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Abstract Keywords

Lung adenocarcinoma accounts for about 40% of all lung cancers. With Adenocarcinoma

the recent development of gene profiling technology, studies on mutations Lung cancer

in oncogenes and tumor suppressor genes, which are important for Next-generation sequencing
the development and growth of tumors, have been actively conducted. Non-small cell lung cancer
Companion diagnosis using next-generation sequencing helps improve Small cell lung cancer

survival with targeted therapy. In this study, formalin-fixed paraffin-
embedded tissues of non-small cell lung cancer patients were subjected
to hematoxylin and eosin staining to detect genetic mutations that induce
lung adenocarcinoma in Koreans. Immunohistochemical staining was also
performed to accurately classify lung adenocarcinoma tissues. Based on
the results, next-generation sequencing was applied to analyze the types
and patterns of genetic mutations, and the association with smoking was
established as the most representative cause of lung cancer. The results
of next-generation sequencing analysis confirmed the single nucleotide
variations, copy number variations, and gene rearrangements. To validate
the reliability of next-generation sequencing, we additionally performed
the existing genetic testing methods (polymerase chain reaction-epidermal
growth factor receptor, immunohistochemistry-anaplastic lymphoma kinase
[D5F3], and fluorescence in situ hybridization-receptor tyrosine kinase 1
tests) to confirm the concordance rates with the next-generation sequencing
test results. This study demonstrates that next-generation sequencing of lung

adenocarcinoma patients simultaneously identifies mutation.
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1. Introduction

According to data released by the Centralized Cancer
Registry in 2021, in South Korea in 2021, there were
a total of 28,628 cases of lung cancer, accounting
for 11.8% of all cancer cases and ranking second.
The gender distribution was 2.1:1, with more cases
occurring in men, totaling 20,331 cases, making it the
most common cancer in men, while women had 9,629
cases, ranking fifth among female cancers. Notably,
lung cancer cases have been increasing by an average
of 3.2% per year among women, while the increase in
men has been gradually decreasing !".

Lung cancer has been primarily attributed to
smoking, as cigarettes contain over 7,000 harmful
substances, with more than 60 known carcinogens.
Smokers face an 11-fold higher risk of developing lung
cancer compared to non-smokers, and the risk increases
with the number of cigarettes smoked, the duration of
smoking, and the age at which one starts smoking. In
South Korea, 69.8% of lung cancer cases were directly
linked to smoking, and in countries with high smoking
rates like the United States and the European Union,
over 90% of male lung cancer cases and 74% to 80% of
female lung cancer cases were attributed to smoking ).

Lung cancer is broadly categorized into small cell
carcinoma and non-small cell carcinoma. Data from
international cancer research institutions indicate that
non-small cell carcinoma accounts for approximately
70% to 80% of lung cancer cases, with variations in the
gender distribution within subtypes. For instance, lung
squamous cell carcinoma is more common in men, while
lung adenocarcinoma is more common in women .
Lung cancer has a very low survival rate, with a 5-year
survival rate of 18.6%, significantly lower than other
major cancer types such as colorectal cancer (64.5%),
breast cancer (89.6%), and prostate cancer (98.2%). In
South Korea, the 5-year survival rate for both men and
women is around 20%, highlighting the urgent need for
improved diagnostic and treatment methods .

However, recent advancements in genetic

profiling technology have led to significant

improvements in the understanding of the genetic
mutations that drive tumor development and growth.
Specific genetic mutations associated with lung cancer
have been discovered, which have had a substantial
impact on survival rates '*'. Unlike the previously
used polymerase chain reaction (PCR), fluorescence in
situ hybridization (FISH), and immunohistochemistry
(IHC) testing methods, new molecular testing
techniques, such as next-generation sequencing
(NGS), can identify mutations in tumor genes and
tumor suppressor genes. NGS can simultaneously
identify point mutations, insertions, deletions, fusions,
translocations, and copy number variations (CNVs)
by sequencing a target deoxyribonucleic acid (DNA)
locus, the entire exome, or the entire genome in a
single test. Confirmation of these genetic mutations
through NGS can lead to personalized targeted
therapies that significantly improve survival rates.
In particular, lung adenocarcinoma can benefit from
personalized medicine through companion diagnostics
using NGS '), Mutations in the epidermal growth
factor receptor (EGFR) gene, a driver oncogene in
lung adenocarcinoma, have shown favorable responses
to EGFR tyrosine kinase inhibitor (TKI) treatment,
resulting in higher survival rates '\, It has also been
reported that anaplastic lymphoma kinase (ALK)
and receptor tyrosine kinase 1 (ROSI) also exhibit
better survival with ALK TKI treatment """, Thus,
the response rate to appropriately targeted therapy in
lung cancer patients identified by molecular testing
techniques such as NGS is high (60% to 70%)
compared to the response rate in the untargeted patient
population (20% to 30%) ",

Therefore, it is essential to perform genetic testing
to analyze each patient’s genetic mutation pattern and
apply it to targeted therapy to improve their survival
rates. Recently, NGS has become a valuable tool for
rapidly analyzing genetic sequences using formalin-fixed
paraffin-embedded (FFPE) tissues, allowing for efficient
analysis of the genetic sequences of many target genes

and facilitating personalized treatment for patients .
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In this study, 83 patients diagnosed with lung
adenocarcinoma between 2018 and 2020 underwent
NGS analysis to detect single nucleotide variations
(SNVs), CNVs, and structural variations (SVs) in two
tumor tissues. Conventional genetic mutation detection
methods such as PCR, FISH, and IHC staining were
also performed. The study evaluated the utility of NGS
for the detection of genetic mutations in lung cancer
patients and analyzed the concordance between NGS
results and the results of conventional genetic mutation

detection methods.

2. Materials and methods

2.1. Collection of clinical specimen and
patient data

We utilized FFPE samples prepared from surgical
resection or biopsy tissues of 83 patients diagnosed
with lung cancer at Hanyang University Hospital
between 2018 and 2020. All patients who had signed
informed consent forms for various diagnostic and
genetic tests were included in this study. Patient data
for research purposes were collected from medical
records while ensuring that all personal information
was encrypted to prevent identification. The study
received ethical approval from the Hanyang University
Hospital Institutional Review Board (IRB approval
number: HYUH 2022-03-030-001).

2.2. Hematoxylin and eosin staining

Hematoxylin and eosin (H&E) staining was
performed to differentiate lung cancer based on tissue
differentiation patterns. FFPE tissue sections, cut
into 4 um thickness, were mounted on slides using
a paraffin dispenser and melted at 62°C for 30 min.
Paraffin was then removed with xylene, followed by
a series of alcohol washes (100%, 95%, 80%, 50%),
and rinsed with water. Subsequently, the tissue sections
were stained with hematoxylin (DAKO, Santa Clara,
CA, USA) for 5 minutes to visualize cell nuclei. After

a water rinse, a bluing buffer (DAKO) was used for

counterstaining, and eosin (DAKO) was applied to stain
the cytoplasm. The tissue sections were dehydrated
sequentially in 50%, 80%, 95%, and 100% ethanol,
cleared in xylene, and finally mounted for microscopic
examination. Based on the differentiation patterns
and morphological criteria of lung cancer tissue,
differentiation was classified as well-differentiated,

moderately differentiated, or poorly differentiated.

2.3. Immunohistochemistry staining

To accurately classify lung cancer, IHC staining was
performed. FFPE sections, cut to a thickness of 4 pm,
were stained using the Bond max I1I (Leica Biosystems,
Buffalo Grove, IL) and Benchmark automatic
immunostaining device (Ventana Medical System,
Tucson, AZ, USA). The FFPE sections were attached
to slides and melted at 62°C for 30 min to remove
excess paraffin, followed by deparaffinization in
xylene. The sections were then dehydrated sequentially
in 100%, 95%, and 75% graded alcohols and rinsed in
distilled water. Subsequently, they were subjected to a
15-minute reaction in 3% hydrogen peroxide solution
to inhibit endogenous peroxidase activity.

A blocking antibody (100 pL) was applied to the
tissue sections and allowed to react at room temperature
for 30 min. The primary antibody was then diluted and
reacted at room temperature. After washing with pH 7.6
Tris-HCI buffer, 100 pL of biotinylated link antibody
(LSAB kit; DAKO) was applied and allowed to react
at room temperature for 30 min. Following a wash with
pH 7.6 Tris-HCI buffer, peroxidase-labeled streptavidin
solution (100 pL) was applied and allowed to react
at room temperature for 15 min. The sections were
washed again with pH 7.6 Tris-HCI buffer, air-dried,
counterstained with hematoxylin, and mounted with
Permount (Thermo Fisher Scientific, Waltham, MA,
USA) for microscopic examination.

Interpretation of IHC staining involved classifying
the extent of staining on a scale of 0 to 3 (0, none; 1+,
< 10%; 2+, 10% to 25%; 3+, > 25%) for each protein

antigen.
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2.4. Next-generation sequencing

Genetic analysis using NGS was conducted to discover
gene mutations and new markers that induce tumors
within cancer tissues confirmed as lung cancer.
Initially, both unstained 10 um FFPE slides and 4 pm
H&E-stained slides were prepared. Tumor regions
were marked on the H&E slides using a fine-tip pen
or an oil-based pen, corresponding to the tumor areas
on the unstained slide. After marking, the digestion
buffer was applied to the tissue sections, and the tissue
was scraped off and transferred to tubes. DNA and
ribonucleic acid (RNA) were then extracted using the
RecoverAll Multi Sample RNA/DNA Kit (Thermo
Fisher Scientific).

DNA concentration was measured using the Qubit
dsDNA HS Assay Kit (Thermo Fisher Scientific), and
RNA concentration was measured using the Qubit RNA
HSAssay Kit (Thermo Fisher Scientific), both using
the Qubit 4 Fluorometer (Thermo Fisher Scientific).
RNA was reverse transcribed into complementary
DNA (cDNA) using the SuperScript IV VILO Master
Mix (Thermo Fisher Scientific). The cDNA (TaqgMan
Reagent StarterKit, Thermo Fisher Scientific, MA,
USA) and DNA (TagMan RNase P Detection Kit;
Thermo Fisher Scientific) were then quantified by real-
time PCR and sequenced using the lon S5 XL (Thermo
Fisher Scientific) instrument.

Data analysis was performed using bioinformatics
tools, including the Torrent Mapping Alignment
Program and the Torrent Variant calling algorithm
provided by Ion Torrent (Thermo Fisher Scientific).

The criteria for variant calling interpretation are

outlined in Table 1.

Gene mutation evaluation in this study was
based on the widely used four-tier evaluation system
worldwide. Specifically, gene mutations with strong
clinical significance (Tier I) or potential clinical

significance (Tier II) were selected for application.

2.5. Real-time polymerase chain reaction
for EGFR mutation detection

To ensure the accuracy of NGS results, EGFR real-
time PCR was performed, and the results were
utilized to assess accuracy and precision. First, DNA
was extracted from 10 pm FFPE sections using the
QIAamp DNA Mini Kit (Qiagen, Hilden, Germany).
The concentration of the extracted DNA was measured
using the NanoDrop 2000 (Thermo Fisher Scientific).
Subsequently, the EGFR mutation genotype was
detected using the PANA Mutyper™ R EGFR Kit
(Panagene, Daejeon, Korea), and PCR was performed
using the CFX96 Touch Real-Time PCR Detection
System (BIO-RAD, Hercules, CA, USA).

In this process, wild-type complementary peptide
nucleic acid (PNA) probes were added to suppress
the amplification of wild-type sequences, selectively
amplifying the small amount of EGFR mutation.
The real-time PCR procedure included 15 cycles of
denaturation step at 95°C for 30 seconds, followed by
20 seconds of PNA clamping at 70°C, and annealing
at 63°C for 1 minute. Subsequently, amplification was
carried out through 35 cycles, involving denaturation at
95°C for 10 seconds, annealing and detection at 53°C

for 20 seconds, and extension at 73°C for 20 seconds.

Table 1. Next-generation sequencing variant call criteria

Nucleotide variation Variant call criteria

SNV/INDEL VAF: > 5% in SNV
5% in INDEL
CNV Amplification: average CNV >4 (gain), < 1 (loss)

Read counts: > 20

Total valid mapped reads: > 50,000

Translocation (fusion gene)

Abbreviations: SNV/INDEL, single nucleotide variation/ small insertions, deletion; VAF, variation allele frequency; CNV, copy number variation

4-
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The results were compared with the NGS results

obtained from the same clinical samples.

2.6. Fluorescence in situ hybridization for
ROS1 mutation detection

The FISH-ROS1 testing was conducted to ensure the
accurate analysis of NGS results and to evaluate the
concordance.

Two FFPE sections, cut to a thickness of 1-2 um,
were prepared, mounted on slides, and air-dried. Using
one of the tissue sections, H&E staining was performed,
and the tumor area was marked on the H&E slide with
a fine-tip pen or an oil-based pen. Corresponding areas
on the unstained slide were also marked. Afterward,
incubation was performed at 56°C—60°C for 2 hours
in the Hybrite (Bimedis, Osceola, Olando, USA). The
slides were then deparaffinized twice for 5 minutes in
xylene and processed three times for 5 minutes in 100%
ethanol to remove xylene. Subsequently, the slides were
air-dried for 5 minutes at room temperature. They were
then reacted in an 80°C pretreatment solution for 30
minutes, rinsed twice in distilled water for 2 minutes,
and blotted dry with a paper towel.

Following this, the ZytoLight SPEC ROSI Dual
Color Break Apart Probe (Zytovision, Bremerhaven,
Germany) was used for the FISH-ROS!. Slides were
placed at 37°C, and pepsin solution was applied for
16 minutes. Then, a 1% formaldehyde solution was
applied at room temperature for 5 minutes, followed
by treatment with wash buffer saline-sodium citrate at
room temperature for 5 minutes and a rinse in distilled
water for 1 minute. The slides were subsequentially
dehydrated in 70%, 85%, and 100% ethanol and air-
dried at room temperature for 5 minutes. The arca
where the ROSI probe was to be placed was then
marked on the back of the slide with an oil-based pen,
and approximately 5 pL of the ROS! probe was placed
on a cover glass in the dark, covered well, and sealed
with a paper bond. The slides were then placed on a

Thermobrite (Leica Biosystems, Barrington, IL, USA)

and hybridized for 14 to 24 hours. The slides were
then washed twice with wash buffer A for 5 minutes
at 37°C, dehydrated in 70%, 85%, and 100% ethanol
sequentially, and air-dried at room temperature while
protected from light.

Nuclear staining was performed using
4’,6-diamidino-2-phenylindole (DAPI). The probe’s
target for hybridization is on the opposite side of the
ROSI gene’s breakpoint. The 3> ROS! probe hybridizes
toward the terminal end from the breakpoint and
spans approximately 215 kb with SpectriumOrange
fluorescence. The 5’ ROSI probe hybridizes toward
the centromere side from the breakpoint and
spans approximately 715 kb with SpectrumGreen
fluorescence.

The positive criteria for FISH-ROSI were
established as follows: at least 15% of the observed
cancer cells show a separation of orange and green
signals with a distance of more than one signal diameter
among 50 nuclei or the presence of only fused signals
and green signals in more than 15% of the observed
cancer cells. Negative criteria were defined as 2 or
more fused signals or 2 or more orange signals in fused
signals in more than 15% of the observed cancer cells.
If 5 or fewer cells among 50 cells are positive (5/50 or
< 10%), it is considered negative. If 25 or more cells
among 50 cells are positive (25/50 or > 50%), it is

considered positive.

2.7. Immunohistochemistry for ALK
mutation detection (D5F3)

To ensure the accurate analysis of NGS results and
for concordance assessment, IHC-ALK (D5F3) testing
was conducted. 4 pm FFPE sections were mounted on
positively-charged glass slides and stained using the
BenchMArk XT Automated Slide Stainer (Ventana
Medical System, Tucson, AZ, USA). The staining was
performed using the Optiview DAB IHC Detection
Kit and Optiview Amplification Kit (Ventana Medical

Systems). Immunostaining was carried out using the
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Anti-IHC-ALK (D5F3) Rabbit Monoclonal Primary
Antibody. To aid in result interpretation, a negative
control immunoglobulin G (IgG) slide was created
using Rabbit Monoclonal Negative Control IgG
(Ventana Medical System) that matched all samples.
Hematoxylin II was used for nuclear counterstaining,
followed by post-counterstaining, and slides were
mounted using Permount. Interpretation of IHC-
ALK (D5F3) staining was done under a microscope
according to the guidelines for the test. The
interpretation of IHC staining for each protein antigen
was categorized into 0-3 points (0, none; 1+, < 10%;
2+, 10% to 25%; 3+, > 25%) based on the range of

staining observed in the nuclei and cytoplasm.

2.8. Statistical analysis

For statistical analysis in this study, SPSS software
version 25.0 (IBM, Armonk, NY, USA) was utilized.

Cross-tabulation (Pearson’s chi-squared test) was

performed to determine the associations between
smoking and EGFR mutations, as well as smoking
and TP53 mutations. To evaluate the concordance of
gene mutation diagnoses (EFGR, ALK, ROS) based
on the testing method, Cohen’s Kappa coefficient was
calculated. A statistical significance level of P-value

less than 0.05 was considered significant.

3. Result

3.1. Classification of lung adenocarcinoma
tissues using H&E staining

FFPE samples, derived from resected lung
adenocarcinoma tissues, were subjected to H&E
staining, which allowed us to differentiate lung
adenocarcinoma from other non-small cell carcinoma
types based on morphological characteristics. The well-
differentiated tumor tissues displayed lepidic, acinar,
or papillary patterns (Figure 1). Among the observed

patterns, the acinar pattern was the most common,

Figure 1. Subclassification of non-small cell lung
cancer using paraffin section hematoxylin & eosin
stain (A, C, E: 100x; B, D, F: 200x). (A~F), well-
differentiated lung adenocarcinoma (A, B: lepidic
pattern; C, D: acinar pattern; E, F: papillary pattern).
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accounting for 27 cases (32.5%), followed by the
papillary pattern in 9 cases (10.8%), and the lepidic
pattern in 7 cases (8.4%).

3.2. IHC staining to improve sensitivity
and specificity of lung adenocarcinoma
classification

In cases where tumor tissues were biopsy specimens,
making it difficult to confirm the precise histological
features of the tumor using H&E staining alone due
to the scarcity of tumor cells or small tissue size, we
employed THC markers, including TTF-1, Napsin A,
and P40, as primary antibodies for IHC staining to
aid in lung adenocarcinoma classification 'Y, Lung
adenocarcinoma was discriminated by the presence
of positive reactions in TTF-1 and Napsin-A staining
and a negative reaction in P40 staining (Figure 2). As
a result, we were able to confirm 26 cases (23%) of
lung adenocarcinomas that were challenging to classify
accurately based on H&E staining among non-small

cell lung adenocarcinomas.

Napsin A

TTF-1

P40

3.3. IHC staining for discriminating poorly
differentiated lung adenocarcinoma

In cases of poorly differentiated lung adenocarcinoma,
the combination of TTF-1, Napsin A, and P40
markers alone may not effectively distinguish
lung adenocarcinoma from other non-small cell
carcinomas. Therefore, we used CK7 and CK5/6 to
further differentiate lung adenocarcinoma. Poorly
differentiated lung adenocarcinoma was characterized
by a negative reaction in P40 staining, weak positive
reactions in TTF-1 and Napsin A staining, but a strong
positive reaction in CK7 (Figure 3). As a result, we
identified an additional 14 cases (12.5%) of poorly

differentiated lung adenocarcinoma.

3.4. Clinical characteristics of non-small
cell lung adenocarcinoma patients

To understand the clinical characteristics of all lung
adenocarcinoma patients, a total of 83 patients were
analyzed (Table 2). The cohort consisted of 34 males

Figure 2. Subclassification of lung
adenocarcinoma using immunohistochemical
staining (A, C, E: 100x; B, D, F: 200x).
Napsin A (+) and TTF-1 (+) are classified as
lung adenocarcinoma. P40 (-) are not stained
as lung adenocarcinoma carcinoma cells. (A, B)
Napsin A (+); (C, D) TTF-1 (+); (E, F) P40 (-).
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(41%) and 49 females (59%). Current or past smokers,
defined as those with a smoking history of one year
or more, constituted 34 patients (41%), while non-
smokers comprised 49 patients (59%). The incidence
rate of lung adenocarcinoma was higher among non-
smokers (n = 49, 59%) compared to smokers (n = 34,
41%).

3.5. Analysis of SNVs in lung adenocarcinoma
patients

Among the 83 patients confirmed as lung
adenocarcinoma based on H&E and IHC staining,
NGS analysis revealed that nearly 99% had at least
one mutation. In total, 178 SNVs, including missense,

nonsense, in-frame indels, and frameshift indels, were

Table 2. Baseline characteristics of analytic patients

Characteristics Analytic patient (n = 83)
Lung adenocarcinoma

Age, yr 65 (40-89)
Gender

Male 34 (41)

Female 49 (59)
Smoking

Former and current 34 (41)

Never 49 (59)

Data are presented as median (range) or number (%).
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Figure 3. Results of H&E staining and immunohistochemistry staining of poorly differentiated lung adenocarcinoma (200%). (A) H&E;
(B) Napsin A (weakly +); (C) TTF-1 (weakly +); (D) CK7 (strong +); € P40 (-) are classified as lung adenocarcinoma. Abbreviation:

H&E, hematoxylin and eosin.
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identified in 26 genes. The number of mutations per
patient ranged from one to seven. The most frequently
observed mutations in female patients were in EGFR
(30, 61%) and TP53 (30, 61%), followed by PIK3CA
(5, 10%), KRAS (3, 6%), POLE (3, 6%), CDKN2A4
(2, 4%), BRCA2 (2, 4%), BRAF (2, 4%), ARIDI14 (1,
2%), FGFR4 (1, 2%), IDH (1, 2%), KNSTRN (1, 2%),
NOTCHI (1, 2%), MSH6 (1, 2%), KIT (1, 2%), NF1
(1, 2%), PALB2 (1, 2%), SMARCA4 (1, 2%), STED?2
(1, 2%), TET2 (1, 2%), and U24F1 (1, 2%). In maple
patients, TP53 (20, 85%) mutations were the most
common, followed by EGFR (10, 29%), KRAS (9,
26%), ARIDIA (3, 9%), CDKN24 (3, 9%), BRCA2
(2, 6%), ERBB2 (2, 6%), KNSTRN (2, 6%), PIK3CA

(2, 6%), POLE (2, 6%), TET2 (2, 6%), ATRX (1, 2%),
ATM (1, 2%), BRAF (1, 2%), CHEK]I (1, 2%), MSH6
(1, 2%), NOTCHI (1, 2%), STK11 (1, 2%), U24AFI (1,
2%), and VHL (1, 2%) (Figure 4).

EGFR and TP53 mutations were the most common
in Korean lung adenocarcinoma patients. The analysis
of smoking history showed that EGFR mutations were
significantly more frequent in non-smoking female
patients (n =29, 60.4%), whereas TP53 mutations were
prevalent in male smokers (n = 8, 26.7%). Overall,
EGFR mutations were more frequent in non-smokers
than in smokers (P = 0.007), while 7P53 mutations did
not show significant differences between smoker and
non-smoker groups (P = 0.539) (Table 3).

TP53
EGFR
KRAS
8% PIK3CA
6% CDKN2A
6% POLE
5% ARIDIA
5% BRCAZ
5% NOTCHI
3% BRAF
3% KNSTRN
3% TETZ
2% ERBBZ
2% | | FGFR4
2% MSHE
2% | | | | U2AF1
1% | | SETDZ
1% ATRX
1% | | ATM
1% CHEK1
1% F IDH1
1% | | KIT
1% | | NF1
1% _j PALBZ
1% | i SMARCA4
1% :H ST
1% | | VHL

N NN RRRN NN EEEEERERRRRRNNRRRRNN NN RNNEEEEN s=x
NENNNN DONNNNRNEN BEnmEERRN Rw mem 0 R LI LILILE T R
R e NN NN RN EEREEEEER R NEECEERCOOOCEEERCENOCERCERON F6AR mutant

Figure 4. Next-generation sequencing analysis results, oncoprint heatmap of single nucleotide variations and insertions and deletions in
lung adenocarcinoma. Missense is shown in red, nonsense in blue, in-frame indels in yellow, and frameshift indels in brown. The upper
bar chart is the number of variations in each patient. The lower bar chart shows the gender and smoking status of each patient and the
results of PCR for EGFR. Abbreviations: PCR, polymerase chain reaction; EGFR, epidermal growth factor receptor.
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Table 3. Correlation between smoking and EFGR or TP53 mutations

Variable Smoking Non-smoking
Female
EGFR mutant 1 (100) 29 (60.4)
Wild-type 0(0) 19 (36.6)
Male
EGFR mutant 8(26.7) 2 (50)
Wild-type 22 (73.3) 2 (50)
Total
EGFR mutant 9(29.0) 31(59.6)
Wild-type 22 (71.0) 21 (40.4)
P-value 0.007
Female
TP53 mutant 1 (100) 29 (60.4)
Wild-type 0(0) 19 (36.6)
Male
TP53 mutant 19 (63.3) 1(25.0)
Wild-type 11 (36.7) 3(75.0)
Total
TP53 mutant 20 (64.5) 30 (57.7)
Wild-type 11 (35.5) 22 (42.3)
P-value 0.539

Data are presented as numbers (%). Abbreviation: EGFR, epidermal growth factor receptor.

3.6. CNYV analysis in lung adenocarcinoma
patients

A total of 132 CNVs were observed in 43 genes, and
we confirmed the presence of both amplifications and
deletions in CNVs. CNVs were detected in 41 of 83
lung adenocarcinoma patients (49%). Each patient
had between 1 to 10 amplifications or deletions.
Amplifications were more predominant, with 118
cases (89%), compared to 14 cases of deletions (11%)
(Figure 5). EGFR amplifications were the most
frequent among both female (6 cases, 12%) and male (6
cases, 14%) patients (total 12 cases, 10%). In patients
with EGFR amplifications, 6 out of 6 female patients
and 3 out of 6 male patients had co-occurring EGFR
single nucleotide variations. Among these cases, EGFR
exon 19 deletions were the most common, accounting
for 7 cases (89%).

-10-

3.7. Gene rearrangement analysis in lung
adenocarcinoma patients

Using NGS, we confirmed 10 gene fusions and 1 MET
exon 14 skipping (Table 4). Among the gene fusions,
EML4-ALK fusion (2, 2%) and KIF5B-RET fusion (2,
2%) were the most frequent, while other fusions, such
as TPM3-NTRK1, SDC4-ROS1, SLC34A42-ROS1, EZR-
ROS1, and MET exon 14 skipping, each occurring once.

Among these, ROS! gene fusion was the most prevalent.

3.8. Concordance analysis between PCR
and NGS results

To enhance the reliability of NGS results, we conducted
PCR testing for EGFR hotspot mutations (exon 19
deletion, exon 20, exon 21 mutations) that are commonly
found in East Asian female lung adenocarcinoma
patients. We compared the results of PCR and NGS and
confirmed a 100% (40/40) concordance (Table 5).
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Figure 5. Next-generation sequencing analysis results, oncoprint heatmap of copy number variations in lung adenocarcinoma.
Amplification is shown in red, and deletion in blue. The upper bar chart is the number of variations in each patient. The lower bar chart
shows the gender and smoking status of each patient and the results of PCR for EGFR. Abbreviation: PCR, polymerase chain reaction;

EGFR, epidermal growth factor receptor.

Table 4. Gene rearrangement of lung adenocarcinoma patients using next-generation sequencing analysis

Characteristics Analytic patients (n = 83)
EML4-ALK fusion 2(2)
KIF5B-RET fusion 2(2)

TPM3-NTRK] fusion
SDC4-ROS1 fusion
SLC34A42-ROS1 fusion
EZR-ROS1 fusion
RET-PCM1 fusion
MET exon 14 skipping

1(1)
1(1)
1(1)
1(1)
1(D)
1 (1)

Data are presented as numbers (%).

-11-



2024 Volume 5, Tssue 1

Lung Adenocarcinoma Gene Mutctionin Koreans Detection Using Next Generution Sequence Analysis Technique and Analysis of Concordance with Existing Genetic Test Methods

Table 5. Comparison of PCR-EGFR test result and NGS result

Case No. PCR-EGFR NGS
1 EGFR exon 19 deletion Glu746_Ala750del
3 EGFR exon 19 deletion Leu747 Ala750delinsPro
6 T790M mutation in EGFR exon 20/L858R mutation in Leu858Arg
EGFR exon 21
9 EGFR exon 19 deletion Glu746_Ala750del
10 EGFR exon 19 deletion Leu747 Pro753delinsSer
11 EGFR exon 19 deletion Glu746_Ala750del
12 L858R mutation in EGFR exon 21 Leu858Arg
14 L858R mutation in EGFR exon 21 Leu858Arg
15 EGFR exon 19 deletion Glu746_Ala750del
16 L858R mutation in EGFR exon 21 Leu858Arg
17 EGFR exon 19 deletion Glu746_Ala750del
18 EGFR exon 19 deletion Leu747 Pro753delinsSer
20 L858R mutation in EGFR exon 21 Leu858Arg
22 L858R mutation in EGFR exon 21 Leu858Arg
23 L861Q mutation in EGFR exon 21 Leu861GIn
24 L858R mutation in EGFR exon 21 Leu858Arg
26 EGFR exon 19 deletion Glu746_Ala750del
27 EGFR exon 19 deletion Glu746_Ala750del
28 L858R mutation in EGFR exon 21 Leu858Arg
34 L858R mutation in EGFR exon 21 Leu858Arg
35 EGFR exon 19 deletion Glu746_Ala750del
36 EGFR exon 19 deletion Leu747Pro
37 L861Q mutation in EGFR exon 21 Leu861GIn
39 EGFR exon 19 deletion Glu746_Arg748del/Thr751 Lys754delinslleSerProGlu
40 L858R mutation in EGFR exon 21 Leu858Arg
43 EGFR exon 19 deletion LeuGlu746_Ser752delinsVal
44 EGFR exon 19 deletion Glu746_Ala750del
46 L858R mutation in EGFR exon 21 Leu858Arg
47 EGFR exon 19 deletion Leu747 Ser752del
49 EGFR exon 19 deletion Glu746_Ala750del
52 L858R mutation in EGFR exon 21 Leu858Arg
56 L858R mutation in EGFR exon 21 Leu858Arg
61 EGFR exon 19 deletion/T790M mutation in EGFR exon 20  Glu746_Ala750del/Thr790Met/Cys797Gly
65 L858R mutation in EGFR exon 21 Leu858Arg
69 L858R mutation in EGFR exon 21 Leu858Arg
70 Glu709_Thr710delinsAsp
72 EGFR exon 19 deletion Glu746_Ala750del
76 L858R mutation in EGFR exon 21 Leu858Arg
77 EGFR exon 19 deletion Leu747 Thr751del
81 EGFR exon 19 deletion Glu746_Ala750del

Abbreviations: PCR, polymerase chain reaction; EGFR, epidermal growth factor receptor; NGS, next-generation sequencing.
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3.9. Concordance analysis between IHC-
ALK and NGS results

IHC was used to perform ALK rearrangement tests
on FFPE samples from 73 lung adenocarcinoma
patients. The ALK rearrangement test was performed
using ITHC, which utilized the Ventana ALK (D5F3)
companion diagnostic analysis method approved
by the U.S. Food and Drug Administration to detect
ALK protein expression (Figure 6) ") As a result,
ALK rearrangements were observed in 3 cases of lung
adenocarcinoma. To enhance the reliability of the
results, we compared the outcomes of the Ventana
ALK (D5F3) companion diagnostic method with NGS
results. In NGS, two cases of EML4-ALK fusion were

confirmed, and one case did not show any gene fusion.

3.10. Concordance analysis between FISH-
ROS1 and NGS results

We used FISH to observe ROS! gene rearrangement in

Figure 6. Results of THC-
ALK (D5F3) staining in lung
adenocarcinoma tissue (A, C,
E: 100%; B, D, F: 200%). (A, B)
H&E stain; (C, D) positive IHC-
ALK (D5F3); (E, F) negative IHC-
ALK (D5F3) stain. Abbreviations:
IHC, immunohistochemistry; ALK,
anaplastic lymphoma kinase; H&E,
hematoxylin and eosin.

ALK
(D5F3)

ALK
(Negetive
control)

FPPE samples from 77 lung adenocarcinoma patients.
The FISH-ROS| test identified 3 cases of ROSI gene
rearrangements (Figure 7). To analyze the concordance
with NGS results, we compared the outcomes and
found that 3 cases of ROSI gene fusions (SDC4-
ROS1 fusion, SLC34A42-ROS1 fusion, and EZR-ROS!
fusion) were also confirmed by NGS, indicating full
concordance between FISH-ROS! and NGS results.

3.11. Concordance analysis between THC-
ALK (DSF3), FISH, PCR-EGFR testing,
and NGS results

The results from previous IHC, FISH, and PCR
tests were compared with NGS results. PCR-EGFR
testing showed a 100% (x = 1.00) concordance with
the NGS results. The IHC-ALK (D5F3) testing had a
concordance of 98.6% (x = 0.79), while FISH-ROS!
testing demonstrated 100% concordance (k = 1.00)
with NGS results (Table 6).




2024 Volume 5, Issue | Lung Adenocarcinoma Gene Mutationin Koreans Detection Using Next Generuation Sequence Analysis Technique and Anabysis of Concordance with Fxisting Genetic Test Methods

Nucleus stain Green signal QOrange signal Merge Green/ Orange

Figure 7. Result of FISH-ROS! test in lung adenocarcinoma tissue (1,000%). (A) Nuclei of tumor cells stained with DAPI; (B) Green
signal detected through the green filter; (C) Orange signal detected through the green filter; (D) The result of merging the two signals.
Red circles: ROSI-positive signal (split signal and single green signal); Yellow circles: ROSI negative signal (green/orange fusion
signal and single orange signal). Abbreviation: ROSI: receptor tyrosine kinase 1; FISH, fluorescence in situ hybridization; DAPI,
4’,6-diamidino-2-phenylindole.

Table 6. Concordance rates between PCR-EGFR, IHC-ALK (D5F3), and FISH-ROS! and NGS analysis in lung

adenocarcinoma cases

Methodology NGS
Positive Negative Total
PCR-EGFR
Positive 40* 0 40
Negative 0" 43 43
Total 40 43 83
Concentration rates (%) 100 (x = 1.00)
[HC-ALK (D5F3)
Positive 2 1 3
Negative 0 70 70
Total 2 71 73
Concentration rates (%) 98.6 (k=0.79)
FISH-ROS!
Positive 3 0 3
Negative 0 74 74
Total 3 77 77
Concentration rates (%) 100 (x = 1.00)

Abbreviations: PCR, polymerase chain reaction; EGFR, epidermal growth factor receptor; NGS, next-generation sequencing; IHC,
immunohistochemistry; ALK, anaplastic lymphoma kinase; FISH, fluorescence in situ hybridization; ROSI, receptor tyrosine kinase 1. *In addition to
the EGFR mutations, the two cases were accompanied by mutations at different locations in PCR (case 6), and NGS (case 11); In one case, the EGFR
mutation was confirmed in NGS, but it was located in exon 18 and judged to be accordant.
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4. Discussion

Non-small cell lung cancer accounts for approximately
70% to 80% of all lung cancers and is further
categorized into adenocarcinoma, squamous cell
carcinoma, and large cell carcinoma. Among them,
lung adenocarcinoma constitutes around 40% of all
lung cancers ' Lung adenocarcinoma is associated
with various genetic mutations, including EGFR,
KRAS, ALK, ROSI, and others """, Particularly, lung
adenocarcinoma driven by EGFR mutations, which are
most prevalent in East Asian populations, has let the
development of first-generation targeted therapies such
as gefitinib and erlotinib, as well as second-generation
agents such as afatinib and dacomitinib. Furthermore,
third-generation targeted therapies have been developed
for patients with resistance to first and second-
generation treatments. Thus, the ability to detect EGFR
mutations through NGS can offer significant clinical
benefits. Targeted therapies have also been developed
for KRAS, ALK, MET, and ROSI mutations, making
the genetic analysis of lung adenocarcinoma crucial for
patient treatment and prognosis, ultimately impacting
survival rates "),

The recent development of NGS has made it
possible to analyze the genetic mutations in lung
adenocarcinoma more rapidly and comprehensively by
breaking down the entire genome into countless pieces
and reading them simultaneously using bioinformatics
techniques "%

In this study, our focus was on the detection and
frequency analysis of genetic mutations that can aid in
the treatment of lung adenocarcinoma patients using
NGS. We analyzed the relationship between the most
common causative factor for lung cancer, smoking, and
genetic mutations in lung adenocarcinoma, emphasizing
the importance of NGS. To perform genetic analysis
on lung adenocarcinoma tissue, it is essential to have
accurate subclassification from the tissues of patients
diagnosed with lung cancer. We followed the guidelines
recommended by the World Health Organization,
performing H&E staining, and further classifying

-15-

lung adenocarcinoma tissues through IHC staining .

When lung adenocarcinoma patients were categorized
by gender, age, and smoking status, a higher incidence
was observed among females compared to males and
among non-smokers compared to smokers, consistent
with previous research findings .

The NGS results revealed that TP53 (60.2%)
mutations were the most common genetic variations
in Korean lung adenocarcinoma patients. This result
was consistent with the genetic mutation analysis of
lung adenocarcinoma patients reported by The Cancer
Genome Atlas Program 71 However, EGFR mutations,
which have been reported as the most frequent mutations

[18-20]

in lung adenocarcinoma in East Asians , were not

predominant in this study. In particular, EGFR was
reported to be strongly associated with smoking ",
so we statistically analyzed the association of EGFR
and 7P53 mutations with smoking in this study. EGFR
mutations were primarily found in non-smokers (P =
0.007), while TP53 mutations occurred regardless of
smoking history (P = 0.539). These results suggest that
the etiology of 7P53 mutations in lung adenocarcinoma
among Koreans may be different and might be the
major cause of lung adenocarcinoma in non-smoking
females, but more comparative studies are needed
to investigate the various factors that lead to 7P53
mutations and include a larger number of cases.
Furthermore, NGS results indicated the presence of
gene rearrangements (ALK, ROSI, RET, and MET)
in lung adenocarcinoma patients, with the relative
frequencies matching previous research findings **.

To validate the reliability of the NGS results in this
study, various additional tests were conducted. PCR-
EGFR, IHC-ALK (D5F3), and FISH-ROS1, which are
conventional genetic testing methods for diagnosing
lung adenocarcinoma and are necessary for clinical

23 .
123 were used to evaluate their concordance

patient care
with NGS results. PCR-EGFR testing demonstrated
100% concordance with NGS results (x = 1.00). The
IHC-ALK (D5F3) testing had a case of discrepancy,

resulting in 98.6% concordance (k = 0.79), likely due
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to limited tissue availability from small biopsy samples.
FISH-ROS] testing showed 100% concordance with
NGS results (k = 1.00), highlighting that NGS is
suitable for detecting various genetic mutations in lung
adenocarcinoma in a single test.

In conclusion, using NGS for the diagnosis of
genetic mutations in lung adenocarcinoma provides the
advantage of simultaneously analyzing point mutations,
insertions, deletions, fusions, rearrangements,
CNYV, and more. NGS has the potential to enable
companion diagnostics for targeted therapies in lung
adenocarcinoma and may help identify new biomarkers.
This comprehensive approach is likely to be beneficial

in clinical practice.

5. Conclusion

Lung cancer can be broadly categorized into small cell
lung cancer and non-small cell lung cancer (NSCLC),
with NSCLC representing approximately 70% to
80% of cases. Among NSCLC, lung adenocarcinoma
accounts for about 40% of all lung cancers. Recent
advancements in genetic profiling technologies have
led to active research on mutations in important tumor
genes and tumor suppressor genes related to tumor
development and growth. Specific genes causing
lung cancer have been discovered, significantly

impacting survival rates. Particularly, in the case of

lung adenocarcinoma, NGS has been instrumental in
improving survival through companion diagnostics
and targeted therapies. This study aimed to identify
genetic mutations responsible for lung adenocarcinoma
in Koreans. FFPE samples from NSCLC patients
were used. Lung adenocarcinoma was distinguished
using H&E staining, and further sub-classification was
performed using IHC staining. Based on these results,
NGS was employed to analyze the types and patterns
of genetic mutations, and the relationship between
lung cancer, especially lung adenocarcinoma, and
the leading cause, smoking, was investigated. NGS
results confirmed the presence of SNV, CNV, and gene
rearrangements in lung adenocarcinoma. SNVs were
observed in the following order: TP53 (44. 6%), EGFR
(35.7%), KRAS (10.7%), PIK3CA (6.2%), CDKN2A4
(4.4%). Among CNVs, EGFR (14%) was the most
frequently occurring. Gene rearrangements, including
ALK, ROSI, and RET, were also detected. To assess the
reliability of NGS results, traditional genetic testing
methods, such as PCR-EGFR, IHC-ALK (D5F3), and
FISH-ROSI, were conducted additionally, and their
concordance with NGS results was confirmed. This
study highlights the positive impact of NGS in lung
adenocarcinoma patients by simultaneously identifying
mutations in multiple genes, enabling more favorable

treatment strategies.
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