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Background: Repetitive genotyping is useful to assess the genetic evolution of non-small-cell 

lung cancer (NSCLC) during treatment, but the need for sampling by biopsy is a major obstacle. 

Digital polymerase chain reaction (PCR) is a promising procedure for the detection of mutant 

alleles in plasma of cancer patients.

Methods: This prospective study enrolled patients with NSCLC and known epidermal growth 

factor receptor (EGFR) mutations and who had experienced disease progression during ongoing 

EGFR-tyrosine kinase inhibitor (TKI) therapy. Eligible patients received daily gefitinib and 

either pemetrexed or S-1 every 3 weeks until disease progression or the development of unac-

ceptable toxicity. Peripheral blood was collected before and after the combination therapy for 

digital PCR and hepatocyte growth factor measurement.

Results: From May 2012 to January 2014, nine patients with a median age of 67 (range 

52–80) years were enrolled. Patterns of disease progression during adjacent EGFR-TKI therapy 

were acquired resistance, observed in seven patients, and primary resistance, observed in two 

patients. Known EGFR mutations were detected in plasma samples of six (67%) patients at 

study enrollment. Of these, T790M mutation was concurrently detected in three (50%) patients. 

Four patients underwent gefitinib plus pemetrexed therapy, and five patients underwent gefitinib 

and S-1 therapy. The median number of cycles delivered was five, and the median progression-

free survival was 5.7 months. Efficacy outcomes did not differ between treatments. After the 

combination therapy, plasma T790M status changed to positive in two patients. Hepatocyte 

growth factor level did not significantly change through the combination therapy.

Conclusion: The usefulness of monitoring the genetic evolution of EGFR-driven tumors 

using noninvasive procedures was demonstrated. Since continuation of EGFR-TKI therapy 

with cytotoxic agents has an acceptable tolerability and a possibility of inducing T790M muta-

tion, the combination therapy may be useful for EGFR-mutant NSCLC resistant to EGFR-TKI 

therapy without T790M mutation.

Keywords: circulating tumor DNA, epidermal growth factor receptor, gefitinib, S-1, 

pemetrexed

Introduction
Recent studies have discovered several driver mutations of non-small-cell lung cancer 

(NSCLC) with therapeutic implications.1 Epidermal growth factor receptor (EGFR) 
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gene mutation is the most common driver mutation found 

in NSCLC patients in East Asian countries2 and the second 

most common in Western countries.1 EGFR tyrosine kinase 

inhibitors (TKIs), such as gefitinib and erlotinib, are consid-

erably effective against EGFR-driven NSCLC; EGFR-TKI 

therapy improves response rate, progression-free survival, 

overall survival, and quality of life compared with cytotoxic 

chemotherapies.3–5 However, the median progression-free 

survival of EGFR-TKI therapy monotherapy is ~1 year, 

and a 2-year course of EGFR-TKI therapy leads to acquired 

resistance in ~90% of the patients.3

Resistance mechanisms to EGFR-TKI therapy in EGFR-

mutated NSCLC include secondary EGFR T790M mutation, 

c-Met amplification, PIK3CA mutation, and transformation 

to small-cell lung cancer.6 A number of reports indicated that 

T790M mutation accounts for about a half of the acquired 

resistance to EGFR-TKI therapy.6,7 Approximately, 20% of the 

NSCLC cases showing progression after EGFR-TKI therapy 

presented c-Met amplification.6 A recent study reported that 

overexpression of hepatocyte growth factor (HGF), the ligand 

of c-Met, occurs in 61% of patients with TKI-resistant NSCLC, 

and HGF overexpression can be found in parallel with T790M 

mutation.8 Additionally, high HGF levels in plasma correlate 

with the decreased efficacy of EGFR-TKI therapy.9

The optimal treatment for NSCLC with acquired resis-

tance to EGFR-TKI therapy varies by resistance mecha-

nisms. Early study of mutant-selective EGFR-TKI therapy 

indicated that the third-generation EGFR-TKIs are much 

more effective for T790M-positive NSCLCs than tumors 

without T790M mutation.10 Conventional chemotherapy 

is effective for tumors that transformed to small-cell lung 

cancer.11 Preclinical studies suggested that gefitinib down-

regulates thymidylate synthase,12 the predictive marker of 

pemetrexed (PEM) therapy.13 Combination therapy with 

gefitinib and S-1 is effective for TKI-resistant tumors with 

c-Met amplification.12 Thus, repeated evaluations of the 

genetic profile of EGFR-mutated NSCLC are highly useful 

for appropriate treatment selection.

Biopsy (such as bronchoscopy or core needle biopsy) is 

the most precise evaluation method for determining acquired 

resistance to EGFR-TKI  therapy. However, these invasive 

procedures cannot necessarily be applied for patients with 

progressive disease. A noninvasive procedure with a prompt 

result is desirable for repetitive evaluations of EGFR-driven 

tumors. A previous report indicated that T790M mutation 

can be detected in circulating tumor DNA (ctDNA).14 Digital 

polymerase chain reaction (PCR) is a highly sensitive method 

that can detect single template molecules by dividing samples 

into nanoliter partitions.15

Continuation of EGFR-TKI therapy in addition to che-

motherapy was proven to be ineffective for TKI-resistant 

NSCLC, but the biological mechanism is yet to be clarified.16 

To our knowledge, the genetic change in EGFR-mutated 

NSCLC during combination chemotherapy with post-pro-

gression TKI has not been prospectively studied. Here, we 

examined the utility of noninvasive monitoring of the genetic 

evolution of EGFR-mutated NSCLC treated with combina-

tion therapy of EGFR-TKI therapy and cytotoxic agents.

Methods
The work described here was conducted in accordance with 

the Declaration of Helsinki and the Ethical Guidelines for 

Clinical Research issued by the Japanese Ministry of Health, 

Labour and Welfare. The protocol was approved by the 

Institutional Review Board of Tokyo Metropolitan Cancer 

and Infectious Diseases Center Komagome Hospital (Tokyo, 

Japan). All patients gave their written informed consent. The 

clinical trial registry number is UMIN000007817.

Study participants
This study enrolled patients with advanced NSCLC harboring 

EGFR exon 19 deletions or L858R with disease progression 

during EGFR-TKI therapy. Eligible patients had undergone 

EGFR-TKI therapy treatment for 28 days or longer and 

continued with the EGFR-TKI therapy. The other criteria for 

inclusion in the study were as follows:Eastern Cooperative 

Oncology Group performance status of 0–2; pretreatment with 

platinum-based chemotherapy or no indication of platinum use; 

measurable lesions defined by Response Evaluation Criteria in 

Solid Tumors, version 1.1 (RECIST 1.1);17 and having adequate 

organ function (neutrophil count $2,000 cells/µL, hemoglo-

bin $9.0 g/dL, platelet count $100,000 µL, aminotrans-

ferase #2.5× the upper limit of normal, total bilirubin #1.5× the 

upper limit of normal, creatinine clearance $45 mL/min, and 

oxygen saturation by pulse oximetry $95%). Patients were 

excluded if they were treated with both PEM and S-1, had a 

history of interstitial lung disease, severe or uncontrollable 

comorbidities, a malignancy that required treatment within 

6 months after enrollment, symptomatic central nervous system 

metastases, or massive pleural effusion or ascites. Patients who 

were pregnant or nursing women were also excluded.

Treatment
Eligible patients received daily gefitinib (250 mg) and either 

PEM (500 mg/m2, day 1) or S-1 (80 mg/m2, days 1–14). If 

a patient had received chemotherapy with neither PEM nor 

S-1, the regimen administered in this study was chosen by 

each investigator. The actual dose of S-1 was 120 mg/day 
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for patients with a body surface area (BSA) $1.5 m2, 

100 mg/day for 1.25 m2 # BSA ,1.5 m2, and 80 mg/day for 

BSA ,1.25 m2. The treatment was repeated every 3 weeks 

until disease progression or the development of unacceptable 

toxicity. If the creatinine clearance was below 60 mL/min, 

S-1 was started with a decreased dose: 100 mg/day for patients 

with BSA $1.5 m2, 80 mg/day for 1.25 m2 # BSA ,1.5 m2, 

and 50 mg/day for BSA ,1.25 m2.

Subsequent cycles were started if the performance 

status was 0–2, neutrophil count $1,500 cells/µL, platelet 

count $75,000 cells/µL, aminotransferase #2.5× the upper 

limit of normal, total bilirubin #1.5× the upper limit of 

normal, creatinine clearance $45 mL/min, nonhematological 

toxicities (except rash, weight loss, and electrocyte abnor-

mality) # grade 2, and diarrhea/vomiting # grade 1. If a 

patient experienced neutrophil count ,500 cells/µL, platelet 

count ,50,000 cells/µL, creatinine $1.5 mg/mL, grade 2 

diarrhea/vomiting lasting 2 days, or grade 3 nonhemato-

logic toxicities (other than rash, weight loss, and electrolyte 

abnormalities), a dose reduction of PEM/S-1 was required. 

Toxicities such as grade 4 nonhematological toxicities, pneu-

monitis of any grade, treatment delay .21 days, and other 

conditions unsuitable for continuing chemotherapy were 

considered for termination of the study treatment.

assessments
After enrollment, patient plasma samples were collected 

and further analyzed using a first digital PCR. Serum HGF 

concentration was measured before the initiation of combi-

nation chemotherapy. A second digital PCR was performed 

upon disease progression, 6 months after the initiation of 

combination chemotherapy, or termination of the study. 

Serum HGF concentration was measured again at the termi-

nation of study treatment. Tumor response to chemotherapy 

was assessed using RECIST 1.1. After baseline evaluation, 

tumor status was assessed every 6 weeks (two cycles). 

Toxicities were evaluated according to the National Cancer 

Institute’s Common Toxicity Criteria for Adverse Events, 

version 4.0.18

Sample processing and digital pCr
For plasma samples, 7–14 mL of peripheral blood was 

collected in ethylene diaminetetraacetic acid tubes and 

centrifuged at 1,000× g for 10 minutes to separate plasma 

from the peripheral blood cells. The plasma was then stored 

at −80°C until DNA extraction. All samples were centrifuged 

and frozen within 30 minutes after the collection. DNA was 

extracted from plasma using the QIAamp Circulating Nucleic 

Acid Kit (Qiagen GmbH, Hilden, Germany) according to 

the manufacturer’s instructions. DNA was eluted into water 

containing 0.04% sodium azide and stored at −20°C. DNA 

concentration was measured using NanoDrop 1,000 Spec-

trophotometer (Thermo Fisher Scientific, Waltham, MA, 

USA) Table S1.

Fluidigm 48.770 Digital-Array based digital PCR 

was carried out as described previously (Fluidigm, San 

Francisco, CA, USA).19 Samples were mixed with sequence-

specific TaqMan probes (MGB SNP detection kit for exon 

19 deletions and L858R, and Mutation Detection Assays 

for T790M), Master Mix, and Gene Expression Sample 

Loading Reagent (Thermo Fisher Scientific). Six microliters 

of this mixture was added to the 48.770 Digital Array Chip 

(Fluidigm) where it was partitioned into 770 separate PCR 

reactions. PCR cycle was performed by Fluidigm BioMark 

Genetic Analysis according to the manufacturer’s instruc-

tions and all positive reaction chambers were counted. Allele 

fraction was defined as the ratio of the mutant copy number 

divided by the wild-type copy number of each locus. Data 

were analyzed using a Poisson correction by BioMark Digital 

PCR Analysis Software v3.0 (Fluidigm).

Statistical methods
The primary end point of this study was the detection rate 

of known EGFR mutation from the plasma collected before 

combination therapy. To detect the difference between the 

expected 73% of samples and the null hypothesis of 50% 

using a two-stage design with 80% power and 10% alpha (one-

sided), 20 patients were to be enrolled. Secondary end points 

were detection rate of EGFR T790M mutation, detection rate 

of known EGFR mutation after combination therapy, serum 

HGF concentrations, progression-free survival (PFS), and 

chemotherapy toxicity. The number of months that elapsed 

between the enrollment and the date of disease progression or 

death was defined as PFS. Patients who remained alive without 

disease progression at the end of follow-up and patients who 

started subsequent chemotherapy without disease progression 

were censored. Time-to-event data were estimated using the 

Kaplan–Meier method. All tests were two-sided, and the 

significance level was set at 0.05. All data were analyzed 

using JMP version 9.0 software (SAS Institute Inc., Cary, 

NC, USA).

Results
patient characteristics
From May 2012 to January 2014, nine patients with EGFR-

mutated NSCLC and progression during EGFR-TKI therapy 

monotherapy were enrolled. Patient enrollment was dis-

continued in February 2014 because of slow accrual due 
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to a competing Phase III trial. The median age of enrolled 

patients was 67 (range 52–80) years, six patients (67%) 

were female and seven patients (78%) were nonsmokers. All 

patients had adenocarcinoma, and known EGFR mutation 

was L858R in six patients and exon 19 deletions in three 

patients. Performance status was 0 in two patients, 1 in six 

patients, and 2 in one patient (Table 1).

The median number of previous chemotherapy regimens 

was two (range 1–4). Two patients experienced only one 

regimen (EGFR-TKI therapy monotherapy) before enrollment, 

because they were both 80 years old and were considered unfit 

for platinum-based chemotherapy by the attending physician. 

Seven patients (78%) fulfilled Jackman’s criteria20 of acquired 

resistance to EGFR-TKI therapy, and the remaining two 

patients had experienced disease progression within 6 months of 

adjacent EGFR-TKI therapy without achieving partial response. 

The EGFR-TKIs used immediately prior to enrollment were 

gefitinib in eight patients and erlotinib in one patient. The 

median interval from the initiation of systemic chemotherapy 

to study enrollment was 20.6 (range 4.2–54.9) months.

Treatment
Regimens of combination chemotherapy were gefitinib 

plus PEM and gefitinib plus S-1 in four and five patients, 

respectively. The median number of cycles delivered was five 

(range 2–12). Toxicity in one patient prompted the discon-

tinuation of gefitinib plus PEM therapy, whereas the remain-

ing eight patients underwent combination chemotherapy until 

disease progression. PEM dose was reduced in two (50%) 

patients because of febrile neutropenia and prolonged grade 2 

diarrhea and patient’s request associated with grade 2 fatigue, 

respectively. Dose reduction of S-1 was required in three 

(60%) patients because of diarrhea (grade 3 in one patient and 

prolonged grade 2 in another patient) and reduced creatinine 

clearance. Delivered dose intensities were 95.8%, 93.2%, and 

82.6% for gefitinib, PEM, and S-1, respectively.

Detection of mutated eGFr from plasma
Digital PCR detected known EGFR mutation in six (67%) 

initial plasma samples (Table 2). EGFR L858R mutation 

was not detected from the plasma of patients with exon 19 

deletions, and exon 19 deletions were not detected from the 

plasma of patients with L858R; therefore, the specificity 

before combination therapy was 100%. EGFR T790M muta-

tion in plasma was detected from three (50%) patients, and all 

of them had NSCLC with EGFR L858R mutation. Samples 

after initiation of combination chemotherapy were obtained 

Table 1 patient characteristics

Category Subcategory N

Total 9
Median age (range), years 67 (52–80)
Sex Female 6

Male 3
Smoking history nonsmoker 7

ever smoker 2
Histological type adenocarcinoma 9
Known EGFR mutation exon 19 deletions 3

exon 21 l858r 6
Disease stage iiiB 1

iV 8
performance status 0 2

1 6
2 1

prior regimens 1 2
2 5
3 0
4 2

Abbreviation: EGFR, epidermal growth factor receptor.

Table 2 EGFR mutation detected by digital pCr and serum HGF levels

Case Known EGFR 
mutation

Treatment At enrollment After treatment

Ex19del, 
AF

L858R, 
AF

T790M, 
AF

HGF, 
ng/mL

Ex19del, 
AF

L858R, 
AF

T790M, 
AF

HGF, 
ng/mL

a ex19del G + S-1 0 0 0 0.19 0* 0* 0.022* 0.25
B l858r G + peM 0 0.053 0.021 0.91 0.038 0 0 0.51
C l858r G + S-1 0 0.028 0 0.35 0 0.027 0 0.27
D l858r G + S-1 0 0.101 0 0.26 0* 0.049* 0* 0.21
e ex19del G + S-1 0 0 0 0.22 0 0 0 0.26
F l858r G + peM 0 0 0 0.31 0* 0* 0* 0.24*
G ex19del G + peM 0.060 0 0 0.02 0.029 0 0.027 0.22
H l858r G + peM 0 0.201 0.030 0.26 0.008 0.612 0.063 0.27
i l858r G + S-1 0 0.531 0.015 0.11 0 0.454 0.036 0.19

Note: *Disease did not progress at evaluation.
Abbreviations: aF, allele fraction; EGFR, epidermal growth factor receptor; Ex19del, exon 19 deletions; G, gefitinib; HGF, hepatocyte growth factor; PCR, polymerase chain 
reaction; peM, pemetrexed.
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from all nine patients, six samples at disease progression 

and termination of combination therapy, one at 6 months 

after enrollment but still under treatment, one sample at 

termination of therapy because of toxicity, and one last 

sample at termination of this trial and still under treatment 

(Figure 1). Known EGFR mutation was detected from five 

patients, and four (67%) of the six samples were obtained 

at disease progression. Exon 19 deletions were detected 

from two patients with a tumor harboring L858R mutation. 

Notably, plasma T790M status changed to positive in two 

patients at the second evaluation. Of the three patients with 

positive T790M status initially, two samples at the second 

evaluation also presented T790M mutation, although one 

sample contained neither known EGFR mutation nor T790M 

mutation (Table 2).

Hepatocyte growth factor levels
Mean baseline HGF level was 0.29 ng/mL (range 0.02–0.91; 

median 0.26; standard deviation [SD] 0.25). At the termination 

of protocol treatment, the mean HGF level was 0.28 ng/mL 

(range 0.19–0.51; median 0.26; SD 0.10). Of the four patients 

who underwent gefitinib plus PEM therapy, baseline HGF 

levels were 0.38±0.38 ng/mL initially and 0.31±0.13 ng/mL 

at the end of the study treatment. Five patients in the gefi-

tinib plus S-1 cohort presented baseline HGF levels of 

0.23±0.09 ng/mL initially and 0.24±0.04 ng/mL at disease 

progression. Serum HGF levels did not change significantly 

through combination therapy (Table 2).

Efficacy
Partial response to combination therapy was observed in 

one patient each (25% and 20%) in gefitinib plus PEM and 

gefitinib plus S-1 cohorts. Overall response rate was 22% 

(95% confidence interval [CI] 6%–55%) and disease control 

rate was 67% (95% CI 35%–88%). The median PFS was 

5.7 months (95% CI 1.3–5.9) and the efficacy outcomes did 

not differ between the treatment regimens (Figure 1). PFS of 

three patients with plasma T790M before combination ther-

apy was 1.3, 1.6, and 5.9 months. PFS of three patients with 

baseline serum HGF concentrations higher than the median 

(0.26 ng/mL) was 5.8, 5.9, and 14.5 months. The median over-

all survival was 16.2 months (95% CI 4.7–19.9, Figure 2).

Figure 1 pFS and the timing of second digital pCr.
Abbreviations: G, gefitinib; HGF, hepatocyte growth factor; mo, months; PEM, pemetrexed; PCR, polymerase chain reaction; PFS, progression-free survival.

Figure 2 Kaplan–Meier curve for overall survival.
Note: number of at-risk patients = 9.
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Safety
No treatment-related deaths or grade 4 toxicity occurred. 

Grade 3 toxicity was observed in two (22%) patients. One 

patient in gefitinib plus PEM cohort developed grade 3 

leukopenia, neutropenia, and febrile neutropenia. Another 

patient in gefitinib plus S-1 cohort experienced grade 3 

diarrhea. Grade 2 diarrhea lasting for 2 days was observed 

in one patient each in gefitinib plus PEM and gefitinib plus 

S-1 cohorts. Other grade 1 and 2 toxicities are described 

in Table 3.

Discussion
In this study, we analyzed ctDNA using digital PCR and 

gained a favorable detection rate of known EGFR mutations. 

The number of patients with EGFR T790M mutation 

in plasma increased after combination chemotherapy. 

Combination chemotherapy with EGFR-TKI therapy beyond 

progression, and cytotoxic agents has a satisfactory activity 

with acceptable toxicity.

Previous studies reported various procedures for detect-

ing ctDNA. Detection rates of mutated EGFR from 

untreated, EGFR-mutant NSCLC patients were reported to 

be 75% and 82% for the Scorpion amplification refractory 

mutation system21 and denaturing high-performance liquid 

chromatography, respectively.22 An analysis using BEAMing 

to detect mutated EGFR from plasma reported a detection 

rate of 83% before the treatment, and it decreased to 62% 

after EGFR-TKI therapy.23 A meta-analysis investigating the 

diagnostic value of ctDNA for the identification of EGFR 

mutations has been published.

According to the analysis, the pooled sensitivity and 

specificity were 0.620 (95% CI 0.513–0.716) and 0.959 

(95% CI 0.929–0.977), respectively.24

We detected known EGFR mutation from 67% of 

patients who had undergone EGFR-TKI therapy, and the 

sensitivity is comparable to previous studies. The amount of 

ctDNA correlates with tumor burden.25 EGFR-TKI therapy is 

highly effective for EGFR-mutated NSCLC; thus, the tumor 

burden at stages of acquired resistance to EGFR-TKI therapy 

is often less than before the initiation of EGFR-TKI therapy. 

The decreased detection rate of known EGFR mutation from 

plasma after EGFR-TKI therapy may be explained by the 

decrease of tumor burden.

After combination chemotherapy, the number of patients 

with EGFR T790M mutations in plasma increased. To date, 

genetic change in patients who underwent combination 

therapy with EGFR-TKI therapy beyond progression is 

unknown. Preclinical models suggested that the combination 

therapy increases the population of T790M-positive cells,26 

and our clinical study confirmed the prediction. Although 

lung cancer cells with sensitizing and T790M mutation 

show slower growth compared with cells without T790M 

mutation,26 a prospective study found no difference in post-

progression survival between T790M-positive and -negative 

patients (median 14.7 vs 14.1 months, respectively).27 Thus, 

the prognostic impact of T790M mutation in TKI-resistant 

NSCLC patients is unknown.

In this study, we also evaluated serum HGF levels before 

and after combination chemotherapy. We employed a treat-

ment regimen effective on c-Met-amplified lung cancer cells 

with EGFR sensitizing mutation.12 Although we cannot draw 

a conclusion because of the overly small sample size, rela-

tively longer PFS achieved in patients with higher HGF levels 

at baseline may be associated with the preclinical findings.12,13 

Further investigation to identify predictive markers for the 

treatment of TKI-resistant NSCLC not driven by T790M 

mutation is needed.

The key limitation of this nonrandomized study is the 

small sample size. Although 20 patients were required 

to prove a detection rate above 50%, we could enroll 

only nine patients because of slow accrual. We could not 

prove the hypothesis because the primary end point was 

not met. However, genetic change observed in EGFR-

mutated NSCLC before and after combination therapy 

Table 3 Toxicities observed in this study

Toxicity G1, N G2, N G3, N G4, N

Hematologic
neutropenia 2 1 2 0
leukopenia 1 2 2 0
anemia 5 2 1 0
Thrombocytopenia 2 0 0 0

nonhematologic
aST increased 6 0 0 0
alT increased 6 0 0 0
Creatinine increased 2 0 0 0
anorexia 4 0 0 0
nausea 2 0 0 0
Diarrhea 5 2 1 0
Stomatitis 3 0 0 0
Constipation 2 0 0 0
Fatigue 5 1 0 0
rash acneiform 2 3 0 0
peripheral neuropathy 1 0 0 0
ileus 0 1 0 0
infection* 0 2 0 0
Febrile neutropenia 0 0 1 0
epistaxis 1 0 0 0

Notes: *Upper respiratory infection and lung infection. G1–G4 according to 
the national Cancer institute’s Common Toxicity Criteria for adverse events, 
version 4.0.18

Abbreviations: alT, alanine aminotransferase; aST, aspartate aminotransferase; 
G, grade.
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with EGFR-TKI therapy and cytotoxic agents had not been 

prospectively studied, thus our findings have some implica-

tions. Another limitation is the low detection rate in three 

patients with exon 19 deletions, although we employed a 

commercially available method. Since the previous retro-

spective study did not indicate a difference in sensitivity 

between two mutations,19 the results might be obtained by 

chance and need further validation.

Third-generation EGFR-TKIs are highly effective 

for NSCLC with sensitizing EGFR mutation and T790M 

mutation, whereas activity for T790M-negative cells was 

limited. Combination chemotherapy evaluated in our study 

was effective for patients without T790M mutation and 

induced an increase of T790M-positive patients. Therefore, 

a strategy to induce T790M mutation by continuation of 

EGFR-TKI therapy combined with cytotoxic agents may 

be useful for TKI-resistant NSCLC not driven by T790M 

mutation. Because the treatment strategy for EGFR-mutated 

NSCLC is dependent on the resistance mechanisms, sequen-

tial genetic profiling before treatment change will become 

increasingly important. Our study showed that noninva-

sive methods targeting ctDNA are useful in monitoring 

the genetic evolution of EGFR-driven tumors. However, 

challenges remain, such as detection in patients with low 

tumor burden. Further improvement of the methodology 

is warranted.

Conclusion
In conclusion, we demonstrated the usefulness of monitor-

ing the genetic evolution of EGFR-driven tumors using 

noninvasive procedures. Since continuation of EGFR-TKI 

therapy with cytotoxic agents has an acceptable tolerability 

and a possibility of inducing T790M mutation, the combi-

nation therapy may be useful as a part of treatment strategy 

for EGFR-mutant NSCLC resistant to EGFR-TKI therapy 

without T790M mutation.
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Supplementary material

Table S1 Total extracted Dna and Dna used for each reaction 
chip

Sample Plasma  
volume, mL

Total  
DNA, ng

DNA  
used, ng

a1 3.4 1,204.0 43.3
a2 5.0 534.2 48.1
B1 3.7 364.0 32.8
B2 4.4 911.2 82.0
C1 2.0 574.5 20.7
C2 4.2 713.6 64.2
D1 3.3 884.6 79.6
D2 3.2 882.6 79.4
e1 1.5 349.5 12.6
e2 2.2 74.6 6.7
F1 3.6 1,300.5 46.8
F2 2.4 381.8 34.4
G1 3.4 890.0 32.0
G2 3.4 1,078.5 38.8
H1 3.9 884.6 79.6
H2 3.3 1,127.0 101.4
i1 5.0 528.0 47.5
i2 4.2 1,142.6 102.8
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