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Abstract

Lung cancer patients in Indonesia exhibit a high prevalence of epidermal growth factor
receptor (EGFR) mutations, with a substantial proportion attributed to rare or uncommon
variants. The clinical significance of rare EGFR mutations lies in their differential
sensitivity to tyrosine kinase inhibitors (TKIs). While they are frequently resistant to first-
and second- generation TKIs, they often respond to third-generation TKIs, necessitating
tailored treatment options. The need for improving access to advanced targeted therapies
in Indonesia also highlights the importance of conducting research on rare EGFR
mutations. The aim of this study was to identify the spectrum and frequency of EGFR
mutations in patients with lung adenocarcinoma in Indonesia. A cross-sectional
observational study with total sampling was conducted from January 2016 to April 2024
to investigate EGFR mutation profiles in lung adenocarcinoma patients. Samples were
acquired from patients with a confirmed anatomical pathology diagnosis from various
healthcare centers across Indonesia. A total of 4,778 samples were analyzed using real-
time quantitative polymerase chain reaction (RT-qPCR) on various specimen types to
determine EGFR mutation prevalence and patterns. Associations between demographic
data and EGFR mutation status were assessed. EGFR mutations were detected in 54.6%
of samples, with common mutations (exon 19 deletions/insertions and point mutation
L858R) comprising 76.2% of positive cases and rare mutations (exon 20 insertions, point
mutation G719X, S768I, T79oM, and L861Q) accounted for 20.3%. Significant
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associations were found between geographic origin, age, and sex with EGFR mutation
status. This study confirms substantial genetic variability and geographical differences in
EGFR mutations among Indonesian lung adenocarcinoma patients, emphasizing the
urgent need for further research to prompt enhanced molecular diagnostics and targeted
therapies in the region.
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Introduction

Lung cancer, particularly non-small cell lung cancer (NSCLC), is a significant global health issue

[1-3]. Indonesia, a developing nation and the world’s largest archipelago with over 17,000 islands,
is the fourth most populous country and the fifth largest in Asia [4]. Indonesia experiences
particularly high incidence and mortality rates of lung cancer [3]. About 85% of lung cancers are
NSCLC, and adenocarcinoma constitutes approximately 40—50% of all lung cancer cases [5-7],
highlighting its significant contribution to the overall lung cancer burden.

NSCLC patients who are women, non-smokers, or light smokers predominantly exhibit
mutations in the epidermal growth factor receptor (EGFR) gene, with a higher mutation rate in
the Asian population (30—40%) compared to the Western population (10—15%) [8-12]. Previous
studies in Indonesia, comprising approximately a combined 3,000 samples, showed an overall
EGFR mutation rate of 34—67%, consistent with the data of a high mutation rate in the Asian
population [13-17]. Mutations in EGFR gene are primarily located in the kinase domain,
encompassing exons 18 to 21, leading to constitutive downstream EGFR signaling [18]. This
results in cellular proliferation and tumorigenesis [19]. Different mutations within this domain
have distinct structural impacts and functional consequences, particularly concerning kinase
domain activation and drug binding [20]. Previous studies have shown that common or classical
EGFR mutations, such as exon 19 deletions/insertions (ex19del/ins) and the L858R point
mutation in exon 21, account for up to 90% of newly diagnosed EGFR-positive NSCLC and are
predictive of response to the first-generation of EGFR tyrosine kinase inhibitors (TKIs) gefitinib
and erlotinib [21-23]. These mutations are also referred to as “common” EGFR mutations [19].

Uncommon or “rare” mutations within the kinase domain (such as exon 18 G719S/A/C,
collectively known as G719X; exon 20 insertion (ex20ins), T79oM, and S768I; exon 21 L861Q are
also oncogenic, comprising 10—15% of all EGFR mutations [24-26]. Additionally, some patients
exhibit complex mutations, involving either two rare mutations or a combination of common and
rare mutations [27]. These rare EGFR mutations are clinically significant because they often have
variable sensitivities to EGFR TKIs, with some showing resistance or reduced effectiveness to
first- and second- generation TKIs (classical), while others can be effectively treated with third-
generation TKIs such as osimertinib [19,28-30]. The T790M point mutation in exon 20 typically
develops as an acquired resistance mutation to classical TKIs but remains sensitive to third-
generation TKIs [22,26]. Reports of de novo T79oM mutations exist, despite their rare occurrence
[31]. EGFR ex20ins mutations represent another subset of EGFR mutations, accounting for
approximately 10% of all NSCLCs, and are resistant to classical EGFR TKIs [32]. The scarcity of
data on the prevalence and characteristics of rare EGFR mutations in Indonesian patients hinders
the application of better treatment protocols for this subgroup [33]. Although there are studies
on rare EGFR mutations in Indonesia, the number of cases examined is still limited, leaving a gap
in the existing data [14,16]

Recent expert consensus recommendations in Asia encourage rare EGFR mutation detection
owing to the higher prevalence of EGFR mutations in the Asian population [22,26,34]. Updated
national guidelines for medical services and lung cancer management in Indonesia have
recommended newer EGFR TKIs for advanced NSCLC treatment [33]. However, real-world
accessibility remains limited [4]. Less than a dozen EGFR TKIs are available in Indonesia, but as
of 2023, Indonesian national health insurance covers only a few targeted therapies, such as
gefitinib, erlotinib, and afatinib, making them accessible to a broader patient population [4].
Advanced targeted therapies such as amivantamab, recently approved by the US Food and Drug
Administration (FDA) for EGFR ex20ins [35], may take longer to become accessible in developing
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countries such as Indonesia due to limited data, regulatory, logistical, and economic challenges.
By providing comprehensive data on EGFR mutations in Indonesia, this study aims to lay the
groundwork for broader access to targeted therapies, which is essential to improve outcomes in
this understudied group of rare mutations.

Considering the limited research on rare EGFR mutations in Indonesia, the aim of this study
was to identify the spectrum and frequency of EGFR mutations among patients with lung
adenocarcinoma. This study highlights the urgent need for broader access to advanced targeted
therapies by emphasizing the underreported rare mutations. This study may serve as a foundation
for future research and healthcare policies, encouraging investment in the development and
distribution of novel therapeutic options tailored to the genetic profiles of the Indonesian
population.

Methods

Study design and setting

A cross-sectional observational study was conducted from January 2016 to April 2024 to analyze
EGFR mutation profiles in patients with lung adenocarcinoma. A total of 4,778 samples were
collected using total sampling. Molecular analyses were performed at the Department of
Anatomical Pathology, Faculty of Medicine, Public Health, and Nursing, Universitas Gadjah
Mada, Yogyakarta, Indonesia and the Department of Anatomical Pathology, Dr. Sardjito
Hospital, Yogyakarta, Indonesia. The study variables included patient demographics (city of
origin, age, sex), specimen types (trans-thoracic needle aspiration (TTNA) cytology, formalin-
fixed paraffin-embedded (FFPE) blocks, blood or circulating tumor deoxyribonucleic acid
(ctDNA), and pleural fluid), and EGFR mutation status, categorized into single common, single
rare, and compound/complex mutations, as well as TKI-sensitive and TKI-resistant mutations.

Sample size and sampling method

To ensure statistical rigor, sample size calculations were conducted using a single-proportion
formula for qualitative variables in a cross-sectional study [36]. The calculations were based on a
95% confidence interval and a 5% margin of error. Previous data indicated that 45% of lung
adenocarcinoma patients exhibited EGFR mutations, with 15% classified as rare mutations and
85% as common mutations [6,8-10]. These estimates determined a minimum sample size of 100
for rare mutations and 363 for common mutations. To ensure adequate representation of both
categories, a total of 363 samples were required. The study employed total sampling, including
all eligible patients during the study period.

Eligibility criteria

Inclusion criteria included samples obtained from patients with a confirmed diagnosis of lung
adenocarcinoma, as determined by anatomical pathology based on the World Health
Organization (WHO) morphology and tumor classification by the International Agency for
Research on Cancer (IARC) [37]. To ensure accurate EGFR mutation detection, tumor cellularity
thresholds were applied as follows: only TTNA and FFPE specimens containing 50% or more
tumor cell content, assessed microscopically by pathologist on hematoxylin-eosin stained
sections, were included [38,39]. For blood/ctDNA, samples were included if they met pre-
analytical quality controls, including a minimum peripheral blood volume of 4 mL for blood-
derived ctDNA processing [40]. Sufficient DNA yield (=5 ng/uL) is needed for blood/ctDNA and
pleural fluids to be included in the analysis [40]. Exclusion criteria included samples with
incomplete demographic information, such as missing data on city of origin, age, or sex. Samples
were also excluded due to unclear histopathology or cytopathology records, DNA degradation in
archival samples, or insufficient tumor cell/DNA content.

Samples collection

Histopathological samples were collected by pulmonologists from various healthcare facilities
across Indonesia and subsequently sent to Dr. Sardjito Hospital, Yogyakarta, Indonesia. The
sample types examined were TTNA cytology, FFPE blocks, blood/ctDNA samples, and pleural
fluid. FFPE blocks were prepared from cell blocks or core needle biopsies when available. Each
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patient contributed only one type of sample. The samples originated from patients across five
major islands and several regions in Indonesia, including Java, Sumatra, the Riau Islands,
Bangka Belitung, Borneo, Celebes, Papua, Bali, and Timor Island.

TTNA cytology procedures were performed under local anesthesia and guided by multi-slice
computed tomography (MSCT) or ultrasound to accurately target lesions. Trained
pulmonologists utilized fine needles (22G or 25G) to aspirate cellular material into a syringe, with
core biopsy needles employed when more substantial tissue samples were required. The aspirated
material was processed by preparing smears on glass slides, which were immediately air-dried
for subsequent staining, and preserved as cell blocks for ancillary studies such as
immunocytochemistry or molecular testing.

FFPE blocks were prepared from cell blocks derived from TTNA aspirates and core needle
biopsy samples. The samples were fixed in 10% neutral buffered formalin for six to twelve hours,
followed by processing through graded alcohol and xylene, and finally embedded in paraffin using
tissue processors and paraffin embedding systems per protocol. This procedure was performed
by trained pathology technicians to ensure consistent preparation.

For specimens other than blood/ctDNA or pleural fluid, the diagnosis of lung
adenocarcinoma was reconfirmed at Dr. Sardjito Hospital, Yogyakarta, Indonesia, by two
independent consultant pathologists specializing in respiratory pathology. In cases where only
blood/ctDNA or pleural fluid specimens were available, confirmation was based on prior
assessments conducted by pathologists at the originating healthcare centers. Molecular analyses
of the collected samples were performed at Dr. Sardjito Hospital, Yogyakarta, Indonesia.
Additionally, medical records were retrospectively reviewed to obtain demographic data,
including city of origin, age, and sex, as well as information on specimen types.

DNA extraction

Total DNA was extracted from a single available specimen for each patient, which included TTNA
cytology, FFPE blocks, blood/ctDNA, or pleural fluid samples. Extractions were performed
manually in accordance with the manufacturer’s protocols prior to EGFR mutation analysis. DNA
extraction for TTNA cytology, FFPE blocks, and pleural fluid specimens utilized the Tissue
Genomic DNA Mini Kit (GeneAll Clinic SV mini, Seoul, Korea), whereas blood/ctDNA samples
were processed using the QIAamp DNA Blood Mini Kit (QIAGEN, Hilden, Germany). To ensure
contamination-free procedures, all steps were conducted within dedicated workstations with
regular decontamination, and each sample was handled individually to prevent cross-
contamination. To minimize DNA degradation, aliquoting was employed to avoid multiple freeze-
thaw cycles. Extracted DNA was primarily used for EGFR mutation analysis, with any surplus
stored at temperatures ranging from -20°C to -80°C to preserve integrity for potential future
analyses. The quantity and quality of the extracted DNA were assessed using a NanoDrop
spectrophotometer (Thermo Fisher Scientific, Massachusetts, USA) before proceeding to EGFR
mutation evaluation.

EGFR mutation evaluation with real-time quantitative polymerase chain
reaction (RT-qPCR)

DNA samples were analyzed using the AmoyDx Human EGFR 29 Gene Mutations Fluorescence
PCR Diagnostic Kit (Amoy Diagnostics, Xiamen, China), which detects T79oM, L858R, L.861Q,
S7681, G719S, G719A, G719C, three insertions in exon 20, and 19 deletions/insertions in exon 19
(Table 1). The kit, following the manufacturer’s protocol, is capable of detecting mutant DNA at
a minimum threshold of 1%. Real-time quantitative polymerase chain reaction (RT-qPCR) was
conducted using the Bioneer Exicycler 96 Real-Time Quantitative Thermal Block (Bioneer
Corporation, Daejeon, Korea), adhering to the manufacturer’s instructions. The cycle threshold
(Ct) value, defined in the AmoyDx kit protocol as the point at which the fluorescence signal
exceeds the background level, was used to determine EGFR mutation status. Samples were
classified as positive (mutated) if the amplification curve crossed the specified Ct value. Samples
with no amplification beyond the cutoff were classified as negative (wild-type).
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Study variables

This study investigates the presence and types of EGFR mutation profiles in Indonesian patients
with lung adenocarcinoma and explores associations with demographic characteristics. EGFR
mutations were identified using the AmoyDx Human EGFR 29 Gene Mutations Fluorescence
PCR Diagnostic Kit (Amoy Diagnostics, Xiamen, China) and categorized into three groups:
common mutations (ex19del/ins, exon 21 L858R), rare mutations (exon 18 G719X, ex20ins, exon
20 S768]I, exon 20 T790M, and exon 21 L861Q), and compound/complex mutations involving
multiple subtypes (Table 1). Mutation frequencies were expressed as the number of samples (n)
and percentages (%) for the overall cohort and among patients positive for EGFR mutations.
Demographic data, including age, sex, and city of origin, were obtained from medical records. Age
was stratified into two categories: below 60 years and 60 years or older, with the mean age
reported as mean * standard deviation (SD) or median (range). Sex was recorded as male or
female. Cities of origin were grouped into major regions based on geographic location (e.g., Java
Island, Sumatra Island, Riau Islands, Bangka Belitung Islands, Borneo Island, Celebes Island,
Papua Island, Bali Island, Timor Island). Demographic variables were presented as the number
of samples (n) and percentages (%). Data on specimen types, including TTNA cytology, FFPE
blocks, blood/ctDNA, and pleural fluid, were retrieved from medical records, with distributions
reported as the number of samples (n) and percentages (%). Descriptive statistics were employed
for data analysis, presenting frequencies and percentages for categorical variables and mean+SD
or median (range) for continuous variables.

Table 1. Epidermal growth factor receptor (EGFR) gene detected and categories for this study

EGFR mutation Exon and mutation type =~ Mutation detail

category

Common EGFR EGFR exon 19 E746_A7s50del, E746_T751del, L747_E749del,

mutations - classical deletions/insertions L747_T751del, L747_S52 del, E746_T751>1,

TKI sensitive (ex19del/ins) L747_P753>S, L746_T751>1/A, L746_S752>A/V/D,

L747_A750>P, L747_P753>S/Q, Li747_T751>S/P

EGFR exon 21 L858R

Rare EGFR EGFR exon 18 (G719X)  G719A, G719S, G719C

mutations - classical EGFR exon 20 S7681

TKI sensitive EGFR exon 21 L861Q

Rare EGFR EGFR exon 20 insertions H773_V774insH, D770_N77insG, V769_D770insASV

mutations - classical (ex20ins)

TKI resistant EGFR exon 20 T790M

TKI: tyrosine kinase inhibitor

Statistical analysis

Statistical analysis was conducted using Microsoft Excel v.2021 (Microsoft 365, Washington,
USA) and SPSS 29.0 (IBM, New York, USA). Categorical data were presented as frequencies and
percentages, while continuous data were initially assessed for normality using the Kolmogorov-
Smirnov test. Normally distributed data were expressed as mean+SD; non-normally distributed
data were reported as median (range). Chi-squared test was used to assess associations between
demographic variables (city of origin, age category, sex) and EGFR mutation status, with a
Pp<0.050 considered statistically significant. Pie charts were generated using Microsoft Excel
v.2021 (Microsoft, Washington, USA) to visually illustrate the distribution of EGFR mutation
types and subtypes.

Results

Patient demographics and specimen-tested characteristics

A total of 4,778 samples were initially collected for the study. Following the application of the
eligibility criteria, 299 samples were excluded, resulting in 4,479 samples that were successfully
included in the analysis. The demographic and specimen details are presented in Table 2. The
samples were obtained from five major islands and various regions across Indonesia, with 71.6%
from Java; 14.0% from Sumatra, the Riau Islands, and Bangka Belitung (representing western
Indonesia); 3.4% from Borneo; and 11.0% from Celebes, Papua, Bali, and Timor (representing
eastern Indonesia). The mean age of the patients was 59.15+11.67 years. Patients were categorized
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into two age groups: <60 years (49.9%) and =60 years (50.1%). The cohort consisted
predominantly of males (57.0%, n=2,553) and followed by females (43.0%, n=1,926). The types
of DNA materials extracted for EGFR mutation analysis were predominantly TTNA cytology
(88.9%), followed by FFPE blocks (9.5%), blood/ctDNA (1.5%), and pleural fluid (<1%).

Table 2. Demographic characteristics and specimen types of the included patients (n=4,479)

Characteristics Frequency (percentage)
Region
Java Island 3,207 (71.6)
Sumatra Island, Riau Islands, Bangka Belitung Islands 626 (14.0)
Borneo Island 152 (3.4)
Celebes Island, Papua Island, Bali Island, Timor Island 494 (11.0)
Age (years), mean + standard deviation 59.15+11.67
<60 2,233 (49.9)
>60 2,246 (50.1)
Sex
Male 2,553 (57.0)
Female 1,926 (43.0)
Specimen types
Trans-thoracic needle aspiration (TTNA) cytology 3,982 (88.9)
Formalin-fixed paraffin-embedded (FFPE) blocks 426 (9.5)
Blood/circulating tumor deoxyribonucleic acid (ctDNA) 69 (1.5)
Pleural fluid 2 (0.0)

EGFR mutation profiles and frequencies in lung adenocarcinoma patients

The overall EGFR mutation frequency was 54.6% (n=2,445/4,479), with 52.1% (n=2,333/4,479)
exhibiting a single mutation and 2.5% (n=112/4,479) displaying complex mutations involving
multiple subtypes (Table 3). The most prevalent mutations were exon 19 deletions/insertions
(ex19del/ins) and exon 21 (L858R), accounting for 41.6% (n=1,863/4,479) of the entire cohort
and 76.2% (n=1,863/2,445) of EGFR mutation-positive patients. Rare mutations, including exon
18 (G719X), exon 20 insertions (ex20ins), exon 20 (S768I), exon 20 (T790M), and exon 21
(L861Q), were identified in 11.1% (n=497/4,479) of the total cohort and 20.3% (n=497/2,445) of
EGFR mutation-positive patients. A combination of common and rare mutations was detected in
1.9% (n=85/4,479) of the total cohort and 3.5% (n=85/2,445) of EGFR mutation-positive
patients.

Among mutation-positive patients, 95.4% exhibited a single mutation (Table 3). The
majority of these mutations were common TKI-sensitive mutations, with exon 19
deletions/insertions (ex19del/ins) being the most frequent (52.4%), followed by exon 21 L858R
mutations (23.6%). Rare TKI-sensitive mutations included exon 18 G719X (6.9%), exon 21 L861Q
(2.2%), and exon 20 S768I (1.7%). Classical TKI-resistant mutations were identified in exon 20
insertions (ex20ins) (4.2%) and T790M (4.3%). Complex mutations predominantly involved a
combination of TKI-sensitive mutations and T790M, observed in 2.5% of mutation-positive
patients (Table 3).

The distribution of EGFR mutations among mutation-positive patients (n=2,445) showed
that the majority (76.01%) had a single common mutation in either ex19del/ins or L858R,
followed by 19.3% with rare single mutations in G719X, ex20ins, S7681, T790M, or L861Q, and
4.6% with complex mutations (Figure 1A). Most mutations in the mutation-positive group were
TKI-sensitive (87.7%) (Figure 1B). Among the single mutation group, the most common
mutations were ex19del/ins (55.0%), L858R (24.8%), G719X (7.2%), T790M (4.5%), ex20ins
(4.4%), L861Q (2.3%), and S768I (1.8%) (Figure 1C). In the rare mutations categories (n=585),
19.1% had complex mutations. The most prevalent rare mutations were G719X (28.9%), followed
by T790M (18.1%), ex20ins (17.4%), L861Q (9.2%), and S768I (7.2%) (Figure 1D).
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EGFR mutation types distribution

6% /\(n=2,445)
4.067%

Common single mutations (exon 19
deletions/insertions (ex19del/ins), exon 21
(L858R))

Rare single mutations (exon 18 (G719X);
exon 20 insertions (ex20ins), S768I, and
T790M; exon 21 (L861Q))

Compound or complex mutations

EGER single mutations (n=2,445)
subtypes distribution

4.5%

Exon 19 deletions/insertions
(ex19del/ins) (55.0%)

Exon 21 (L858R) (24.8%)

Exon 18 (G719X) (7.2%)

Exon 21 (L861Q) (2.3%)

Exon 20 (S7681) (4.4%)

Exon 20 insertions (ex20ins) (4.4%)
Exon 20 (T790M) (4.5%)

B

TKI sensitivity mutation
distribution (n=2,445)

H TKI sensitive mutation

mm  TKI resistance mutation

D

EGEFR single mutations (n=2,445)
subtypes distribution

Exon 18 (G719X) (28.9%)

Exon 21 (L861Q) (9.2%)

Exon 20 (S768I) (7.2%)

Exon 20 insertions (ex20ins) (17.4%)
Exon 20 (T790M) (18.1%)

Compound or complex mutations
(19.1%)

Figure 1. Pie charts illustrating the distribution of epidermal growth factor receptor (EGFR)
mutation-positive cases in lung adenocarcinoma patients. (A) Distribution of common single
mutations (exon 19 deletions/insertions (ex19del/ins) and exon 21 L858R) compared to rare
single mutations (exon 18 G719X; exon 20 insertions (ex20ins), S768I, and T790M; exon 21
L861Q) and complex mutations; (B) proportion of classical tyrosine kinase inhibitor (TKI)-
sensitive mutations versus TKI-resistant mutations, encompassing both single and complex
mutations; (C) subtype distribution within single mutation samples; and (D) distribution of rare
EGFR mutation subtypes, including rare complex mutations observed in lung adenocarcinoma.

Page 7 of 15



<
(&)
=
S
<
<
=
>
‘=
@)

Heriyanto et al. Narra ] 2025; 5 (2): e1721 - http://doi.org/10.52225/narra.v5i2.1721

Table 3. Distribution of epidermal growth factor receptor (EGFR) mutation profiles (types and
subtypes) and frequencies in all lung adenocarcinoma patients (n=4,479) and EGFR mutation-

positive patients (n=2,445)

EGFR mutation types and subtypes Mutation Mutation frequency
frequency per  per EGFR
all patients mutation-positive
(n=4,479) patients (n=2,445)
n (%) n (%)

Total EGFR positive mutation 2,445 (54.6) 2,445 (100)

Common mutations (Exon 19 deletions/insertions, 1,863 (41.6) 1,863 (76.2)
Exon 21 L858R)

Rare mutations (Exon 18 G719X; Exon 20 insertions, 497 (11.1) 497 (20.3)
S7681, and Ty9oM; Exon 21 L.861Q)

Mixture of common and rare mutations 85 (1.9) 85(3.5)

EGFR single mutations 2,333 (52.1) 2,333 (95.4)

Common mutations; TKI-sensitive
Exon 19 deletions/insertions (ex19del/ins) 1,282 (28.6) 1,282 (52.4)
Exon 21 (L858R) 578 (12.9) 578 (23.6)
Rare mutations; TKI-sensitive
Exon 18 (G719X) 169 (3.8) 169 (6.9)
Exon 21 (L861Q) 54 (1.2) 54 (2.2)
Exon 20 (S7681I) 42 (0.9) 42 (1.7)
Rare mutations; classical TKI-resistant
Exon 20 insertions (ex20ins) 102 (2.3) 102 (4.2)
Exon 20 (T790M) 106 (2.4) 106 (4.3)
EGFR compound or complex mutations 112 (2.5) 112 (4.6)
Common TKI-sensitive (Exon 19 deletions/insertions 3(0.1) 3(0.1)
and L858R)
Rare TKI-sensitive (G719X and L861Q; G719X and 5 (0.1) 5(0.2)
S768I; L.861Q and S7681)
Common and rare TKI-sensitive 12 (0.3) 12 (0.5)
TKI-sensitive and resistant (T790M) 62(1.4) 62 (2.5)
TKI-sensitive and resistant (Exon 20 insertions) 21(0.5) 21(0.8)
TKI-resistant (Exon 20 insertions and T79o0M) 9(0.2) 9(0.4)

TKI: tyrosine kinase inhibitor

Association of EGFR mutations with demographic characteristics and mutation
frequencies in lung adenocarcinoma specimens

EGFR mutation status demonstrated significant associations with various demographic
characteristics and specimen types (Table 4). Mutations were identified in 56.8% of samples
from Java, 47.3% from Sumatra, Riau Islands, and Bangka Belitung, 48.0% from Borneo, and
51.2% from Celebes, Papua, Bali, and Timor (p<0.001). The age group was significantly correlated
with mutation status, with mutations observed in 50.2% of patients under 60 years and 59.0% of
those 60 years or older (p<0.001). The mutation rate was higher in females compared to males
(62.5% vs 48.6%, p<0.001). Specimen types also showed variation in mutation frequency:
blood/ctDNA samples exhibited the highest rate (73.9%), followed by TTNA cytology (54.8%),
pleural fluid (50.0%), and FFPE blocks (49.8%). Common mutations associated with first-
generation TKI-sensitive therapies (ex19del/ins and L858R) were more prevalent in females
(51.1%) than males (48.9%). In contrast, rare TKI-sensitive mutations (G719X, L861Q, and S768I)
and classical TKI-resistant mutations (T790M and ex20ins) were more frequently observed in
males (57.0%) than females (43.0%).

Table 4. Association between epidermal growth factor receptor (EGFR) mutation status,
demographic characteristics, and mutation frequency across specimen types in lung
adenocarcinoma patients

Variables Total EGFR mutations p-value® Common  Rare mutationsP
(n) mutations?
Wild-type Mutation TKI- TKI- TKI-
sensitive  sensitive resistant

n (%) n (%) n (%) n (%) n (%)
Overall (n) 4,479 2,034 2,445 1,875 270 300
Major islands of Indonesia <0.001

Java Island 3,207 1,384 (43.2) 1,823 (56.8) 1,424 (75.9) 192 (71.1) 207 (69.0)
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Variables Total EGFR mutations p-value” Common  Rare mutationsP
(n) mutations?
Wild-type Mutation TKI- TKI- TKI-
sensitive  sensitive resistant
n (%) n (%) n (%) n (%) n (%)
Sumatra Island, Riau 626 330 (52.7) 296 (47.3) 205 (10.9) 46 (17.0) 45 (15.0)
Islands, Bangka Belitung
Islands
Borneo Island 152  79(52.0) 73(48.0) 61(3.3) 5(1.9) 7(2.3)
Celebes Island, Papua 494 241(48.8) 253 (51.2) 185(9.9) 27(10.0) 41(13.7)
Island, Bali Island, Timor
Island
Age (years) <0.001
<60 2,233 1,113 (49.8) 1,120 (50.2) 865 (46.1) 112 (41.5) 143 (47.7)
260 2,246 921(41.0) 1,325 (59.0) 1,010 (53.9) 158 (58.5) 157 (52.3)
Sex <0.001
Male 2,553 1,312 (51.4) 1,241 (48.6) 916 (48.9) 154 (57.0) 171 (57.0)
Female 1,926 722(37.5) 1,204 (62.5) 959 (51.1) 116 (43.0) 129 (43.0)
Specimen types
TTNA cytology 3,982 1,801 (45.2) 2,181 (54.8) 1,677 (89.4) 237 (87.8) 267 (89.0)
FFPE blocks 426 214 (50.2) 212(49.8) 169 (9.0) 27(10.0) 16 (5.3)
Blood/ctDNA 69 18 (26.1)  51(73.9) 28 (1.5) 6 (2.2) 17 (5.7)
Pleural fluid 2 1(50.0) 1(50.0) 1(0.1) 0(0.0) 0/(0.0)

ctDNA: circulating tumor deoxyribonucleic acid; EGFR: epidermal growth factor receptor; FFPE: formalin-
fixed paraffin-embedded; TKI: tyrosine kinase inhibitor; TTNA: trans-thoracic needle aspiration

aCommon mutations refer to exon 19 deletions/insertions and exon 21 (L858R), both of which are sensitive
to TKI therapy

bRare mutations include single or complex mutations involving exon 18 (G719X), exon 20 (S768I), and exon
21 (L861Q), excluding common mutations, exon 20 insertions, or exon 20 (T790M) in the TKI-sensitive
category. The classical TKI-resistant category encompasses samples positive for exon 20 insertions and/or
exon 20 (T79oM)

*Analyzed using Chi-squared test

Discussion

This study successfully compiled and analyzed one of the largest cohorts of lung adenocarcinoma
samples in Indonesia (n=4,479). The overall EGFR mutation rate in this population (54.3%) falls
within the range observed in previous studies conducted with smaller sample sizes in Indonesia
(35—64%, combined total of 2,975 samples) [13-17,41]. This prevalence is also consistent with the
EGFR mutation rates reported across Asia (30—60% in unselected populations, with the lowest
in India and the highest in Vietnam) [8,9,42-44]. A higher mutation rate was observed in female
compared to male patients (62.5% vs 48.6%, p<0.001), aligning with previous studies [8-12]. The
majority of EGFR mutations were detected as single mutations (95.4%), with only a small
proportion (4.6%) harboring complex mutations, representing 2.5% of all samples. This detection
rate is notably lower than that reported in earlier studies in Indonesia, where complex mutations
were found in up to 20% of EGFR-mutated patients, or 10% of all NSCLC cases [14,16]. In
comparison, complex mutation rates in other countries have ranged from 0.95% to 15% of all
NSCLC cases [28,45,46]. Most complex mutation variants involved both TKI-sensitive and TKI-
resistant mutations, such as T79oM and ex20ins, which are linked to poor clinical outcomes
[45,47,48]. The lower detection rate of complex mutations in this study may be attributed to
differences in testing methods (with next generation sequencing (NGS) detecting more mutations
than commercial kits), as well as variations in patient populations (e.g., staging at the time of
testing), which may introduce bias in comparisons [8,46].

EGFR mutations in NSCLC exhibit significant genetic heterogeneity, encompassing more
than 200 distinct mutations [49]. The majority (85—90%) of these mutations are classified as
common or "classical," specifically ex19del/ins and L858R, while the remaining 10—-15% consist
of rare mutations, including ex20ins, G719X, L861Q, S7681, and T790M [19,49,50]. In this study,
76.2% of EGFR-mutated patients harbored common mutations, 20.3% had rare mutations, and
the remaining patients exhibited a combination of both. Further analysis revealed a higher
prevalence of rare EGFR mutations among male patients, which aligned with previous studies
reporting that rare EGFR mutations were more common in males and smokers [14,17,51-56].
Although this study did not characterize smoking status, it is noteworthy that a significant
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proportion of Indonesian males are smokers; 54.4—67.0% of males and only 2.7% of females in
Indonesia are daily smokers, with males being 30 times more likely to smoke than females,
positioning Indonesia as the third highest in the world for smoking prevalence [3,57]. Smoking is
associated with an increased somatic mutation burden and heightened apolipoprotein B mRNA-
editing enzyme catalytic polypeptide-like (APOBEC) activity, which may contribute to the higher
frequency of complex and rare EGFR mutations in lung cancer [56]. Consequently, the high
smoking prevalence in Indonesia could potentially influence EGFR mutation rates, though
further research is required to substantiate this hypothesis. While passive smoking remains a
concern, previous studies have suggested that it does not correlate with EGFR mutations in lung
cancer patients who have never smoked [58,59].

Previous studies in Indonesia have reported varying prevalences of rare EGFR mutations. A
study involving 1,874 cytological specimens from newly diagnosed NSCLC patients identified rare
mutations in up to 29.0% of EGFR-mutated patients or 12.9% of all patients [14]. Similarly, a
study of 627 tissue biopsy and 80 ctDNA samples reported that approximately 13% of NSCLC
samples harbored rare EGFR mutations [16]. Both studies were conducted on Java Island and
did not specify the geographic origin of all samples [14,16]. In contrast to these earlier studies,
which did not fully specify sample geographic origin or included multiple NSCLC subtypes, our
study specifically focused on lung adenocarcinoma and encompassed a larger sample size than
previous published Indonesian reports combined [13-17]. While focusing exclusively on lung
adenocarcinoma may have contributed to the higher prevalence of rare mutations observed,
compared to broader NSCLC studies [60], this study’s extensive sample size enhances its novelty
and underscores its potential to impact future research in Indonesia.

Interestingly, the rate of ex20ins, a well-established TKI-resistant rare mutation, observed
in this study is notably higher than in recent Indonesian studies [14,16]. Specifically, ex20ins was
identified in 2.3% of all lung adenocarcinoma samples and 4.2% of EGFR-mutated samples in
this cohort, compared to less than 1% in both all NSCLC and EGFR-mutated patients in previous
studies [14,16]. Globally, ex20ins is recognized as the third most common EGFR mutation in lung
cancer, with reported frequencies reaching up to 10%, and a 4% rate being commonly
documented [10,32,61,62]. These findings highlight the importance of this mutation, which has
not been reported at such a high frequency in the Indonesian population.

The increased prevalence of ex20ins mutations carries significant therapeutic implications.
Amivantamab, a bispecific antibody targeting both EGFR and mesenchymal-epithelial transition
(MET) receptors, has been approved by the FDA for the treatment of NSCLC patients with
ex20ins mutations [35,63,64]. This novel therapy effectively addresses resistance associated with
ex20ins mutations, which are typically refractory to classical EGFR TKIs. The higher incidence of
ex20ins mutations in the Indonesian population underscores the potential benefit of
incorporating amivantamab into national treatment guidelines, potentially improving clinical
outcomes for Indonesian patients [33].

This study included 70% of patients from Java Island and 30% from other regions across
Indonesia, with EGFR mutation status significantly associated with sample origin (p<0.001). A
higher proportion of mutations was observed in Java and eastern regions (Celebes, Papua, Bali,
Timor Islands) compared to western regions (Sumatra, Riau Islands, Borneo) (p<0.001).
Indonesia’s diverse ethnicities, which include over 633 ethnic groups and more than 1,000
distinct ethnicities [65], may influence EGFR mutation prevalence [42,66], as indicated by
previous studies on genetic variations, such as polymorphisms in EDAR370A and ABCC11G180A
genes [67]. Similarly, in India, an ethnically diverse country, regional variations in EGFR
mutation rates have been observed, with rates ranging from 16% to 43% between South and North
India [68]. These variations highlighted the influence of environmental, geographical, ethnic, and
lifestyle factors on genetic alterations [69]. Additionally, a study has shown that exposure to air
pollution may promote the development of lung adenocarcinoma in preexisting EGFR-mutated
lung cells [70]. While geographic information was included in earlier Indonesian studies, no
analysis of EGFR mutation distribution by region was conducted [14]. The lack of detailed ethnic
data in this study limits further exploration of these variables.

A significant proportion of EGFR mutations (773.9%) were detected in blood/ctDNA samples,
suggesting the potential of liquid biopsies for mutation detection in NSCLC, particularly when
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tissue biopsy is not feasible [71-73]. However, it is important to note that only 1.5% of the total
samples were derived from liquid biopsies, as cytology specimens were predominantly used for
molecular testing in this study. While liquid biopsy offers a non-invasive and convenient option,
it is highly specific but less sensitive in detecting EGFR mutations [74-77]. Liquid biopsies are
particularly valuable for identifying secondary mutations, such as T790M, which often emerge
after TKI treatment and contribute to therapy resistance in advanced NSCLC [75,76].
Incorporating liquid biopsy into clinical practice could enhance patient monitoring of minimal
residual disease and facilitate timely adjustments to treatment strategies [78-80]. Ongoing
studies, including those in Indonesia, continue to provide promising insights into the utility of
liquid biopsies for EGFR mutation detection and disease monitoring in NSCLC [41,72,76,80-82].

This study provides valuable insights but has several limitations. The reliance on RT-qPCR
instead of advanced molecular diagnostic techniques such as NGS may have led to
underestimation or false negatives for EGFR single or complex mutations, particularly for low-
abundance variants [46]. Technical limitations of RT-qPCR, including primer specificity and
amplification efficiency, also need consideration. The absence of detailed ethnic data restricts a
full understanding of genetic diversity and its impact on mutation rates across Indonesia. Future
research incorporating more advanced molecular techniques, larger populations, and
comprehensive demographic and clinicopathological data is needed to improve data quality.
Nevertheless, this study highlights the need for targeted treatments, emphasizing the widespread
and diverse EGFR mutations, including the high frequency of TKI-resistant ex20ins mutations.
Enhanced molecular diagnostics and a broader range of TKIs could significantly improve clinical
outcomes for lung cancer patients in Indonesia.

Conclusion

Mutations in the EGFR gene were identified in 54.6% of lung adenocarcinoma samples from
Indonesia, with common mutations (exon 19 deletions/insertions and point mutation L858R)
accounting for 76.2% and rare mutations (exon 20 insertions, point mutations G719X, S768I,
T790M, L861Q) representing 20.3%. In this population, demographic characteristics, such as age
and sex, were significantly associated with EGFR mutation status. This study highlights the age,
sex, and geographical variability of EGFR mutations in a large cohort of lung adenocarcinoma
patients, underscoring the need for personalized treatment strategies and advanced molecular
diagnostics in Indonesia.
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