@ﬁ SPANDIDOS
,3,‘ PUBLICATIONS

ONCOLOGY LETTERS 16: 7057-7067, 2018

Significance of the epidermal growth factor receptor mutation
status and differences among molecular subgroups in
surgically resected lung microinvasive adenocarcinoma
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Abstract. Lung microinvasive adenocarcinoma (MIA) is
a newly-defined subtype of early stage non-small cell lung
cancer (NSCLC). However, its epidermal growth factor
receptor (EGFR) mutation status and clinical significance
remain unclear. The present study aimed to determine EGFR
mutation characteristics and identify their significance in
patients with resected lung MIA. The present study also
analyzed clinicopathological differences between EGFR
molecular subgroups defined as 19Del and L858R. The
present study examined EGFR mutations in 79 consecutive
lung MIA resection specimens and compared the differences
in clinicopathological features between the EGFR wild-type
and mutation groups, as well as between the 19Del and L858R
subgroups. EGFR mutations were detected in 60 (75.95%)
tumors. The most common mutations were 19Del (28 cases;
35.44%) and L858R (30 cases; 37.97%). Two patients harbored
rare mutations and one of them had a concomitant double
mutation. EGFR mutations were significantly associated
with microinvasion component, thyroid transcription factor 1
(TTF-1) expression, intratumoral fibrosis and inflammatory
cell infiltration. Subgroup evaluation indicated that there
was a significant association between 19Del and tumor size,
maximum diameter of microinvasion, presence of intratumoral
fibrosis and inflammatory cell infiltration. Similar associations
were observed for the L858R subgroup, and L858R was asso-
ciated with TTF-1 expression. In particular, 19Del occurred
more frequently in MIA with a smaller size, with a smaller
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microinvasive area, without TTF-1 expression, and lacking
intratumoral fibrosis and inflammatory cell infiltration. By
contrast, L858R was detected more frequently in MIA with
entirely different tumor features. In conclusion, the results of
the present study indicated that surgically resected MIA cases
harboring different EGFR gene statuses exhibit distinct clini-
copathological features. Significant differences in pathological
features associated with the tumor microenvironment were
identified in MIA with 19Del or L858R mutations. Therefore,
the present study proposed that MIA should be classified into
molecular subgroups based on EGFR mutation subtypes. The
molecular sub-classification should be taken into account for
prognostic evaluation and clinical management of MIA.

Introduction

Lung cancer is one of the most common types of cancer
worldwide and it remains the leading cause of cancer-associated
mortality among all human malignancies (1). In developing
and developed countries, the morbidity and mortality rates
of lung cancer have markedly increased, particularly in
China (2). Non-small cell lung cancer (NSCLC) accounts for
80-85% of lung cancer cases according to the World Health
Organization (WHO) classification (3). Over the past decade,
the treatment strategy for NSCLC has changed significantly
and the therapeutic efficacy has improved with the application
of novel individualized therapy. This is based on specific
molecular alterations that define biological characteristics
of lung cancer and may be used to predict treatment
response (4). The epidermal growth factor receptor (EGFR)
gene is considered the most valuable driver oncogene in the
clinical management of NSCLC. EGFR gene mutations are
identifiable in 10-50% of later stage NSCLC cases and are
frequently detected in female non-smoker Asian patients with
adenocarcinoma (5-7). EGFR tyrosine kinase inhibitors (TKIs)
have exhibited promising clinical efficacy for the treatment of
advanced NSCLC harboring sensitive EGFR mutations (8).
Phase III randomized trials have provided robust evidence that
EGFR TKIs could be applied as first-line therapy for advanced
NSCLC with particular EGFR mutations (9-12).

EGFR mutation detection is being established as a
prerequisite for the tailored treatment of late stage NSCLC. The
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diagnosis of early-stage lung adenocarcinoma has increased
and stage I lung adenocarcinoma is the most common type of
lung cancer in China, including MIA (13). However, few studies
have investigated the characteristics of EGFR mutation or its
significance in lung MIA (14,15). The present study described the
EGFR mutation spectrum in surgically resected MIA specimens
from Chinese patients and further evaluated the association
between clinicopathological features and EGFR mutation
status. Furthermore, the present study aimed to investigate the
differences in clinicopathological parameters between the two
most common EGFR mutation subtypes (deletion in exon 19
and point mutation in exon 21 L858R), and to analyze the
clinical relevance of this.

Materials and methods

Ethics approval. The study protocol was approved by the
Institutional Review Board of Anhui Provincial Hospital,
The First Affiliated Hospital of University of Science and
Technology of China (Anhui, China; reference no. 20160183).
Written informed consent was obtained from all patients and
all patients agreed to the use of tissue samples for EGFR
mutation analysis. The present study was performed according
to the approved guidelines and principles of good clinical
practice.

Patients and samples. Between January 2015 and June 2017,
79 patients (32 male and 47 female; (median, 58; range
39-82 years of age) who underwent pulmonary resection for
a small pulmonary nodule following low-dose computed
tomography (LD-CT) examination, were enrolled at Anhui
Provincial Hospital. Patients included in the present study met
the following inclusion criteria: i) Pathologically-confirmed
pulmonary microinvasive adenocarcinoma diagnosis,
according to the WHO Classification of Lung Tumors
(4th edition) (16), and ii) surgically resected specimens
available for EGFR mutation detection. Patients were excluded
from the present study if they had received chemotherapy,
radiotherapy or other therapy prior to surgery.

All resected tissue samples were fixed in
10% neutral-buffered formalin for 24 h at room temperature
and embedded in paraffin. Clinical and pathological data were
collected from the medical records of each patient. Histological
subtype and the maximum size of the microinvasion component
were evaluated by 3 pathologists, (ML, MZ and CL) from
the Department of Pathology, Anhui Provincial Hospital,
The First Affiliated Hospital University of Science and
Technology (Hefei, China), according to the new International
Association for the Study of Lung Cancer/American Thoracic
Society/European Respiratory Society adenocarcinoma
classification and WHO criteria (16,17). The patient
demographic characteristics are summarized in Table I.

Immunohistochemical (IHC) analysis and TTF-1 scoring.
[HC staining was performed according to a previously
described method (18). In brief, 4-ym thick formalin-fixed,
paraffin-embedded tissue sections were deparaffinized in
xylene and rehydrated in gradient ethanol, which included
100, 95, and 85% ethanol. Tissue sections were treated with
3% hydrogen peroxide at room temperature for 10 min and
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washed with PBS (pH 7.4), and antigens were retrieved at a
high-temperature of ~102°C and high-pressure for 2 min
in citrate buffer (pH 6.0; cat. no. 14746; Santa Cruz; Santa
Cruz Biotechnology, Inc., Dallas, TX, USA). The slides
were subsequently washed with PBS (pH 7.4) and blocked in
3% bovine serum albumin (cat. no. 9998; Santa Cruz; Santa
Cruz Biotechnology, Inc) at room temperature for 30 min. A
TTF-1 monoclonal antibody (dilution, 1:200; clone 8G7G3/1;
cat. no. IS05630; Dako; Agilent Technologies, Inc., Santa
Clara, CA, USA) was used as the primary antibody for TTF-1
detection. The slides were incubated with the primary anti-
body for 2 h at room temperature. The TTF-1 ITHC staining
was performed according to the manufacturer's protocol of the
Envision Two-step Detection kit (cat. no. GK500705; Dako;
Agilent Technologies, Inc.). The THC slides were analyzed
under a light microscope Olympus BX 51 (magnification, x200;
Olympus Corporation, Tokyo, Japan). TTF-1 expression was
indicated by nuclear staining.

Previous studies (19,20) have performed TTF-1 expression
scoring based on the staining intensity. The intensity was
scored as follows: 0, no expression; 1, weak expression;
2, intermediate expression; or 3, strong expression. A sample
was defined as negative for tumor cells with a score of <2 and
positive for tumor cells with a score of =2.

EGFR mutation analysis. Genomic DNA was isolated and
purified from formalin-fixed paraffin-embedded tissues using
a QIAamp DNA FFPE Tissue kit (cat. no. 56404; Qiagen
GmbH, Hilden, Germany), according to the manufacturer's
protocol. Macrodissection of materials from tissue sections was
performed if necessary for specimens containing insufficient
tumor components (the proportion of tumor cells was <50%).
The extracted DNA purity and concentration were evaluated by
a NanoDrop 2000 ultraviolet spectrophotometer (NanoDrop
Technologies; Thermo Fisher Scientific, Inc., Waltham, MA,
USA). EGFR mutation status was detected using Human
EGFR Gene Mutation Detection kit (cat. no. 20143402001,
ADx-ARMS; Amoy Diagnostics Co., Ltd., Amoy, Fujian,
China), according to the manufacturer's protocol for the
amplification refractory mutation system quantitative
polymerase chain reaction (PCR). A total of 29 mutations
were detected in the present study, including G719A, G719S,
G719C, T790M, L858R, L861Q and S768I, three types of
insertions in exon 20, and 19 types of deletions in exon 19.
Positive and negative controls were set in each experiment.
The positive controls were the plasmids containing mutated
EGFR gene sequences and negative control were the plasmids
containing the wild-type EGFR gene sequences. An external
control was used for each sample to guarantee the loading of
sufficient DNA template and an internal control was used in
each reaction tube to exclude the presence of PCR inhibitors.

Statistical analysis. Statistical analysis was performed using
SPSS software for Windows (version 13.0; SPSS, Inc., Chicago,
IL, USA). The association between various clinicopathological
parameters and EGFR mutation status was evaluated using the
¥* and Fisher's exact tests, as appropriate. Subgroup analysis
aimed to investigate differences in EGFR gene status. All
tests were two-sided and P<0.05 was considered to indicate a
statistically significant difference.



Table I. Demographic characteristics of 79 Chinese patients
with lung microinvasion adenocarcinoma.

Factor n Proportion, %
Total cases 79
Age
<50 16 20.25
51-60 31 39.24
61-70 21 26.58
>70 11 13.92
Sex
Male 32 40.51
Female 47 59.49
Smoking status
Never smoked 71 89.87
Smoker 8 10.13
Tumor number
Single 65 82.28
Multiple 14 17.72
Tumor site
Left 28 35.44
Right 49 62.03
Bilateral 2 2.53
2.53%
24.05%

o
S35.44% B 19Del mutation

B L858R mutation
0 Wild type

B Other mutation

37.97%

Figure 1. Mutation spectrum of the epidermal growth factor receptor gene in
79 patients with lung microinvasion adenocarcinoma.

Results

Descriptive characteristics of patients. A total of 79 patients
with lung MIA were included in the present study and the
demographic characteristics of these patients are summarized
in Table I. All pathological diagnoses were determined by
three professional pulmonary pathologists according to the
criteria of the WHO/IASLC Histological Classification of
Lung and Pleural Tumors. The median age at diagnosis was
58 years (range, 39-82 years). There were 32 (40.51%) male
and 47 female (59.49%) patients. A total of 8 (10.12%) of the
enrolled patients were smokers and 71 (89.87%) had never
smoked. With respect to the number of pulmonary tumors,
65 (82.28%) patients had a single tumor and 14 (17.72%)
patients had multiple tumors. Tumors of 28 (35.44%) cases
were located in the left lung, 49 (62.03%) cases in right lung
and 2 (2.53%) cases had bilateral tumors. Of all 79 patients
included in the present study, MIA occurred more frequently
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in females, patients who had never smoked, patients aged
51-60 years and patients with a single tumor located in the
right lung (Table I).

An EGFR mutation was identified in 60/79 patients with
MIA, with a 75.95% mutation rate. A total of 28 cases (35.44%)
had a deletion in exon 19 (19Del), 30 cases (37.97%) had a
point mutation in exon 21 (L858R) and 19 wild-type EGFR
gene cases (24.05%) were identified. The remaining 2 cases
(2.53%) harbored rare mutations, one of exon 18 G719X,
and the other was a concomitant double mutation of exon 18
G719X and exon 20 S768I. The mutation spectrum of EGFR in
the 79 patients with MIA is described in Fig. 1.

Association between EGFR mutation status and
clinicopathological characteristics. As presented in Table II,
the distribution of EGFR mutations did not differ significantly
according to sex, age at diagnosis, smoking status or tumor
site/size/number in the 79 patients with MIA in the present
study. The maximum diameter of microinvasion, percentage
of lymphocytes in the peripheral blood and radiological
appearance with or without ground glass opacity (GGO)
were not associated with EGFR mutation. With respect to the
histological subtype of microinvasion component according
to the IASLC/ATS/ERS classification, the EGFR mutation
occurred more frequently in lepidic and acinar predominant
subtypes (P<0.01). However, the distribution of patients with
EGFR was not significantly different between these two histo-
logical subtypes. In addition, EGFR mutations occurred more
frequently in patients with intratumoral fibrosis and intratu-
moral inflammatory cell infiltration (P<0.01). On the other
hand, the present study identified 63 cases (79.75%, defined
as staining score =2) with MIA that were TTF-1-positive and
16 cases (20.25%, defined as staining score <2) that were
negative (Fig. 2). EGFR mutations occurred more frequently
in MIA patients with TTF-1 expression (Table II; P<0.01).

Comparison of clinicopathological characteristics among the
EGFR mutation subtypes. As shown in Table III, subgroup
analysis was conducted to analyze the association between the
EGFR mutation subtype and clinicopathological parameters.
The distribution of patients with 19Del and L858R in the
present study cohort was similar with respect to sex, age at
diagnosis, smoking status, tumor site and number, histo-
logical subtype of the microinvasive component, percentage
of lymphocytes in the peripheral blood and radiological
appearance with or without GGO. Nevertheless, there was
a significant association between the 19Del mutation status
and tumor size (P<0.01), diameter of tumor microinvasion
(P<0.05), presence of intratumoral fibrosis (P<0.05) and
inflammatory cell infiltration (P<0.01). There was a significant
association between the L858R mutation and the aforemen-
tioned features. Furthermore, the expression status of TTF-1
protein was significantly associated with the L858R mutation
status (P<0.05), but not with the 19Del mutation (Table III).
As demonstrated in Fig. 3 and Table IV, the present study
also demonstrated that 19Del occurred more frequently in
patients with MIA exhibiting small tumor size (P=0.004)
and smaller diameter of microinvasive area (P=0.005). 19Del
was also observed more frequently in patients without intra-
tumoral fibrosis (P=0.000), inflammatory cell infiltration
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Table II. Association between the epidermal growth factor receptor mutation status and clinicopathological features.

Factor n Mutation (%) P-value

Total cases 79 60 (75.95)

Age 0.303
<50 16 13 (81.25)
51-60 31 26 (83.87)
61-70 21 13 (61.90)
>70 11 8(72.73)

Sex 0.871
Male 32 24 (75.00)
Female 47 36 (76.59)

Smoking status 0.348
Never smoked 71 55 (77 .46)
Smoker 8 5 (62.50)

Tumor number 0.260
Single 65 51 (78.46)
Multiple 14 9 (64.28)

Tumor site 0.495
Left 28 20 (71.43)
Right 49 39 (79.59)
Bilateral 2 1 (50.00)

Tumor size, cm 0.301
<1 46 33 (71.74)
>1,<2 33 27 (81.82)

Presence of GGO 0.660
Yes 73 55 (75.34)
No 6 5(83.33)

Maximum diameter of tumor microinvasion, mm 0.133
<2 34 23 (67.65)
>2,<5 45 37 (82.22)

Histological subtype of microinvasion component 0.001*
Lepidic predominant 43 33 (76.74)
Acinar predominant 32 27 (84.38)
Other sub-type 4 0 (0.00)

Intratumoral fibrosis 0.007*
Presence 46 40 (86.96)
Absence 33 20 (60.61)

Intratumoral inflammatory cell infiltration 0.007*
Presence 38 34 (89.47)
Absence 41 26 (63.41)

Percentage of lymphocytes in peripheral blood 0.134
<30 19 12 (63.16)
>30 60 48 (80.00)

Expression of TTF-1 protein 0.007*
Positive 63 52 (82.54)
Negative 16 8 (50.00)

*P<0.01. GGO, ground glass opacity; TTF-1, thyroid transcription factor 1; other subtype, other histopathological subtypes, including papillary
predominant, micropapillary predominant and solid pattern predominant, classified and recorded according to the new IASLC/ATS/ERS lung
adenocarcinoma classification; median percentage of lymphocytes in peripheral blood was 30%; therefore, all enrolled patients were divided

into two subgroups.
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Figure 2. Representative examples of the immunohistochemical staining of TTF-1 in MIA. (A) Score 0, no expression of TTF-1 was detected in tumor cells;
magnification, x100. (B) Score 1, weak expression of TTF-1 was detected in tumor cells; magnification, x200. (C) Score 2, intermediate expression of TTF-1
was detected in tumor cells; magnification, x200. (D) Score 3, high expression of TTF-1 was detected in tumor cells; magnification, x100. TTF-1, thyroid

transcrsiption factor-1.

(P<0.001) and TTF-1 expression (P=0.033). By contrast, the
subgroup analysis revealed that the L§58R mutation was more
frequently detected in patients with MIA with larger tumors
(P<0.001), larger diameters of microinvasive area (P=0.005),
intratumoral fibrosis (P=0.001) and inflammatory cell infiltra-
tion (P<0.001). Furthermore, significant differences were not
observed between the 19Del and L858R subtypes with regard
to other clinicopathological feature subgroups.

Discussion

The present study aimed to improve the understanding of
the EGFR mutation features, and their clinicopathological
relevance, in MIA. MIA is a newly defined subtype of
lung adenocarcinoma with distinctive clinicopathological
features (21). MIA is a very common type of stage I lung
cancer and its prognosis remains controversial. The present
study retrospectively detected EGFR mutations in patients
with MIA from a Chinese population and evaluated the asso-
ciation between the mutation status and clinicopathological
characteristics. The results indicated that lung MIA occurred
more frequently in females, patients who had never smoked,
patients aged 51-60 years and patients with a single tumor in
the right lung. The results of the present study revealed the
clinical characteristics of MIA in a relatively large cohort.
Previous studies have suggested that EGFR mutations are
more frequently observed (40-60%) in lung adenocarcinomas
of Asian patients (22-26). It has been revealed that the EGFR
mutations are significantly associated with MIA and more

frequently detected in Japanese patients with MIA (14,15). To
the best of our knowledge, the present study was the first to
evaluate EGFR mutation status in a relatively large cohort of
surgically resected lung MIAs from the Chinese population.
The results indicated that the EGFR mutation rate was 75.95%
in MIA, which was increased compared with the previously
reported prevalence. The results of the present study also
revealed that 19Del and L858R are the two dominant muta-
tion subtypes, which was consistent with a previous report
regarding patients with IA (27,28). Additionally, a rare single
mutation (exon 18 G719X) and a rare concomitant mutation
(exon 18 G719X and exon 20 S768I) were observed in the
present cohort. According to the EGFR mutation features
in the present study, it was concluded that MIA may harbor
specific molecular characteristics, and further large-scale
studies are required to confirm this.

EGFR is a member of the ErbB/HER family of transmem-
brane receptor tyrosine kinases expressed in several human
malignancies, including lung cancer (29-31). EGFR-associated
signaling pathways can be deregulated through different
mechanisms, the most important of which is EGFR muta-
tion (32). The most common EGFR mutations are 19Del
and L858R, which are known as activating EGFR mutations
in NSCLC (33). Activating EGFR mutations may result in
constitutive activation of the receptor and diverse downstream
signaling pathways, independent of ligand binding (34,35).
The constitutive activation of EGFR-associated signaling
pathways elicited by EGFR mutations are thought to
be a significant contributor to the tumorigenesis of
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Table III. Association between the two subtypes of tyrosine kinase inhibitor-sensitive EGFR mutation and clinicopathological
features.

EGFR mutation status

Factor n 19Del P-value L858R P-value

Sex 0.427 0.310
Male 32 13 (40.63) 10 (31.25)
Female 47 15 (31.91) 20 (42.55)

Age 0.062 0.902
<50 16 8 (50.00) 5(31.25)
51-60 31 14 (45.16) 12 (38.71)
61-70 21 5(23.81) 8 (38.10)
>70 11 1(9.09) 5(45.45)

Smoking status 0.515 0977
Smoked 8 2 (25.00) 3 (37.50)
Never smoked 71 26 (36.62) 27 (38.03)

Presence of GGO 0.096 0.263
Presence 73 24 (32.88) 29 (39.73)
Absence 6 4 (66.66) 1(16.67)

Tumor number 0.227 0.678
Single 65 25 (38.46) 24 (36.92)
Multiple 14 3(2143) 6 (42.86)

Tumor site 0.343 0.533
Left 28 7 (25.00) 11 (39.29)
Right 49 20 (40.82) 19 (38.78)
Bilateral 2 1 (50.00) 0 (0.00)

Tumor size, cm 0.007* <0.0001*
<] 46 22 (47.83) 9 (19.57)
>1,<2 33 6 (18.18) 21 (63.64)

Maximum diameter of tumor microinvasion, mm 0.019° 0.001*
<2 34 17 (50.00) 6 (17.65)
>2,<5 45 11 (24 .44) 24 (53.33)

Histological sub-type of microinvasion component 0.112 0.084
Lepidic predominant 43 19 (44.19) 14 (32.56)
Acinar predominant 32 9 (28.13) 16 (50.00)
Other subtype 4 0 (0.00) 0 (0.00)

Intratumoral fibrosis 0.011° <0.0001*
Presence 46 11 (2391) 27 (58.69)
Absence 33 17 (51.52) 3(9.09)

Intratumoral inflammatory cells infiltration 0.002* <0.0001*
Presence 38 7(18.42) 25 (65.79)
Absence 41 21 (51.22) 5(12.20)

Percentage of lymphocytes in peripheral blood 0.686 0.510
<30 19 6 (31.58) 6 (31.58)
>30 60 22 (36.67) 24 (40.00)

TTF-1 0.847 0.030°
Positive 63 22 (34.92) 29 (46.03)
Negative 16 6 (37.50) 1(6.25)

"P<0.01 and "P<0.05. EGFR, epidermal growth factor receptor; GGO, ground glass opacity; TTF-1, thyroid transcription factor 1; other histo-
pathological subtypes, including papillary predominant, micropapillary predominant and solid pattern predominant classified and recorded
according to the new IASLC/ATS/ERS lung adenocarcinoma classification; median percentage of lymphocytes in peripheral blood was 30%;
therefore, all enrolled patients were divided into two subgroups.
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and L858R status for various subgroups. (A-I) The x-axis indicates various
subgroups defined as different clinicopathological features and the y-axis
indicates the epidermal growth factor receptor mutation rate. A subgroup
indicates tumor size <1 cm, P=0.004; B subgroup indicates 1 cm < tumor
size <2 cm, P=0.000; C subgroup indicates maximum diameter of tumor
microinvasion <2 mm, P=0.005; D subgroup indicates 2 mm < maximum
diameter of tumor microinvasion <5 mm, P=0.005; E subgroup indicates
the presence of intratumoral fibrosis, P=0.001; F subgroup indicates the
absence of intratumoral fibrosis, P=0.000; G subgroup indicates the presence
of intratumoral inflammatory cell infiltration, P=0.000; H subgroup indi-
cates the absence of intratumoral inflammatory cell infiltration, P=0.000;
and I subgroup indicates negative thyroid transcription factor-1 protein
expression, P=0.033. "P<0.05 and “P<0.01 19Del subgroup compared with
the L858R subgroup.

NSCLC. Numerous TKIs have been developed to inhibit
EGFR-sensitizing mutations for the molecular-targeted
therapy of NSCLC (36,37). EGFR mutations may be predictive
biomarkers of EGFR TKI responsiveness (38-43). Previous
studies have focused on investigating the applications of
EGFR TKIs in early resectable NSCLC, and several research
groups have concluded its feasibility and safety (44-47). A
number of ongoing studies have aimed to provide further
evidence for guiding the extended application of targeted
therapy for advanced and early stage lung cancer. Therefore,
a complete understanding of EGFR mutation features and the
potential clinical significance in MIA may provide additional
information regarding the clinical management of early-stage
lung cancer. However, due to the small tumor size in patients
with MIA, the quantity and quality of tumor samples is not
always sufficient for the purpose of mutation analysis in
clinical practice. It would be beneficial to identify efficient
alternative indicators of EGFR mutation status prior to
testing. Therefore, the present study evaluated the association
between the EGFR mutation and various clinicopathological
features in MIA (Table II). Analysis of the unselected group
of patients suggested no association between the EGFR
mutation and sex, age at diagnosis, smoking history, or tumor
site/size/number in the 79 patients with MIA. With respect
to IA, previous reports have demonstrated that EGFR muta-
tions are commonly observed in females and patients who
have never smoked (48,49). The results of the present study
for MIA were not consistent with those of previous studies
of IA. However, a study by Lai et al (28) also revealed that
there was no significant association between EGFR mutation
subtype and sex, smoking history or tumor histology in IA.
The discrepancy may be caused by the intrinsic molecular
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characteristics of MIA or could be explained by variations
between selected and unselected tumor stages or sampling
error. Further studies are required to shed light on these
discrepancies and their underlying causes. On the other hand,
the results of the present study suggested that EGFR muta-
tions were more frequently observed in lepidic and acinar
predominant microinvasive component subtypes of MIA,
which was consistent with the previously obtained results for
1A (44,50).

In addition, the results of the present study indicated
that EGFR mutations were significantly associated with
TTF-1 expression in MIA. Previous studies have suggested
a significant association between EGFR mutation and TTF-1
protein expression in advanced lung adenocarcinoma (51-53),
particularly for exon 21 mutations (54). It was concluded
that TTF-1 may be regarded not only as a significant
marker for the diagnosis of lung adenocarcinoma, but also
as useful guidance regarding EGFR mutation status prior to
molecular testing. Furthermore, previous data revealed the
potential interaction signal between TTF-1 and EGFR in
lung adenocarcinoma (55). It can be hypothesized that the
interactivity between TTF-1 expression and EGFR mutation
may serve key roles in the initiation of lung adenocarcinoma.
Therefore, further studies are required to investigate this
interaction in lung adenocarcinoma, particularly in early
stage tumors. With respect to the expression of TTF-1 in MIA,
the present study identified 16 patients with MIA who were
TTF-1-negative (Fig. 2). Previous studies had reported several
TTF-1-negative patients with MIA in their cohorts (18,56).
The exact expression profile of TTF-1 and the associated
significance requires further investigation in patients with
MIA. The results of the present study suggested that the EGFR
mutation occurred more frequently in patients with MIA
with intratumoral fibrosis and inflammatory cell infiltration.
To the best of our knowledge, the association between these
two pathological features and the EGFR mutation status has
not been previously revealed.

The present study concluded that intratumoral fibrosis and
inflammatory cell infiltration could be regarded as alterna-
tive indicators for the identification of EGFR mutations in
patients with MIA, or even IA. Previous studies have also
indicated that tumor cell proliferation and invasiveness could
be affected by alterations in the tumor microenvironment,
including intratumoral fibrosis and inflammatory cell infil-
tration (57,58). Based on the results of the present study, we
hypothesize an association between the clinical outcome of
MIA and EGFR mutation status. Further studies are required
to validate this hypothesis.

The present study conducted subgroup analysis (Table III),
which suggested that 19Del and L858R mutations were
associated with pathological features, including tumor size,
diameter of tumor microinvasion, intratumoral fibrosis and
inflammatory cell infiltration. The differential results between
the group and subgroup analyses suggested that lung MIA
harboring different EGFR mutation subtypes may exhibit
distinctive clinicopathological characteristics. In addition,
the results of the present study suggested that TTF-1w
expressionwwaswwsignificantlyw associated with the L858R
mutation, but not with the 19Del mutation. Taken together, the
present study indicated that it is meaningful to consider MIA
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as a group of different subsets based on the EGFR mutation
subtype.

The present study subsequently conducted a stratification
analysis regarding the association of 19Del and L858R,
respectively with certain clinicopathological features (Fig. 3;
Table IV). The present data indicated that the 19Del mutation
was more frequently detected in MIA with the following
features: Smaller tumor size, smaller area of microinvasion, no
intratumoral fibrosis, inflammatory cell infiltration and TTF-1
expression. By contrast, the L§58R mutation is more frequently
observed in MIA with entirely different characteristics
compared with 19Del, including larger tumor size, larger
area of microinvasion, presence of intratumoral fibrosis
and inflammatory cell infiltration. Previous studies have
consistently demonstrated that 19Del and L858R mutations
show different prognostic and predictive roles in IA (5,59).
Data from these studies suggested that lung IA harboring
19Del and L858R should be regarded as different diseases.
However, there have been no studies evaluating the differences
between the 19Del and L858R subgroups in surgically
resected MIA. The present results revealed that there were
significant differences in tumor microenvironment-associated
histological characteristics, including intratumoral fibrosis and
inflammatory cell infiltration, between MIA cases with 19Del
and L858R mutations. Previous studies proposed that these two
histological characteristics could be considered as prognostic
markers for a number of tumor types (57,58). Considering these
data, it can be hypothesized that clinical outcomes of MIA
may be affected by EGFR mutation subtype. The prognosis
of MIA remains unclear (60). It has been reported that EGFR
mutation status has no effect on the prognosis of patients with
early stage lung adenocarcinoma (61). However, the present
data provide preliminary evidence to support consideration of
EGFR mutation status as indication of prognostic stratification
in future clinical studies involving MIA. Follow-up data are
being collected and outcome analysis will be investigated in
our future work. Furthermore, an increased number of MIA
cases will also be included the future studies.

In conclusion, to the best of our knowledge, the present
study was the first to reveal that surgically resected
MIA tissues with different EGFR gene statuses exhibit
distinct clinicopathological features. The results further
suggest that there were significant differences in tumor
microenvironment-associated histological characteristics
between MIA with 19Del and L858R. Therefore, the present
study concluded that the clinical outcomes of MIA may be
affected by EGFR mutation subtypes and that EGFR mutation
analysis should be considered for prognostic evaluation and
clinical management of MIA.
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