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Abstract

The ctDNA plasma testing is one of the methods to examine biomarkers for lung adenocarcinoma in order to detect a mutation of
epidermal growth factor receptor (EGFR) gene. The advantages of ¢tDNA testing over tissue biopsy and lung tumor cytology
include less invasive, faster result, cheaper, and minimum risk of complication for the patient. We analyzed and compare the
detection of EFGR mutation in peripheral blood plasma (liquid biopsy) with cytological specimens of patients with lung adeno-
carcinoma. We conducted ctDNA plasma testing in 124 lung adenocarcinoma patients who visited our hospital from January to
December 2018. The ctDNA testing results were compared with the results of EGFR detection from the previous cytological
specimen examination. Most of the patients were males, aged 55-59 years, nonsmokers, and had stage IVA lung adenocarcinoma,
with most metastasis found in the pleura. We found a comelation between EGFR prevalence with nonsmoking status and patient’s
age. The ctDNA plasma testing detected 27.4% common EGFR mutation and 72.6% wild-type EGFR. The figures of EGFR

mutation detection from cytological
EGFR mutation detection in c¢tDNA

cimens were 47.6% and 52.4%, respectively. Compared to cytological specimens, the
a sensitivity of 48.3%, with a specificity of 90.9%, PPV of 82.35%, NPV of 66.7%, and

70.97% concordance rate. EGFR mutation with cytological specimen examination was more accurate than ctDNA.
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Introduction

Lung cancer is one of the leading causes of cancer death in the
world. There are two main types of lung cancer, non-small cell
ling cancer (NSCLC) consisted of 80% and small cell g can-
cer (SCLC) consisted of 20% of all lung cancer. The NSCLC

sisted mostly of adenocarcinoma, followed by squamous cell
imma, and large-cell carcinoma. Lung adenocarcinoma is
th:?ﬂst common NSCLC type found in the world [1-3].

ung cancer is the top 3 most common cancer found in
Indonesia along with breast cancer and cervical cancer. Lung
cancer 1s a cancer with the highest prevalence in men. Based
on data from Dharmais National Cancer Hospital, Jakarta,
Indonesia, the prevalence of lung cancer had been increasing
from 2010 to 2013, where 117 cases took place in 2010 with
38 deaths, 163 cases in 2011 with 39 deaths, 165 cases in 2012
with 62 deaths, and 173 cases in 2013 with 65 deaths [4].

The incident of lung adenocarcinoma has been increasing as
well in Asia and in the USA, particularly in women, young
adults, and nonsmokers. The US data showed that kg adeno-
carcinoma was found in 31-54% of nonsmoker men, higher than
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in smoker men (25%-33%), and 49-74% of nonsmoker women,
which also higher than in smoker women (33%—43%) [5].

Epidermal growth factor receptor (EGFR) mutation in
NSCLC is particularly found in lung adenocarcinoma. It has
an important role in the last 10 years as a target of cancer
therapy. Advanced NSCLC patients with EGFR activating
mutation, i.e., exon 18, exon 19, and exon 21, showed much
better response when given EGFR tyrosine kinase inhibitor
(TKI) as the treatment compared to standard chemotherapy
[6. 7]. This advantage can only be achieved if the adequate
materials or samples and tools are available. However, the
success of EGFR mutation testing is often hindered by tissue
availability, so that the patients often lose the opportunity to
get the targeted therapy due to the insufficient tissue for his-
tological or cytological examination.

Current mutation testing can alternatively be conducted
with liquid biopsy using EGFR mutation detection from blood
plasma. A study of EGFR mutation prevalence taken from
tissue and blood conducted by Implementing GeNomics In
pracTicE (IGNITE study) was done in Asia-Pacific and
Russia and found that EGFR mutation in lung adenocarcino-
ma tissue was higher in Asia-Pacific than in Russia (49.3% vs.
18%). The study also found a concordance of EGFR mutation
testing results between tissue and blood samples of 2581 pa-
tients (80.5% concordance rate, 46.5% sensitivity, and 95.6%
specificity) [8]. The result is quite convincing, with 95.6%
specificity, so that EGFR mutation testing from blood samples
can be used as a screening method for NSCLC cases. Studies
on this topic have not been conducted widely in Indonesia,
pal‘ticum in Surabaya. Therefore, we conducted this re-
search to determine the prevalence of EGFR mutation in
NSCLC patients of adenocarcinoma histopathology at Dr.
Soetomo General Hospital, Surabaya, Indonesia, and to com-
pare the results of EGFR mutation detection in blood plasma
samples to the results of cytological samples examination.

Methods

This study was an analytical observational research conducted
7 124 consecutive lung adenocarcinoma patients who visited
Dr. Soetomo General Hospital, Surabaya, Indonesia, from
January to December 2018 (Fig. 1). The inclusion criteria
were lung adenocarcinoma patients who had been previously
diagnosed with cytological samples. had not received any
cancer treatment, and had cytological sample slides with suf-
ficient cell numbers that can be analyzed (minimum of 50
cells). Patients who had adenocarcinoma lesions in the lungs
as metastases from other organs and having nonrepresentative
cytological samples were excluded fmm@ study. All eligi-
ble subjects were giving their consent. This study was ap-
proved by the Ethic Committee of Dr. Soetomo General
Hospital, Surabaya (certificate No. 0209/KEPK/IV/2018).
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There we@132 lung cancer patients underwent ctDNA plasma
testing at Dr. Soetomo General Hospital, Surabaya, Indonesia,
from January-December 2018

8§ patients were excluded:

e 5 patients had non-representative sample slides of
histopathologic results,

e 3 patients had metastasis of lung adenocarcinoma from
other locations

* | patient died before ctDNA sampling, therefore only
cytologic sample was available

L5 A total of 124 patients met the inclusion criteria

Fig. 1 Flow diagram of subject recruitment

The examination of EGFR mutations status from cytolog-
ical samples was done in the Pathology Anatomy Laboratory
of Dr. Soetomo Hospital. The EGFR examination of cytolog-
ical samples used the DNA extraction method (GeneAll
Exgene™ Cell SV), real-time quantitative PCR (high-
resolution melting analysis) analyzed with LightCycler 480
Il real-time PCR (Roche, Basel, Switzerland). and
AmoyDx® EGFR Adx-ARMS® (Amoy Diagnostics,
Xiamen, China).

The EGFR mutation detection from patient’s blood plasma
specimens was done in Prodia Laboratory, Surabaya,
Indonesia. Approximately 10-mL blood sample was with-
drawn from each patient, which was then centrifuged into
blood plasma, stored in a special frozen container, and trans-
P'l‘ed to the laboratory. The blood plasma was then analyzed
or R mutation using real-time PCR Scorpion-ARMS
with therascreen® EGFR plasma RGQ PCR kit (QIAGEN,
Manchester, UK). The target detections of this examination
were exon 19 deletions, T790 M mutation in exon 20, and
L858R point mutation. The detection limit was in accordance
with the provisions of the corporation. The work steps for
DNA extraction and for EGFR mutation detection were done
according to the manufacturer’s instruction. This method had
been reported previously elsewhere [9]. The results of ctDNA
were then compared with the results of EGFR mutation testing
from cytological samples.

A diagnostic test was conducted to determine the correla-
tion between EGFR ctDNA results and cytological specimens,
in terms of sensitivity and specificity. The concordance rate
test was performed to examine the conformity between
ctDNA and cytological specimens. Cross-tabulation and lo-
gistic regression tests were done to examine the relationship
between disease stage, sex, age, and mming status with the
results of EGFR mutations on ctDNA with 95% confidence
intervafg(CI) and p value <0.05. Statistical analysis was con-
ducted using IBM SPSS Statistics software version 23.0 (IBM
Corp., Armonk, NY, USA).
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Results
Subject Characteristics
1
Most of the subjects were males (58,1%),gthc age group of

55-59 years (22.6%). The majority of the study subjects were
nonsmokers (51.6%), while 21.0% of them were active

Table 1 Subject characteristics
Characteristics ni{%)

e
ﬁ}l years 2(1.6%)
35-39 years 6 (4.8%)
4044 years 5(4.0%)
4549 years 6 (4.8%)
50-54 years 25 (202%)
55-59 years 28 (22.6%)
6064 years 22 (17.7%)
65-69 years 10 (B.1%)
70-74 years 13 (10.5%)
7579 years 6 (4.8%)
8084 years 1 (0.8%)
Sex
Male 72 (58.1%)
Female 52 (41.9%)

Smoking status

Active Smoker 26 (21.0%)

Nonsmoker 64 (51.6%)
Ex-smoker 34 (274%)
Tissue ongin

Open biopsy 5(4.0%)
Core biopsy 18 (14.5%)
Bronchoalveolar lavage (BAL) 7(5.6%)
Bronchial brushing 2(1.6%)
FNAB lung T4 (59.7%)
FNAB cervical lymph node 4(32%)
Pleural fluid cytology 14 (11.3%)
Diagnosis

Lung adenocarcinoma (right lung) 87 (70.2%)
Lung adenocarcinoma (left lung) 37 (29.8%)
Stage

1A 20(1.6%)
1IB 3(24%)
1I1A 11 (8.9%)
111IB 5(4.0%)
1IC 6 (4.8%)
IVA 83 (66.9%)
IVB 14 (11.3%)

FNARB fine-needle aspiration biopsy

smokers (Table 1). Most of smoking subjects were in the age
group of 4049 (15.3%), and the highest number of cigarettes
smoked was around 10-19 per day (24.2%).

Most of the study subjects had adenocarcinoma of the right
lung (70.2%). The majority of cytological specimens’ exami-
nation for the diagnosis of lung adenocarcinoma was taken
from lung fine-needle aspiration biopsy (FNAB) which was
59.7%. Most of the patients (66.9%) had stages IVA disease
(Table 1). Tumor metastases were found to be diverse; most
metastases were in the pleura (52.4%), followed by bone me-
tastases (including vertebral bones, ribs, and other large
bones) in 9.7% of the patients. The EGFR mutation was de-
tected in 47.6% of patients from cytological specimens and in
27.4% of patients from ctDNA. The type of EGFR mutation
was dominated by the common mutations, ie., in exon 19
(30.6% 1n cytological specimens and 19.4% in ctDNA) and
exon 21 L858R (14.5% in cytological specimens and 7.3% in
ctDNA). The results of EGFR mutation detection by the two
methods can be seen in Fig. 2.

Association of Age, Sex, Smoking Status, and Disease
Stage on EGFR Mutation Results

The age and the smoking behavior of the study subjects were
significag§ly correlated with EGFR mutations detected in
ctDNA (=0.220; p=0.042 and $ =1.740; p <0.001, re-
spectively). There was no significant correlation between sex
and the EGFR mutation (=-0.030; p=0.961) as can be
seen in Table 2.

The c¢tDNA detection of EGFR mutation is more
likely positive in more advanced stage lung cancer. In
other words, subjects with advanced disease stages had
the highest probability of EGFR mutations detected in
ctDNA. Most of our subjects were in stage IVA lung
adenocarcinoma. Positive EGFR mutations were detect-

ed in 30.12% (25/83) of stage IVA patients b 1y in
16.6% (1/6) of stage IIIC patients. No ctDNA detection
of EGFR mutations found in patients with stage

ITA to IIIB disecases le 3).

Concordance of ctDNA EGFR Mutation Results
and Cytological Spedmens

Analysis of concordance of EGFR mutation detection results
between liquid biops DNA) and cytological specimens
was done to obtain the sensitivity, specificity, positive predic-
tive value (PPV), negative predictive value (NPV), and con-
cordance rate. Compared to detection in cytological speci-
mens, the EGFR mutation detection in ctDNA had a sensitiv-
ity of 48.3%, with a specificity of 90.9%, PPV of 82.35%,
NPV of 66.7%. and 70.97% concordance rate (Table 4).
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Fig. 2 EGFR mutation detection
in cytologic samples and ctDNA
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Discussion

Our study showed a good correlation and concordance be-
tween EGFR mutation status detected in plasma samples (lig-
uid biopsy) and cytological specimens. Our finding was also
in accord with the results of the IGNITE study which also
included patients from our hospital [8]. This is of particular
interest, because now we can use ctDNA or plasma biopsy to
detect EGFR mutations in adenocarcinoma NSCLC patients
in whom an adequate tissue sample cannot be obtained.
Most subjects in this study were in the age group of 55—
59 years. This finding is consistent with some previous studies
which stated that the majority of lung adenocarcinoma pa-
tients receiving EGFR-TKI treatment were more than 45 years
old with an average of 61.8-year old [10]. Anothergpudy also
found that adenocarcinoma patients mostly fell m the age
group of 4049 years [11]. The largest epidemiological study
of adenocarcinoma patients in Asia, the PIONEER study, re-
ported that the average age of adenocarcinoma patients in Asia
was 60 years old, ranged from 17 to 94 years old [12].
Ingl#i: study, most subjects were male patients, consistent
with results of a study conducted by The International
Agency for Research on Cancer (IARC). IARC reported a
high incidence of lung cancer cases in male, particularly in
Asia, North America, Middle East, and South Europe, with

Table 2 Association between subject characteristics and EGFR
mutation status of ctDNA sample

Characteristics B P OR CI for OR

Age <65vs>65 0220 0.042 1.246 04152316
Female vs male —=0.030 0961 0970 04074571
Nonsmoker vs smoker 1.740 < 0.001 5.698 1.283-5.590

Dependent, EGFR ctDNA

@ Springer
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Exon 19 Exon 21 Exon 19 and T790M

the incident rate ranging from 48.5 to 56.5 per 100,000 cases
[13]. Another study also found that lung adenocarcinoma can-
cer was mostly (63%) found in males [11]. The ratio of lung
adenocarcinoma cancer cases between males and females was
7.4:1 [14].

Smoking is one obvious rsk factor for lung cancer. Some
research reported that secondhand smoke decreases the func-
tion of ciliary follicles. The lung’s physiological ability to
expel foreign material would decrease, and it leads to adeno-
carcinoma in long-term period [ 15, 16]. In this study, most of
our subjects were nonsmokers (51.6%). Our result was in
accord with a study which also reported that the majority of
female lung adenocarcinoma patients (86.6%) were non-
smokers [17].

In our study, most of the samples for histopathological
diagnosis of adenocarcinoma were taken from lung mass
(86.8%). Most of them (59.7%) were obtained via fine-
needle aspiration biopsy (FNAB) technique. As had been re-
ported in IGNITE study, FNAB was used as sampling tech-
nique as much as 51% in Indonesia compared to 40.4% in
Thailand [8, 10]. Most subjects in our study were in advanced
stage of disease (stage IVA 66.9% and stage IVB 11.3%).
Elhidsi et al. [10] also reported that most of their patients were
diagnosed with stage IV lung adenocarcinoma when they
were first brought to health services (44.6% stage IVA and
43.1% stage IVB). Our findings were also consistent with a
previous study conducted in India, stating that lung adenocar-
cinoma patients presented mostly (82%) in stage IV disease at
diagnosis [14].

The positive plasma EGFR mutation detected in ctDNA in
ouwr study was 27.4%. Other study, the PIONEER study, re-
ported a proportion of positive EGFR mutation of lung ade-
nocarcinoma in seven Asian countries ranging from 22 to 64%
[12]. Similar results were also found in a study conducted by
Oktaviyanti in Indonesia, which reported that 34% of
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Table 3 Disease stage and the -
positivity of EGFR. mutation CA

Positive EGFR. mutation (%) n =34

Wild type (%) n =90 Total (%) n=124

detection in ctDNA sample

ITA 0(0.00)
IIB 0(0.00)
1A 0(0.00)
1B 0(0.00)
mIc 1(16.60)
IVA 25(30.12)
IVB 8(57.14)

2(100.00) 2(l.61)

3 (100.00) 3(242)
11 (100.00) 11 (R.87)
5 (100.00) 5(4.03)
5(83.33) 6 (4.84)
58 (69.88) B3 (66.93)
6 (42.86) 14(11.29)

adenocarcinoma patients had positive EGFR mutation [11].
The type of EGFR mutations in our study was dominamby
common EGFR mutation (97%). consisted of 72.7% muta-
tions in exon 19 and 27.2% mutations in exon 21. Our finding
was also consistent with results of study conducted by Pirker
et al. [18] and the IGNITE study [8]. Pirker et al. found that
EGFR common mutation was around 85-90%, consisted of
exon 19 deletion mutations (45%) and L858R exon 21 muta-
tions (40-—45%) [18]. Likewise, the IGNITE study on popula-
tions in the Asia-Pacific region found EGFR common muta-
tions of 91.2%, consisted of exon 19 deletion mutations
(48.7%) and L858R exon 21 mutations (42.5%) [&]. Most of
the metastasis in our study was in the pleura (52.4%) which is
also consistent with the result of Elhidsi et al., where pleural
metastases was the highest frequency of metastatic lesion in
lung adenocarcinoma patients at 66.1% [10].

The ctDNA detection of EGFR mutation is more likely
positive in more advanced stage lung cancer. In other words,
subjects with advanced disease stages had the highest proba-
bility of EGFR mutations detected in c¢tDNA and would be
lowest in the early stages. In our study, positive EGFR muta-
tions were detected strongly in stage IVB (57.1%) and stage
IVA (30.1%) and were not detected at all n stage [-11IB.
These findings were similar to those reported by Elhidsi
et al., who found that most of EGFR mutations in lung ade-
nocarcinoma were detected in advanced stages, 1.e., stage
[IB-IV [10]. Plasma samples of patients with lung cancer
contained very high DNA when compared to non-cancer pa-
tients and would increase especially in the advanced cancer
stage. Most circulatory DNA release is believed to originate
from cancer cells that die in the primary place or tummale-
tastasis [19]. Therefore, plasma DNA has proven to be a non-
invasiv ree of genotypic information that can be used to
replace tumor tissue in detecting tumor-specific molecular

markers. It can also be used to access the therapeutic response
and patients’ prognosis [20-22].

The association between tumor stage and the success rate
of ctDNA detection has evolved through various recent stud-
ies. Those studies reported that ctDNA could be detected in
82-100% of stage IV patients, while only 47% of ctDNA was
detected in patients with stage I lung tumors [23]. In our study,
only age and smoking status variables had a significant corre-
lation with positive EGFR detections from ctDNA testing.
The significance value of nonsmokers was p <0.001, odd
ratio =5.698, and R square = 15.2%. These results indicated
a relationship of nonsmoking status with lung adenocarcino-
ma EGFR mutation case, but the effect was only 15.2%, with
the assumption that the EGFR mutation positivity will in-
creased by 5.698 times greater in nonsmoker patients com-
pared to smoker patients. These findings were consistent with
a study conducted by Shigematsu et al., who found that
NSCLC patients had more gene mutations in nonsmoker pa-
tients (51%), compared to smokers (109%) [24]. Thus, there is
no correlation between the occurrence of EGFR mutation and
the act of smoking. Patients with positive EGFR mutation will
easily develop lung cancer, ncluding the nonsmoker group.
This proves that genetic inheritance is more influential than
the environment, as also reported by Tsao et al. [25].

The significance value of age was p = 0.042, odd ratio=
1.246, and R square was 15.2%. These findings indicated that
the age of 65 years could increase EGFR mutation by 1.246
times greater compared to age group less than 65 years, but the
effect was only 15.2%. The tendency of the data showed that
the older the age, the higher the risk for cancer. A study con-
ducted in 2014 reported that the tendency of smoking patterns
according to age also influenced the occurrence of lung can-
cer. The age group of 5064 years had the highest gene inac-
tivation in the CDH1 and GSTP1 genes, while the age group

LEIQ 4 Concordance of EGFR mutation status between cytological specimens and ctDNA (plasma)

Concordance rate Sensitivity Specificity PPV NPV
n Egb) Cl95% n (%) Cl95% n (%) Cl953% n(%) CI95% n(%) Cl95%
EGFR ctDNA 88124 (70.97) 62-79 2W/58 (483) 3562 60/66 (90.9) ®1-97 28/34 (82.35) 6891 6090 (66.67) 61-72
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of >70 years had the highest tendency to inactivate the
GTSP1 and RASSF1A genes among other age groupgyfhis
indicates that the age group above 65 years has a higher risk of
developing lung cancer compared to the population less than
65 years of age [26]. A study on cancer incidence in Korea
also showed a tendency that lung cancer occurred in men and
women over 65 years [27].

In our study, compared to detection in cytological speci-
mens, the EGFR mutation detection in ¢tDNA had a sensitiv-
ity of 48.3%, with a specificity of 90.9%, PPV of 82.35%,
NPV of 66.7%, and 70.97% concordance rate. This finding
was also consistent with the IGNITE study that showed a
concordance rate of 77.7% [8]. Some previous clinical trials
argued that ctDNA detection is appropriate alternative
method for the determination of EGFR mutation status
[28-30]. In real-life condition, the ASSESS study reported
the use of plasma ctDNA derivatives, and their concordance
values were quite good according to the results of tissue/
cytology samples which is of 89% (with sensitivity of 46%,
specificity of 97%, PPVof 78%. and NPV of90%) [31]. Some
other recent studies, including two meta-analyses of the con-
cordance of EGFR mutation between plasma and tissue,
showed a high concordance rate even though with somewhat
low sensitivity value of 62-67% [32, 33].

Conclusion

Lung adenocarcinoma patients who underwent EGFR exam-
ination at Dr. Soetomo General Hospital, Surabaya, Indonesia,
were mostly male, in the age range of 55-59 years, and non-
smokers. FNAB was the most common sampling technique
for cytological specimens testing. Most of the specimens were
taken from lung mass. Most of the patients had stage IVA
disease with pleural metastases. The EGFR mutation was de-
tected in 47.6% of patients from cytological specimens and in
27.4% of patients from ctDNA. The majority of EGFR muta-
tions were in exon 19 and exon 21. EGFR mutation was in-
creasingly detected as the disease stage increased, with the
strongest detection in stage IVB (57.1%). The EGFR mutation
detection in ctDNA had a high concordance rate with cytolog-
ical specimens’ examination and thus had the potential to be
used as an alternative method to determine the EGFR muta-
tion in adenocarcinoma NSCLC patients in whom an adequate
tissue sample cannot be obtained.
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