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Peripheral type squamous cell carcinoma of the lung:
clinicopathologic characteristics in comparison to the central type
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Background: Squamous cell carcinomas (SqCCs) of the lung are known to arise more often in a central area but reports of peripheral
SqCCs have increased, with a pathogenesis that is obscured. In this study, the clinicopathologic characteristics of peripheral lung
SqCCs were studied and compared with those of the central type. Metheds: This study included 63 peripheral lung SqCCs and 48 ran-
domly selected central cases; hematoxylin and eosin-stained slides of surgically resected specimens were reviewed in conjunction with
radiologic images and clinical history. Cytokeratin-7 immunohistochemical staining of key slides and epidermal growth factor receptor
(EGFR)/KRAS mutations tested by DNA sequencing were also included. Results: Stages of peripheral SqCCs were significantly lower
than central SqCCs (p=.016). Cystic change of the mass (p=.007), presence of interstitial fibrosis (p=0.007), and anthracosis (p=.049)
in the background lung were significantly associated with the peripheral type. Cytokeratin-7 positivity was also higher in peripheral
SqCCs with cutoffs of both 10% and 50% (p=.011). Pathogenic mutations in EGFR and KRAS were observed in only one case out of
the 72 evaluated. The Cox proportional hazard model indicated a significantly better disease-free survival (p=.009) and the tendency of
better overall survival (p=.106) in the peripheral type. Conclusions: In peripheral type, lower stage is a favorable factor for survival but
more frequent interstitial fibrosis and older age are unfavorable factors. Multivariate Cox analysis revealed that peripheral type is
associated with better disease-free survival. The pathogenesis of peripheral lung SqCCs needs further investigation, together with
consideration of the background lung conditions.
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Lung cancer is known to be the leading cause of cancer fatali-
ties worldwide, in both developed and less developed countries
[1]. Squamous cell carcinoma (SqCC) is one of the major non-
small cell lung carcinomas and can be classified according to
the location of the tumor into either a central or peripheral type
[2]. About one-third of SqCCs are known to arise from the pe-
riphery, while the majority of SqCCs are associated with the
central portion of the lung [2]. More recently, the peripheral type
of SqCCs has been reported to increase, and now comprise ap-
proximately one-half of the SqCCs of the lung [3,4]. Multistage
pathogenesis of SqCC arising in the central airway epithelium
is known, with several sequential molecular abnormalities; start-
ing at the normal epithelium, through squamous metaplasia,
dysplasia, and carcinoma in situ [5]. Several sequential molecular
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abnormalities are recognized, including 3p loss of heterozygosity,
9p loss of heterozygosity, telomerase activation, methylation of
tumor suppressor gene, and 5q loss of heterozygosity, that con-
tribute to the development of invasive carcinoma [5]. On the
other hand, the exact etiology of peripheral SqCCs remains un-
known, with only a few studies of molecular events associated
with peripheral SqCCs using animal models [6,7]. Although
peripheral lung SqCCs have been investigated [3,8-10], the stud-
ies are limited in number with partly inconsistent results. In this
study, we tried to reveal the clinicopathologic, immunohisto-
chemical (cytokeratin-7), and molecular (epidermal growth fac-
tor receptor [EGFR] and KRAS) characteristics of the peripheral
type of SqCCs, and compared them to the central type. Not
only the tumor but also the background lung condition was in-
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cluded as the object of research. Furthermore, this study aimed
to see if any of the findings suggested some indication of the
pathogenesis or associated factors of peripheral SqCCs.

MATERIALS AND METHODS

Study subjects

Patients with surgically resected specimens of lung SqCC
from January 2011 to December 2013 at Seoul St. Mary’s Hos-
pital were reviewed. Specimens of patients who had received
neoadjuvant chemotherapy or radiotherapy for SqCC or had a
previous malignancy at other sites were excluded. In total, 63
cases of peripheral SqCC, with clinical history, radiologic data, and
immunohistochemical study available, were included. As well as
these 63 peripheral SqCCs, 48 randomly selected non-peripheral
SqCCs (central SqCC) were also included in this study, for com-
parison. Peripheral SqCC was defined as SqCC located at or distal
to subsegmental bronchi [3,11], based on both radiologic images
and pathologic findings. The survival length was defined as the
interval in months between the day of surgical resection and the
date of either the last follow-up or death. Each cause of death
was reviewed to exclude death due to any other cause.

Pathological studies

The surgically resected specimens for SqCCs were fixed rou-
tinely in 10% formalin, followed by embedding in paraffin,
4-micron sectioning, and hematoxylin and eosin (H&E) stain-
ing. The determination of histological classification and TNM
classification was based on the World Health Organization clas-
sification (2015) [5]; Verhoeff-Van Gieson Elastic staining was
additionally done with the cases in need for pleural status evalu-
ation. The presence of the adenocarcinoma component was eval-
uated by morphological features of adenocarcinoma, in conjunc-
tion with immunohistochemical studies of thyroid transcription
factor-1 (TTF-1) (Fig. 1A-C). Adenosquamous carcinoma,
which requires at least 10% of both an adenocarcinoma and
SqCC component, was excluded. Cystic change in the mass was
defined as a definite presence of cystic space inside the mass le-
sion, revealed in computed tomography (CT) images and/or
gross examination of the resected specimens (Fig. 1D-F). Inter-
stitial fibrosis, including usual interstitial pneumonia (idio-
pathic pulmonary fibrosis) (Fig. 1G-I), emphysema, bronchiec-
tasis, and anthracosis (Fig. 1]) were decided by characteristic
histologic findings, with or without concomitant radiological
evidence. The occupational history of the patients was reviewed
for evaluation of pneumoconiosis, with applicable CT images
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and evidence of histological findings (Fig. 1K, L). History of
tuberculosis was also reviewed with radiologic and/or patholog-
ic evidence of tuberculous scars.

Antibodies and immunohistochemical studies with evaluation

Among the 111 cases, immunohistochemical studies were
available for 105 cases (94.6%); 61 peripheral SqCCs (61 out of
63, 96.8%) and 44 central SqCCs (44 out of 48, 91.7%). Six
cases were excluded due to the absence of preexisting informed
consent for the further use of their human-derived materials.
Immunohistochemical staining was petformed with antibodies
of TTF-1 (1:200, clone SPT24, Novo, Newcastle upon Tyne,
UK) and cytokeratin-7 (CK7; 1:50, clone OV-TL 12/30, Dako,
Glostrup, Denmark). TTE-1 analysis was integrated as part of
evaluating glandular component of SqCCs, as previously de-
scribed. Each glandular morphology by H&E staining was con-
firmed by TTE-1 positivity. Representative sections of each SqCC
were stained for CK7, which were interpreted and categorized as
negative (0%), focally positive (+1, < 10%; +2, 10%-50%),
and positive (+3, 250%). For SqCC cases containing a focal
glandular (adenocarcinoma) component, CK7 positivity was
evaluated only in the SqCC component.

Molecular studies

Among the 111 cases, molecular studies. including assessment
of EGFR and KRAS, were performed in 72 (64.9%) of the pa-
tients, who consented to the test performance: 44 peripheral
SqCCs (44 out of 63, 69.8%) and 28 central SqCCs (28 out of
48, 58.3%). DNA was extracted from formalin-fixed paraffin-
embedded specimens by using a Maxwell 16 Tissue DNA Puri-
fication Kit (Promega, Madison, W1, USA) following the manual.
Polymerase chain reaction (PCR) was performed by using Qiagen
HotStar Taq DNA Polymerase (Qiagen, Hilden, Germany). The
forward sequencing primers used were 5'-ACTGCTTTCCAG-
CATGGTGAGG-3' for EGFR exon 18, 5'-GTGGCAC-
CATCTCACAATTGCC-3' for EGFR exon 19, 5'-ATGC-
GTCTTCACCTGGAAGG-3' for EGFR exon 20, 5'-CCTGAA
TTCGGATGCAGAGCTTC-3' for EGFR exon 21, 5'-GGT-
GAGTTTGTATTAAAAGG-3' for KRAS exon 2 and 5'-GGT-
GCACTGTAATAATCCAGAC-3' for KRAS exon 3. PCR con-
ditions consisted of initial denaturing at 95°C for 5 minutes,
40 cycles at 94°C for 30 seconds, at 60°C (EGFR exon 18) or
57°C (EGFR exon 19, 20, and 21) or 50°C (KRAS exon 2 and
3) for 30 seconds, at 72°C for 30 seconds and a final extension
at 72°C for 7 minutes. The PCR products were sequenced using
the BigDye Terminator v3.1 Cycle Sequencing kit (Applied
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Biosystems, Foster City, CA, USA), according to the manufac- Statistical analysis

turer’s instructions. IBM SPSS ver. 22.0 (IBM Corp., Armonk, NY, USA) and R
ver. 3.6.2 [12] was used for statistical analysis in this study. The
correlation between each type of lung SqCC and clinicopatho-

Tt

Fig. 1. Clinicopathologic characteristics of peripheral lung squamous cell carcinoma. (A-C) Microscopic findings of the glandular component
(adenocarcinoma component) in peripheral squamous cell carcinoma of the lung: H&E staining (A, B) and thyroid transcription factor-1 im-
munohistochemical staining (C). (D-F) Radiologic and pathologic images of cystic change of the mass: computed tomography (CT) image of
the chest (D), gross examination (E), and H&E staining (F). (G) Interstitial fibrosis, especially usual interstitial pneumonia with squamous cell
carcinoma in the peripheral lung; CT image showing coarse reticulation with honeycombing and mass in the lower lobe of the lung (G), H&E
staining (H, ). (J) Overall anthracosis coexisting with squamous cell carcinoma in the left upper area of the image. (K, L) Peripheral squamous
cell carcinoma in pneumoconiosis lung: CT image (K) and H&E staining (L) showing progressive massive fibrosis with irregular mass at the
subpleural portion of the left lower lobe.
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logic data was evaluated by the chi-square test for discrete vari-
ables. For variables having an expected count of less than 5,
Fisher exact test was used. The continuous variables including
age and smoking history (pack years) were first tested by the
Shapiro-Wilk normality test, and analyzed by the Wilcoxon
rank-sum test. Immunohistochemical study with CK7 was fi-
nally categorized as 0%—10% versus >10% and < 50% versus
>50%, both analyzed by the chi-square test. The length of sur-
vival was defined as the interval between the day of surgical re-
section and the date of death or the last follow-up, in months;
40 deaths occurred and the median follow-up period was 35.3
months. Survival analysis was done by Kaplan-Meier curve and
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Cox proportional hazard model. Every factor and feature was
analyzed individually, followed by the analysis of selected fac-
tors using the Cox proportional hazard model. In all instances,
a p<.05 was considered statistically significant.

RESULTS

The clinicopathologic characteristics of the 63 peripheral and
48 central lung SqCCs are summarized in Table 1. The median
age of patients with peripheral or central SqCC was 70 (range,
65 to 74) and 68 (range, 58 to 72), respectively, with male pre-
dominance in both types (93.7% and 97.9%). The age of pe-

Table 1. Clinicopathologic characteristics of peripheral and central squamous cell carcinoma of the lung

Characteristic Peripheral (n=63) Central (n=48) p-value
Age (yr) 70 (65-74) 68 (568.5-72) 037
Sex .387
Male 59 (93.7) 47 (97.9)
Female 4 (6.3 1(2.1)
Smoking (pack year) 35 (20-50) 40 (28-50) .629°
T category 412
T 25(39.7) 21(43.7)
T2 31(49.2) 25 (52.1)
>T3 7(11.1) 2(4.2)
N category <.001
NO 52 (82.5) 22 (45.8)
>N1 11 (17.5) 26 (54.2)
Stage .016
I 41 (65.1) 19 (39.6)
I 18 (28.6) 20 (41.7)
>l 4(6.3) 9(18.8)
Pathologic features
Adenocarcinoma component 6(9.5) 2(4.2) 462
Cystic change of the mass 16 (25.4) 3(6.3) .007
Interstitial fibrosis 22 (32.9) 6(12.5) .007
Emphysema 37 (68.7) 24 (50) .360
Bronchiectasis 3(4.8) 0 257
Anthracosis 35 (55.6) 18 (37.5) .049
Pneumoconiosis 5(7.9) 1(2.1) 232
Tuberculosis history and/or lung scar 18 (28.6) 9(18.8) 232
Cytokeratin-7 (%) .01
0-10 30/61 (49.2) 32/44 (72.7)
10-50 12/61 (19.7) 8/44 (18.2)
50-100 19/61 (31.1) 4/44 (9.1)
Metastasis and/or recur and/or death .083°
Event 23(36.5) 27 (56.2)
Disease-free survival 25.0(11.0-50.5) 35.0 (22.0-48.5)
Death A487°
Event 21(33.3) 19 (39.6)

Overall survival

37.0(29.0-49.0)

33.5(19.5-63.5)

Values are presented as median (interquartile range) or number (%).
Statistical analysis method: Pearson chi-square test and Fisher exact test.
AWilcoxon rank-sum test; °Kaplan-Meier method.
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ripheral SqCC patients was significantly older than that of the
central type (p=.037), with no difference in sex ratio between
the two groups (p=.387). Among the 111 patients included, 96
wete smokers, with a median smoking history of 35 pack year
(range, 20 to 50) in peripheral SqCC and 40 pack year (range,
28 to 50) in central SqCC. Neither the ratio of smokers to non-
smokers nor the period of smoking was associated with SqCC
lung location (p = .629). Although T category did not show any
difference between the two types, the frequency of lymph node
metastases (N category, >N1) was lower in the peripheral type
than in the central type (17.5% vs. 54.2%, p <.001; odds ratio,
0.179; 95% confidence interval [CI], 0.075 to 0.424). The over-
all stage evaluated by T, N, and M of each case showed differ-
ences between the two types, with a low-stage more frequent in
patients with the peripheral type (p=.010).

Among the pathologic features studied, peripheral SqCC was
associated with a more frequent cystic change of the mass (25.4%
vs. 6.3%, p=.007; odds ratio, 5.217; 95% CI, 1.422 to 19.140).
For evaluation of interstitial fibrosis, not only pathologic findings
but also clinical aspects were considered. Cases with definite
histologic features of interstitial fibrosis showing various or uni-
form stages were included, but some cases with characteristic
radiologic findings including honeycomb pattern were also con-
sidered to be in the ‘interstitial fibrosis’ group if they had con-
sistent pathologic findings. Most of the interstitial fibrosis cases
were usual interstitial pneumonia and the presence or absence
of interstitial fibrosis was significantly different between the
two groups (32.9% vs. 12.5%, p =.007; odds ratio, 3.756; 95%
CI, 1.382 to 10.210). Anthracosis was also more frequently
found in peripheral type SqCCs (55.6% vs. 3.5%, p = .049; odds
ratio, 2.160; 95% CI, 1.000 to 4.668), compared to central
SqCCs. TTF-1 immunohistochemical studies were interpreted
in conjunction with glandular morphologic features, to evaluate

the adenocarcinoma component. The presence of the adenocar-
cinoma component was analyzed for each case and the differ-
ence was found to be statistically insignificant between the pe-
ripheral and central type. The remaining features, including the
presence of emphysema, bronchiectasis, pneumoconiosis, and
tuberculosis history were also statistically unrelated to either
type of lung SqCCs.

CK7 immunohistochemical results were categorized as 0%—
10%, 10%—50%, and 50%-100%, according to the proportion
of positive tumor cells out of the total number of tumor cells, as
summarized in Table 1. Representative images of each propot-
tional group are shown in Fig. 2. The proportion of each group was
significantly different between peripheral and central SqCCs (p=
.011), with higher CK7 expression in peripheral SqCC. The result
was the same when dividing cases of each location into two sub-
groups with different cutoffs; with 10% cutoff (0%-10% vs.
10%-100%, p=.036); with 50% cutoft (0%—5% vs. 50%—-100%,
p=.007). Furthermore, we analyzed if there was any correlation
between CK7 positivity and survival in each group. For periph-
eral SqCCs, there existed no difference in overall survival accord-
ing to CK7 exptession (p=.912 in the 10%-50% group and p=
915 in the 50%-100% group). However, for central SqCCs,
higher CK7 positivity was associated with worse overall survival
(p=.041 in the 10%-50% group and p=.022 in the 50%—
100% group).

Molecular changes in EGFR existed in four out of 44 eval-
uated peripheral SqCCs and four out of 28 evaluated central
peripheral SqCCs; seven out of eight cases harbored silent mu-
tations, mostly the exon 20 Gln787Gln (c.2361G > A) polymor-
phism (Table 2). Only one case (case No. 3) showed pathogenic
mutation; exon 18 Glu709Gly (c.2126A > G) mutation with
concomitant exon 19 Leu747_Thr751del (c.2240_2254del) (Ta-
ble 2). KRAS mutation was detected in 1 out of 28 central

Fig. 2. Cytokeratin-7 (CK7) immunohistochemical staining of squamous cell carcinoma of the lung. (A) Less than 10% positivity of tumor
cells. Entrapped normal bronchial cells (right lower area) are excluded from the evaluation. (B) Between 10%-50% CK7 positivity of tumor
cells, with entrapped normal bronchial cells and pneumocytes in the left and upper area. (C) More than 50% CK7 positivity of tumor cells,
with strong intensity.
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Table 2. Molecular studies for EGFR and KRAS of peripheral and central squamous cell carcinoma of the lung

295

Central

Peripheral
EGFR mutation
Case No. 1 Exon 20 GIn787GlIn (c.2361G > A) polymorphism
Case No. 3 - Exon 18 Glu709Gly (c.2126A>G) mutation
- Exon 19 Leu747_Thr751del (c.2240_2254del)
Case No. 7 -
Case No. 57 -
Case No. 60
Case No. 61
Case No. 80
Case No. 97 -
KRAS mutation
Case No. 56 -

Exon 20 GIn787GlIn (c.2361G>A) polymorphism
Exon 20 GIn787GiIn (c.2361G>A) polymorphism
Exon 20 GIn787GiIn (c.2361G > A) polymorphism

Exon 18 Thr725Thr (c.2175G > A) polymorphism -
Exon 20 GIn787GiIn (c.2361G > A) polymorphism -

Exon 20 GIn787GiIn (c.2361G > A) polymorphism
Intron 19 (c.2284-60T > C) polymorphism

Gly12Val (c.35G >T) mutation

EGFR, epidermal growth factor receptor.
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Fig. 3. Survival analysis by Kaplan-Meier curves (A) Overall survival of each stage; stage |, including stage IA and IB; sage I, including stage
A and 1IB; stage Ill & IV, including IIA, 11IB, and IV. (B) Overall survival according to the presence or absence of interstitial fibrosis; the pres-
ence of interstitial fibrosis was significantly associated with poor survival (p=.021). (C, D) Disease-free survival (DFS) (C) and overall survival
(OS) (D) according to the peripheral or central type of lung squamous cell carcinoma (SqCC); peripheral SqCC had a tendency of better
DFS, but the result was statistically not significant (p=.063); there was no significant difference in OS (p=.487).

SqCCs and not found in peripheral SqCCs; the mutated case (case
No. 56) harbored a Gly12Val (c.35G > T) mutation (Table 2).

A Kaplan-Meier curve of overall survival according to stages
is shown in Fig. 3A. Sex and smoking history were not signifi-
cantly associated with survival. Among the pathologic features
listed in Table 1, only interstitial fibrosis revealed to be a signif-
icant prognosticator of overall survival; patients having intersti-
tial fibrosis showed worse overall survival compared to those

https://doi.org/10.4132/jptm.2020.05.04

without it (p=.021) (Fig. 3B). Patients with peripheral SqCC
had a tendency of better disease-free survival (Fig. 3C) but the
result was not statistically significant (p = .063). There was no
difference in overall survival between peripheral and central
lung SqCCs (p = .487) (Fig. 3D).

Based on the results obtained, the Cox proportional hazard
procedure was used for further analysis. The included variables
wete age and stage, as well-known prognosticators, the variables
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HR (95% Cl) p-value
Age 1.06 (1.02-1.10) - 0.005
Stage lvs. 2l 1.76 (0.96-3.23) = ‘ 0.069
Interstitial fibrosis ~ Absent vs. present 2.33 (1.22-4.43) = * 0.010
Location Central vs. peripheral 0.43(0.23-0.81) o | 0.009

05 1 2 5 (A)

HR (95% Cl) p-value
Age 1.05(1.01-1.1) - 0.027
Stage lvs. 2l 1.79 (0.90-3.5) = * 0.096
Interstitial fibrosis ~ Absent vs. present 2.71 (1.33-5.5) - + 0.006
Location Central vs. peripheral 0.55(0.27-1.1) » | 0.106

05 1 2 5 (B)

Fig. 4. Hazard ratio by Cox proportional hazard model analyzed for disease-free survival (DFS) (A) and overall survival (OS) (B). Peripheral lung
squamous cell carcinoma (SqCC) was significantly associated with a better prognosis (hazard ratio [HR], 0.43; 95% confidence interval [95%
Cl}, 0.283t0 0.81; p=.009). It also had a tendency of better OS (HR, 0.55; 95% Cl, 0.27 to 1.10) but was not statistically significant (p=.106).

revealed to be different between the two groups, and interstitial
fibrosis. Patients with peripheral lung SqCC showed a tendency
of better overall survival (hazard ratio, 0.55; 95% CI, 0.27 to
1.1) but this was not statistically significant (p =.106) (Fig. 4).
However, in disease-free survival, peripheral lung SqCC was
significantly associated with better prognosis (hazard ratio 0.43;
95% CI, 0.23 t0 0.81; p=.009) (Fig. 4).

DISCUSSION

In the current study, we first investigated clinicopathologic
features of peripheral and central lung SqCC (Table 1). The age
of patients was significantly different between the two groups
(p =.037), which is consistent with two previous studies that
found patients with peripheral lung SqCC were older [3,10]. T
categories were not significantly different between the two types,
whereas the N category of the peripheral type was significantly
lower than the central type (p <.001). The tendency of lower
lymph node metastases in the peripheral type was previously
confirmed in one study by Funai et al. [3]; however, another study
revealed no difference in metastases between the peripheral
and central type [10]. In this study, the overall stage, evaluated
from the T, N, and M category, was also different between the
two types, probably due to lower lymph node metastasis in pe-
ripheral lung SqCC. The possibility cannot be ruled out that a
lower N category, in the setting of the same T category, is caused

http://jpatholtm.org/

by a greater physical distance from the main mass to mediastinal
lymph nodes, in the peripheral SqCC.

Adenosquamous carcinoma is known to typically arise in the
peripheral pulmonary parenchyma, with some cases reported to
be located centrally [5]. We evaluated all the cases to determine
there was a glandular component (adenocarcinoma component)
in up to 10% of the tumors (Fig. 1A-C). An adenocarcinoma
component was observed in 9.5% (6 out of 63 cases) and 4.2%
(2 out of 48 cases) in peripheral and central lung SqCCs, respec-
tively (Table 1). However, statistical analysis with Fisher’s exact
test revealed no significant difference, probably due to the limited
number of cases.

There existed more frequent cystic change of the mass in pe-
ripheral type SqCCs than in central type (25.4% vs. 6.3%, p =
.007), which was confirmed by both CT images and gross exam-
ination, along with microscopic findings in each case (Fig. 1D-F).
Cystic change of lung cancers has been studied by several research-
ers of radiology [13,14]. The majority of the data consisted of
adenocarcinoma. The cystic lesions were considered to include
emphysematous bullae, congenital or fibrotic cysts, bronchiectatic
airways, and distended distal airspaces [13]. In the current study,
microscopic findings of the masses with cystic change revealed
an empty space lined by SqCC cells or partly suspicious for
SqCC in situ (Fig. 1F). With gross examination and CT images
of some cases, the cystic lesion was suspected to have been pre-
viously bronchiolar airway, of which the proximal portion was

https://doi.org/10.4132/jptm.2020.05.04



blocked by a mass effect. Cystic change due to necrosis was
scarce in this study. It is possible to assume that the lower pro-
portion of cystic change in central lung SqCCs might be due to
a relatively larger airway diameter obstructed by the mass. It
might be noteworthy that differential diagnoses of solid masses
with cystic change in the lung should include SqCC, especially
those located in the peripheral area of the lung.

In the investigation of pathologic features of background
lung, we focused on the diffuse and overall change of lung, in
conjunction with CT images. Among those reviewed, the pres-
ence of interstitial fibrosis (Fig. 1G-I) and anthracosis (Fig. 1])
were more associated with the peripheral type than the central
type of SqCCs (32.9% vs. 12.5%, p=.007; 55.6% vs. 37.5%, p=
.049) (Table 1). Interstitial fibrosis cases included in this study
were mostly of the usual interstitial pneumonia pattern. With the
established multistage pathogenesis of SqCCs, which includes
morphological changes from normal epithelium through to
squamous metaplasia, dysplasia, and carcinoma in situ in the
central bronchial area [5], it is possible to assume that similar
pathogenic events may occur in the peripheral area of the lung
parenchyma if it has undergone bronchial metaplasia. In the pe-
ripheral SqCC cases with simultaneous interstitial fibrosis, SqCCs
usually coexisted with interstitial fibrosis and bronchial meta-
plasia (Fig. 1H, I), although the sequential morphologic change
from dysplasia or carcinoma in situ to SqQCC was not sufficient
to be verified microscopically.

Some authors have proposed several growth patterns for the
peripheral SqCC of the lung, including pushing patterns, infil-
trative patterns, alveolar filling patterns, and pseudoalveolar fill-
ing patterns [15] or an alveolar space-filling type, expanding
type, and combined type [3]. These previous studies suggest that
the alveolar filling growth pattern might be associated with a
better prognosis [3,15]. However, in the current study, it seemed
reasonable to consider the presence of diffuse interstitial fibrosis,
including usual interstitial pneumonia, in evaluating peripheral
SqCC of the lung for the following two reasons: (1) interstitial
fibrosis might be more frequently associated with the peripheral
type of SqCC than the central type and (2) for the cases of back-
ground fibrotic lung, certain growth patterns such as the alveo-
lar filling pattern may be impossible.

In regards to the background condition of the lung, we also
investigated the presence of emphysema, bronchiectasis, pneu-
moconiosis, and histologic evidence of past tuberculosis with or
without a clinical history of tuberculosis, all of which revealed
to be of no significant relevance with either type of lung SqCC
(Table 1). Among these, the presence of emphysema, which was
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reported to be relevant to peripheral type SqCC in one previous
study [9], did not show significant association in the current
study (p =.360). Especially, patients with pneumoconiosis
whose lungs show multiple scattered fibrotic nodules were hy-
pothesized initially to have an association with peripheral type
SqCCs, as interstitial fibrosis or anthracosis. There were five
pneumoconiosis cases out of 63 peripheral SqCCs (7.9%) and
one case out of 48 central SqCCs (2.1%). The statistical results
may be due to the limited number of pneumoconiosis cases in-
cluded as well as rare epidemiology. A further large-scale study
with a greater number of patients might be necessary.

CK7 expression is usually considered a characteristic feature
of adenocarcinoma of various origin sites, including lung, bili-
ary tract, pancreas, salivary gland, breast, ovary, and endometri-
um [16-18]. Relatively less studied in SqCC, CK7 is known to
be positive in more than 20% of lung SqCCs according to a pre-
vious study [19]. In esophageal SqCCs, a group of researchers
revealed an association between CK7 expression and poor prog-
nosis [20]. No such study was found for the prognostic signifi-
cance of CK7 positivity in lung SqCC. However, the difference in
immunohistochemical staining between the peripheral and cen-
tral type of lung SqCCs was included in a few previous studies;
CK7 expression was more frequently observed in the peripheral
type in one study [10], while there was no difference between the
two types in another study [9]. In both studies, tissue microar-
rays were evaluated. In the current study, whole slides of each
key block in all tumors were stained with CK7 and overall a het-
erogenous staining pattern was obtained. Therefore, we inter-
preted CK7 staining with categorization according to the pro-
portion of positive tumor cells out of the entire number of tumor
cells as 0%-10%, 10%—-50%, and 50%-100% (Fig. 2). With
cutoffs of both 10% and 50%, significantly more CK7 positivity
in peripheral type lung SqCC was confirmed (Table 1). It was
notable that with a cutoff of 10%, 47.5% of peripheral type lung
SqCC showed CK7 positivity.

As CK7 expression was evaluated in only SqCC, even in the
cases containing a focal adenocarcinoma component, the differ-
ence of CK7 expression between peripheral and central groups
was not associated with the glandular component. Additionally,
the presence of the focal adenocarcinoma component was not
significantly different between the two groups, as shown in Ta-
ble 1. CK7 expression was observed not only in various percent-
ages but also with various intensity, as shown in Fig. 2. The fact
that adenosquamous carcinoma frequently arises in the peripheral
area [5] and that an adenocarcinoma component of up to 10%
was observed in a proportion of peripheral SqCC in this study,
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although not significant, suggests some association. A weak to
moderate, and even strong, expression of CK7 in peripheral SqCC
might suggest a different biologic and/or molecular aspect from
central SqCC. This possible difference needs further study and
probably needs to be separated from the cases accompanying
interstitial fibrosis. Furthermore, the survival analysis according
to CK7 expression in each location revealed high CK7 expres-
sion was associated with worse overall survival in central SqCC,
with no survival difference in peripheral SqCC. Although this
finding might suggest a new prognostic aspect of CK7 in central
SqCC, it is limited by a relatively small number of samples (44
central SqCCs) and the fact that there was no difference in dis-
ease-free survival in both central and peripheral SqCCs.

According to previous studies, the EGFR and KRAS muta-
tion in lung SqCC is sparse and reported in less than 5% of all
patients [5]. In the current study, though some polymorphism
was observed in several cases, only one case in the peripheral type
harbored the EGFR mutation and another case in the central
type had a KRAS mutation (Table 2). Until now, the molecular
difference between the two types of SqCC has not been studied.
This study has limitations in that only a portion of the cases
collected were the object of molecular tests. For further investi-
gation, studies with a much larger number of cases might be
necessary, opening the possibility of assessing novel molecular
events of peripheral type SqCCs of the lung other than EGFR
or KRAS mutations.

With Kaplan-Meier curves, peripheral lung SqCC did not show
a significant difference in survival, although the slight tendency
of a better DFS was suggested (Fig. 3C, D). We hypothesized
that a lower TNM stage in peripheral SqCC is a favorable factor,
but more frequent interstitial fibrosis and older age are counter-
acting factors. This could be verified by the Cox proportional
hazard model, which revealed an association with better surviv-
al after adjustment for age, stage, and the presence of interstitial
fibrosis (Fig. 4).

In conclusion, the current study suggests that peripheral type
lung SqCC is possibly different from the central type in clinico-
pathologic aspects, with lower lymph node metastasis but more
frequently accompanying interstitial fibrosis and anthracosis in
the background lung. In addition, a cystic change in the mass is
more commonly observed in the peripheral type, which can be
evaluated by CT images preoperatively and also with gross exam-
ination after surgery. Immunohistochemically, the peripheral type
shows more tendency of CK7 staining, which has been known
to be positive in only a minority of SqCC. Some of the cases in
our study revealed rare EGFR and KRAS mutations in both types.

http://jpatholtm.org/

The peripheral type of lung SqCCs may have different patho-
genic events from that of the central type, which needs further
investigation with a larger set of cases. We believe the current
study could be considered with further investigation and expect
the information to be reflected eventually in patient care.
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