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Abstract
BACKGROUND: Prevalence of Epidermal Growth Factor Receptor (EGFR) mutation in circulating tumor DNA 
(ctDNA) in treatment-naïve individuals is not well established in Indonesia. In recent years, ctDNA as a specific and 
sensitive blood-based biomarker had been developed to detect the mutation.

AIM: The study was done to understand the concordance and acceptance levels of ctDNA in detecting the gene 
mutation in lung adenocarcinoma patients.

METHODS: This study used cross-sectional approach with purposive sampling design in 100 treatment-naïve non-
small cell lung cancer and adenocarcinoma patients. Samples were obtained from bronchoscopy and blood, which 
were examined to detect the mutation in formalin-fixed paraffin-embedded specimens or plasma samples using 
QIAampDNA Micro Kit. Mutation was calculated by droplet digital polymer chain reaction.

RESULTS: A 100 subjects with primary tumor tissue samples were compared with the plasma samples and mutation 
was detected in 20 patients (20.0%), 12 (12.0%) on exon 19, 7 (7.0%) on exon 21, and 1 (1.0%) on both exon 19 
and 21. Within the plasma samples, mutation was found in 15 patients (15%) with mutation on exon 19 and 21 in 
12 (12.0%) and 3 (3.0%) patients, respectively. Within the two samples, concordance of EGFR mutation was 83.0% 
(83/100, p < 0.001; correlation index: 0.42). Assuming presence of mutation as the benchmark, the accuracy of 
mutation presence in plasma DNA was 60.0% (9/15). Kappa test showed a weak agreement between the mutation 
in tissues and plasma, with a coefficient of 0.414 (95% confidence interval).

CONCLUSION: Tissue biopsy was still considered as the main option to detect EGFR mutation in lung cancer. More 
researches on ctDNA as the standardized tools to detect the mutation are required.
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Introduction

In Indonesia, the highest incidence rate 
from lung cancer in males reached 19.4/100,000 
population, with an average death rate of 10.9/100,000 
population, then liver cancer with an incidence rate 
of 12.4/100,000 population and average death rate 
of 7.6/100,000 population. On the other hand, breast 
cancer caused the highest incidence rate in female with 
42.1/100,000 population with an average death rate 
of 17/100,000 population, followed by cervical cancer, 
23.4/100,000 population with an average death rate of 
13.9/100,000 population [1].

Lung cancer has the highest incidence and 
death rate annually, compared to other cancer types, 
and has been a main health concern in the world, 
although early-stage lung cancer patients had a 
higher survival rate, 50%, with 5  years survival post-
surgery or stereotactic body radiation therapy [2]. 

In advanced-stage lung cancer, approximately 69% 
non-small cell lung cancer (NSCLC) patients could be 
improved through targeted therapy [3]. Lung cancer is 
known to be very heterogeneous and more than 85% of 
the patients were diagnosed with NSCLC [4].

The advancement in lung cancer therapy, 
especially NSCLC, has shifted the algorithms toward 
targeted therapies and identification from oncogenic 
drivers. Molecular tests such as Epidermal Growth Factor 
Receptor (EGFR), ALK, and ROS1 are the current routine 
screenings for lung cancer in daily practices [5]. A study 
in Indonesia by Syahruddin et al. reported that from 1874 
respondents, EGFR mutations were observed in about 
44.4% respondents, with common EGFR mutations 
(exon 19 ins/dels, L858R) and uncommon mutations 
(G719X, T790M, and L861Q) of about 57.1% and 29%, 
respectively. Higher frequency in EGFR mutation was 
seen in female (52.9%) than male (39.1%) [6]. On the 
other hand, KRAS molecular testing did not find any 
mutations within North Sumatera population [7]. Tissue 
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genotyping has been considered as the gold standard 
in detecting genetic alterations in tumor. However, only 
20–30% of these were detected in NSCLC patients 
during molecular diagnostic tests [8], [9]. Furthermore, 
repeated biopsy from tissue sources was performed and 
only minimum amount of tumor cells were observed, 
thus, molecular testing could not be carried out on 
NSCLC patients due to disease progression in EGFR 
Tyrosine Kinase Inhibitors (TKI) treatment [10]. Plasma 
might contain part of tumor-derived and extracellular DNA 
(circulating tumor DNA [ctDNA]) and plasma genotyping 
is one of the tools that could help in analyzing mutation 
when only a small amount of tumor cells present. 
However, the low fraction of ctDNA in blood and limited 
sensitivity in plasma genotyping remained challenges 
although the advancement in this ctDNA test has been 
improving to allow for a more accurate diagnosis [11].

In addition to pre-analytical and analytical 
factors, sensitivity of plasma genotyping also depended 
on the rate of ctDNA release from tumor (ctDNA shed). 
False negative result might be obtained if there is no 
ctDNA shed in plasma, as tumor would have targeted 
mutations. ctDNA release to plasma was predicted to 
occur during necrosis or apoptosis of the tumor cells. 
ctDNA release was also characterized by the tumor size, 
necrosis, and tumor vascularization [12], [13]. However, 
comprehensive histopathological assessment from the 
tumor shedding in NSCLC was not assessed. Most 
studies in liquid biopsy have been done in advanced-
stage NSCLC patients. At this stage, only a small part 
of biopsy specimens was taken, and sampling bias 
might occur when evaluating the histopathological 
features [14]. Thus, this study was done to analyze the 
concordance and acceptance level of plasma ctDNA in 
detecting EGFR mutations in lung adenocarcinoma.

Methods

Patients

Patient selection and sampling criteria

Inclusion criteria for standard group were: 
1. Patients diagnosed with early-stage or advanced-
stage lung cancer; 2. treatment-naïve patients; 3. 
blood samples collected before or after acquiring tumor 
tissues within 5  days; and 4. tumor tissue samples 
obtained cytologically or histopathologically. 8–10 ml of 
each of patients’ blood was taken through venipuncture 
and stored in EDTA tube. Samples were sent to 
Kalgen INNOLAB laboratorium under constant room 
temperature. Sampling and processing time was < 48 h.

Sampling technique used was purposive 
sampling where all samples that were obtained and 
met the inclusion criteria were used in the research 
until the required number of samples were achieved. 

Data were collected from 2018 to 2020 and analyzed 
for both samples. The main purpose of this research 
was to determine the concordance of EGFR mutation 
status between samples that were obtained from tumor 
tissues and that obtained from blood.

Tumor tissues and plasma samples 
collection and mutation analysis

Samples were collected from lung 
adenocarcinoma patients, without prior EGFR-TKI 
treatment.

Methods used

Qiagen QIAamp® DNA Micro Kit was used for 
DNA extraction. For mutation analysis, HRM polymer 
chain reaction (PCR), fragment analysis, direct 
sequencing, and Idylla platform with 100% specificity 
were used. Mutant alleles could be detected in at least 
10% of the tumor cells. The analysis was confirmed 
through negative and positive controls.

8 ml of plasma sample from each patient was 
analyzed by droplet digital PCR (ddPCR), and ctDNA 
isolation was done as per the standard protocol. 
ctDNA extracted from plasma and gene mutation was 
analyzed by ddPCR using QX200 AutoDG ddPCR 
System (BioRad), which allowed the detection on EGFR 
mutation in exon 19, 20, and 21. The minimum limit of 
detection for mutant alleles were 0.2%, 0.3%, and 0.3% 
on T790M, Exon 19 deletion, and L858R, respectively.

This research has received an approval from 
the Ethics Committee, Faculty of Medicine of Universitas 
Sumatera Utara. This study was done in accordance 
with the Declaration of Helsinki 1964 with amendments. 
Identity of the patients was collected anonymously. The 
approving committee accepted the consent exemption 
of the information as this research was based on the 
available administration and clinical data.

Statistical analysis

Concordance level, sensitivity, specificity, 
positive predictive value (PPV), and negative predictive 
value (NPV) were determined for tissues/cytology and 
plasma samples with two-tailed confidence intervals (95% 
CI). EGFR mutations on tissue samples were considered 
as benchmark for sensitivity and specificity measures. 
Level of acceptance was confirmed by Kappa test.

Results

A hundred pairs of ctDNA tumor samples 
from standard group were collected from several 
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big hospitals in Medan between 2018 and 2020. 
Characteristics of the patients are shown in Table  1. 
Staging of patients’ sample was collected based on the 
classification criteria of International Association for the 
Study of Lung Cancer version 7. Tumor tissue samples 
were collected from primary tumor. Samples were 
consisted of lung adenocarcinoma patients diagnosed 
cytologically or histopathologically. Smoking status 
was grouped into ex-smokers and never smokers. 
There were 71  male (71%) and 29  female (29%) 
participated in this research, with advanced stage 
cancer of about 81% and performance status 0–1 of 
approximately 86%.

Table 1: Baseline characteristic’s subjects
Age (years) n
Mean ± SD 59.15 ± 8.95
Median (min – max) 32–80

< 40 3 (3.0)
40–60 48 (48.0)
> 60 49 (49.0)

Sex
Male 71 (71.0)
Female

Smoking Status
29 (29.0)

Never Smoker 28 (28.0)
Ex‑smoker 72 (72.0)

Performance status (WHO)
0–1 86
≥ 2 14

IASLC stage
Early stage

I–IIIa 19
Advance stage

IIIb–IVb 81

A hundred subjects with primary tumor tissue 
samples were matched with the plasma samples and 
EGFR mutation was detected in 20  patients (20%), 
12  (12.0%) on exon 19, 7  (7.0%) on exon 21, and 
1  (1.0%) on both exon 19 and 21. Within the plasma 
samples, mutation was seen in 15 patients (15%) with 
mutation on exon 19 in 12 patients (12.0%) and exon 
21 in 3 patients (3.0%) (Figure 1). Concordance of the 
mutation between the two samples was 83.0% (83/100, 
p < 0.001; correlation index 0.42, Table  2). If the 
presence of mutation within tissues was the benchmark, 
the accuracy of mutation within the plasma DNA would 
be 60.0% (9/15). The testing for EGFR mutation within 
tissues and plasma had a weak acceptance level by 
kappa test, which showed coefficient of 0.414 with 
95% CI.

Table 2: The summary of EGFR mutation status, concordance, 
sensitivity, specificity, positive, and negative predictive values 
of tumor samples versus ctDNA for EGFR mutation status (All 
the screened patients were evaluated in both procedure, n = 100) 
ctDNA (%) Tissue (%) Total

Mutation (+) Mutation (‑)
Mutation (+) 9 (45.0) 6 (7.0) 15 (15.0)
Mutation (‑) 11 (55.0) 74 (87.0) 85 (85.0)
Total 20 (100) 80 (100) 100

n %
Sensitivity (9/20) 45
Specificity (74/80) 92.5
Positive predictive values (9/15) 60
Negative predictive values (74/85) 87
Concordance 100 83
Correlation index 0.42; p < 0.001. EGFR: Epidermal growth factor receptor.

Discussion

This study was focused on lung 
adenocarcinoma which had been increasing in numbers 
in recent years and research in Indonesia had focused 
on the advanced stage [15], [16], [17], or those had 
spread to other organs (metastatic) [18]. Study showed 
that smoking is independent risk factor for lung cancer, 
particularly in males, in which clove cigarettes are 
preferred choice [19].

Methods for ctDNA detection could be 
categorized into two groups. First, PCR-based 
method, that is able to detect a single DNA distortion 
per reaction at a very high sensitivity, which might 
include Amplification Refractory Mutation System 
(ARMS), ddPCR, or beads, emulsion, amplification, 
and magnetics. Second, sequencing-based method, 
which could detect many distortions at the same time, 
including Whole Genome Sequencing, amplicon, and 
targeted capture sequencing [3].

The use of peripheral blood, plasma or 
serum, for instance, as a replacement for tumor 
tissues had been investigated comprehensively. This 
research found a high concordance (83.0%) in EGFR 
mutation (exon 19 or 21) between matched plasma 
ctDNA and primary tumor tissue in NSCLC patients, 
adenocarcinoma type, although a study by Huang 
et  al. [20] only reported a concordance of 77.0%. 
Furthermore, we had described that status of the 
detected EGFR mutation in plasma before EGFR-TKI 
treatment might anticipate the effectivity and the survival 
rate post-EGFR-TKI treatment. The overall frequency 
of EGFR mutation in the tumor tissues samples was 
20.0%. As the population in this study was only limited 
to adenocarcinoma patients, the number was smaller 
than the earlier reported data. This finding might be 
due to the ability to detect mutation only in exon 19 

100 adenocarcinoma lung
cancer’s patients

Bronchoscopy/
Core Biopsy

100 samples plasma 
ctDNA EGFR (ddPCR)

100 samples Tissue biopsy
(PCR HRM)

Mutation (+)
(n = 15)

Mutation (-)
(n = 85)

Mutation (+)
(n = 20)

Mutation (-)
(n = 80)

Exon 18 : 0
Exon 19 : 12
Exon 20 : 0
Exon 21 L858R : 3
Exon 21 L861Q : 0

Exon 18 : 0
Exon 19 : 12
Exon 20 : 0
Exon 21 L858R : 6
Exon 21 L861Q : 1
Exon 19 dan Exon 21 L861Q : 1

Inclusion Criteria
1. Adenocarcinoma lung patients
2. Male/Female
3. Cytology/Histopatology
4. Naïve treatment
5. Normal coagulation value
6. Informed consent

Figure 1: The flow chart of all patients who were screened. It was 
used to determine the status of epidermal growth factor receptor 
mutations between tumor DNA and circulating tumor DNA of the 
circulating free tumor from plasma
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and 21, and both mutations contributed to about 90% 
of the EGFR mutation in the population as reported 
from the previous study [21], which lowered the overall 
frequency of EFGR mutation.

Seventy-nine subjects in a study by Huang 
et al. in 2012 had positive EGFR mutation in plasma 
samples although the tumor tissue samples appeared 
negative [20]. False positive rate was reported to be 
30.0%, greater than that stated by Goto et al. (2012) 
with concordance of 66.3% in their analysis on the 
significance in EGFR clinical status which was detected 
in free circulating DNA extracted from serum on IPASS 
study (0%). The possible explanation for these findings 
might be due to the extraction of negative cancer 
or normal tumor cells, which caused the negative 
mutation status in the tumor tissue samples and the 
presence of tumor tissues heterogeneity through 
the EFGR mutation analysis from each tumor in 
focus through microdissection. Overall, concordance 
was maintained at moderate levels, 70–80%, and 
the consistency in the past and present data was 
reproducible and stable in detecting EFGR mutation in 
plasma DNA by Denaturing High Performance Liquid 
Chromatography (DHPLC) method [22]. Our findings 
found 15  samples with positive mutation in plasma; 
however, six negative samples were seen in the tumor 
tissues with a false positive rate of about 7.5% by 
ddPCR method.

The concordance level in this study was 
83%, which was similar to the study by Reck et  al. 
(2016), 89%, using ctDNA detection tools on the 
concordance analysis between plasma and tissues 
on 1162  samples  [23]. Wang et  al. (2014) found 
only 17  (12.6%) samples with ctDNA mutation 
within 134  samples by ARMS method, with 59% 
concordance  [24]. Using the same method, Douillard 
et al. (2014) reported ctDNA mutation in 105 (16.1%) 
samples from 652  samples with concordance of 
94.3% [25]. Huang et al. (2012) used DHPLC method 
and reported that ctDNA mutation was observed 
in 270/822  (32.1%) samples with concordance of 
77%  [21] and concordance of 74% was observed in 
the study by Bai et al. with the similar method [26].

A study by Zhao et  al. 2011 found weak 
agreement level for mutation of EGFR in tissue and 
plasma samples by kappa test with coefficient of 
0.342  (95% CI) [27]. Similar trend was seen in our 
study, with coefficient of 0.414 (95% CI).

The difference in ctDNA diagnostic tools 
highly affected the concordance, also sensitivity and 
specificity produced, from pre-analytical such as DNA 
extraction and analytical methods, such as RT-PCR, 
next generation sequencing (NGS), and digital PCR, 
since each method and tool had different approach 
in detecting EGFR mutation in ctDNA [28]. Moreover, 
some methods were only able to detect known mutation 
and were not able to detect rare mutation [29].

A diagnostic study called ASSESS done in 
Japan and Europe showed the use of ctDNA samples 
from plasma with excellent concordance (89%) in 1162 
matched tissues/cytological samples (sensitivity 46%, 
specificity 97%, PPV 78%, and NPV 90%) [30]. In our 
analysis, the sensitivity was found to be low despite 
the high concordance observed. Our study detected 
mutation in NSCLC subjects from tumor samples 
(15.1%) and ctDNA plasma samples (11.0%).

Conversely, a study by Zhang et al. in China 
showed that 35 subjects had plasma and tissue 
samples with 68.6% (24/35) concordance [31]. IGNITE 
study found that the concordance of mutation status 
in 2581 matched samples was 80.5% and 77.7% 
worldwide and in China, respectively [32]. A  relatively 
smaller concordance in our study could be due to the 
limited number of matched samples and the difference 
in sampling time.

According to the study in South  Korea by 
Park et al., a concordance between tissue and plasma 
NGS    was observed in 198  samples (77.6%) from 
cohort 1 [33]. Within the conflicted cases, additional 
genomic alteration in 11 patients (4.2%) was discovered 
through plasma testing. From 50  patients without 
tissue-based NGS results in cohort 3, ctDNA-based 
analysis observed genomic alterations in 20  samples 
(40.0%). The median of the mutation of allele frequency 
(AF) detected through ctDNA-based NGS (0.74%) 
was smaller than that through tissue-based NGS test 
(13.90%). Despite the ctDNA AF result, the clinical 
response toward the targeted therapy was observed. 
An upfront ctDNA-based analysis was able to diagnose 
60.4% patients with genomic alterations. Furthermore, 
ctDNA-based testing found 12% additional alterations 
that could be responded when done after tissue-based 
NGS. This study showed that ctDNA-based testing 
could identify more subjects with responded genomic 
alterations and thus could be adopted accordingly 
with the conventional tissue-based analysis in NSCLC 
patients [33].

More researches on the appropriate methods 
and analysis are required before being used as the 
alternative for diagnostic testing or screening. If there 
were no false positive results and improvements in 
reporting of results observed in most patients, or the 
capability to lower false negative results, serum testing 
might be a convenient option for patients with no 
available tumor samples [22].

Conclusion

Mutation in EGFR on tumor tissue and ctDNA 
samples was mainly single mutation and observed in 
exon 19. Concordance was 83.0% with kappa coefficient 
of 0.414. Tissue samples were still considered as the 
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main option to detect EGFR mutation in lung cancer. 
The use of ctDNA samples requires further research 
before it could be used as the standard testing for 
EGFR mutation diagnosis and is very dependent on the 
tools being used.
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