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ABSTRACT

Background: Plasma circulating tumor deoxyribonucleic acid (ctDNA) test is an alternative method to detect the T790M
mutation. Compared to conventional tumor rebiopsy, ctDNA possesses several advantages including less invasive, faster,
lower costs, and having minimal risk of complications for patients. Objective: The main objective of the study is to identify
the prevalence of T790M mutations in lung adenocarcinoma patients who progressed after tyrosine kinase inhibitors (TKIs)
therapy using ctDNA examination. Materials and Methods: This was a retrospective cohort study based on medical records
of lung adenocarcinoma patients in the Oncology Outpatient Clinic of Dr. Soetomo General Hospital within the period of
January 2017-June 2018. Patients who progressed after receiving first-line epidermal growth factor receptor-TKI (EGFR-TKI)
undergone plasma ctDNA examination and genotyping using digital platforms (Droplet Digital™ PCR) method. Results: In
total, there were 39 patients who met the criteria for ctDNA testing. Thirty-three patients (84.6%) received first-line gefitinib,
while the other six (15.4%) received erlotinib. The T790M mutations were detected in 46.2% of patients. In addition, EGFR
common mutation in exon 19 and exon 21 were detected in 87.2% of patients. Median progression-free survival of patients
receiving first-line gefitinib or erlotinib were both around 9 months and did not differ significantly. Conclusions: CtDNA
examination successfully detected T790M mutation in a certain proportion of lung adenocarcinoma patients who progressed
after first-line EGFR-TKI without the need for difficult and invasive rebiopsy.
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INTRODUCTION

Lung cancer is one of the most common causes of cancer
mortality in the United States. In 2018, the incidence of
new lung cancer cases was estimated to be 234,030 (121,680
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of men and 112,350 of women), and the mortality of lung
cancer was estimated at 154,050 (83,550 of men and
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70,500 of women).["! Nonsmall-cell lung cancer (NSCLC)
is considered as the most common type, which comprised
more than 85% of all lung cancer cases. Adenocarcinoma is
the most common type of lung cancer and is associated with
the presence of epidermal growth factor receptor (EGFR)
mutation in about 14%-19% of patients in the Western
countries and in 40%-48% of patients in Asia.

The EGFR-tyrosine kinase inhibitors (EGFR-TKI), including
gefitinib, erlotinib, and afatinib, are recommended
as the first-line treatment for patients with positive
EGFR-mutation. Despite achieving notable efficacy from
EGFR-TKI treatment, a majority of patients eventually
develop resistance after a median progression-free
survival (PFS) of approximately 1-year (8—-14 months).
The progressive disease could be accounted to different
resistance mechanisms to TKI. The most common
resistance mechanism (approximately 60%) is the
T790M secondary mutation. Consequently, patients who
progressed after receiving first-line TKI therapy were
subjected to rebiopsies of tumor tissue to determine the
presence of T790M mutation. However, rebiopsy is not
always feasible for many of the patients.!!

One alternative method that could be employed
for the detection of T790M is the circulating tumor
deoxyribonucleic acid (ctDNA) test. The ctDNA genotyping
is a specific and sensitive biomarker test that can be
used for the detection of EGFR mutation. The ctDNA can
be extracted from plasma and used for tumor-specific
molecular marker detection. Compared to conventional
rebiopsy of tumor tissue in patients who have progressed,
ctDNA possesses several advantages such as less
invasive, faster, lower costs, and having minimal risk of
complications for patients. The concordance between
plasma ctDNA test and tumor rebiopsy result in NSCLC
patients in Asia Pacific was found to be 78%, with a
sensitivity of 50% and specificity of 97%.° T790M
was detected in 47% of NSCLC patients with acquired
EGFR-TKI resistance using the plasma ctDNA test and can
be found either before or after disease progression. Hence,
it can be regarded as a poor prognostic factor."

Until now, the T790M mutation in NSCLC patients in
Dr. Soetomo General Hospital, Surabaya, Indonesia, had
never been reported. The aim of this study is to determine
the prevalence of T790M and other EGFR mutations in
lung adenocarcinoma patients who progressed after the
first-line EGFR-TKI using ctDNA test.

MATERIALS AND METHODS

This was a retrospective cohort study based on the
medical records of lung adenocarcinoma patients in
the Oncology Outpatient Clinic of Dr. Soetomo General
Hospital, Surabaya, Indonesia, a tertiary referral hospital
in Indonesia, within the period of January 2017 to June
2018. Eligible participants must fulfill the inclusion
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criteria: those who had been diagnosed with pulmonary
adenocarcinoma Stage IV, had positive EGFR mutation,
treated and followed-up at the Oncology Outpatient Clinic
of Dr. Soetomo General Hospital Surabaya, Indonesia,
received first-line EGFR-TKI as treatment, had their
disease progressed as evident by radiological (RECIST
version 1.1) and/or physician’s clinical judgment, and
subsequently undergone plasma ctDNA examination.
All of the participants characteristic and demographic
data, EGFR mutation status, types of first-line EGFR-TKI
received, and survival data were recorded. All of the
data were obtained from the patient’s medical record.
Participants with incomplete data or had their plasma
ctDNA examination done while on chemotherapy were
excluded from the study. This study was approved by
the Ethical Committee of Dr. Soetomo General Hospital,
Surabaya, Indonesia (0632/KEPK/Ix/2018).

During the study period, from the first screening, there
were a total of 50 patients who had their plasma ctDNA
tested and were recorded in the medical records. Eleven
patients were excluded due to several reasons, leaving
39 patients who met the inclusion criteria and included in
the study as described in Figure 1. We describe our study
and the participants filled out the consent form.

Briefly, the procedure for ctDNA test in our hospital was as
follows: blood samples were taken from all of the patients and
put in ethylenediaminetetraacetic acid tubes. The samples

« Non-small cell hing cancer patients with positive EGFR mutation,

* Received EGFR-TKI treatment

« Comply to follow-up visit and monitoring at Oncology Outpatient
Clinic of Dr. Soetomo General Hospital, Surabaya

« Subsequently had disease progression (evident by RECIST version 1.1
and/or by physician’s clinical judgement)

« Had plasma ctDNA test at Dr. Soetomo General Hospital, Surabaya
from January 2017 to June 2018

50 patients

11 Patients were excluded due to:

—> - 1 patient diagnosed with squamous cell carcinoma with
EGFR mutation in exon 21 L861Q and exon 18 G719S.

- 2 patients diagnosed with adeno-squamous carcinoma with
EGFR exon 19 deletion mutation and have received EGFR-
TKI as first line treatment.

- 1 patient diagnosed with squamous cell carcinoma and
received chemotherapy for 6 cycles. Repeated biopsy was
conducted with a diagnosis of squamous cell carcinoma with
EGFR mutation in exon 19. Patient received EGFR-TKI as
the second line treatment.

- 1 patient diagnosed with squamous cell carcinoma and
received 6 cycles of chemotherapy. Repeated biopsy was
conducted with a diagnosis of adenocarcinoma with EGFR
mutation in exon 19. Patient received EGFR-TKI as the
second line treatment.

- 6 patients who had their ctDNA test during the period of the
second-line chemotherapy treatment

Total of 39 patients who fulfilled the inclusion criteria

Figure 1: Flowchart of patient recruitment
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were then directly sent to a central referral laboratory for
further processing within 2 h of blood drawing. Plasma
was obtained after a series of centrifugations according
to the standard protocol. Fresh plasma were stored
at —80°C until further examination. DNA extractions were
carried out by using spin column method with QIAamp®
circulating nucleic acid kit (QIAGEN, Manchester, UK).
Extracted ctDNAs were tested for EGFR mutations using
digital detection with the highly sensitive and quantitative
Droplet Digital PCR (ddPCR™; Bio-Rad/Molecular MD,
Hercules, CA, USA). Assays were performed according to
the manufacturer’s protocol.

The collected data were assessed using the Shapiro-
Wilk test for normality of the distribution. We use the
Mann-Whitney U-test or Independent {-test to assess
the difference between patients who received first-line
gefitinib or erlotinib in terms of PFS, with P < 0.05
considered as statistically significant. All of the statistical
analysis was done using IBM SPSS Statistics Software
Version 23.0 (IBM Corp., Armonk, NY, USA).

RESULTS

Subjects characteristics

The characteristics of the study participants were
summarized in Table 1. The average age of the participant
was 57.80 * 11.29 years (ranged from 35 to 83 years).
The majority of them (20 individuals, 51.3%) were
in 41-60 years age group. Most of them were female
(28 individuals, 71.8%) and nonsmokers (29 individuals,
74.4%). Based on the data of the initial performance
score (PS), the majority of the study participants had PS
1 condition (34 individuals, 87.2%).

Most of the histopathology specimens were taken from lung
mass (30 samples, 76.9%), mostly by fine-needle aspiration
biopsy (FNAB) techniques (in 23 participants, 59.0%). The
first-line EGFR-TKI treatment received by the participants
was mostly gefitinib (in 33 patients, 84.6%). With respect
to EGFR mutation type, EGFR common mutations were a
dominant finding (87.2%), consisted of 23 patients with
exon 19 deletion mutation (59.0%) and 11 patients with
exon 21 L858R mutation (28.2%).

T790M mutation status

The result of the T790M mutation status obtained from
plasma ctDNA test in this study was illustrated in Table 2.
Eighteen out of 39 patients (46.2%) showed positive T790M
mutation. Comparing participants with T790M-positive
and T790M-negative mutations, there were no significant
differences in patient’s characteristics in terms of age
group, sex, smoking history, and first-line EGFR-TKI
treatment received [Table 3].

Progression free survival

In this study, 3 out of 39 participants who fulfill the
inclusion criteria had incomplete survival data, so they
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Table 1: Baseline characteristics of the study
participants

Characteristics n (%)
Age category (years)
21-40 3(7.7)
41-60 20(51.3)
61-80 15 (38.5)
>80 1(2.6)
Sex
Women 28 (71.8)
Men 11(28.2)
Smoking history
Nonsmoker 29 (74.4)
Ex-smoker 4(10.3)
Smoker 6(15.4)
Performance status (WHO)
1 34 (87.2)
2 4(10.3)
3 1(2.9)
Histopathological sampling site
Lung mass 30 (76.9)
Organ metastasis 7(17.9)
Lung mass and organ metastasis 2(5.1)
Histopathological sampling method
Fine-needle aspiration 23 (59.0)
Bronchoscopy 4(10.3)
Pleural effusion 3(7.7)
Fine-needle aspiration and bronchoscopy 5(12.8)
Fine-needle aspiration and pleural effusion 2(5.1)
Other (open biopsy) 2(5.1)
EGFR mutation status
Exon 18 G719S 2(5.1)
Exon 19 deletion 23 (59.0)
Exon 21 L858R 11 (28.2)
Exon 19 deletion and exon 21 L858R 1(2.6)
Exon 20 and exon 21 L858R 1(2.6)
Exon 20, exon 19 deletion and exon 21 L861Q 1(2.6)
First-line EGFR-TKI treatment
Gefitinib 33 (84.6)
Erlotinib 6(15.4)

EGFR: Epidermal growth factor receptor, TKI: Tyrosine kinase inhibitors

Table 2: Result of circulating tumor DNA plasma test

Plasma ctDNA test and its mutation profiles n (%)
Results of plasma ctDNA test
T790M mutation (+) 18 (46.2%)

T790M mutation (—)
Mutation profile of plasma ctDNA test

21 (53.8%)

T790M mutation (—) 15(38.5%)
T790M mutation (—) and exon 19 deletion 5(12.8%)
T790M mutation (—) and exon 21 L585R 1 (2.6%)

T790M mutation (+) 7 (17.9%)
T790M mutation (+) and exon 19 deletion 7 (17.9%)
T790M mutation (+) and exon 21 L858R 4 (10.3%)

ctDNA: Circulating tumor DNA

were not included in the analysis of the PFS. With regard
to patients who had disease progression, the median
PFS was 9 months and the 12 months survival rate was
36.1% [Table 4]. There was no difference in the median PFS
between the two types of EGFR-TKI treatment (gefitinib
or erlotinib). The median PFS value for both types of
EGFR-TKI treatment was around 9 months (P = 0.932) as
shown in Table 5.
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DISCUSSION

Plasma ctDNA test in lung adenocarcinoma patients who
had progressive disease following the first-line EGFR-TKI
in Dr. Soetomo General Hospital Surabaya, Indonesia,
revealed 46.2% prevalence of positive T790M mutation.
This result is encouraging because our study confirmed the
conclusions of many other previous studies done in similar
circumstances elsewhere.[*¥ It has long been known that
EGFR-mutant lung cancer patients who received EGFR-TKI
treatment will eventually come to a disease progression
due to secondary resistance to EGFR-TKI."Y Current
guidelines recommended tumor tissue rebiopsy to analyze
the mechanisms of resistance and identify new targets
for further therapy.l'"**l However, it is not easy to obtain
tumor samples from patients with EGFR mutation-positive
NSCLC that has relapsed after treatment with EGFR-TKIs.
The confirmation that plasma ctDNA analysis using digital
assay can be used as an alternative and noninvasive
method to assess EGFR secondary mutation is a major
advance in the management of NSCLC patients. It diverts
the necessity of other cumbersome and invasive method
which is also vulnerable to false-negative results.

Table 3: Characteristics of T790M-positive and
T790M-negative mutant patients

Characteristics T790M () T790M (+) P
Age category (years), n (%)
21-40 0 3(16.7) 0.237
41-60 12 (57.1) 8 (44.4)
61-80 8(38.1) 7(38.9)
>80 1(4.8) 0
Sex, n (%)
Woman 15(71.4) 13 (72.2) 1.0
Man 6(28.6) 5(27.8)
Smoking history, n (%)
Nonsmoker 16 (76.2) 13(72.2)  0.792
Ex-smoker 2(9.5) 2 (11.1)
Smoker 3(14.3) 3(16.7)
First-line EGFR-TKI treatment, n (%)
Gefitinib 18 (85.7) 15(83.3) 1.0
Erlotinib 3(14.3) 3(16.7)

EGFR: Epidermal growth factor receptor, TKI: Tyrosine kinase inhibitors

Table 4: Progression-free survival analysis

Analysis of patient’s survival Value
PFS-months
Median 9
Range 2-48
PFS in 12 months, n (%)
<12 23 (63.9)
>12 13 (36.1)

PFS: Progression-free survival

Table 5: Median progression-free survival of first-line
gefitinib or erlotinib treatment

First-line EGFR-TKI treatment Median PFS months (range) P
Gefitinib 9 (2-48) 0.932
Erlotinib 9 (3-16)

PFS: Progression-free survival, TKI: Tyrosine kinase inhibitors,
EGFR: Epidermal growth factor receptor
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Plasma ctDNA analysis is now approved as a robust and
accurate method for the detection of actionable mutations
prior treatment, selection of first-line TKI, predicting and
monitoring response to treatment, and emerging drug
resistance mechanisms in NSCLC.["*'Y Many studies had
confirmed the high sensitivity and specificity of plasma
ctDNA analysis,® which also showed high overall
concordance with tumor tissue samples.® NSCLC
patients from our hospital had previously been involved in
a large multicenter IGNITE study conducted in 90 centers
from Asia-Pacific and Russia.® In that study, plasma
ctDNA also had a high concordance with matched tissue/
cytology samples (80.5%) albeit with somewhat lower
sensitivity (sensitivity 46.9%, specificity 95.6%). EGFR
mutation frequencies for evaluable tissue/cytology samples
in Asia-Pacific in that study were 49.3% (862/1749).5

The prevalence of EGFR mutation in our study is dominated
by EGFR common mutation (87.2%) which consisted of
exon 19 (59.0%) and exon 21 L858R mutation (28.2%).
This result is consistent with other major researches in
the field"®?°1 which found that the prevalence of EGFR
common mutation was around 85%-90%, consisting of
exon 19 deletion and exon 21 L858R mutation. Similarly,
in the IGNITE study, the proportion of EGFR common
mutation was 91.2% in the Asia-Pacific population,
which consisted of exon 19 deletion (48.7%) and exon 21
L858R mutation (42.5%)."! In our study, exon 18 G719S
mutation comprised 5.1% of the mutation pool, whereas
combination of exon 19 deletion and exon 21 L858R
mutation, exon 20 and exon 21 L858R mutation, and
triple mutation of exon 19 deletion, exon 20 and exon 21
L861Q mutation were each 2.6% of our study participants,
respectively. The result of our study is also consistent with
the common findings as summarized by Sharma et al.*!
and Pirker et al.,”*”! where exon 18 mutation was found to
be 5% for the total mutation pool and mutation in exon
20 were <1% in proportion. In the IPASS study, several
patients were found to possess either EGFR mutation
in exon 20, other types of mutations, and/or multiple
combinations of mutations."® The mutation in exon 20
is associated with primary resistance to EGFR-TKL.[23:24

The presence of EGFR mutation in NSCLC of adenocarcinoma
histology warrants EGFR-TKI as the first-line treatment.*!
With regard to the patient’s demographic data, our study
results were closely resembled or comparable to the IPASS
and WJTOG3405 studies.!"®*! The subject’s median age in
our study was 58 years (ranged from 35 to 83 years), while
in the IPASS study, the median age of the participants was
57 years (range: 24—84 years) and in WJTOG3405 study;, it
was 64 years (range: 34-74 years). A higher proportion of
female patient (71.8%) was found in our study. This result
was also similar with NEJ002 and WJTOG3405 studies.
In NEJ0O02 study, the female participants made up 63.2%
of the study population,® while in WJTOG3405 study, it
was 68%./%! In terms of smoking history, there were more
nonsmokers (74.4%) compared to active and ex-smokers.
The result of our study is similar to the WJTOG3405
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study where nonsmokers were found to be 70.9%.12°
Most participants in our study were in PS 1 condition,
which made up 87.2% of the total study population. In
comparison, only 64.2% of study participants in IPASS
study had PS 1 condition."® With regard to the sampling
site of histopathological examination for the diagnosis of
adenocarcinoma, most specimen samples in our study
were obtained from lung mass (76.9%). The most common
sampling method for histopathological examination was by
FNAB (59%). This finding is consistent with the IGNITE
study, where fine-needle aspiration was also identified as
the most common method for obtaining samples (51%).!

Three types of EGFR-TKI available in Indonesia for
first-line treatment of EGFR-mutant NSCLC were gefitinib,
erlotinib, and afatinib. Gefitinib was more widely
used (84.6%) than erlotinib. This could be due to the fact
that gefitinib was the first EGFR-TKI received the approval
by National Health Insurance issued by the Indonesian
government.'?”] Until the end of this study, there were no
patients receiving afatinib as the first-line treatment that
suffered from disease progression, and therefore, no plasma
ctDNA examination done for these patients.

Among patients who had progressed after first-line
gefitinib or erlotinib, our study detected 46.2% participants
positive for T790M mutation. This result is comparable
with the study conducted by Zheng et al., which found that
the prevalence of T790M-positive mutation patients was
47%.! In their study, the combination of T790M-positive
mutation with either exon 19 deletion or exon 21 L858R
mutation was found to be 29.3%, which is higher compared
to single T790M mutation (17.9%).5! Our result was
in contrast to Socinski et al.,'® which found that the
prevalence of T790M mutation was 60%, aside from other
types of non-EGFR mutations. This difference might be
accounted to the difference in race and genetic factors
between the Caucasian and Asian population. Further
research is needed to confirm this assumption.

In our study, the proportion of patients with negative
T790M mutation was 53.8%, in which 38.5% patients had
no T790M mutation and 15.3% had no T790M mutation
but were positive for either exon 19 deletion or exon 21
L858R mutation. This is consistent with Zheng et al.,
where the proportion of patients with negative T790M
mutation but were positive for either exon 19 deletion
or exon 21 L858R mutation was 6.5%—-14.3%.! Based on
the characteristics of patients, there were no significant
differences between T790M positive and T790M negative
mutation in terms of age, gender, smoking history, and
EGFR-TKI treatment (P > 0.05). This is also consistent with
the previous study by Zheng et al., which had the same
findings."” Patients with positive T790M mutations from
ctDNA test following EGFR-TKI are associated with poor
prognosis. It could indicate that tumor cells have exceeded
the threshold for tumor growth, and reflect an increase in
tumor burden and also metastasis.!!
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PFS in this study was calculated from the time EGFR-TKI
treatment was started until the earliest signs of disease
progression assessed using RECIST version 1.1 and/or
clinical worsening. Socinski et al. mentioned that resistance
to EGFR-TKI will develop in patients after a median PFS
of approximately 1-year (average 8—14 months)."® In the
current study, the median PFS was 9 months for both
gefitinib and erlotinib. The result of our study is very
similar to the WJTOG3405 study which asserted that the
median PFS was 9.2 months.® Our previous study (thesis,
unpublished data) found that the median PFS was
7 months,?”! while the IFUM study reported the median
PFS of 9.7 months.?® Twelve months survival rate in the
current study was 36.1%, whereas in our previous study,
it was 15.25%./%”! This might be due to immature data in
our previous report.

In the current study, there was no difference in median PFS
between the two types of EGFR-TKI treatment (gefitinib
or erlotinib). The median PFS of gefitinib and erlotinib
were 9 months, respectively (P = 0.932). In WJOG5108 L
study comparing gefitinib and erlotinib, it was found that
the median PFS for gefitinib was 8.3 months, while the
median PFS for erlotinib was 10 months.?”

There are several mechanisms of resistance to EGFR-TKI
which result in disease progression. The T790M mutations
are presumed to cause resistance to EGFR TKI through
a variety of mechanisms. One of which is by steric
hindrance, which results in the decrease of reversible TKI
binding, increased bound affinity with ATP, and increased
phosphorylation levels, which ultimately result in the
decrease of EGFR-TKI potential."¥ Other review suggests
that the mutation causes changes in the tridimensional
tyrosine kinase domain structure and prevents gefitinib
or erlotinib from binding to EGFR.[!

CONCLUSIONS

In EGFR-mutated lung adenocarcinoma patients who had
disease progression after the first-line EGFR-TKI, plasma
ctDNA examination is a valid alternative method for tumor
rebiopsy. Our study confirmed the conclusions of many
other previous studies done in the same circumstances
elsewhere. Using plasma ctDNA test in Dr. Soetomo
General Hospital Surabaya, Indonesia, the proportion
of T790M mutation in such patients was 46.2%. There
were no significant differences between T790M-positive
and T790M-negative mutations in terms of the age, sex,
smoking history, and the type of EGFR-TKI used. Prior to
the first-line EGFR-TKI treatment, EGFR common mutation
in exon 19 and exon 21 was detected in 87.2% of the
patients. The median PFS of patients receiving gefitinib or
erlotinib as the first-line treatment was 9 months.
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