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Abstract

The etDMNA plasma testing 15 onc of the methods to examine biomarkers for lung adenocaremoma in order to detect a mutation of
epidermal growth factor roceptor (EGFR) gene. The advantages of cfDNA testing over tissue biopsy and lung tumor cytology
include less imvasive, faster result, chesper, and mimimum nsk of complication for the patient. We analyred and compare the
detection of EFGR mutation in peripheral blood plasma (liguid biopsy) with cytological speeimens of paticnts with hmg adeno
carcinoma. We conducted ctDNA plasma testing in 124 lung adenocarcinoma patients who visited owr hospital from Janoary to
December 2018, The etDMNA testing results wene comparcd with the resalts of EGFR detection from the previons cytological
specimcn cxamination. Most of the patients were males, aged 55-59 years, nonsmokers, and had stage TVA hing adenocarcinoma,
with most metastasis found m the pleura. We found a correlation between EGFR prevalence with nonsmoking status and paticnt’s
gge. The ctDNA plasma tosting detected 27.4% common EGFR matation and 72.6% wild-type EGFR. The figurcs of EGFR
mutation detection from cytological specimens were 47.6% and 52.4%, respectively. Compared to cytological specimens, the
EGFR mutation detection in ctDNA had a sensitivity of 48.3%, with a spectficity of 90.9%, PPV of 8235%, NPV of 66.7%, and

70.97% concordance ratc. EGFR. mutation with cytological specimen exammation was more accurate than ctDNAC

Keywords Concordance rate - ctDNA plasma - EGFR mutation - Lung adenocarcinoma
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Introduction

Lung cancer s onc of the leading causces of cancer death in the
world. There arc two main types of lung cancer, non-small ccll
lung eancer (NSCLC) consisted of 80% and small ccll ing can-
ccr (SCLC) consisted of 208 of all ing cancer. The NSCLC
consisted mostly of adenocarcinoma, followed by squamous ecll
carcinomz, and large-cell carcinoma. Lung adenocarcinoma 15
the most common NSCLC type found m the wordd [1-3].

Lung eancer is the top 3 most common eancer found in
Indonesia along with breast cancer and cervical cancer. Lung
cancer is a cancer with the highest prevalence in men. Based
on dats from Dharmais National Cancer Hospital, Jakaria,
Indoncsia, the prevalence of long cancer had been increasing
from 2010 to 2013, where 117 cases took placc in 2010 with
3% dcaths, 163 cascs m 2011 wath 39 deaths, 165 cascs m 2012
with 62 doaths, and 173 cases n 2013 with 65 deaths [4].

The incident of Tung adenocarcinoma has been increasing as
wcll in Asia and in the USA, particularly in women, young
adults, and nonsmokers. The US dsta showed that hng adeno
carcinomsa was found i 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% 439) [5].

Epidermal growth factor receptor (EGFR) mutation in
NSCLC is particolarty found in lung adenocarcinoma. It has
an mmportant rolc in the last 10 years as a target of cancer
therapy. Advanced NSCLC paticnts with EGFR activating
mutation, 1.c., cxon |8, cxon 19, and cxon 21, showed much
better response when given EGFR tyrosine kinase imhibitor
(TKI} as the treatment comparcd to standard chemotherapy
[6, 7] This advantage can only be achicved if the adeoguate
materials or samples and tools arc available. However, the
sucecss of EGFR mutation testing 1s often hindercd by tissue
availability, so that the paticnts often lose the opportunity to
gt the tarpeted therapy duoe to the insufficient tissuc for his-
tological or cytological examination.

Current mutation testing can altematively be condocted
with liquid biopsy using EGFR mutation detection from blood
plasma A study of EGFR mutation prevalence taken from
tissuc and blood conducted by Implementing GelNomics In
pracTicE (IGNITE study) was donc in Asia-Pacific and
Russia and found that EGFR. mutation in lung adcnocarcino-
ma tissuc was higher in Asia-Pacific than in Russia (49.3% vs.
1 8%). The study also found a concordance of EGFR. mutation
testing rosults between tissuc and blood samples of 2581 pa-
ticnts (80.5% concordance mate, 46.5% sensiivity, and 95.6%
speeificity) [8]. The result s quite convincing, with 95.6%
speeificity, so that EGFR mutation testing from blood samples
can be used as a screcning method for NSCLC cases. Studics
on this topic have not been conducted widely in Indoncsia,
particularly m Surabaya. Therefore, we conducted this re:
search to detormime the prevalence of EGFR mutation in
NSCLC paticnts of adenocareimoma histopathology at D
Soctomo 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
in 124 consceutive hing adenoearcinoma paticnts who visited
Dr. Soctomo General Hospital, Surabaya, Indonesia, from
Jamuary to December 2018 (Fig. 1) The melusion entena
were hmg adenocarcinoma paticnts who had been previously
diagnoscd with cytological samples, had not received any
cancer treatment, and had cytological sample slides with sof
ficient ccll numbcers that can be analyzed (minimum of 50
cells). Paticnts who had adenocarcinoma lesions in the lungs
as metastases from other organs and having nonrcpresentative
cytological samples were excluded from this study, All clig
ble subjects were giving their conscnt. This study was ap
proved by the Ethie Committee of Dr. Soctomo General
Hospital, Surabaya (certtficate No. 0209 KEPE/TV.2018).
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There were 132 lung cancer palients underwenl ciDNA plasma
testing af De. Soetomo CGeneral Hospital, Surabaya, Indomesia,
from January-December 2018

8 patients were excluded:

« 5 patients had non-representative sample slhides of
histopathologic results,

1= 2 patients had metastass of lung adenocarcinoma (rom
oilher locations

« | patient died before ctDMNA sampling, therefone only
cytologic sample was avalable

o A total of 124 patients met the melusion criteri

Fig. 1 Flow dipram of subject necruitment

The cxamination of EGFR mutations status from cyiolog
ical samples was donc in the Pathology Anatomy Laboratory
of Dr. Soctomo Hospital. The EGFR examimation of cytolog-
tcal samples wsed the DNA extraction method {GeneAll
Exgene™ Cell 8V), rcal-time guantitative PCR (high
resolution melting analysis) analyzed with LightCyeler 480
Il real-time PCR (Roche, Bascl. Switzerland), and
AmoyDx® EGFR Adx-ARMS® (Amoy Diagnostics,
Hiamcn, Chinal.

The EGFR. mutation detection from patient’s blood plasma
specimens was donc in Prodia Laboratory, Surabaya,
Indonesia. Approximately 10-mL blood sample was with-
drawn from cach patient, which was then centrifuged into
blood plasma, stored in a special frozen container, and trans-
ferred to the laboratory. The blood plasma was then analyzed
for EGFR. moptation vsing real-time PCR Scorpion-ARMS
with themscroen® EGFR plasma RGQ PCR kit (QIAGEN,
Manchester, UK). The target detections of this cxamination
were cxon [9 deletions, T790 M mutation in cxon 20, and
LE58R point mutation. The detection limit was in accordance
with the provisions of the corporation. The work steps for
DNA extraction and for EGFR mutation detcetion were done
according to the manufacturer’s instruction. This method had
been reported previously clsewhere [9]. The results of clDNA
were then comparcd with the results of EGFR mutation testing
from cytologieal samples.

A diagnostic test was conducted to determine the correla
tion between EGFR ctDNA resulis and eytological specimens,
m terms of sensitivity and speetficity. The concordanee mte
test was performed to examine the conformity between
ctDMNA and cytological specimens. Cross-tabulation and lo
gistic regression tests wore done to cxamine the relationship
between discasc stage, sex, age. and smoking status with the
results of EGFR mutations on ctDNA with 95% confidence
intervals (C1) and p valuc < 0.05. Statistical analysis was con-
ducted using IBM SPS3S Statistics software version 23.0 (IBM
Corp., Armonk, NY, UUSA)L



Incian J Surg Oncool

Results
Subject Characteristics
Most of the subjects were males (58,19, in the age group of

55539 years (22.6%). The majonty of the study subjocts were
nonsmokers (531.6%), while 21.0% of them were active

Table 1 Subjoct churactastics

Choractensbics (%)

Ao

3034 yoam 2(1.6%)
3539 yoam 6 {4.8%)
4044 yiears 5 (4.0%)
4549 years 6 (4.8%)
S0-54 years 25 (20.2%)
5559 yeams 28 (2265%)
H—64 yrms 22{17.1%)
6569 yean; 10 (8.19%:)
074 yoam 13 (10.5%)
T3-79 youm 6 {4.8%)
Bi-54 yeams 1 (3%)
Sex

Male T2 (58.1%:)
Female 52{41.9%)
Smoking stwtus

Active Smoker 26 (21.0%)
Nonsmmoker &4 (51.65%)
Lix-smoker 3427 4%)
I'ssue omigin

Ohpen opsy 5 (4.0%)
Core biopuy 18 (14.5%)
Brmchoslveolar lavape (BAL) 7 15.6%)
Bronchial brushing 2{1a%)
FNAB lung 4 (59.1%)
FNAHB cervical bymph node 4 (3.2%)
Pleuml Muid ovtobogy 14 (11.5%)
DHapgnosts

Lung adenocamcinoma (mght lung) B7 (T0.2%)
Lumyg adenocarcmoma (left ung) 37 (298%)
Stage

LA 2(1.6%)
ns 3(24%)
LA 11 (R9% )
s 5 (4.0%)
1 6 (4.8%)
IVA &3 (66.9%)
IVB 14(11.5%)

FNAR fine-necdle asprration biopay

smokers (Table 1). Most of smoking subjects were in the age
group of 40-49 (15.3%), and the highest number of cigarcttes
smoked was around 10-19 per day (24.29).

Most of the stody subjects had adenocarcinoma of the nght
lung (70.2%). The majonty of cytological specimens” exami-
nation for the diagnosis of lung adenocarcinoma was taken
from lung finc-needic aspiration biopsy (FNAB) which was
59.7%. Most of the paticnts (66.9%) had stages TVA discasc
(Tablc 1). Tumor metastases were found to be diverse; most
metastases werc in the pleura (52.4%), followed by bonc me
tastascs (including vertcbral bones. nibs, and other large
bones) in 9.7% of the patients. The EGFR mutation was de-
tected i 47.6% of paticnts from cytological specimens and in
27.4% of paticats from ctDMNA. The type of EGFR mutation
was dominated by the common mutations, ic. in exon 19
(30.6% m cytological specimens and 19.4% m ciDNA) and
exon 2| LESER (14.5% in cytological specimens and 7.3% in
ctDMNA). 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
significantly corrclated with EGFR mutations detected in
ciDNA (f=0220; p=0.042 and f=1.740; p<0.001, rc
spectively). There was no significant correlation between sex
and the EGFR. mutation (f =—0.030; p=0.961) as can bc
scen in Table 2.

The etDNA detection of EGFR mutation is morc
likcly positive in more advanced stage Jung cancer. In
other words, subjects with advanced discasc stages had
the highest probability of EGFR mutations detected n
ctDNA. Most of our subjects were in stage I'VA lung
adcnocarcinoma. Positive EGFR mutations were dotect
cd im 3.12% (25/83) of stage VA paticnts but only in
16.6% (1/6) of stage ITIC paticnts. No ctDNA dctection
of EGFR mutations was found in patients with stage
ITA to IIIB discases (Table 3).

Concordance of ctDNA EGFR Mutation Results
and Cytological Specimens

Analysis of concordance of EGFR mutation detection rosults
between ligmd biopsy (ctDMNA) and cytological speccimens
was done to obtain the scnsitivity, specificity, positive predic
tive valuc (PPV), ncgative prodictive valuc (NPV), and con-
cordance rate. Compared to detcetion in cytological spoci
mens, the EGFRE mutation detection in ctDMNA had a sensiiv
ity of 48.3%, with a specificity of 20.9%, PPV of 82.35%,
NPV of 66.7%, and 70.97% concordance rate (Table 4).
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Fig. 2 LGFE mutation detection
m cytolomc samples and cldNA

w Cytologic sample o ciDNA

30 4

20 1

(percentege from total samples)

10

Mumber of samples with positive detection

3

EGFR mutation
detected

Discussion

Our study showed a good comrelation and concordance be
tween EGFR mutation status detected in plasma samples (lig-
uid biopsy) and cytological speccimens. Our finding was also
in accord with the results of the IGNITE study which also
included paticnts from our hospital [8]. This s of particular
interest, becanse now we can use ctDNA or plasma biopsy to
deteet EGFR mutations in adenoearcinoma 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 shudics
which stated that the majority of lmg adenocarcinoma pa-
tients receiving EGFR-TK treatment were more than 45 years
old with an average of 61.8-year old [10]. Another study also
found that adenocarcinoma paticnts mostly fell i the age
group of 40-49 years [11]. The largest epideminlogical study
of adcnocarcinoma paticnts in Asia, the PIONEER study, re-
ported that the average age of adenocarcinoma patients in Asia
was 60 years obld, ranged from 17 to 94 years old [12].

In this study, most subjects were male patients, consistent
with the results of a study conducted by The Intemational
Agency for Research on Cancer (IARC). IARC reported a
high mcidence of lung cancer cases in male, particularly in
Asia, North Amenca, Middle East, and South Furope, with

Table 2 Assocmiion between subject chomctenstics and EGFR
matation status of ctDNA sample

Charactensiics B " OR Cl for OR
Ape <65 vs>65 0220 0042 1246 04152316
Female vs male 0030 Ooal 090 04074571
Momanoker vs smoker 1740 <0001 5698 | 2R3-5.590

Dependent, EGFR o INA

& Springer

Exon 19 Exon 19 and T790M

the incident rate menging from 438.5 to 56.5 per 100,000 cascs
[13]. Another study also found that lung adenocarcinoma can-
cer was mostly (63%) found in males [1 1], The ratio of lung
adenocarcinoma cancer cascs between males and females was
741 [14]

Smoking 15 onc obvious nisk factor for lung cancer. Some
rescarch reporied that sccondhand smoke deercases the fune-
tion of ciliary follicles. The lung’s physiological ability to
expel forcign matenal would decrcase, 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 n
accord with a study which also reported that the majority of
female lung adenocarcinoma patients (B6.6%) 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%) wore obtained via finc
ncedle aspiration biopsy (FNAB) technique.: As had been re
ported in [GNITE study, FNAB was used as sampling toch-
niguc as much as 51% in Indoncsia compared to 40.4% in
Thailand [#, 10]. Most subjeets in our study were in advanced
stage of discase (stage IVA 66.9% and stage IVB 11.3%).
Efhidsi et al. [10] alse reported that most of their patients were
diagnosed with stage IV lung adenocaremoma when they
were first brought to health services (44.6% stage VA and
43.1% stage I'VBL Our findings were also consistent with a
previons study conducted in Indiz, stating that himg adenocar-
cimoma paticnts presented mostly (829%) in stage IV discasc at
diagnosis [14].

The positive plasma EGFR mutation detected in ctDINA in
our study was 27.4%. Other study, the PIDNEER study, ro
ported a proportion of postive EGFR mutation of lung ade
nocarcinoma inscven Asian countrics ranging from 22 to 64%
[12]. Similar results were also found n a study conducted by
Oktavivanti in Indoncsia, which reported that 34% of
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Table 3 Dhscase stage amd the

pasitivity of EGFR muiation CA Posttive BGFR mutation (%) n =34 Wild type (%) m="290 Totl (%) n =124
detection n ctiYNA sample

(A 0 (0.00) 2 (10004 2 (1.61)

1] {0 (.00 3 (100,04 3(242)

LI 0 (.00 11 {10000 11 (58T

1t i) (000 5 { 10MDOHD) 5 (4.03)

mc 1 {166 5 (8337 6 (4.84)

VA 25 (30.12) 5% (6988} 83 (66.93)

VB 8{57.14) 6 (42 %a) 14 (11 29

adenocarcinoma paticnts had positive EGFR. mutation [11].
The type of EGFR mutations in our study was dominated by
common EGFR. mutation (979), consisted of 72.7% muta-

tions in cxon 19 and 27.2% mutations in exon 2 1. Our finding
was dlso consistent with results of study conducted by Prrker
ct al. [1R8] and the IGNITE study [R]. Pirker cf al. found that
EGFR common mutation was around 85-90%, consisted of
cxon 19 deletion mutations (45%) and LESER exon 2 | muta

tions (40-45%) [18]. Likewise, the IGNITE study on popala

tions in the Asia-Pacific egion found EGFR common muta-

tions of 91.2%, consisted of cxen 19 delction mutations
(48.7%) and LB58R exon 2] mutations (42.5%) [8]. Most of
the metastasis in our study was in the pleura (52.4%) which is
also consistent with the result of Elhids: et al., where ploural
mctastascs was the highest fregquency of metastatic lesion in
lung adcnocarcinoma paticnts at 66:1% [10].

The etDNA detection of EGFR mutation 1z more likely
positive in more advanced stage lung cancer. In other words,
subjects with advanced discase stages had the highest proba
bality of EGFR. mutations detected in ctDNA and would be
lowest m the carly stages. In our study, positive EGFR. muta
tions were detected strongly in stape IVB (57.1%) and stage
IVA (30.1%) and were not detected at all in stage 1-11B.
These findings were similar to those reported by Elhidsi
ct al., who found that most of EGFR. mutations in lung ade
nocarcinoma were detected in advanced stages, 1o, stage
MBIV [10]. Plasma samples of paticnts with lung cancer
contained very high DNA when compared to non-cancer pa-
ticnits and would mcrcase cspecially in the advanced cancer
stage. Most circulatory DNA release is believed to onginate
from cancer cells that dic in the primary place or tumor me
tastasis [ 19]. Thercfore, plasma DNA has proven to be a non
invasive spurce of genotypic information that can be wsed to
replace tumor tissue i detecting tumor-speeific molecular

markers. It can also be used to aceess the therapoutic response
and paticnts” progaosis [20-22].

The association between tumor stage and the success Tatc
of ctDNA detection has evolved through vanous recent stud-
ics. Those studics reported that etDNA could be detected in
82 -100% of stape IV patients, whilc only 47% of etDMNA was
detected in patients with stage [ lung tumors [23]. In our study,
only age and smoking status varables had a significant come
lation with positive EGFR. detections from etDDNA testing.
The significance value of nonsmokers was p <0.001. odd
ratio = 5.698, and R squarc= 15.2%. Thesc results indicated
a relationship of nonsmoeking status with lung adenocarcine
ma EGFR mutation case, but the cffcct was only 15.2%, with
the assumption that the EGFR. mutation posttivity will in-
creascd by 5.698 times greater in nonsmoker patients com
parcd to smoker paticnts. These findings were consistent with
a study conducted by Shipematsu et al., who found that
NSCLC patients had more gene mutations in nonsmoker pa-
ticnts (51%), compared to smokers ( 109%) [24]. Thus, there is
no corelation between the oecurmenee of EGFR. mutation and
the act of smoking. Patients with positive EGFR. mutation will
casily develop lung cancer, including the nonsmoker group.
This proves that genetic inhentance 1s more influential than
the covirenment, as also reported by Tsao et al. [25].

The significance valuc of age was p =0.042, odd mtio=
1.246, and R squarc was 15.2%. These findings indicated that
the age of 65 years could increase EGFR mutation by | 246
timcs greater comparcd to age group less than 65 years, but the
cffect was only 15.2%. The tendency of the data showed that
the older the age, the higher the nsk for cancer. A study con
ducted in 2014 reported that the tendency of smoking pattems
according to age also influcneed the oceurrence of lung can
cer. The ape proup of 5064 years had the highest gene inac
tivation in the CDHI and GSTP1 genes. while the age group

Table 4 Concordance of ECGFR mutation ststus between cytological spocimens and cliDNA (plsma)

Concorbmes rate Senmtivialy Specificity PPy NPV

%) CLo95% n (%) CL95%  m (%) Clos% n (%) Cl95% n (%) CLos%
EGFR ctdNA - BRA24 (097 6279 2858483 3562 606 (909) K197  2RO4(R235) 6E-91 6090 666T) 61-72
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of =70 years had the highest tendency to mactivate the
GTSP] and RASSFIA genes among other age groups. This
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, comparcd to detection in cytological speci-
mens, the EGFR mutation detection i ctDMNA had a scnsitiv
ity of 48.3%, with a specificity of 90.9%. PPV of 82.35%,
NPV of 66.7%, and 70.97% concordance mte. This finding
was also consistent with the IGNITE study that showed a
concordance rate of 77.7% [8]. Some previous clinical tnals
argucd that ¢tDNA detection 15 an appropnate altemative
method for the determination of EGFR mutation status
[28-30] In rcal-life condition, the ASSESS study reported
the usc of plasma etDNA denvatives, and their concordance
values were quite good according to the results of tissoe/
cytology samples which is of 80% (with sensitivity of 469,
speeificity of 97%. PPV of 78%. and NPV of 90%) [31]. Somc
other recent studies, including two meta-analyses of the con
cordance of EGFR mutation between plasma and tissuc,
showed a high concordance rate even though with somewhat
low sensitivity value of 62-67% [32, 33).

Conclusion

Lung adenocarcinoma paticnts who underwent EGFR exam-
mmation at Dr. Soctomo General Hospital, Surabaya, Indonesia,
wore mostly male; in the age range of 55-59 years. and non.
smokers. FNAB was the most common sampling technigue
for eytological specimens testing. Most of the specimens were
taken from lung mass. Most of the paticnts had stage IVA
disease with pleural metastases. The EGFR mutation was de-
tected m 47.6% of paticnis from cytological specimens and in
27.4% of paticnts from ctDNA. The majonty of EGFR. muta-
tions were in cxon 19 and exon 21. EGFR mutation was in

creasingly detected as the discasc stage incroased, with the
strongest detection instage IVEB (57.1%). The EGFR mutation
detection in ctDNA had a high concordance rate with cytolog-
ical specimens” cxamination and thus had the potential to be
uscd as an altermnative method o determine the EGFR. muta-
tion in adenocarcinoma NSCLC paticnts in whom an adoguate
tissuc sample cannot be obtained.
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