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Abstract

the highest.

Introduction Advances in molecular biology bring advantages to lung cancer management. Moreover, high-
throughput molecular tests are currently useful for revealing genetic variations among lung cancer patients. We
investigated the genomics profile of the lung cancer patients at the National Cancer Centre of Indonesia.

Methods A retrospective study enrolled 627 tissue biopsy samples using real time polymerase chain reaction
(RT-PCR) and 80 circulating tumour DNA (ctDNA) liquid biopsy samples using next-generation sequencing (NGS) from
lung cancer patients admitted to the Dharmais Cancer Hospital from January 2018 to December 2022. Data were
obtained from medical records. Data statistically analysed with p <0.05 is considered significant.

Result The EGFR test results revealed by RT-PCR were wild type (51.5%), single variant (38.8%), double variant (8.3%),
and triple variant (1.4%), with 18.66% L85R, 18.22% Ex19del, and 11.08% L861Q variant. Liquid biopsy ctDNA using
NGS showed only 2.5% EGFR wild type, 62.5% single variant and 35% co-variant, with EGFR/TP53 and EGFR/PIK3CA as

Conclusion EGFR variants are the most found in our centre. Liquid biopsy with ctDNA using NGS examination could
detect broad variants and co-variants that will influence the treatment planning.
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Introduction

The high burden of lung cancer is still a priority globally
during the past few years. The latest global data showed
that lung cancer is the second-highest cancer worldwide,
estimating 2.2 million new cases per year [1]. The World
Health Organization (WHO) summarized that lung can-
cer in Indonesia is the third most common cancer case,
the leading cause of death due to cancer, and the most
common cancer in males [2].

The advancement of molecular technology has an
impactful value on cancer medicine. Several molecular
tools have been developed to manage cancer efficiently.
Thus, reducing the cancer incidence and mortality rate
is now the target. Next-generation sequencing (NGS)
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is an emerging high-throughput technology in the field
of molecular technology for DNA reading [3]. Since
its development, NGS has been used by some hospitals
worldwide since it led to a better understanding of cancer
biology, including lung cancer. Using NGS techniques,
broad genomic detection, including common and rare
variants, are processed to find [4].

A recent study revealed that lung cancer in the Asian
population is dominated by epidermal growth factor
receptor (EGFR) variants, mainly for non-small cell lung
carcinoma (NSCLC) [5]. The EGFR is a membrane-span-
ning glycoprotein featuring an external domain respon-
sible for binding with epidermal growth factor and an
internal tyrosine kinase domain, which governs cellular
proliferation by controlling signal pathways. When EGFR
binds with its ligand, it undergoes autophosphoryla-
tion through its intrinsic tyrosine kinase activity, initi-
ating multiple signal transduction processes. Persistent
or continual activation of these downstream pathways
is believed to contribute to more aggressive tumour
characteristics. Variants in EGFR have been identi-
fied in connection with certain types of lung cancers [6,
7]. Numerous resistance mechanisms have been docu-
mented in response to EGFR tyrosine kinase inhibitors
(EGFR-TKIs). These include the emergence of second-
ary variants (such as T790M and C797S), the activation
of alternative signalling pathways (involving Met, HGE,
AXL, and IGF-1R), alterations in downstream path-
ways (e.g., AKT variants and loss of PTEN), disruptions
in the EGFR-TKIs-induced apoptosis pathway (includ-
ing BCL2-like 11/BIM deletion polymorphism), and
histological transformations [8]. Other variants, such
as Kirsten Rat Sarcoma virus (KRAS), tumour protein
53 (TP53), and phosphatidylinositol-4,5-bisphosphate
3-kinase catalytic subunit alpha (PIK3CA), also play a
role in lung oncogenesis. Some of them have an essential
impact on therapy and lung cancer prognosis [5].

Tissue biopsy is considered as the gold standard for
EGFR variant test in lung cancer, mainly for NSCLC.
However, circulating tumour DNA (ctDNA) from liquid
biopsy is now considered rapid and accurate with reli-
able results since tumour access difficulty and intoler-
ance to invasive procedures through tissue biopsy is often
occurred [9]. The ctDNA is a short fragment of DNA
shed by the tumour to the body fluid. It is representative
of tumour characteristics, including lung cancer [10].

As a national cancer centre in Indonesia, there are esti-
mated a thousand new people with lung cancer visiting us
annually. We have been using real time polymerase chain
reaction (RT-PCR) for several periods to detect some
variants, and initially we used ctDNA with NGS technol-
ogy to support lung cancer patients’ management, mainly
for determining diagnosis and treatment. This study aims
to investigate variant features of lung cancer patients at
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our centre, so it could provide a fundamental picture of
lung cancer variants among the Indonesian population.

Materials and methods

Patients and data

A retrospective study enrolled 627 tissue biopsy samples
for RT-PCR procedures and 80 ctDNA liquid biopsy
samples for NGS procedures from patients diagnosed
with lung cancer. Data were extracted from medical
records from January 2018 to December 2022. Patients
diagnosed with lung cancer through history taking and
physical examination were directed to perform RT-PCR
procedures or NGS procedures if they wanted to pay
additional fees as the latest procedure is not fully covered
by the government health insurance (BPJS). Furthermore,
patients which were performed RT-PCR procedures but
then had worsen clinical signs and symptoms after stan-
dard treatment, were suggested to perform the NGS
procedure.

Molecular procedures

Data of molecular studies were obtained from laboratory
report. All molecular laboratory analyses were performed
by KALGen Innolab, Jakarta, a cooperated laboratory
with the Dharmais Cancer Centre, Indonesia.

Tissue biopsy with RT-PCR

+ The slide tissue was used as the specimen type with
tumour percentage of approximately 200 cells.

+ FFPE tissue blocks were cut with a microtome and
prepared into HE-stained and unstained tissue slides.

+ Tumour areas were determined by pathologist using
the HE stained slide. Then, the unstained slides
were processed for deparaffinization using xylene
and washing with 100% ethanol, 96% ethanol, 70%
ethanol, and ddH,O, respectively.

+ Marked tumour areas were scraped from the slide
using sterile needle or blade and followed with DNA
extraction using Qiagen QlAamp® DNA Microkit.

+ The extraction process was performed according to
the kit instruction. Briefly: tissue pellet was added
with lysis buffer and proteinase K then incubated for
2 h. The entire lysate was transferred into the filtered
column and centrifuged before washed with washing
buffer 2 times. Then, the DNA was eluted with
elution buffer.

+ Variants in the EGFR gene were analysed using PCR
based on High Resolution Melting (HRM) PCR as
the rapid screening process.

+ Undetected variants from the process were scored
and considered as wild type.

+ The detected variants were confirmed with fragment
analysis or direct sequencing with Sanger Method.
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Table 1 Basic demographic information
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Table 2 Genomic profile from tissue biopsy using EGFR RT-PCR

Demographic variables Frequency (n) Per-

cent-
age
(%)
Age
Adult (<40y) 40 56
Middle-aged (40-60 y) 361 511
Elderly (>60'y) 306 433
Gender
Male 454 64.2
Female 253 358
Smoking history
Smoker 371 525
Non-smoker 336 47.5
Lung cancer type
Adenocarcinoma 681 96.3
Adeno-squamous carcinoma (ASC) 1 0.1
Squamous cell carcinoma (SCC) 22 32
Large cell carcinoma 1 0.1
Small cell lung carcinoma (SCLC) 2 03

+ Results shown as positive variants which covered
Exon 18 G719/A/C/S/D, Ins Exon 19, Del Exon 19,
Del Exon 18, Exon 20 T790M, Exon 20 S7681, Exon
21 L858R, and Exon 21 L861Q.

Liquid biopsy with NGS

+ Serum from whole blood was used as the specimen.
«+ Circulating tumor DNA/ctDNA was extracted from
sample using the MagMAX cell free Total Nucleic

Acid (MagMAX cfTNA) protocol.

+ DNA concentration was quantified using NanoDrop
spectrophotometer (Nanodrop Technologies,
Wilmington, DE, USA) and a Qubit Fluorometer
(Invitrogen, Carlsbad, CA, USA).

+ The DNA Library was prepared wtih Oncomine™
Lung cfDNA Assay (Thermo Fisher Scientific).

« This panel includes 12 different genes covering > 169
hotspots, 49 fusions, and MET exon 14 skipping.

+ Twelve genes covered are as follows: ALK, KRAS,
PIK3CA, BRAF, MAP2K1, RET, EGFR, MET, ROS1,
ERBB2, NRAS, TP53.

+ Prepared DNA library was sequenced using Next
Generation Sequencing (NGS) Ion GeneStudio™ S5
System and data analysis was performed with the Ion
ReporterTM 5.10.1.0 software directly from within
Torrent SuiteTM 5.10.1 software (Thermo Fisher
Scientific), followed by manual inspection.

+ Inthe variant details, the software analysis will only
show positive results while negative results will be
filtered out automatically.

EGFR Test Frequency (n) Percentages (%)
Wild type 323 51.5

Single variant 243 388

Double variant 52 83

Triple variant 9 14

EGFR, epidermal growth factor receptor

Data analysis

The data were analysed using IBM SPSS Statistics (ver-
sion 25.0; IBM Corp, NY). Data are presented in fre-
quency and percentages. Data were descriptively
compared between variables and assessed using the chi-
square test, with a p-value (p)<0.05 considered statisti-
cally significant.

Results
There were 707 subjects included in this study. Basic
demographic information is described in Table 1.

From Table 1, there were about 43.3% of subjects aged
above 60 years and 51.1% between 40 and 60 years.
Meanwhile, the rest were under 40 years old. More than
half of the total subjects were male (64.2%). Smoker
subjects were slightly dominant (52.5%) compared to
non-smokers (47.5%). Most lung cancer types were ade-
nocarcinoma (96.3%), followed by squamous cell carci-
noma (3.2%), small cell lung carcinoma (0.3), and small
portion of other types, such as adeno-squamous carci-
noma (0.1%) and large cell carcinoma (0.1%).

A total of 627 samples analysed with EGFR RT-PCR are
shown in Table 2. Most patients represented wild type
(51.5%). Single variants constituted 38.8%, while double
variants were about 8.3%. There was only a tiny number
of EGER triple variants expressed among subjects (1.4%).

Table 3 illustrates the number of EGFR variants among
lung cancer types detected by RT-PCR. Adenocarcinoma
was mostly constituted by wild types (50.8%), followed
by single variants of Ex19del (15.9%), L858R (14.8%), and
L861Q (5.8%), double variant of L858R/L861Q (3.3%),
and a small number of other variants. Meanwhile, in
squamous cell carcinoma (SCC), more than 50% patients
were wild type, others were single variant constituted
by Ex19del (13.9%), L816Q (9%), and same number of
L858R and G719 A/C/S/D (4.5%), with none of this group
showing both double and triple variants. Other NSCLC
subjects expressed only wild type and a single variant of
L858R (50%). In addition, one patient with SCLC showed
wild-type result after the test (100%).

From Fig. 1, around 47.08% of the total results were
wild type. The L858R and Ex19del variants had quite
similar numbers, 18.66% and 18.22%, respectively.
Meanwhile, approximately 11.08% are L861Q variant.
A few other variants were also expressed, such as G719,
Ex18del, T790M, G718S, and Ex20ins (<2.00%).
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Table 3 The results among lung cancer types detected by EGFR RT-PCR
Result n (%)
Adenocarcinoma SCC Other NSCLC SCLC Total
Wild type 306 (50.8%) 15 (68.2%) 1 (50%) 1 (100%) 323
Single variant L858R 89 (14.8%) 1 (4.5%) 1 (50%) 0 243
L861Q 35 (5.8%) 2 (9.0%) 0 0
Ex19del 94 (15.6%) 3(13.6%) 0 0
G719 A/C/S/D 15 (2.5%) 1 (4.5%) 0 0
G7185S 1(0.2%) 0 0 0
Ex20ins 1(0.2%) 0 0 0
Double variant Ex19del/L858R 10 (1.6%) 0 0 0 52
Ex19del/L861Q 12 (2.0%) 0 0 0
L858R/L861Q 20 (3.3%) 0 0 0
L861Q/G719 A/C/S/D 3(0.5%) 0 0 0
L858R/G719 A/C/S/D 1(0.2%) 0 0 0
Ex19del/G718 A/C/S/D 2(0.3%) 0 0 0
Ex19del/T790M 2(0.3%) 0 0 0
L858R/T790M 1(0.2%) 0 0 0
Ex19del/Ex18del 1(0.2%) 0 0 0
Triple variant L858R/L861Q/G719A 3(0.5%) 0 0 0 9
Ex19del/L858R/L861Q 4(0.6%) 0 0 0
Ex18del/L858R/L861Q 1(0.2%) 0 0 0
Ex19del/L861Q/G719S 1(0.2%) 0 0 0
Total 602 22 2 1 627

SCC, squamous cell carcinoma; NSCLC, non-small cell lung carcinoma; SCLC, small cell lung carcinoma
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Fig. 1 The breakdown of each EGFR variant detected by RT-PCR

Table 4 Genomic profile from ctDNA liquid biopsy using NGS

Variant Frequency (n) Percentage (%)
Single gene variant 50 62.5%
Co-variant 28 35%

Wild type 2 2.5%

TOTAL 80

In Table 4, we grouped the genomic landscape of NGS
results into three categories, which are single gene vari-
ant, co-variant, and wild type. Co-variant was defined
as two gene variants detected in one subject. From a
total of 80 subjects, there were 62.5% of subjects having

. 18.66%
T S e s 17 .(08%

150

200 250 300 350

single gene variants, 35% with co-variants, and only two
patients had wild type lung cancer (2.5%).

EGFR, epidermal growth factor receptor; TP53,
tumour protein 53; KRAS, Kirsten Rat Sarcoma virus;
PIK3CA, phosphatidylinositol-4,5-bisphosphate 3-kinase
catalytic subunit alpha; BRAF, B-Raf proto-oncogene;
MET, mesenchymal epithelial transition; ROS1, reactive
oxygen species 1; MAP2K1 mitogen activated protein
kinase 1; NRAS (neuroblastoma RAS viral (v-ras) onco-
gene homolog.

Table 5 shows each variant from NGS test among lung
cancer types. From 80 subjects included, only one patient
was diagnosed with SCC and had EGFR variant, while the
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Table 5 The results among lung cancer types detected by NGS
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Result n (%)

Adenocarcinoma SCC

Other NSCLC  SCLC p-

value

EGFR

TP53

KRAS

PIK3CA

EGFR/TP53 1

EGFR/TP53/KRAS 1

EGFR/TP53/KRAS/PIK3CA 1

EGFR/KRAS 1

EGFR/KRAS/BRAF 1

EGFR/MET 2

EGFR/PIK3CA 7
1
1
1
1
2

42 (53.2%)
5(6.2%)
1(1.3%)
1(1.3%)

Single gene variant

Co-variant

EGFR/PIK3CA/MAP2K1
EGFR/ROS1
KRAS/TP53
NRAS/TP53
Wild type
Total 79

0.000

0.000

O O O O O O O O O O O O O O o o
O O O O O O O O O O O O o o o o

0.000
1 0 0

EGFR, epidermal growth factor receptor; TP53, tumour protein 53; KRAS, Kirsten Rat Sarcoma virus; PIK3CA, phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic
subunit alpha; BRAF, B-Raf proto-oncogene; MET, mesenchymal epithelial transition; ROS1, reactive oxygen species 1; MAP2K1 mitogen activated protein kinase 1;

NRAS (neuroblastoma RAS viral (v-ras) oncogene homolog

rest was diagnosed with adenocarcinoma. Of the patients
with adenocarcinoma, 53.2% had EGER single gene vari-
ants, followed by 6.2% with TP53, and a small portion
had KRAS and PIK3CA single gene variants (1.3% each).
Meanwhile, the co-variant detected was mostly EGFR
with other gene(s), with EGFR/TP53 being the promi-
nent one (13.9%), followed by EGFR/PIK3CA (8.9%),
EGFR/MET (2.4%), and a few other EGFR co-variants
(1.3% each). There were two subjects having rare co-vari-
ant, namely KRAS/TP53 and NRAS/TP53. In addition,
only two subjects were wild type (2.4%).

Each variant from NGS result is illustrated in Fig. 2.
The EGFR L861Q was most frequently appeared in
lung cancer patients (18.68%). Meanwhile, EGFR L858R
constituted the second highest (12.64%). EGER E746_
A750del, T790M, G719S, and L747_P753delinsS were the
next most expressed among patients in our centre. Addi-
tionally, there was a small count of other variants from
other genes, such as TP53, PIK3CA, KRAS, NRAS, BRAE
ROSI, MAP2K1, and MET.

Discussion

The incidence of lung cancer is one of the highest among
cancers worldwide according to data from the Interna-
tional Agency for Research of Cancer (IARC) [1]. This
study found that people with lung cancer were dominated
by middle-aged (40-60 years) group and elderly (above
60 years), with a ratio between males and females of
approximately 2:1. As one of the risk factors, both smok-
ing exposure and non-smoking contribute to lung cancer

pathogenesis, and in this study, we found slight differ-
ences between both. Epidemiologically, about 85% of lung
cancer type is non-small cell lung cancer (NSCLC), with
the rest being small cell lung carcinoma (SCLC) [11, 12].
This study revealed that NSCLC was the highest among
other types, consisting of mostly adenocarcinoma.

Several current guidelines recommend that molecular
tests should be considered in tailoring the treatment due
to their high sensitivity and specificity, including for lung
cancer [13]. In the lung cancer, most molecular test con-
siderations are mainly due to their link to the treatment
option, such as tyrosine kinase inhibitor (TKI) [14]. Fur-
thermore, the partnership between the College of Ameri-
can Pathologists (CAP), the International Association for
the Study of Lung Cancer (IASLC), and the Association
for Molecular Pathology (AMP) has released the molecu-
lar testing guideline for treatment with TKI in lung can-
cer patients [15]. Thus, the investigation of molecular
biology is now becoming an issue.

We have applied molecular tests in our services, espe-
cially for lung cancer management. We considered that
EGFR variants must be the main concern since it is epi-
demiologically common in the Asian population (30—
40%) compared to the European population (10-15%)
[16]. Through this study, we found significant differences
regarding the number of variants found using RT-PCR
and NGS, especially for EGFR variant.

It is important to note that the number of samples
tested using RT-PCR were far more than using NGS (627
samples vs. 80 samples, respectively). However, there is
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Fig. 2 The breakdown of each variant expressed from NGS

a reasonable explanation for this finding. Most patients  performed RT-PCR and had received treatment but their
in our centre use the national health insurance that cancer relapse or unresponsive after treatment, we usu-
only cover the RT-PCR test. Thus, the NGS test is only ally recommend them other tests, such as NGS. There-
optional as it needs additional payment which were not fore, it is also possible that the characteristics of patients
suitable for all patients. However, for patients which had ~ which were performed NGS might be with higher
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resistance to treatment population than the RT-PCR.
This could explain the higher EGFR T790M variant ratio
in NGS cohort (Fig. 2) compared with the PCR cohort
(Fig. 1). This difference is not a vital as the objective of
this study was to depict the variant profile of lung can-
cer patients in our centre, not to compare RT-PCR and
NGS as it has been studied before by Kosasih et al. [17]. It
reported that NGS is more specific to detect EGFR vari-
ant than PCR. For some patients which were assessed
as wild type by PCR examination, the results from NGS
might detect more specific variant, such as EGFR E746_
A750del, L858R, or L861Q variant [17].

Variants in EGFR may lead to cancer signalling path-
ways, such as in lung cancer [18, 19]. From this study,
half of the subjects were EGFR wild-type lung cancer
detected by RT-PCR. However, there were a portion of
single variants, double variants, and triple variants. EGFR
variant is divided into common or “classical” variants and
uncommon or rare variants, with their implication on
both predictive and prognostic value [20]. EGER variants
mainly occur within exons 18 to 21, with approximately
85-90% of them being common variants and the rest
being uncommon. The most common variant is exon 19
deletions (Ex19del) and L858R variant in exon 21. Mean-
while, EGFR G719X, L861Q, Ex20ins, and S7681 variant
are the major uncommon variants. Additionally, EGFR
T790M and E746_A750del are considered less frequent
uncommon variants [20, 21]. A current study said that
EGER alterations in NSCLC patients would be a candi-
date for targeted TKI therapy [14]. Several studies have
shown that variants involving exons 18, 19, and 21 are
considered sensitive to EGFR-TKI therapy, whereas those
involving exon 20 variants are typically less sensitive or
resistant [20-23]. Among Asian ethnicities, Ex19del and
L858R variants were the most common [24, 25]. Another
study has summarized molecular epidemiology of EGFR
variations among advanced NSCLC patients in 7 Asian
countries, excluding Indonesia. It showed that most of
variants were L858R and Ex19del, while L861Q variants
implied in not more than twenty patients, both in the
form of single and combination variants [26]. Confirm-
ing this epidemiological data, this study with RT-PCR
test showed that Ex19del and L858R variant were domi-
nated compared with others, while many other subjects
possessed double and triple variants, which were a com-
bination of common and rare variants. Combination with
uncommon variants, such as L861Q, G719X, T790M, and
Ex18del, were detected by RT-PCR in this study. Thus,
it could be challenging for clinicians in tailoring further
therapy and estimating the prognosis.

Several patients were followed up to determine other
variants that might affect the treatment response. We
could highlight that RT-PCR investigation is limited to
the certain gene. Considering liquid biopsy using NGS
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has become a good choice since it can detect variants
within multiple genes by designing gene panels. Some
copy number variations might be also detected, which are
important for deciding the treatment. We did not com-
pare the results between EGFR variant from RT-PCR and
from NGS because it has been done by other researchers
at our centre. However, we included the NGS results as
we want to picture a broad range of variants using NGS
that might be beneficial to add some basic epidemiologi-
cal data, both globally and nationally.

Although most patients had a single gene vari-
ant detected by NGS, there were considerably 35% of
patients with co-variant, which was dominated by EGFR
compounding variant with other gene(s). During the past
few years, many global studies have focused on these co-
variant and their effect on TKI-based treatment [14, 19,
27]. Epidemiologically, EGFR variants are abundantly
expressed among Asian populations. Recent Asian expert
consensus has reported that the percentage of EGFR
alterations in lung adenocarcinoma is higher among
East Asian compared to Western population (40-55% vs.
12-25%), while KRAS, BRAF, and ROSI are lower, with
HER2 and MET are nearly similar [28]. However, coin-
ciding with other genes will influence patients’ respond
toward treatment. This study indicated that EGFR/TP53
co-variant and EGFR/PIK3CA co-variant were largely
expressed among lung cancer patients, knowing both
TP53 and PIK3CA variants are important for survival
prognosis in lung cancer [9].

The TP53 gene is a tumour suppressor gene, mainly
encoding tumour protein p53, a transcription factor
essential for cell cycle control, especially for DNA repair
and cell apoptosis [29]. According to several prior stud-
ies, approximately 50% of their subjects with lung cancer
had TP53 variants [30, 31]. A previous study showed that
patients with EGFR-mutated NSCLC with concomitant
TP53 variant were associated with a poorer clinical prog-
nosis [32]. Additionally, a study in the Brazilian popula-
tion concluded that concurrent variant of T7P53 had a
potentially negative predictive effect associated with plat-
inum-based chemotherapy and erlotinib in early-stage
EGFR-mutated NSCLC [33]. A Meta-analysis research
also stated that TP53 variants represent a clinically rel-
evant mechanism of resistance to EGFR-TKIs, regardless
of their generation [34]. Moreover, a multi-omics cohort
of East Asian population has reported that EGFR/TP53
co-variant display distinct biological features and has
worse prognosis than EGFR single variant [35]. However,
the best strategy in choosing treatment for this co-variant
is little known. Some investigations have been developed
focusing on the p53 target gene for upcoming treatment,
but the drug at present is still unavailable [32]. Thus,
a remarkable number of TP53 co-variants among the
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Indonesian population in our cohorts should be benefi-
cial in estimating future treatment planning.

In addition, a concomitant PIK3CA variant should
be considered as a poor prognosis. The PIK3CA is a
tumour-specific gene that encodes type IA P13K pro-
tein to activate the P13K/Akt/mTOR signalling pathway
in promoting cell proliferation [36]. Variant in this gene
will increase lipid kinase activity and the Akt signalling
pathway that leads to tumours, including lung cancer
[37]. A study showed that NSCLC patients with EGFR
variants coexisting with PIK3CA variant (co-variant) had
a decrease in median overall survival compared with a
single gene EGFR variant [38].

Another variant in lung cancer cases was KRAS vari-
ant. The KRAS gene is one of the other three human RAS
families that encodes GTPase KRAS protein. This protein
is responsible for cell proliferation, differentiation, and
survival [39]. A previous study stated that KRAS variant
is quite frequent in adenocarcinoma and squamous cell
lung carcinoma [40]. Alteration in KRAS is implicated in
lung cancer pathogenesis, mainly for patient survival. A
study showed that lower expression on RAS was asso-
ciated with longer survival time [41]. A recent study on
genomic landscape among East Asian population showed
that although 48.6% of samples had EGFR driver variants,
co-variants of EGFR and KRAS still occurred in 4.7% of
samples [42]. This study showed that some patients had
KRAS variant, both in single variant and co-variant,
which needs to be further evaluated.

There were other concurrent variants, such as, NRAS,
BRAE MP2KI, ROS1, and copy number variation on
MET. However, they were in small numbers. We sup-
posed that because our sample size was limited. However,
something interesting was found in this study. There were
triple and even quadruple co-variants, such as EGFR/
TP53/KRAS/PIK3CA co-variant. This is a novel finding
since no other related study has discovered or discussed
triple or quadruple co-variant in lung cancer patients as
we had. We cannot elaborate more about the mechanism
affecting lung cancer, but we suppose that the number of
co-variants might worsen patients’ condition, especially
in achieving treatment efficacy. A study in Chinese dis-
cussed EGFR-BRAF co-variant, but without KRAS vari-
ant [43]. Another study also found MAPK] variant, a rare
variant in lung cancer, but no other evidence found co-
variant with EGFR and PIK3CA [44]. A previous study
discovered some concurrent genomics alteration related
to EGFR-TKI resistance. It stated that KRAS, ROS1, and
MET (both polysomy, and amplification) were included
in the group of concurrent driver gene alteration [45]. In
addition, this study revealed coexisting variant between
NRAS and TP53. No other study has reported this co-
variant in lung cancer. The NRAS gene is one of the RAS
proteins like KRAS which encode GTPase NRas protein
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to promote cell proliferation [46]. It is extremely rare
among lung cancers. A study in Japan reported that only
1 of 195 cases of NRAS variant and was considered a
somatic variant in lung cancer patients [47].

We described each variant from NGS test specifically
in Fig. 2 to be easily visualized. The most common vari-
ants detected by NGS were dominated by EGFR driver
gene variants, with top 5 among all variants were all
variations within EGFR gene, which are L861Q, L858R,
E746_A750del, T790M, and G719S. We only highlight
the top 5 among all and will not elaborate on all variants
revealed in this study because there were too many. These
five variants are mostly rare variants of EGFR. Globally,
EGFR rare variants are abundantly detected, especially
with high-throughput investigation. From NGS examina-
tion, it could be highlighted that EGFR rare variants seem
to be more dominant compared with RT-PCR results
(Fig. 2).

The L861Q variant was the most detected among other
EGFR rare variants (Fig. 2). It is found on exon 21 of the
EGFR, a tyrosine kinase domain. A previous study in
China also found that L861Q variant was a frequent fea-
ture of NSCLC among their population, and its sensitiv-
ity to the treatment has been studied [27]. Furthermore,
another study in Tunisia also reported that L861Q vari-
ant have been found in 35.3% (12 out of 34 cases), rank-
ing it as the highest rare variant found among patients
with non-small cell lung cancer [48]. However, there
are also other studies that reported L861Q variant as a
very rarely found variant among their population. For
example, study by Mistudomi et al. in Japan confirmed
that they only found 2% of this variant among lung can-
cer patients [49]. In addition, a case report by Hines et
al. in the United States also reported that L861Q variant
was a very rare case in the USA [50]. According to the
latest research so far, the clinical significance of L861Q
variant in lung cancer patients is still undiscovered well.
However, there are several studies that pointed out the
effect of this variant to the sensitivity to treatment. Some
preclinical studies have shown that the L861Q variant
may exhibit limited effectiveness or complete resistance
to EGER tyrosine kinase inhibitors (EGFR-TKIs), imply-
ing a grim outlook for these patients [51, 52]. However,
a significant retrospective study conducted by Chiu et
al. reported a response rate (RR) of 39.6% and a pro-
gression-free survival (PES) of 8.1 months, indicating a
moderate response to TKIs. Unfortunately, the overall
survival (OS) was not tracked in this study [22]. Wu and
Xu also obtained similar findings to Chiu, albeit with a
smaller sample size [53]. In a prospective clinical trial led
by Yang, high afatinib activity was observed in patients
carrying the L861Q variant, with an objective response
rate (ORR) of 56.3%, a median PFS of 8.2 months, and a
median OS of 17.1 months [54].
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Other EGFR rare variants, such as E746_A750del,
T790M, and G719S, were also found by NGS and were
dominated in the top 5 (Fig. 2). Besides, there were also
a significant number of L747 P753delinsS and Ex19de-
lins, which could not be revealed by RT-PCR test. Several
studies concentrated EGFR exon 19 variations of lung
cancer patients among Chinese population. A study using
targeted panel sequencing revealed no EGFR variants of
E746_A750del and L747_P753delinsS [55]. Meanwhile,
another study with sanger sequencing showed 64.6% of
E746_A750del variant and detected no L747_P753delinsS
variant [56]. Multi-centre study using NGS reported 24
cases of L747_P753delinsS variant [57]. A E746_A750del
variant causes the loss of intratumoral CD8+ cells, which
can repress the antitumor immunity system [58]. How-
ever, some studies reported the contrary outcomes of
EGFR sub’ response upon TKI-therapy [59, 60]. More-
over, a prior study has shown that although Ex19delins
has a better survival outcome than Ex19del variant, the
acquisition of T790 variant in EGFR Ex19delins group
would make them have a poorer prognosis [61]. Addi-
tionally, one patient also expressed Ex20ins variant in this
study, which is linked to less sensitive therapy and less
favourable outcomes compared with other uncommon
variants. As we stated before, this challenging profile
should be addressed well, and it needs more database to
look up for choosing the effective treatment.

We realized that this study did not further explain all
variants stated, including some rare variants revealed by
NGS. This study focuses on descriptively explaining the
genomic profile of variants in several genes and their fre-
quencies. Besides, our sample size for NGS was relatively
small. This is probably due to the NGS application in our
centre initially beginning in 2019, so it affects the overall
number of patients undergoing NGS procedures. How-
ever, we know that examination with NGS detects more
extended variants and co-variant than RT-PCR, and it
should be considered since several co-variants, such as
EGFR/TP53, EGFR/PIK3CA, and EGFR/KRAS, would
affect treatment response. We expect that this study
could provide fundamental data for others in the future,
especially for genomic landscape of lung cancer among
Asian populations. We also recommend that other stud-
ies with a larger sample size should be further conducted.

Conclusion

EGER variants were highly expressed among lung cancer
patients. Liquid biopsy ctDNA using NGS examination
showed extended variant and co-variants that will impact
treatment designing.
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