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Background: Although the majority of lung squamous cell carcinomas (SQCC) arise in central airways,
the prevalence of peripheral (p) SQCC is increasing. This study aimed to have a comprehensive investigation
of clinicopathologic features, status of common driver mutations and immunophenotypes of p-SQCC
compared to central (¢c) SQCC.

Methods: A total of 261 p-SQCC were compared to 444 c-SQCC for clinicopathologic characteristics.
Comprehensive mutational analysis of EGFR, KRAS, HER2, BRAF, PIK3CA, DDR2, AKT1, ALK, ROS1, RET
and FGFRs were performed. TTF1, CK7, Napsin A and PE10 protein expression were analyzed through
immunohistochemistry IHC). TTF1, CK7, CKS8, SPA and TP63 gene expression levels were measured by
quantitative real-time PCR.

Results: Compared to ¢-SQCC, p-SQCC were associated with female (14.2% wvs. 4.5%, P<0.001),
never-smokers (22.6% wvs. 13.3%, P=0.001), older age at diagnosis (64.9 vs. 59.5 years, P<0.001) and lower
pathologic stage (P<0.001). The frequency of EGFR mutations was significantly higher in p-SQCC than
¢-SQCC (6.2% wvs. 2.2%, P=0.040). Positive protein expression of TTF1 (P=0.010) and CK7 (P=0.001) was
significantly more prevalent in p-SQCC. p-SQCC had significantly higher gene expression of SPA (P=0.003),
whereas c-SQCC showed higher gene expression of TP63 (P=0.028).

Conclusions: Lung p-SQCC had distinctive clinicopathologic characteristics and molecular features

compared to c-SQCC, but showed some similarity with adenocarcinoma (ADC).
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Introduction

Squamous cell carcinoma (SQCC) along with
adenocarcinoma (ADC), adenosquamous cell carcinoma and
large cell carcinoma are the main histologic subtypes of non-
small cell lung cancer. SQCCs have a close relation with
cigarette smoking and are more likely to be centrally located.
However, the prevalence of peripheral lung squamous cell
carcinoma (p-SQCC) is increasing (1,2). Previous studies
have reported several distinctive features of p-SQCC (1-5).
p-SQCC 2.0 centimeters (cm) or less in diameter were
reported to have very low incidence of lymph node
involvement (1,4,5). Sakurai and colleagues (3) investigated
70 p-SQCC of 3.0 cm or less in diameter, and found
that none of the patients with N2 disease had skipping
metastasis. However, survival did not differ significantly
between p-SQCC and central (¢) SQCC (2).

Our previous studies provided in vivo evidence of the
transdifferentiation of lung ADC to SQCC. We showed
mouse lung ADC could progressively transdifferentiate into
SQCC (6,7). As ADCs tend to be located in the peripheral
lung, we hypothesized that p-SQCC might had some
similarity with ADC compared to c-SQCC.

In this study, we carried out a comprehensive
investigation of clinicopathologic features, prognosis, status
of common driver mutations, as well as gene expression
level and protein staining of “adenocarcinoma markers” and
“squamous marker” of p-SQCC in comparison to c-SQCC.
We also assessed the morphological characteristics of
p-SQCC and their associations with survival.

Methods

From October 2007 to November 2014, we reviewed a series
of lung squamous cell carcinoma patients who underwent
surgical resection at the Department of Thoracic Surgery,
Fudan University Shanghai Cancer Hospital, Shanghai,
China. Our hospital is a university teaching hospital as well
as a tertiary care referral hospital. Squamous cell carcinoma
with <10% glandular component was still classified as
“squamous cell carcinoma” since adenosquamous carcinoma
is classified as carcinoma containing at least 10% each of
malignant squamous and glandular components according
to the World Health Organization classification (8).
Tumors with more than 10% TTF1 and/or CK7 positive
tumor cells were not included in this study. Peripheral
squamous cell carcinoma was defined as tumor located
in or more peripheral to the subsegmental bronchus. We
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prospectively collected the following clinicopathologic
characteristics: gender, age, history of smoking, tumor
location, type of surgical resection, tumor size, tumor-node-
metastasis ('NM) stage according to the seventh edition
of lung cancer staging system (9), postoperative adjuvant
chemotherapy and radiotherapy which were recommended
in line with the National Comprehensive Cancer Network
(NCCN) guidelines, recurrence-free survival (RFS) and
overall survival (OS). The survival information was obtained
through follow up clinic or telephone.

Pathologic slides of 119 p-SQCC samples were reviewed
for morphologic features. According to the 2015 World
Health Organization Classification, we classified p-SQCC
into keratinizing, nonkeratinizing and basaloid subtypes (10).
Based upon the growth pattern, p-SQCCs were classified as
the alveolar space-filling type, the expanding type and the
combined type (2). The definitions of “tumor budding” and
“single-cell invasion” were previously described (11).

This study was conducted in line with the Helsinki
Declaration. The Institutional Review Board of Fudan
University Shanghai Cancer Center approved this study
(IRB#090977-1). All patients provided written informed
consent.

Mutational analysis

Briefly, after frozen tumor specimens were dissected into
TRIzol (Invitrogen), RNA was extracted as per standard
protocol, and was reverse transcribed into cDNA. EGFR
(exons 18-22), KRAS (exons 2-3), HER?2 (exons 18-21),
BRAF (exons 11-15), PIK3CA (exon 9 and exon 20), AKT1
(exons 2-3) and DDR?2 (whole coding exons) were amplified
by PCR using cDNA. The amplified products were then
analyzed by direct sequencing. For the detection of ALK,
ROS1, RET and FGFR (including FGFRI, FGFR2 and
FGFR3) fusions, we designed multiple pairs of primers to
cover all the known fusion variants (12-14).

TTF1, CK7, Napsin A and PE10 immunobistochemistry
(IHC)

Protein expression of TTF1, CK7, Napsin A and PE10
were assessed by IHC. Briefly, paraffin-embedded tissue
sections were first deparaffinized and rehydrated. After
antigen retrieval, sections were incubated with primary
anti-TTF1 antibody (8G7G3/1, DAKO, 1:100), anti-
CK?7 antibody (OV-JL 12/30, MXB, 1:100), anti-Napsin A
antibody (KCG1.1, Abcam, 1:500), and anti-PE10 antibody
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Table 1 Clinicopathologic characteristics of p-SQCC compared to
¢-SQCC

Variables FZ:S;C): i:(jf:): P

Gender <0.001
Female 37 (14.2%) 20 (4.5%)
Male 224 (85.8%) 424 (95.5%)

Age (years) <0.001
Mean 64.9 59.5
SD 9.0 7.8

Smoking history 0.001
Never 59 (22.6%) 59 (13.3%)
Ever 202 (77.4%) 385 (86.7%)

Surgical resection <0.001
Wedge/segmentectomy 6 (2.3%) 0(0)
Lobectomy 244 (93.5%) 165 (37.2%)
Bi-lobectomy 10 (3.8%) 78 (17.6%)
Sleeve lobectomy 0(0) 83 (18.7%)
Pneumonectomy 1(0.4%) 118 (26.6%)

Tumor size (cm) 0.494
Mean 4.3 4.3
SD 2.0 2.2

Pathologic stage <0.001

[ 144 (55.2%) 156 (35.1%)

[ 53 (20.3%) 144 (32.4%)

I 64 (24.5%) 144 (32.4%)

p-SQCC, peripheral lung squamous cell carcinoma; c-SQCC,
central lung squamous cell carcinoma; SD, standard deviation.

(PE10, Changdao, 1:50). Protein staining was scored as
“positive” when there was any staining.

TTF1, CK7, CKS8, SPA and TP63 gene expression levels

TTF1, CK7, CKS8, SPA and TP63 gene expression levels were
measured by quantitative real-time PCR (qRT-PCR) using
¢DNA extracted from p-SQCC, ¢-SQCC as well as normal
lung samples. The expression level of the housekeeping
gene P-actin was calculated as an internal reference.
Normalized expression value was calculated using the
formulal 2 [CT (Normal) - CT (B-actin)] - [CT (Tumor) - CT (B-actin)]‘ Median

expression level of all tumor samples was used as the cutoff
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value for separating high and low expression.

Statistical analysis

Correlations between two categorical variables were
assessed using Pearson’s chi-squared test or Fisher’s exact
test. We applied independent sample z-test to determine the
association between a categorical variable and a continuous
variable. Kaplan-Meier method with log-rank tests were
used for comparisons of RFS and OS in univariate analysis.
Multivariate survival analysis was performed using Cox
proportional hazards regression. The statistical analysis was
conducted in SPSS 16.0 (SPSS Inc., Chicago, IL, USA).
All tests were two tailed, and P<0.05 was considered as
statistically significant.

Results
Clinical characteristics

There were a total of 261 p-SQCCs out of 705 SQCCs,
accounting for a proportion of 37.0% (7able 1). Compared
to c-SQCC, p-SQCC had a significantly higher percentage
of female (14.2% wvs. 4.5%, P<0.001) and never-smokers
(22.6% vs. 13.3%, P=0.001). Patients with p-SQCC were
significantly older than those with ¢-SQCC (mean age:
64.9 vs. 59.5 years, P<0.001). Patients with ¢-SQCC
tended to receive more extensive surgeries. Patients with
p-SQCC were associated with earlier stage at diagnosis than
those with c-SQCC (P<0.001). There was no significant
difference regarding RFS or OS between p-SQCC and
c-SQCC (Figure 1). The median 3-year RFS rate for
p-SQCC and ¢-SQCC was 58.2% and 55.4%, respectively.
The median 3-year OS rate for p-SQCC and ¢-SQCC
was 71.0% and 70.1%, respectively. We further compared
survival in stage I, II or III patients separately, RFS and OS
were not statistically significant in each stage category. In
multivariate Cox regression model adjusted for gender, age,
smoking history, type of surgical resection, pathologic stage
and postoperative adjuvant chemotherapy and radiotherapy,
peripheral tumor location was not a significant predictor for
RES or OS.

Status of common driver mutations

We performed comprehensive mutational analysis in a
series of 413 lung SQCCs including 145 p-SQCCs and 268
c-SQCCs (Figure 2 and Table 2). In patients with p-SQCC,
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Figure 1 Comparison of recurrence-free survival (A) and overall survival (B) between peripheral lung squamous cell carcinoma (p-SQCC)

and central lung squamous cell carcinoma (c-SQCC).
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Figure 2 Spectrum of common driver mutations in peripheral lung squamous cell carcinoma (A) and central lung squamous cell carcinoma (B).

Table 2 Frequency of driver mutations in p-SQCC compared to

c-SQCC

Driver mutations

p-SQCC (n=145)

c-SQCC (n=268) P

EGFR
KRAS
HER2
BRAF
PIK3CA*
DDR2
AKT1
ALK
FGFR
All

9 (6.2%) 6 (2.2%)
5 (3.4%) 4 (1.5%)
2 (1.4%) 0(0)

0(0) 1(0.4%)

7 (4.8%) 6 (2.2%)

0(0) 1(0.4%)

1(0.7%) 0(0)

0(0) 2 (0.7%)

4 (2.8%) 9 (3.4%)
26 (17.9%) 29 (10.8%)

0.040
0.288
0.123
1.000
0.150
1.000
0.351
0.543
1.000
0.042

*, one PIK3CA mutation was concurrent with EGFR mutation,
one PIK3CA mutation was concurrent with KRAS mutation.
p-SQCC, peripheral lung squamous cell carcinoma; c-SQCC,
central lung squamous cell carcinoma.
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there were 9 (6.2%) EGFR mutations, 5 (3.4%) KRAS
mutations, 2 (1.4%) HER2 mutations, 7 (4.8%) PIK3CA
mutations (1 concurrent with EGFR mutation, 1 concurrent
with KRAS mutation), 1 (0.7%) AKTI mutation and
4 (2.8%) FGFR fusions. In patients with c-SQCC, there
were 6 (2.2%) EGFR mutations, 4 (1.5%) KRAS mutations,
1 (0.4%) BRAF mutation, 6 (2.2%) PIK3CA mutations,
1 (0.4%) DDR2 mutation, 2 (0.7%) ALK fusions and
9 (3.4%) FGER fusions. The frequency of EGFR mutations
was significantly higher in p-SQCC than ¢-SQCC
(P=0.040). The proportion of patients with a known
oncogenic driver mutation was also significantly higher in

p-SQCC than ¢-SQCC (17.9% wvs. 10.8%, P=0.042).

Expression of “adenocarcinoma markers” and “squamous
marker”

We first performed IHC analysis of “adenocarcinoma
markers” including TTF1, CK7, Napsin A and PE10 in
p-SQCC and ¢-SQCC (Table 3). A significantly higher
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Table 3 Positive immunohistochemical staining of “adenocarcinoma
markers” including TTF1, CK7, Napsin A and PE10 in p-SQCC
compared to ¢c-SQCC

IHC markers p-SQCC c-SQCC P

TTF1+ 32/224 (14.3%)  30/386 (7.8%) 0.010
CK7+ 58/165 (35.2%)  52/256 (20.3%) 0.001
Napsin A+ 12/92 (13.0%) 9/126 (7.1%) 0.145
PE10+ 15/220 (6.8%) 18/381 (4.7%) 0.278

IHC, immunohistochemical; p-SQCC, peripheral lung squamous
cell carcinoma; ¢c-SQCC, central lung squamous cell carcinoma.

Table 4 Gene expression levels of “adenocarcinoma markers” and

“squamous marker” in p-SQCC compared to ¢-SQCC

p-SQCC (n=60), c¢-SQCC (n=60),

high expression  high expression P
(%) (%)

Genes

Adenocarcinoma markers

TTF1 35 (58.3%) 25(41.7%)  0.068
CK7 31 (51.7%) 29 (48.3%)  0.715
SPA 38 (63.3%) 22(36.7%)  0.003
CK8 30 (50.0%) 30 (50.0%)  1.000

Sqguamous marker

TP63 24 (40.0%) 36 (60.0%)  0.028

*

, median expression level was used as the cutoff value for
separating high and low expression. p-SQCC, peripheral lung
squamous cell carcinoma; c-SQCC, central lung squamous cell
carcinoma.

proportion of p-SQCC displayed positive expression
of TTF1 (P=0.010) and CK7 (P=0.001). Samples from
p-SQCC also showed higher frequency of positive Napsin
A and PE10 staining, although statistical significance was
not reached.

We also compared the gene expression levels of
“adenocarcinoma markers” (including TTF1, CK7, SPA
and CK8) and “squamous marker” (TP63) between p-SQCC
and ¢-SQCC using qRT-PCR (Table 4). Significantly
higher mRNA expression of SPA (P=0.003) was observed
in p-SQCC, whereas ¢-SQCC showed higher mRNA
expression of TP63 (P=0.028).

Morphological characteristics of p-SQCC

Among the 119 p-SQCC samples reviewed for
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morphological characteristics, 59 showed keratinization
and 60 were nonkeratinizing. Basaloid subtype was found
in 14 cases. According to tumor growth patterns, 2 were
classified as alveolar space-filling type, 77 were expanding
type, and 40 were combined type. Tumor cell budding and
single-cell invasion was observed in 28 and 48 samples,
respectively. The two cases classified as alveolar space-
filling type were both stage I with no lymph node metastasis
or lymphovascular invasion, and had no recurrence.
No significant associations were observed between
morphological characteristics and OS (Figure S1T).

Discussion

SQCC is typically known as a central lung lesion, while
ADC is usually peripherally located. Our previous
studies showed in vivo evidence of lung ADC to SQCC
transdifferentiation (6,7). This leads to our hypothesis
that p-SQCC might have some “adenocarcinoma
features” compared to ¢c-SQCC. Some previous studies
have indicated distinct clinicopathologic characteristics,
morphology and immunophenotypes between p-SQCC and
c-SQCC (2,15,16). However, to our knowledge, this study
is the first to comprehensively assess the clinicopathologic
and morphologic features, prognosis, status of recurrent
driver mutations along with immunohistochemical markers
in p-SQCC.

In the clinicopathologic analysis, we found a positive
correlation between p-SQCC and female gender as
well as never-smoking status. These were both typical
characteristics of lung ADC. Funai and colleagues (2)
compared the clinicopathologic characteristics between 109
p-SQCCs and 95 ¢-SQCCs. They found that patients with
p-SQCC were associated with older age, lower pathologic
stages and incidence of lymph node metastasis. In this study,
we also found patients with p-SQCC were significantly
older than those with ¢-SQCC. Consistent with previous
studies, we also observed p-SQCC patients were diagnosed
at earlier stages than ¢-SQCC patients. In this study,
we performed survival comparison between p-SQCC
and c-SQCC, and revealed that the two subtypes had
comparable RFS and OS in all patients as well as in stage I,
stage II or stage III patients when analyzed separately. Funai
and colleagues also found that survival proportions did not
differ significantly between p-SQCC and ¢-SQCC although
p-SQCC patients were associated with a lower pathologic
stage and lower lymph node metastasis (2). Mizushima
and colleagues also reported that p-SQCC and ¢-SQCC
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patients had no significant difference in the prognosis (17).

This study was the first to compare the status of a
comprehensive panel of recurrent driver mutations between
p-SQCC and c-SQCC. Interestingly, p-SQCC had a
significantly higher proportion of known driver mutations
than ¢-SQCC. Prevalence of EGFR mutations in p-SQCC
was also significantly higher than that in ¢-SQCC. In
addition, the frequency of KRAS mutations and HER?2
mutations were not statistically significantly different, but
there was a trend towards higher frequency in p-SQCC
compared to c-SQCC. The relatively higher proportion
of EGFR, KRAS and HER2 mutations in p-SQCC also
indicated “adenocarcinoma features”. Furthermore, our
results might have implications for clinical trials of targeted
therapies for lung SQCC.

Collectively, we found that p-SQCC shared some
features with ADC when compared to ¢-SQCC, including
peripheral tumor location, female gender, never-smoking
status and a higher proportion of EGFR mutations. Our
IHC analysis further showed that positive staining of
“adenocarcinoma markers” including TTF1, CK7, Napsin
A and PE10 was found to be more prevalent in p-SQCC
than ¢-SQCC. Finally, we compared the mRNA expression
level of “adenocarcinoma markers” and “squamous marker”
in p-SQCC and ¢-SQCC, and found that p-SQCC had
significantly higher gene expression of SPA (ADC marker),
while ¢-SQCC showed higher gene expression of TP63
(squamous marker).

In conclusion, lung p-SQCC had distinctive
clinicopathologic characteristics and molecular features
compared to c-SQCC, but showed some similarity with ADC.
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