark-
ers have been analyzed to better understand 
the mechanisms by which the AC and SCC com-
ponents are involved in lymph node metasta-
sis: (1) thyroid transcription factor-1 (TTF-1), a 
specific marker for lung ACs, (2) transforma-
tion-related protein 63 (p63) and (3) an isoform 
of the p63 protein without the transactivation 
domain (p40), which are both specific markers 

[17, 18]. VEGF-C is a member of the VEGF family 
and is involved in angiogenesis and lymphangi-
ogenesis to promote cancer metastasis [19, 
20]. Using antibodies to these proteins, we ana-
lyzed lymph nodes from patients with ASC to 
determine the contribution of AC- and SCC-
derived cells to metastasis. The poor prognosis 
and aggressive nature of ASCs have led to the 
recommendation that adjuvant chemotherapy 
be administered to all patients with these 
tumors, even those with stage I disease [21]. 
However, the optimal chemotherapy regimen 
has not been determined. Expression of thymi-
dylate synthase, the main target of pemetrexed, 
has been observed in ASCs, suggesting that 

Table 1. Clinicopathological features of ASC and AC
ASC AC P-values

Number of Patients 22 142
Age, years, Median (Range) 57 (30-70) 59 (32-79) 0.56b

Sex
    Male 14 (77.3%) 83 (58.5%) 0.65a

    Female 8 (22.7%) 59 (41.5%)
Smoking Status
    Former/current smoker 7 (32%) 84 (59%) 0.03a

    Never smoker 15 (68%) 58 (41%)
Tumor differentiation
    Well 3 (13.6%) 20 (14.1%) 1.00c

    Moderate 11 (50%) 70 (49.3%)
    Poor 8 (36.4%) 52 (36.6%)
Lymph nodes involvement
    N0 4 (18.2%) 80 (56.3%) 0.001c

    N1 13 (59.0%) 27 (19%)
    N2 5 (22.8%) 35 (24.6%)
EGFR mutations
    Positive 5 (22.7%) 

21 exon 3 (13.6%)
19 exon 2 (9.1%)

49 (34.5%) 
21 exon 34 (23.9%)
19 exon 15 (10.6%)

0.27a

    Negative 17 (77.3%) 93 (65.5%)
Kras mutations
    Positive 1 (4.5%) 12 (8.5%) 0.53a

    Negative 21 (95.5%) 130 (91.5%)
UICC stages
    I 4 (18.2%) 65 (45.8%) 0.07a

    II 12 (54.5%) 34 (23.9%)
    III 6 (27.3%) 43 (30.3%)
    IV 0 0
Abbreviations: ASC, adenosquamous carcinoma; AC, asenocarcinoma; EGFR, epidermal 
growth factor receptor; Kras, Kirsten rat sarcoma viral oncogene homolog; UICC, the 
Union Internationale Contre le Cancer; a. By Chi-square test; b. By Anova test. c. By Fisher 
exact’s test.

for SCCs, and (4) vascular 
endothelial growth factor 
C (VEGFC), a specific mark-
er for lymphangiogenesis 
[8-12].

TTF-1, also known as NK- 
X2-1, is a homeobox-con-
taining transcription factor 
that is essential for lung, 
thyroid, and brain develop-
ment. During the patho-
genesis of lung AC, TTF-1 
plays a role as a lineage-
survival oncogene and is 
associated with the inhibi-
tion of tumor invasion and 
metastasis. TTF-1 is expr- 
essed in 70% of lung ACs 
and is expressed in all dis-
ease stages, but is rarely 
expressed in lung SCC [13, 
14]. p63 is a homolog of 
p53 that regulates pro-
grammed cell death, deve- 
lopment, and differentia-
tion. Although the role of 
p63 in the development of 
lung cancer is unclear, it 
has been shown to be a 
marker of lung SCC [15-
17]. Thus, co-expression 
of TTF-1 and p63 in cancer 
cells is considered a spe-
cific pathological charac-
teristic of primary ASCs. 
However, the expression of 
these markers in ASC 
lymph node metastases 
has not been determined 
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this agent may be efficacious in treating 
patients with ASCs [8]. In contrast, SCCs 
respond poorly to pemetrexed, suggesting that 
ASCs may not respond to this agent [22]. This 
contradiction requires further exploration to 
determine whether ASCs respond to peme-
trexed-based regimens.

In the present study, we aimed to evaluate the 
distribution of AC and SCC cellular components 
in primary ASC tumors and lymph nodes, and to 
determine the biological involvement of these 
components in lymph node metastasis.   

Materials and methods

Patients

Twenty-two patients with ASC, defined accord-
ing to the 2004 World Health Organization 

Union Internationale Contrele Cancer (UICC) 
staging systems [24]. The Medical Ethical 
Committee of The First Affiliated Hospital, Sun 
Yat-sen University approved the use of human 
materials. (Full name of the board committee: 
the Medical Ethical Committee of The First 
Affiliated Hospital, Sun Yat-sen University. No. 
2009-11). All research involving humans was 
performed in compliance with the Declaration 
of Helsinki. Written informed consent for par-
ticipation in the study was obtained from all 
participants.

Immunohistochemical staining

H&E and immunohistochemical staining using 
antibodies against TTF-1, p63, p40, M-CEA, 
and CK (Abcam, Cambridge, UK) were per-
formed to confirm the diagnosis of ASC or AC. A 

Table 2. Multivariate logistic regression analysis of the risk factors as-
sociated with ASC (Sample size 164)

Variables ASC (%) 
(N=22)

AC (%) 
(N=142) OR

95% 
confidence 

interval

P-
value

Age (years)
    <60 years old 10 (45.5%) 60 (42.9%) 0.83 0.31-2.19 0.7
    ≥60 years old 12 (54.5%) 80 (57.1%)
Gender
    Male 14 (77.3%) 83 (58.5%) 2.78 0.53-14.72 0.23
    Female 8 (22.7%) 59 (41.5%)
Smoking Status
    Former/current smoker 7 (32%) 84 (59%) 0.69 0.14-3.33 0.64
    Never smoker 15 (68%) 58 (41%)
Tumor differentiation
    Well 3 (13.6%) 20 (14.1%) 1.39 0.34-5.70 0.65
    Moderate + poor 19 (86.4%) 122 (85.9%)
Lymph nodes involvement
    Yes 17 (77.3%) 62 (43.7%) 9.41 1.72-51.48 0.01
    No 5 (22.7%) 80 (56.3%)
EGFR mutations
    Positive 5 (22.7%) 49 (34.5%) 1.46 0.47-4.55 0.52
    Negative 17 (77.3%) 93 (65.5%)
Kras mutations
    Positive 1 (4.5%) 12 (8.5%) 1.84 0.21-16.45 0.59
    Negative 21 (95.5%) 130 (91.5%)
UICC stages
    I 4 (18.2%) 65 (45.8%) 1.92 0.73-5.10 0.19
    II + III 18 (81.8%) 77 (54.2%)
Abbreviations: ASC, adenosquamous carcinoma; AC, asenocarcinoma; EGFR, epidermal 
growth factor receptor; Kras, Kirsten rat sarcoma viral oncogene homolog; UICC, the Union 
Internationale Contre le Cancer.

(WHO) classification of 
lung carcinoma, were 
admitted between July 
2006 and July 2012 to 
the First Affiliated Hospi- 
tal of Sun Yat-sen Univer- 
sity, Guangzhou, China, 
and underwent standard 
radical lobectomies [23]. 
The pathological diagno-
sis of ASC was confirmed 
by at least two experi-
enced pathologists bas- 
ed on cellular morpholo-
gy according to the WHO 
classification of lung car-
cinoma and immunoche- 
mistry staining, including 
TTF-1, CK7, CK, p63, and 
M-CEA expression. Lym- 
ph nodes metastases 
were observed in 18 
patients. During the sa- 
me time period, samples 
from 142 patients who 
underwent surgical rese- 
ction for AC were collect-
ed. Tumors and regional 
lymph node tissue sam-
ples were obtained from 
the pathology departme- 
nt, and clinical data were 
summarized. Disease sta- 
ge was determined using 
the Tumor, Node, and 
Metastasis (TNM) and 
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diagnosis of ASC was made if SCC and AC com-
ponents each accounted for >10% of the tumor. 
Using the same antibodies, TTF-1, p63, p40, 
and VEFG-C were assayed in tissue samples 
taken from the lymph nodes of the 18 ASC 
patients with positive metastasis and the four 
ASC patients with node-negative disease.

lar (P=0.53). EGFR mutations, which included 
19 exon deletions and L858R, were not differ-
ent between the two groups (P=0.27). UICC 
stage tended to be higher in patients with ASCs 
than ACs (P=0.07). Lymph node metastasis 
occurred significantly more frequently in 
patients with ASCs than ACs (77.3% vs. 43.7%, 

Table 3. Expression of TTF-1 and p63 in 22 pa-
tients with ASC

Primary 
Tumor

Lymph 
nodes P-Values

TTF-1 expression
    Positive 17 (77.3%) 12 (54.5%) 0.112a

    Negative 5 (22.7%) 10 (45.5%)
P63 expression
    Positive 18 (81.8%) 9 (40.9%) 0.012b

    Negative 4 (18.2%) 13 (59.1%)
P40 expression
    Positive 19 (86.4%) 10 (45.5%) 0.01b

    Negative 3 (13.6%) 12 (54.5%)
TTF-1positive P63positive 16 (72.7%) 5 (22.7%) 0.001b

TTF-1positive P63negative 1 (4.5%) 7 (31.8%)
TTF-1negative P63positive 2 (9.1%) 4 (18.2%)
TTF-1negative P63negative 3 (13.7%) 6 (27.3%)
Abbreviations: ASC, adenosquamous carcinoma; TTF-1, thyroid 
transcription factor-1; p63, transformation-related protein 63; 
P40, a truncated isoform of p63. a. By Chi-square test. b. By 
Fisher exact’s test.

Table 4. Expression of TTF-1 and P63 in 18 pa-
tients with ASC and lymph node metastasis

Primary 
Tumor

Lymph 
nodes

P-Values

TTF-1 expression
    Positive 15 (83.3%) 12 (66.7%) 0.22a

    Negative 3 (16.7%) 6 (33.3%)
P63 expression
    Positive 16 (88.9%) 9 (50%) 0.03a

    Negative 2 (11.1%) 9 (50%)
P40 expression
    Positive 16 (88.9%) 10 (55.6%) 0.06a

    Negative 2 (11.1%) 8 (44.4%)
TTF-1positive P63positive 14 (77.8%) 5 (27.8%) 0.012a

TTF-1positive P63negative 1 (5.5%) 7 (38.9%)
TTF-1negative P63positive 2 (11.2%) 4 (22.2%)
TTF-1negative P63negative 1 (5.5%) 2 (11.1%)
Abbreviations: ASC, adenosquamous carcinoma; TTF-1, thyroid 
transcription factor-1; p63, transformation-related protein 63. 
P40, a truncated isoform of p63. a. By Fisher exact’s test.

Tissue sections were deparaffinized with 
xylene, rehydrated with ethanol, and incubat-
ed with 3% hydrogen peroxide to block endog-
enous peroxidase activity [7]. Following anti-
gen retrieval, the slides were incubated over-
night at 4°C with the above-described primary 
antibodies. Following incubation with second-
ary antibodies, binding was detected using 
the labeled streptavidin biotin (LSAB) method 
according to the manufacturer’s instructions 
(Dako Cytomation, Carpinteria, CA, USA). 
Samples showing nuclear staining for TTF-1, 
p63, and p40 in >10% of tumor cells were 
considered positive for that respective com-
ponent. Cytoplasm staining for VEGF-C was 
conducted to evaluate lymphatic vessel den-
sity and lymphangiogenesis based on the 
ratio and intensity of positive-staining cells: 
0-10%, scored 0; 11-30%, scored 1; 31-60%, 
scored 2; 61-100%, scored 3 [25].

Statistical analysis

All calculations were performed using SPSS 
statistical software v19.0 (Chicago, IL, USA). 
Comparison of ratios was done by Chi-square 
test with correction coefficient or Fisher’s 
exact test if necessary. Multivariate analyses 
were used to evaluate risk factors by Logistic 
regression model. Analysis of variance 
(ANOVA) followed by LSD were used to cam-
pare means across groups. A p-value <0.05 
was considered statistically significant. 

Results

Patient characteristics

The clinicopathological characteristics of the 
22 patients with ASCs and the 142 with ACs 
are summarized in Table 1. The median ages 
(ASC: 57 [range, 30-70 years] vs. AC: 59 
[range, 32-79 years], P=0.56) and sex distri-
bution (P=0.65) were similar, with both groups 
showing male predominance. Patients with 
ASCs smoked less heavily than those with 
ACs (P=0.03). Tumor differentiation was simi-
lar. The frequency of K-ras mutation was simi-
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P=0.001). Multivariate logistic regression anal-
ysis of the risk factors associated with ASC was 

(P=0.001; Table 3). To better understand lymph 
node metastasis in ASC, the four patients with 

Table 5. Clinicopathological features of 18 ASC with or without TTF-1 
expression in metastasized lymph node

TTF-1 
expression 

positive

TTF-1 
expression 
negative

P-values

Number of Patients 12 6
Age, years, Median (Range) 59 (30-65) 55 (44-71) 0.33b

Sex
    Male 6 (50%) 4 (66.7%) 0.64a

    Female 6 (50%) 2 (33.3%)
Smoking Status
    Former/current smoker 4 (33.3%) 2 (33.3%) 1.00a

    Never smoker 8 (66.7%) 4 (66.7%)
Tumor differentiation
    Well 1 (8.3%) 1 (16.7%) 1.00a

    Moderate 6 (50%) 3 (49.3%)
    Poor 5 (41.7%) 2 (33.3%)
EGFR mutations
    Positive 2 (16.7%) 2 (33.3%) 0.57a

    Negative 10 (83.3%) 4 (66.7%)
Kras mutations
    Positive 1 (8.3%) 0 (0%) 1.00a

    Negative 11 (91.7%) 6 (100%)
UICC stages
    I 0 (0%) 0 (0%) 0.62a

    II 8 (66.7%) 5 (83.3%)
    III 4 (33.3%) 1 (16.7%)
    IV 0 (0%) 0 (0%)
TTF-1 expression in tumor
    Positive 12 (100%) 3 (50%) 0.03a

    Negative 0 (0%) 3 (50%)
P63 expression in tumor
    Positive 12 (100%) 4 (66.7%) 0.09a

    Negative 0 (0%) 2 (33.3%)
P63 expression in lymph nodes
    Positive 7 (58.3%) 4 (66.7%) 1.00a

    Negative 5 (41.7%) 2 (33.3%)
VEGF-C expression in tumor (score)
    0-1 6 (50%) 5 (83.3%) 0.32a

    3-4 6 (50%) 1 (16.7%)
VEGF-C expression in lymph nodes (score)
    0-1 5 (41.7%) 5 (83.3%) 0.15a

    3-4 7 (58.3%) 1 (16.7%)
Abbreviations: ASC, adenosquamous carcinoma; AC, asenocarcinoma; EGFR, epider-
mal growth factor receptor; Kras, Kirsten rat sarcoma viral oncogene homolog; UICC, 
the Union Internationale Contre le Cancer; TTF-1, thyroid transcription factor-1; p63, 
transformation-related protein 63; VEGF-C, vascular endothelial growth factor-C; a. By 
Fisher exact’s test; b. By Anova test.

performed; the data are 
shown in Table 2. Through 
this analysis, lymph node 
involvement was strongly 
associated with ASCs.

Immunohistochemical 
analysis

TTF-1 was positive in 17 of 
the 22 primary ASCs 
(77.3%) and in lymph nodes 
from 12 (54.5%) of the 22 
patients (P=0.112). p63 
expression was positive in 
18 (81.8%) primary ASC 
tumors and in 9 (40.9%) 
lymph nodes (P=0.012). 
p40 expression was posi-
tive in 19 (86.4%) primary 
ASC tumors and in the 
lymph nodes of 10 (45.3%) 
patients (P=0.01). The ex- 
pression of p63 and p40 
were unanimous in the 
present study. For further 
analysis, patients with AS- 
Cs were divided into four 
groups: TTF-1positive 63positive, 
TTF-1positive 63negative, TTF-
1negative 63positive, and TTF-
1negative 63negative. In an analy-
sis of the primary tumors, 
16 tumors were positive for 
both markers, 1 was posi-
tive for TTF-1 alone, 2 were 
positive for p63 alone, and 
3 were negative for both 
markers. In an analysis of 
lymph nodes, 5 cases were 
positive for TTF-1 and p63, 
7 were positive for TTF-1 
alone, and 4 were positive 
for p63 alone. The lymph 
nodes from six patients, 
including all 4 patients with 
node-negative (N0) disease, 
were negative for both 
tumor markers. In general, 
the expression of TTF-1 and 
p63 differed significantly 
between the primary tu- 
mors and lymph nodes 
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N0 disease were excluded, and the distribution 
of AC and SCC components at both the primary 
tumor site and in the lymph nodes were assayed 
in the remaining 18 patients with nodal involve-
ment (Table 4). Of the 18 primary tumors, 15 
were positive for TTF-1 expression, 16 for p63 
expression, and 16 for p40 expression 

(P=0.22). Assays of lymph node tissues from 
these patients showed that 12 were positive 
for TTF-1, 9 for p63, and 10 for p40. The expres-
sion of p63 differed significantly between pri-
mary tumors and lymph nodes (P=0.003), while 
the expression of TTF-1 was similar (P=0.22). 
Fourteen primary tumors and 5 lymph nodes 

Figure 1. Components of adenocarcinoma (AC) and squamous cell carcinoma (SCC) in tumor sites. (A, B) HE stain-
ing, showing that components of AC and SCC are present in different positions of the tumor rather than mixing to-
gether. (C, D) Staining for TTF-1, showing that TTF-1 is located in the nuclei of adenocarcinoma cells. (E, F) Staining 
for p63, showing that p63 is located in the nuclei of squamous cell carcinoma cells. The separation of TTF-1 from 
p63 in the same visual fields confirmed the HE findings (A, C, E, 10×; B, D, F, 20×).
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were positive for both TTF-1 and p63 (P=0.012). 
The characteristics of the 18 ASC patients with 
lymph node involvement were compared with 
regards to TTF-1 expression in metastatic 
lymph nodes (Table 5). The expressions of 
TTF-1 and p63 in primary tumors were signifi-
cantly higher in the patients with positive TTF-1 
expression in metastatic lymph nodes com-
pared with those with TTF-1negative nodes 
(P=0.003). The expression of p63 in both pri-
mary tumors and lymph node sites were not 
significantly different (P=0.09, P=1.00, respec-
tively). VEGF-C expression scores in primary 
tumors and in lymph nodes were not different 
between the cases with and without TTF-1 
expression in the metastatic lymph nodes 
(P=0.32, P=0.15, respectively).

Discussion

Aggressive tumor progression and poor progno-
sis are clinical characteristics of ASC [26]. 

However, the mechanisms that promote inva-
siveness in ASC have not been determined. 
Patients with ASC have poorer prognoses than 
those with AC, even when tumor stage and 
lymph node involvement are similar [5, 9]. While 
the incidence of lymph-node metastasis has 
been shown to be significantly higher in patients 
with ASC than in patient with other types of 
lung cancers [26, 27], lymph-node involvement 
is still an important characteristic of lung AC. 
Therefore, to assess the differential contribu-
tions of AC and SCC components in promoting 
lymphatic metastasis in ASC, we compared cell 
components from ASC to AC. We found that 
although tumor stages were similar in patients 
with ASC and AC, lymph node metastasis was 
seen more frequently in patients with ASC, sug-
gesting that ASC invasion prefers a lymphatic 
approach. ASC, however, is not simply a mixture 
of the two histological components (AC and 
SCC); ASC behaves as a single entity [7], a find-

Figure 2. Presence of TTF-1 and p63 in metastatic lymph nodes and at tumor sites. (A, B) TTF-1 and p63 were more 
abundant at primary tumor sites than in metastatic lymph nodes sites. (C, D) In metastatic lymph nodes, the lim-
ited distributions of AC and SCC cells surrounded by lymph cells were identified by the presence of TTF-1 and p63, 
respectively (A-D, 20×).
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ing supported by the present results. H&E and 
immunohistochemical analyses showed that 
the glandular structures of AC and carcinoma 
nests of SCC were separate, as seen by separa-
tion of malignant cells that were positive for 
TTF-1 and p63 in ASC tumors rather than being 
mixed together (Figure 1). This separation may 
provide a relatively independent microenviron-
ment for each of these components. AC and 
SCC components in lymph node metastases 
were labeled with antibodies to TTF-1 and p63, 
respectively. TTF-1 and p63 are considered the 
most reliable markers to distinguish AC and 
SCC in the lungs [28]. TTF-1 is one of the mas-
ter regulatory genes in lung development and is 
a lineage marker of TRU in lung carcinogenesis. 
p63 is a nuclear protein homologous to p53 
that is expressed in basal cells of stratified 
squamous and glandular epithelia. Of the 22 
primary ASCs, 17 (77.3%) were positive for 
TTF-1 and 18 (81.8%) for p63, with 16 (72.3%) 
tumors being positive for both. Interestingly, 
only 9 ASC patients (40.0%) had lymph nodes 
that were positive for p63, whereas 12 patients 
(54.5%) were positive for TTF-1. Of the 18 
patients positive for lymph node metastasis, 
fewer patients had lymph node metastases 
positive for p63 than the number of patients 
with positive primary tumors; contrarily, the 
number of patients positive for TTF-1 did not 
differ significantly by site. Cancer cells that 
invade lymph nodes show changes in structure. 
ASC is a special type of cancer containing two 
different components [29]. When these cells 
invade adjacent lymph nodes, the components 
are difficult to distinguish by their morphologi-
cal features. To our knowledge, this study is the 
first to use antibodies to TTF-1, p63, and p40 to 
identify ASC components in metastatic lymph 
nodes. We found that a higher percentage of 
lymph nodes were positive for TTF-1 than for 
p63, suggesting that AC components of ASC 
may occur more frequently in metastatic lymph 
nodes than the SCC component. The AC com-
ponent may play a predominant role in tumor 
metastasis through the lymphatic system 
(Figure 2). We also found that fewer patients 
had lymph nodes that were TTF-1- and p63-pos-
itive than primary tumors, with lymph nodes 
being more frequently positive for single mark-
ers, suggesting that the two components of 
ASC invade lymph nodes independently. 
Additionally, metastatic lymph nodes that were 
positive for TTF-1 tended to have higher VEGF-C 

expression; however, small sample size pre-
vented meaningful statistical analysis. Since 
ASC is an aggressive malignancy that carries a 
poor patient prognosis, adjuvant chemotherapy 
is recommended, even in patients with stage I 
tumors [5]. In ASC cells, expression of thymi-
dylate synthase, the main target of pemetrexed, 
was discovered, suggesting that this agent 
could be used to treat ASC [7, 8]. However, SCC 
has shown to have a poor response to preme-
trexed [18, 19], suggesting that some cells in 
ASC may not respond to this agent. A study in 
patients with laryngeal adenosquamous carci-
noma suggested that metastatic lymph nodes 
should be evaluated due to the nature of ade-
nosquamous carcinomas to spread, and that 
the results of the lymph node involvement 
could guide further treatment [30]. We found 
that metastatic lymph nodes were more fre-
quently positive for TTF-1 than p63, suggesting 
that the AC component of ASC may contribute 
more to lymph node metastasis. Alternatively, if 
AC and SCC components contribute equally to 
lymph node metastasis, the heterogeneity of 
SCC may result in the down regulation of p63 
expression in these cells after they migrate into 
the lymph nodes. If the first hypothesis is true, 
pemetrexed may be effective in treating 
patients with ASCs, especially those with N0 
disease. Prospective studies and additional 
studies with more precise methods of differen-
tiating the ACC and SCC components in ASC are 
required to test this hypothesis.

Since epidermal growth factor receptor (EGFR) 
tyrosine kinase inhibitors (TKIs) may be effec-
tive in some histologic types of NSCLC, patients 
with ASCs should be assayed for EGFR muta-
tions, especially those with disease recurrence 
[31]. Drug response-specific gene alterations 
may occur in both the AC and SCC components 
of ASC, suggesting that patients with confirmed 
or suspected ASCs should undergo driver gene 
analyses [32, 33]. 

The present study had two major limitations. 
The first was the small size of the ASC group, 
due mainly to the rarity of this disease. 
Multicenter studies may be needed in the 
future to enroll a larger sample of patients. 
Second, this study was retrospective in design, 
suggesting the need for additional prospective 
studies. Moreover, the inherent heterogeneity 
of ASCs gives rise to uncertainties regarding 
the histogenesis and clinical and histopatho-
logic features of the disease [2].
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In conclusion, our results suggest that ASC 
metastasizes primarily through lymphatic path-
ways. Invasion by the AC component is more 
common than metastasis by the SCC compo-
nent or mixed metastasis of both components. 
These findings reveal the biological behaviors 
of ASC in promoting lymphatic metastasis and 
may give physicians some guidance upon 
encountering this rare type of lung cancer. Our 
results suggest that pemetrexed may be an 
appropriate adjuvant chemotherapy agent for 
patients with ASC without lymphatic metasta-
sis. However, further analysis in patients with 
nodal involvement (N1 or N2 disease) is required 
to determine which component is more promi-
nent in lymphatic metastasis before adjuvant 
therapy. Staining of primary tumors and meta-
static lymph nodes showed that TTF-1 was 
more frequently expressed than p63 in meta-
static lymph nodes, and that the expression of 
these two markers was distributed in different 
sites in the same lymph node section. The AC 
component of ASC may play a greater role than 
SCC in lymph node metastasis, with the two 
components likely behaving independently.
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