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Abstract
Background:

Lung cancer patients with mutations in epidermal growth factor

receptor (EGFR) gene are treated with tyrosine kinase inhibitor (TKI).
Aims:

We aimed to evaluate polymerase chain reaction (PCR)–high‐resolution melt-
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ing (HRM), restriction fragment length polymorphism (RFLP), and direct sequencing

4

(DS) to detect EGFR mutations in cell‐free DNA (cfDNA) before and after TKI treat-
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ment in real‐world settings of a developing country.
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Methods:
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naïve lung cancer patients. DNA from both plasma and cytology specimens was isolated
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Paired cytology and plasma samples were collected from 116 treatment‐

and analyzed using PCR‐HRM (to detect exon 19 insertion/deletion), RFLP (to genotypes L858R and L861Q), and DS (to detect uncommon mutations G719A, G719C, or
G719S [G719Xaa] in exon 18 and T790M and insertion mutations in exon 20).
Results:

EGFR genotypes were obtained in all 116 (100%) cfDNA and 110/116

(94.82%) of cytological specimens of treatment‐naïve patient (baseline samples).
EGFR‐activating mutations were detected in 46/110 (40.6%) plasma samples, and
69/110 (63.2%) mutations were found in routine cytology samples. Using cytological
EGFR genotypes as reference, we found that sensitivity and specificity of baseline
plasma EGFR testing varied from 9.1% to 39.39% and 83.12% to 96.55%, respectively.
In particular, the sensitivity and specificity of this assay in detecting baseline T790M
mutations in exon 20 were 30% and 89.58%, respectively. Three months after TKI
treatment, plasma T790M and insertion exon 20 mutations appeared in 5.4% and
2.7% patients, respectively.
Conclusions:

Despite low sensitivity, combined DS, RFLP, and PCR‐HRM was able to

detect EGFR mutations in plasma cfDNA with high specificity. Moreover, TKI resistance
exon 20 insertions mutation was detected as early as 3 months post TKI treatment.
KEY W ORDS
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|

Key Points
Non–small cell lung cancer (NSCLC) is the most common histological type

• Combined PCR‐HRM, RFLP, and direct sequencing (DS)

of lung cancer, which has a poor prognosis that has not improved over

methods were able to detect EGFR common mutations

the recent 20 years in terms of overall survival (OS) before the invention

in plasma of lung cancer patients.

of the present epidermal growth factor receptor (EGFR) in NSCLC

• Resistance marker was found in plasma as early as

patients in 2004.1 EGFR mutation is the actionable target that has been

3 months after targeted therapy.

widely studied as the subject for targeted therapy in NSCLC treatment.
First‐generation EGFR tyrosine kinase inhibitors (TKIs) such as

• This combined method was simple and cost‐effective

erlotinib and gefitinib are widely used in the treatment of NSCLC

and may be useful to track plasma EGFR mutations in

and significantly improved the progression‐free survival of the

developing countries

patients.2 Two most common genetic alterations in EGFR gene are
exon 19 deletion (del746‐750) and L858R substitution mutations. In
addition, there are uncommon EGFR mutations such as G719Xaa

patients, treatment naïve, and provided written informed consent to

(G719A, G719C, and G719S) in exon 18, insertion mutation and

participate in the study. The patients was recruited nonconsecutively

T790M substitution in exon 20, and L861Q in exon 2.3 These common

from a tertiary hospital, Persahabatan Hospital, Jakarta, Indonesia

and uncommon mutations are TKI‐sensitive mutations, except for

(hereinafter referred to as baseline samples). Informed consent was

T790M, being a TKI‐resistant mutation.

obtained from all individual participants included in the study. First,

In 2015, the World Health Organization has proposed using small

baseline EGFR mutation in both cytology and plasma was tested, then

biopsies and cytological samples as alternatives to surgical or tissue

patients shown to be EGFR mutation positive in cytological samples

samples.4 However, those samples may have issues with limited quan-

were then treated with EGFR TKI, and subsequently, blood samples

tity and poor quality.5 Recently, cell‐free DNA (cfDNA) has been

were taken every 3 months for a period of 9 months. Six of 116

widely studied as an alternative DNA source that can be used to

patients have to be excluded from this study because of insufficient

detect EGFR mutation.6 cfDNA may be useful to genotype EGFR gene

samples or low content of tumor cells. As many as 45 patients were

in newly diagnosed lung cancer patients with poor performance status

followed up until their 9 months or the last period of surveillance in

of whom repeat biopsy is not possible.7 Moreover, cfDNA may also

this study, while the rest were not followed up because they were lost

track impending appearances of EGFR T790M–resistant mutations

to follow‐up or wild‐type (WT) alleles were detected on the basis of

that affect efficacy of first‐generation TKI.8 Recently, osimertinib

their cytology result analysis. The Ethical Committee of the Faculty

treatment shows promising results based on appearance of EGFR

of Medicine, Universitas Indonesia (396/UN2.F1/ETIK/2016), Jakarta,

T790M mutations in cfDNA of patients previously treated with first‐

had approved this study, which was performed in accordance with the

generation TKI.9 According to recent review,10 there are several

1964 Helsinki Declaration and its later amendments.

methods that have been used to detect EGFR T790M mutations using
cfDNA such as Droplet Digital polymerase chain reaction (ddPCR),
next‐generation sequencing (NGS), and amplification‐refractory mutation system (ARMS). These methods generally require special equipment, complex procedures, and expensive reagents that are rarely
available and affordable in developing countries.
PCR high‐resolution melting (HRM), restriction fragment length
polymorphism (RFLP), and direct sequencing (DS) are relatively simple
and affordable and used routine equipment to detect EGFR mutations
in real‐life clinical setting. PCR‐HRM and RFLP could detect genetic
alterations in the samples containing as low as 1% of mutant alleles.11,12
In this study, we aimed to determine the ability of PCR‐HRM,

2.2

|

DNA isolation from cytology samples

Tumor cells were marked by experienced independent pathologists,
scraped from the slides, and transferred into microtubes containing
preloaded proteinase K and tissue lysis buffer. The pathologists
rejected specimens containing less than 100 tumor cells. DNA was
isolated using the QIAamp DNA Micro Kit (Qiagen, Hilden, Germany)
according to described protocol and stored at −20°C before use. The
concentration of DNA was determined by using Nanodrop UV‐vis
Spectrophotometer.

RFLP, and DS to detect EGFR mutations from paired cytology and
plasma cfDNA and cytology samples before and after TKI treatment

2.3

|

DNA isolation from plasma samples

in lung cancer patients. We also aimed to explore some genetic alterations that correlates with clinical outcomes.

Whole blood specimens from patients were collected in EDTA tube
and then centrifuged at 1600 rpm for 10 minutes. Plasma was
obtained by collecting the supernatants as results of another round

2

MATERIALS AND METHODS

|

of centrifugation at 14 000 rpm for 10 minutes. The final supernatants
or plasma fraction were transferred into fresh microtubes and stored

2.1

|

Patients

at −80°C before use. DNA was isolated using the QIAamp DNA Blood
Mini Kit (Qiagen, Hilden Germany) according to described protocol

Both cytology and plasma samples were obtained from 116 lung can-

and stored at −20°C before use. DNA concentration was determined

cer patients with the inclusion criteria: newly diagnosed lung cancer

using Nanodrop UV‐vis Spectrophotometer.
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2.4 | Analysis of EGFR mutations in exons 18, 19,
and 21 on baseline samples only

amplification mixture contained 10 mM of PCR buffer, 1.5 mM of
MgCl2, 0.4 μM each of two primers for the amplification of exon 20,
200 μM each of deoxynucleotide triphosphate, and 0.5 U of Hotstart

DNA was assayed using Rotor Gene Q system (Qiagen, Germany).

Taq Polymerase (Qiagen, Germany). PCR products were purified by

PCR mix included 10 mM of PCR buffer; 1.5 mM of MgCl2; 0.4 μM

Exosap‐IT (Affymetrix) and then followed by cycle sequencing reaction

each of two primers for the amplification of exons 18, 19, and 21 of

with Big Dye Terminator v3.1 (Applied Biosystems). Direct sequencing

EGFR gene; 200 μM each of deoxynucleotide triphosphate; 0.5 U of

process was

Hotstart Taq Polymerase (Qiagen, Germany); and 0.1 mM of SYTO9.

Biosystems). Primer sequences to amplify EGFR mutation in exon 20

Primer sequences to amplify EGFR mutations in exons 18, 19, and

were adopted from Amann et al.14

21 were adopted from Do et al.

performed

in

3500

Genetic

Analyzer

(Applied

13

The temperature cycling protocol included the predenaturation

2.6

Statistical analysis

|

step at 95°C for 15 minutes and then followed by 45 cycles of denaturation at 95°C for 10 seconds, annealing at 65°C for 10 seconds,

Graphpad Prism 7 was used for the statistical analysis. The detection

and extension at 72°C for 30 seconds. After the amplification process,

sensitivity and specificity of plasma EGFR mutations using PCR‐

the samples were heated in the Rotor Gene Q at 97°C for 15 seconds

HRM, RFLP, and direct sequencing, compared with the cytology, were

and then cooled at 45°C for 15 seconds. HRM analysis was performed

analyzed using Fisher exact test (χ2). Survival data were available from

by heating the PCR product from 79°C to 90°C at 0.1°C/s. HRM data

38 patients. The time from the date of starting the therapy to death or

and melting curve data were analyzed using Rotor‐Gene Q Series

last follow‐up was used to compare OS between the different groups.

Software (Qiagen, Germany). PCR products from HRM analysis were

At the time of statistical analysis (September 2017), the cohort had a

further analyzed by using direct sequencing method (exon 18),

median follow‐up of 7.16 months (2.83‐12 months). Survival curves

gel electrophoresis (exon 19), and restriction fragment length

were estimated by Kaplan‐Meier method using SPSS 20.

polymophism (RFLP) method (genotyping L858R and L861Q mutations in exon 21 as described12).

3
2.5 | Direct sequencing to detect EGFR mutations in
exon 20 on both baseline and follow‐up samples

RESULTS

|

3.1

|

Patient characteristics

Clinical information is shown in Table 1. Median age was 55 years
EGFR exon 20 mutations from both cytology and plasma samples were

(range: 29‐84 years). Seventy‐five patients were males, and 35

amplified in Veriti Thermal Cycler (Applied Biosystem). PCR

patients were females. Of all patients, 59.09% were smokers. The

TABLE 1

Patients demography (N = 110)
EGFRa
Number n (%)

Mutation n (%)

WTn (%)

Ρ Valueb

Male

75 (68.18)

43 (55.84)

32 (44.16)

0.087

Female

35 (31.82)

26 (78.79)

9 (21.21)

≤55

55 (50.00)

34 (61.82)

21 (38.18)

˃55

54 (49.09)

35 (64.81)

19 (35.19)

Unknown

1 (0.91)

Variable
Gender

Age
0.843

Smoking history
Ever smoker

65 (59.09)

36 (55.38)

29 (44.62)

Never smoker

34 (30.91)

25 (73.53)

9 (26.47)

Unknown

11 (10.00)

0.078

Histological type
Adenocarcinoma

108 (98.18)

67 (62.04)

41 (37.96)

Nonadenocarcinoma

2 (1.82)

2 (100)

0

II + IIIA

9 (8.49)

6 (66.67)

3 (33.33)

IIIB + IV

45 (42.45)

28 (62.22)

17 (37.78)

Unknown

52 (49.06)

0.593

TNM staging
0.801

a

EGFR mutation results were obtained from cytology samples; WT (EGFR wild type or normal).

b

P value was calculated between each subvariable using Fisher exact test (two‐sided). Associations between variables were considered statistically significant; P values were less than 0.05.
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most common histological type in this study was adenocarcinoma (108
patients, 98.18%), and the majority of patients (45 patients, 42.45%)
had stage IIIB to IV diseases. EGFR mutations were detected more frequently in female (78.79% vs 55.84% in male) and never smoker
(73.53% vs 55.38% in smokers) patients.

3.2 | EGFR mutations in cytology and plasma samples
in treatment‐naïve patients
In total, both cytology and plasma samples were collected from 116
TKI‐naïve lung cancer patients. These samples were analyzed using
combination of PCR‐HRM with RFLP to detect EGFR common mutations (exon 19 ins/dels, L858R) and direct sequencing methods to
genotype EGFR uncommon mutations in exons 18 (G719X) and 20
(T790M and insertion mutations). EGFR testing was unsuccessful for
the six patients mainly because of insufficient samples; therefore,
110 out of 116 patients had paired cytology and plasma samples
undergoing EGFR mutations testing using identical methods. EGFR
mutations were detected in 69 patients (62.7%) and 46 patients
(41.8%) in cytology and plasma samples, respectively. Common mutations (exon 19 ins/dels and L858R) contributed major proportion of
EGFR mutations in both cytological and plasma samples. Notably, rates
of detectable T790M mutations were 14% (10 of 69) in cytological
samples and 28% (13 of 46) in plasma samples (Table 2).

ZAINI

TABLE 2
samples

EGFR mutation types found in cytology and plasma

Sources of EGFR testing

As shown in Table 3, 10 and 22 patients had exon 19
insertion/deletion (ins/dels) mutations in plasma and cytology samples, respectively. Seven patients had exon 19 ins/dels mutants in
both cytology and plasma samples. Eighty patient samples showed
no mutations in both cytology and plasma samples, yielding sensitivity
and specificity of 30.43% (95% CI, 15.60‐50.87) and 96.43% (95% CI,
90.35‐99.06), respectively.

N (%)

Cytology samples
Common mutation
19 ins/dels

17 (15.45)

L858R

24 (21.81)

Uncommon mutation
G719X

2 (1.82)

L861Q

6 (5.45)

T790M

2 (1.82)

Mix mutation
G719X, 19 ins/dels

3 (2.73)

G719X, T790M

1 (0.91)

G719X, L858R

3 (2.73)

G719X, L861Q

1 (0.91)

19 ins/dels, T790M

2 (1.82)

19 ins/dels, L861Q

1 (0.91)

T790M, L858R

3 (2.73)

T790M, L861Q

1 (0.91)

L858R, L861Q

2 (1.82)

T790M, G719S, L858R
Wild type/normal

1 (0.91)
41 (37.27)

Plasma samples
Common mutations
Exon 19 ins/dels

3.3 | The specificity and sensitivity of combined
PCR‐HRM, RFLP, and DS to detect EGFR mutations in
cfDNA

ET AL.

L858R

6 (5.45)
15 (13.64)

Uncommon mutations
G719X

4 (3.64)

L861Q

2 (1.82)

T790M

6 (5.45)

G719X, L858R

3 (2.73)

19 ins/dels, L858R

2 (1.82)

T790M, 19 ins/dels

1 (0.91)

T790M, L858R

5 (4.54)

L858R, L861Q

1 (0.91)

T790M, 19 ins/dels, L858R
WT

1 (0.91)
64 (58.18)

Another mutation, L858R, was shown in half of 26 patients in
both plasma and cytology samples. The presence of WT alleles was
found in 62 patients. From those results, the sensitivity and specificity

Lastly, plasma samples of 12 patients were positive for uncom-

of this assay to detect L858R in the plasma sample were 39.39% (95%

mon EGFR TKI–resistant T790M mutations in exon 20 of EGFR gene.

CI, 24.68‐56.32) and 83.12% (95% CI, 73.23‐89.86), respectively.

However, only three patients had matched T790M mutations in their

While common mutations were mainly detected using HRM and

cytology samples. Seven patients had shown T790M mutation in the

RFLP, uncommon mutations were detected using direct sequencing.

cytology samples, but not in their plasma samples. The remaining 86

Eleven and six patients had TKI‐sensitive G719X mutations in cytol-

patients had WT alleles in both plasma and cytological samples. Thus,

ogy and plasma sample, respectively. Among G719X positive patients,

sensitivity and specificity of this assay in detecting T790M mutation

only one patient had matched EGFR mutations status with their paired

were 30% (95% CI, 10.78‐60.32) and 90% (95% CI, 82.56‐94.48),

cytology sample. The remaining 90 patients had WT alleles in exon 18.

respectively.

The sensitivity and specificity to detect G719X mutations were 9.1%

Furthermore, categorizing EGFR mutations into common (exon 19

(95% CI, 0.4‐37.74) and 93.94% (95% CI, 87.40‐97.19), respectively.

in/del and L858R) and uncommon mutations (G719X, T790M, L861Q,

Another TKI‐sensitive uncommon L861Q mutation was also detected

and mix) yields similar specificity (82.86%; 95% CI, 67.32‐91.90).

in three and 11 plasma and cytology patients, respectively. The sensi-

However, these routine methods had higher sensitivity trend to detect

tivity and specificity of L861Q detection were 9.1% (95% CI, 0.4‐

common EGFR mutations than uncommon EGFR mutations (43.33%;

37.74) and 97.98% (95% CI, 92.93‐99.64), respectively.

95% CI, 27.38‐60.80 vs 30.77%; 95% CI, 16.50‐49.99, respectively).
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TABLE 3 Comparison of individual EGFR mutations detected in
plasma versus cytology samples

in four patients during their TKI treatment. Of those four patients, all
three patients with T790M mutations were still alive until the last
period of the monitoring. One patient with exon 20 insertion mutation

Cytology
Plasma

Mutant

Wild Type

Total

was deceased 1 month after the mutation was detected.

Common mutations
EGFR 19 Ins/dels
Mutant

7

3

10

Wild type

16

84

10

Total

23

87

110

Mutant

13

13

26

Wild type

20

64

84

Total

33

77

110

EGFR L858R

EGFR mutations. However, most studies of EGFR mutations detection
such as ARMS, ddPCR, or NGS.15-21 These methods have shown high
sensitivity to detect EGFR mutations in samples with low tumor contents such as cytology and cfDNA. Despite high sensitivity, those
with limited resources because of high investment and requirements

1

6

7

Wild type

10

93

103

Total

11

99

110

1

2

3

Wild type

10

97

107

Total

11

99

110

Mutant

3

10

13

Wild type

7

90

97

10

100

110

EGFR L861Q

for advance operating skills.
Therefore, there are unmet needs for economical, routine, and
simple methods such as PCR‐HRM22 or RFLP23-25 to detect and track
plasma EGFR mutations. However, the utility of routine, widely used,

EGFR T790M

Total

Plasma cfDNA may be used as alternative to tissue biopsy for detect

methods are neither accessible nor affordable in developing countries

EGFR G719X

Mutant

DISCUSSION

|

in plasma cfDNA have described the utility of sophisticated methods

Uncommon mutations

Mutant

4

and relatively inexpensive methods in real‐life clinical EGFR testing,
namely, DS, RFLP, and PCR‐HRM have not been evaluated in detail.
In this study, we addressed and described two major findings. First,
we described that the overall sensitivity and specificity of these routine methods were similar to IGNITE study in detecting both common
and uncommon EGFR mutations in cfDNA of the treatment‐naïve
patients. Secondly, the routine methods were able to detect acquired
TKIs resistance mutation T790M as well as exon 20 insertion mutation
as early as 3 months after TKIs treatment.

3.4 | Detection of EGFR exon 20 mutations in
TKI‐treated patients

4.1

Out of 110 patients, 45 patients with baseline EGFR mutations in their

The inability to detect mutation at level of less than 20% of total DNA,

cytology samples were followed up until 9 months or the last period of

direct or Sanger sequencing has been dismissed as unsuitable method

the surveillance. Their blood plasma was then taken every 3 months to

to detect plasma EGFR mutations.26 Indeed, a previous study using

|

Sensitivity and specificity

detect the presence of TKI resistance EGFR mutations in EGFR exon

sequencing shows overall sensitivity of 18% to detect EGFR common

20 such as insertion and T790M substitution mutations. Eight out of

mutations (exon 19 in/dels and L858R),27 which is lower than that

45 patients were deceased in less than the first 3‐month follow‐up.

of our study showing 30% to 40% sensitivity. The lower sensitivity

Two patients had T790M, and one patient had V774_C775insHV

in previous study than ours may be due to mixed population of both

insertion in their 3‐month plasma as shown in Table 4 and Figure 1.

treated and nontreated patients. It is known that the level of EGFR

The rate of detection of 3‐month plasma EGFR mutations T790M

mutations decreases after TKI treatment28 and may contribute to

and insertion exon 20 mutations was 5.4% and 2.7% patients

low sensitivity of sequencing method in TKI‐treated patients enrolled

(N = 37), respectively. In this study, we found exon 20 EGFR mutations

in previous study.27

TABLE 4

A comparison of EGFR second‐site mutations between baseline and treated samples

Samples

Cytology

Case 1

L858R

Case 2

In/del 19

Case 3

G719S, L861Q

Case 4

In/del 19

Plasma
Baseline

Plasma Follow‐upa
Month 3

Month 6

Month 9

WT

WT

WT

T790M

WT

T790M

WT

WT

WT

Ins20 V774_C775insHV

Deceased

N/D

T790M

T790M

WT

WT

Abbreviations: N/D, not determined; WT, wild‐type EGFR.
a

Plasma DNA samples isolated from post‐TKI–treated patients were genotyped for mutations in exon 20 of EGFR gene using direct sequencing method.
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FIGURE 1 The result of direct sequencing to detect exon 20 tyrosine kinase inhibitor epidermal growth factor receptor–resistant mutations. Red
arrows point to mutations

The sensitivity to detect pre–TKI treatment or baseline common
EGFR mutations in plasma cfDNA in our study (30%‐40%) with high

4.2 | Detection of exon 20 EGFR mutations in
treated‐patients cohort

specificity (83%‐96%) was surprising given a well‐known low sensitivity of combined PCR‐HRM and Sanger sequencing. In fact improve-

Previously, we have described the presence of exon 20 insertions and

ment of this routine method maybe possible, which has been shown

T790M substitution mutations in 8.4% of treatment‐naïve lung cancer

by incorporating two rounds of PCR amplification of cfDNA yielding

patients.38 In this current study, we recruited independent patients'

29

high sensitivity

up to 60%. Interestingly, the use of ARMS PCR in

cohort and assessed the feasibility of direct sequencing to detect

real‐life testing of paired tumor and plasma samples as shown in

acquired TKI resistance in plasma at regular 3‐month time interval

IGNITE30 (n = 2581 patients) and ASSESS31 (n = 1162) studies has

after TKI treatment. Out of 37 patients, we found three patients with

reported 46% sensitivity, which is similar to our findings. However,

acquired T790M and one patient with Ins20. To our knowledge, this is

in clinical trial setting involving 1060 subjects, the use of ARMS PCR

the first description of exon 20 insertion mutations in post–TKI treat-

can yield up to 65% sensitivity.32 According to the Couraud et al15

ment patient. Moreover, one of those three samples that were posi-

and Zhu et al21 studies, NGS and ddPCR are more sensitive methods

tively detected to have acquired T790M mutation (case 1 in Table 4)

ranging from 80% to 100% than our methods.

was also positively detected using NGS with 14% mutant allele fre-

Moreover, the use of PCR‐HRM to detect EGFR mutations in

quency (MAF) of acquired T790M mutation according to our prelimi-

plasma33 or serum34 has been described demonstrating high sensitiv-

nary study of plasma cfDNA (Figure S1). The sensitivity of

ity 60% and 90%, respectively. We also used PCR‐HRM to screen

sequencing to detect plasma T790M in this study (5%) was similar to

mutations mainly in exons 18, 19, and 21. However, we did not use

previous study detecting plasma T790M mutations in 6% of

HRM alone to detect clinically relevant mutations such G719X (in

gefitinib‐resistant patients.40

exon 18) and L858R and L861Q (both in exon 21). The combined

The patient with exon 20 insertion mutation V774_C775insHV

PCR‐HRM and sequencing (to genotype G719X) and RFLP (to geno-

was deceased 1 month after the mutation was detected. On the other

type L858R and L861Q) did not yield sensitivity higher than 40%.

hand, all three patients having acquired T790M mutations were still

The difference with previous study may lie in primer designs and/or

alive until the last period of surveillance. Arcila et al41 had analyzed

PCR equipment being used for HRM screening. In principle, HRM

the effect of amino acid alterations in V774_C775insHV to the

alone will not be able to genotype clinically relevant variants,35 and

three‐dimensional structure of EGFR kinase domain. This type of

careful designs of HRM primers must avoid polymorphic EGFR variants

mutation affects a loop region of a drug‐binding pocket resulting into

in exons 20 and 21 that do not impact clinical outcome such as

a significant reduction of the drug‐binding affinity, which may explain

Q787Q and R836R.30,36

resistance to first‐generation TKIs.

In spite of low sensitivity of our methods to detect EGFR muta-

Detection of T790M mutation has been reported at variable

tions in plasma cfDNA, showed in our study findings, these methods

times. Some studies have reported as early as 3 weeks in two of 27

are more feasible, economical, and relatively simple than other more

patients42 (7.4%). While others using cobas system43 and ddPCR show

complex methods requiring specialized training to detect EGFR muta-

6 months (three of nine patients 33%)44 and 8 months.28 However,

tions in plasma cfDNA. According to IASLC's recommendation of

the clinical utility of early detection of T790M before showing clinical

genotyping cfDNA, the feasibility of platforms to be used to genotyp-

progressive disease was not clear.28 There has been no specific thera-

ing cfDNA should be a prime concern of each clinical setting in its

peutic recommendation based on T790M appearance alone without

region. Each clinical setting should have to evaluate and balance

evidence of radiological progression. Recent study demonstrates that

between cost, availability, and assay sensitivity.37 Thus, the combined

any positivity of EGFR T790M mutation shows good response to

method of DS, RFLP, and PCR‐HRM might be useful in resource‐

osimertinib independently of MAF.45 Therefore, patients with positive

limited settings even with such a low sensitivity. Based on our previ-

EGFR mutations detected using the combined methods of DS, PCR‐

ous study performed in our population, the overall rate of EGFR muta-

HRM, and RFLP may also benefit from osimertinib.

tions was varied ranging38 from 35% to 44%, which is higher than the

The utility of T790M appearance during TKI therapy to predict

average rates of EGFR mutations in Caucasian patients (7%).39 There-

progressive disease may be hampered by the dynamics of T790M bur-

fore, our low‐sensitivity test may be compensated by high rates of

den. Quantitative monitoring studies using highly sensitive and sophis-

EGFR mutations in Asian patients.

ticated methods such as NGS44-46 and matrix‐assisted laser
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desorption/ionization time‐of‐flight mass spectrometry (MALDI‐TOF

ORCID

MS)47 have shown that T790M mutation burdens may not necessarily

Ahmad R.H. Utomo

https://orcid.org/0000-0003-3092-3714

remain elevated up to presentation of frank radiological progression.
Indeed, some patients demonstrate only transient elevation of
T790M mutations during early phase of TKI treatment, and the mutations eventually disappear near baseline level at later time points prior
to disease progression. Using direct sequencing, we also noticed in
two of our patients (cases 2 and 4) that the initial presence of
T790M in month 3 was not sustained at later follow‐ups in months
6 and 9. While the ups and downs of T790M mutation burden may
reflect the natural course of the disease, we speculated that the low
analytical sensitivity of direct sequencing method may also contribute
to the disappearance of T790M.
In conclusion, our analysis showed that combination of routine
inexpensive methods (PCR‐HRM, RFLP, and DS) could be used to
detect plasma EGFR mutations in both pre– and post–TKI treatments
with high specificity, albeit with low sensitivity. Patients residing in
Asian countries with limited resources may benefit from using the
combined method. While patients with mutations may be recommended for treatments, patients with negative results should opt for
rebiopsy when possible. Interestingly, the combined method also demonstrated the appearance of exon 20 insertion mutations for the first
time in the plasma of post–TKI treatment.
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