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ctDNA assessment of EGFR mutation status in Chinese patients 
with advanced non-small cell lung cancer in real-world setting
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Background: The prevalence of EGFR mutations in circulating free tumor-derived DNA (ctDNA) was still 
unknown in China. This large-scale study (NCT02623257) aimed to explore the prevalence of epidermal growth 
factor receptor (EGFR) mutations and determine the correlation of EGFR mutation status with clinical characteristics.
Methods: Plasma DNA samples from 1,001 patients with stage III/IV NSCLC who received ≤1st line 
chemotherapy were collected from 65 hospitals. EGFR mutations were tested by amplification refractory 
mutation system (ARMS) method. The EGFR mutation rate was calculated and the associations between 
EGFR status and patients’ demographic data, disease status as well as treatment pattern were explored.
Results: EGFR mutations were detected in 251 of 1,001 (25.1%) patients, 26.8% in adenocarcinoma 
and 11.7% in squamous carcinoma. A total of 189 harbored sensitizing mutations alone, 28 had resistance 
mutations alone, 3 had a combination of activating mutations, and 31 had a combination of activating 
and resistance mutations. Higher detection rate was observed in chemotherapy-naïve patients than 
those received 1st line chemotherapy (27.0% vs. 18.0%; P=0.006). Of which, the mutation rate of exon  
19 deletion was 9.31% for naïve patients and 7.37% for the 1st chemotherapy patients; while the mutation 
rate of L858R decreased obviously from 10.20% (naïve) to 3.69% (1st line). We also noticed the mutation rate 
was 37.1% in patients with ≥2 organ metastases. Multivariate analysis showed female, chemotherapy-naïve,  
or ≥2 metastatic organs patients had higher EGFR mutation rate. 
Conclusions: ctDNA based EGFR mutation test is feasible and could be a surrogate when tissue biopsy is 
not available.
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Introduction

For many decades, lung cancer has been the most common 
cancer and the leading cause of cancer death worldwide (1). 
Approximately 733 million new lung cancer cases have been 
estimated to occur in China each year (2). About 85% of 
lung cancers are non-small cell lung cancer (NSCLC) and 
approximately 10% of US, 13% of European, and 35% of 
East Asia patients harbor epidermal growth factor receptor 
(EGFR) mutations. EGFR-tyrosine kinase inhibitors 
(EGFR-TKIs) are highly effective clinical therapies for 
NSCLC patients with EGFR mutations which have showed 
an objective response rate (ORR) of almost 70% and 
prolonged progression-free survival (PFS) to 8–13 months 
(3-8). Previously both clinical trials and real-world settings 
have demonstrated the predictive and prognostic value of 
tissue-based EGFR mutation on patients receiving TKIs. 
Tissue-based genotyping has always been the gold standard 
test for detection of EGFR mutation (9). Yet, in at least 
20% of patients especially after chemotherapy, tissue-based 
detection is not available for various reasons including 
insufficient availability of neoplastic tissue, lack of fitness 
of the available tissue for a biopsy or that a biopsy is not 
technically feasible (10). The circulating free tumor-derived 
DNA (ctDNA)-based mutation detection has shown to 
be very promising due to several significant advantages, 
including non-invasiveness, accessibility and the potential 
for repeated sampling. Several studies have demonstrated 
that it is feasible to assess EGFR mutation status by using 
ctDNA, which can be isolated from the plasma or serum 
of patients with NSCLC (11,12). As ctDNA analysis is 
technically challenging, it is important that the accuracy, 
suitability, and feasibility of use of ctDNA for mutation 
analysis in clinical practice are established. Many clinical 
centers have investigated the diagnostic accuracy of ctDNA 
for detection of EGFR mutation (13-15). The concordance 
rate of EGFR mutation between ctDNA and tumor tissues 
is largely dependent on detection techniques, and varies 
from 66% to 100% (16). In Caucasian population, the 
open-label IFUM study found EGFR mutation status 
concordance was 94% in patients with EGFR mutation-
positive NSCLC between 652 evaluable matched tissue/
cytologic and plasma (ctDNA) samples; in European and 
Japanese population, the ASSESS study evaluated the 
prevalence and accuracy of ctDNA EGFR mutation (12).  
The overall EGFR mutation frequency was 9% for 
evaluable plasma samples (8% for European and 13% 
for Japanese). Overall concordance of mutation status 

was 89% (sensitivity 46%, specificity 97%, PPV 78%, 
and NPV 90%). Although several studies have evaluated 
the prevalence of ctDNA EGFR mutation, while that in 
Chinese population is still unknown. EGFR mutation in 
plasma ctDNA by amplification refractory mutation system 
(ARMS) has been widely used in clinical settings in China. 
However, the prevalence of EGFR mutations in ctDNA 
was still unknown in the real world. This large-scale study 
(NCT02623257) aimed to explore the prevalence of EGFR 
mutations and determine the correlation of EGFR mutation 
status with clinical characteristics.

Methods

Study population

This observational, multi-institution, large-scale diagnostic 
study was performed between January 2016 and July 2017. 
The protocol was approved by the Institutional Review 
Board of Hangzhou First People’s Hospital (No. HZFH 
2015-47-01). All patients signed the informed consent. 
This study had been registered on clinicaltrials.gov  
(NCT02623257).  All  methods were performed in 
accordance with the relevant guidelines and regulations. 
Patients were considered eligible and enrolled in this 
study if they met the following criteria: (I) histologically 
confirmed as stage III/IV NSCLC; (II) received ≤1st line 
chemotherapy; (III) with samples collected more than 
2 weeks after 1st line chemotherapy; (IV) with samples 
collected before any following treatment; (V) with collected 
data for clinical features and follow-up treatment.

Sample collection and DNA extraction

The 10–15 mL of peripheral blood was collected in a cell-
free DNA protection vacuum tube (AmoyDx, Xiamen, 
China), which contains cell-free DNA protection reagent 
to keep DNA stable within 7 days at 4–25 ℃. The blood 
samples were transported to Center for Translational 
Medicine of Hangzhou First People’s Hospital within  
36 hours for further processing. For DNA extraction, the 
blood samples were centrifuged at 2,500 g for 10 minutes 
at 4 ℃. The supernatant was transferred to a new tube and 
centrifuged at 15,800 ×g for 15 minutes at 4 ℃. The plasma 
supernatant was stored at −80 ℃. The cell free DNA from 
1.5 mL plasma was extracted with QIAamp Circulating 
Nucleic Acid kit  according to the manufacturer’s 
instructions (CAS# 55114, Qiagen, Hilden, Germany).
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Detection of EGFR mutations in plasma ctDNA by ARMS

EGFR mutations in plasma ctDNA were determined by 
using ADx-ARMS (amplification refractory mutation 
system) kit (Amoy Diagnostics, Xiamen, China), and 
all experiments and genotyping calling were performed 
according to the manufacturer’s instructions (17).  

Statistical analysis

Continuous data of normal distribution between two groups 
were compared using Student’s t test, Wilcoxon two sample 
tests were performed when continuous data did not follow 
the normal distribution. Categorical data between the two 
groups were compared using the Chi-square or Fisher’s 
exact test. Unconditional multiple logistic regression were 
performed to estimate the risk factors of EGFR mutation, 
independent variables included age, gender, smoking, 
chemotherapy, and pathology of tumor. Significance in 
all the analyses was assessed at 0.05 levels. All tests were 
performed with two-tailed. The analyses were performed 
using SAS software (version 9.3, SAS Institute, Cary,  
NC, USA).

Results

Patient characteristics

A thousand one hundred and fifty-five patients with 
advanced or recurrent NSCLC between January 2016 
and July 2017 were enrolled consecutively. Excluding 154 

ineligible patients, 1,001 were included in analysis. The 
median age of the patients was 67 years (19–94 years). 
60.5% of patients were male. 55.6% had no smoking history. 
The type of NSCLC was predominantly adenocarcinoma 
(86.7%) and 65.9% of patients were diagnosed as stage IV 
disease. Two hundred and seventeen patients had received 
1st chemotherapy before enrolled in this study. Of these 
217 patients, only 6 patients had undergone ctDNA EGFR 
detection both before and after chemotherapy. Figure 1 
showed the scheme of clinical trial design.

EGFR mutation profiles ctDNA samples 

EGFR mutations were detected in 251 of 1,001 (25.1%) 
patients. The details are summarized in Table 1. Of the 
1,001 evaluable samples, 189 (18.9%) harbored sensitizing 
mutations alone, 28 (2.8%) had resistance mutations 
[T790M mutation 2.1%, exon 20 insertion (20ins) 0.7%]
alone, 3 (0.3%) had a combination of activating mutations, 
and 31 (3.1%) had a combination of activating and 
resistance mutations. The most common mutations 
detected were the exon 19 deletion [deletion alone: 8.9% 
(89 of 1,001)]; the L858R point mutation in exon 21 
[L858R alone: 8.6% (86 of 1,001)]; T790M mutation 
[2.1% (21 of 1,001)] (Table 1). Of 868 patients with 
adenocarcinoma, 233 (26.8%) harbored EGFR mutations 
(86 for ex19del alone, 82 for L858R alone, and 44 for 
T790M); and of 120 squamous cell lung cancer patients, 
14 (11.7%) harbored EGFR mutations (3 for ex19del 
alone, 2 for L858R alone, and 6 for T790M).

Patients enrolled (n=1155)

Blood samples collected (n=1,005)

Ineligible (n=150)

Insufficient blood samples (n=1)

Hemolysis (n=2)

Insufficient DNA (n=1)

Data avaiable on plasma samples (n=1,001)

Figure 1 The scheme of sample collection for clinical trial.
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Influence of chemotherapy on EGFR mutation

To assess the influence of chemotherapy on ctDNA 
EGFR mutation, we undertook subgroup analysis. In 
chemotherapy-naïve patients, EGFR mutation rate was 
27.0%, while that was 18.0% in chemotherapy-treated 
patients (P=0.006). Interestingly, L858R mutation decreased 
from 10.2% to 3.69% in chemotherapy-treated patients; 
whereas Exon 19 deletion decreased from 9.31% to 7.37% 
(Figure 2). Supplementary Table S1 shows the unbalance 
clinical characteristics between chemotherapy-naive and 
-treated patients. Since the unbalance existed between 
chemotherapy-naive and chemotherapy-treated groups, we 
further undertook multivariate analysis to explore L858R 
mutation associated factors. We found L858R mutation 

detection rate significantly decreased after chemotherapy 
(P=0.024; Figure 3).

To further explore the factor correlating with EGFR 
mutation, multivariate analysis showed gender, histology, 
chemotherapy, and organ with metastases were independent 
factors predicting EGFR mutation (Table 2). 22.2% patients 
without metastasis harbored EGFR mutations, while 24.5% 
and 37.1% with 1 and ≥2 metastases patients harbored 
EGFR mutations (P=0.001). Female non-smokers with 
adenocarcinoma and multiple metastases organs who were 
chemotherapy-naïve were more prone to carry EGFR 
mutation. 37.1% of patients with multiple distant metastatic 
organs detected EGFR mutation, while only 24.5% of 
patient with thoracic limited metastasis detected EGFR 
mutation.

Treatment choice in clinics after EGFR test

In 254 patients who had the follow-up treatment records, 
39 of 56 patients (69.6%) with sensitive EGFR mutations 
received EGFR-TKI, 114 of 184 (61.9%) patients without 
sensitive EGFR mutation received chemotherapy ± 
radiation. Details were in Table 3.

Discussion

This study is a large-scale real world study of plasma 
EGFR mutation testing practices in China, which aimed to 
explore the prevalence of EGFR mutations and determine 
the correlation of EGFR mutation status with clinical 
characteristics.

We noticed that the EGFR mutation rate detected in 
real world practices is generally lower when comparing the 
data in clinical trials. In China, ARMS method is the only 
one for ctDNA testing approved by cFDA, the detection 
sensitive is 1–5% according to the different mutation sites. 
Although the previous studies showed that the sensitivity 
ranged from 67.5% to 75% and the specificity is relative 
high, above 95% by ARMS assay (18). The pooled EGFR 
mutation detection rate in plasma is about 20% reported in 
two meta-analysis (19,20). In one real world study, ASSESS, 
the overall sensitivity is 46%, which is markedly lower than 
previous reported sensitivity when analyzing the EGFR 
mutation status between tissue and plasma samples (12). In 
Japanese population, the EGFR detection rate is 12.0% in 
281 plasma samples (12). Our data showed that the overall 
EGFR mutation rate is 26.8% in 868 adenocarcinoma, and 
11.7% in 120 squamous carcinoma in Chinese patients. The 

Table 1 Summary of individual EGFR mutation types (including 
multiple mutations)

EGFR mutations N %

Patients with an evaluable EGFR 
mutation test

1,001 100

Sensitizing mutations alone 189 18.9

Exon 19 deletion 89 8.9

Exon 21 L858R 86 8.6

Exon 21 L861Q 3 0.3

Exon 20 S768I 1 0.1

Exon 18 G719X 10 1.0

Combination of sensitizing 
mutations

3 0.3

L858R + 19del 1 0.1

L858R + S768I 1 0.1

G719X + S768I 1 0.1

Resistance mutations alone 28 2.8

Exon 20 T790M 21 2.1

Exon 20 insertion 7 0.7

Combination of sensitizing and 
resistance mutations

31 3.1

19del + T790M 18 1.8

L858R + T790M 12 1.2

L858R + 20ins 1 0.1

Patients with a negative EGFR 
mutation test

750 74.9

EGFR, epidermal growth factor receptor.
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relative satisfactory data than ASSESS study revealed the 
differences in available accessible methodologies, knowledge 
and quality control, which may contribute to this variation.

In our study, 35 patients had both tissue and plasma 
samples. The detection concordance was 68.6% (24/35). 
IGNITE study showed mutation status concordance 
between 2,581 matched tissue/cytology and plasma samples 
was 80.5% in overall population and 77.7% in China (21). 
BENEFIT study showed the concordance was 78.01% 
with high sensitive droplet digital PCR (22). The relative 
lower concordance in our studies might be due to the 

limited number of paired samples and the different time of 
collection for tissue and plasma.

Currently, more robust platform is available for EGFR 
mutation detection. The detection sensitivity of the 
platform can reach 0.1–0.01%. In EGFR mutation analysis 
of osimertinib phase I registration study, the data showed 
that sensitivity of sensitive mutation detection is 82–86%, 
specificity is 96–97% by beaming digital PCR. With droplet 
digital PCR, the plasma testing sensitivity and specificity 
were 81.82% and 98.44% for exon19 deletions, 80.00% 
and 95.77% for L858R. These data indicate the real world 

NativeNative
Chemotherapy treated

Total =784 Total =217

9.31% 19del
10.20% L858R
2.30% Rare Mutations
1.53% T790M + 19del
1.40% T790M + L858R
72.96% Negative
0.13% 19del + L858R
2.17% T790M

7.37% 19del
3.69% L858R
1.84% Rare Mutations
2.76% T790M + 19del
0.46% T790M + L858R
82.03% Negative
1.84% T790M

A B

Figure 2 EGFR mutation profiles determined by ARMS in ctDNA from chemotherapy-naive (A) and chemotherapy treated patients (B). 
EGFR, epidermal growth factor receptor; ARMS, amplification refractory mutation system; ctDNA, circulating free tumor-derived DNA.

Age (>65 vs. ≤65) 1.360 0.126

0.906

0.233

0.641

0.024

0.1 1 10

1.038

0.695

0.898

0.409 0.188–0.888

0.571–1.412

0.382–1.264

0.556–1.940

0.917–2.016

Factors 95%CI P value Odd ratioOR

Gender (Female vs. Male)

Smoking (Yes vs. No)

Pathology (Ad vs. Non-Ad)

Chemotherapy (Yes vs. Naive)

Figure 3 Multivariate analysis of L858R mutation.
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mutation analysis in plasma could be further improved if 
more sensitivity methodology is used.

In this study, we also analyzed the mutation detection 
rate between naive pat ients  and patient  with 1st 
chemotherapy treatment. This trend is consistent with the 

data reported in one pooled samples compared with before 
and after chemotherapy treatment. The lower detection 
rate was observed in patient treated with chemotherapy. 
Especially for L858R, the mutation rate decreased obviously 
compared with other mutation type, from 10.20% to 

Table 2 Univariate and multivariate analysis of EGFR negative and positive patients

Clinical factors
EGFR patients Multivariate analysis

− (N=750) + (N=251) P value OR (95% CI) P value

Age, years, median [range] 67 [19–94] 66 [38–93] 0.230

Gender <0.001 <0.001

Female 252 (33.6) 143 (57.0) 2.445 (1.811–3.301)

Male 498 (66.4) 108 (43.0) 1

Tumor stage 0.077 0.077

Stage III 267 (35.6) 74 (29.5) 1

Stage IV 483 (64.4) 177 (70.5) 0.796 (0.484–1.308)

Histology 0.001 0.029

Adenocarcinoma 635 (84.7) 233 (92.8) 1.825 (1.064–3.130)

Non-adenocarcinoma 115 (15.3) 18 (7.2) 1

Smoking history <0.001 0.324

Never 387 (51.6) 170 (67.7) 1

Yes 363 (48.4) 81 (32.3) 0.887 (0.554–1.419)

Chemotherapy 0.006 0.016

Naive 572 (76.3) 212 (84.5) 1

After 1st line 178 (23.7) 133 (15.5) 0.615 (0.413–0.914)

Metastatic organs 0.001 <0.001

0 407 (54.3) 116 (46.2) 1

1 253 (33.7) 82 (32.7) 1.238 (0.885–1.730) 0.212

2–4 90 (12.0) 53 (21.1) 2.339 (1.546–3.539) <0.001

Table 3 Treatment choice after EGFR test in patients with different EGFR mutation

EGFR
Treatment choice after EGFR test, n (%)

BSC Chemo Chemo + RT RT Surgery TKI TKI + RT

Negative 27 (14.67) 85 (46.20) 12 (6.52) 17 (9.24) 5 (2.71) 37 (20.11) 1 (0.54)

Sensitizing 5 (8.93) 9 (16.07) 1 (1.79) 2 (3.57) 0 (0) 37 (66.07) 2 (3.57)

Resistance 3 (33.33) 3 (33.33) 0 (0) 0 (0) 1 (11.11) 2 (22.22) 0 (0)

Combination 0 (0) 1 (20.00) 0 (0) 0 (0) 0 (0) 4 (80.00) 0 (0)

EGFR, epidermal growth factor receptor; BSC, best supportive care; chemo, chemotherapy; RT, radiotherapy; TKI, tyrosine kinase inhibitor.
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3.69%, which may indicate that tumor cell with L858R may 
more sensitive to chemotherapy. Tseng et al. found among 
patients harboring EGFR mutations, smokers expressed 
L858R mutation less frequently (35.2% vs. 50.2%, 
P=0.005) and exon 19 deletions more frequently (52.8% vs. 
38.8%, P=0.008) than nonsmokers (23). Although higher 
percentage of non-smokers was seen in chemotherapy-
treated group, our finding showed in non-smoker, L858R 
mutation also decreased from 14.2% to 4.7% after 1st 
line chemotherapy. The lux-lung3/6 studies showed that 
patients with L858R received chemotherapy can obtain 
longer PFS compared with patients treated with afatinib 
as 1st line treatment, but not for patients with 19Del (24).  
Taken together, tumor cell with EGFR L858R may 
present its distinct sensitivity to chemotherapy and TKI 
different from 19Del which needs considering more 
appropriate clinical strategies.

In real-world practice, different stage and metastasis 
status may significantly complicate the detection rate of 
EGFR mutation in plasma, considering the release of the 
ctDNA is influenced by the tumor burden and metastasis. 
More metastatic tumors generate more DNA leakage into 
the bloodstream, resulting in higher tumor-derived DNA 
levels. Previous study showed that higher frequency was 
found in the plasma of patients with M1b disease than M1a 
disease (13% vs. 7%) despite the mutation rate is similar 
in tumor tissue of two groups (25). Mao and his colleagues 
also found both relative ctDNA abundance and ctDNA 
concentration had a significant correlation with disease M 
stage (26). In our study, we further analysis compare the 
mutation rate among the patients with thoracic limited 
metastasis, single and multiple distant metastatic organs. 
Highest mutation rate was observed in patients with 
multiple distant metastatic organs (37.1%) versus patients 
with single metastatic organ, patient with thoracic limited 
metastasis is the lowest (24.5%), which is consistent with 
the hypothesis of greater release of ctDNA in patients with 
distant metastases. 

Whether ctDNA testing can cause false-positive is 
always controversy. Tiger X study showed that 23 samples 
is positive in plasma but negative in tumor tissue, which 
could be explained by the ctDNA may allow identification 
of mutations from heterogeneous tumors (27). One recent 
comprehensive study analyzed the discordance of EGFR 
mutation status between tumor tissues and matched ctDNA 
in advanced NSCLC (28). Through ddPCR and NGS 
further confirmation in biopsy tissues and micro-dissected 
surgical specimens, 27 negative in tumor, positive in ctNDA 

patients previous tested were identified harboring EGFR 
mutation in tissue specimens. These data further indicated 
that intra and inter-tumor heterogeneity contributed to 
discordant EGFR mutation status between tissues and 
ctDNA.

In conclusion, this real-world data suggest that ctDNA is 
a feasible sample for EGFR mutation analysis when tumor 
samples are unavailable. It is important to conduct mutation 
testing with strictly quality control in expert laboratories, 
using robust and sensitive mutation testing methods to 
ensure accuracy of results.

Clinical practice points

	The prevalence of EGFR mutations in ctDNA was still 
unknown in Chinese population.

	Our data from 1001 advanced NSCLC patients showed 
higher detection rate was observed in chemotherapy-
naïve patients than 1st line chemotherapy patients.

	The L858R mutation was significantly lower in 
patients after 1st line chemotherapy. Tumor cell with 
L858R mutation may present its distinct sensitivity to 
chemotherapy.

	Except for gender and histology, number of metastatic 
organs could influence EGFR mutation.

	This study indicated ctDNA based EGFR mutation test 
was feasible and could be a surrogate when tissue biopsy 
is not available.
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Table S1 Comparison of clinical characteristics for chemotherapy-naïve and -treated patients

Clinical factors Chemotherapy-naive Chemotherapy-treated P

Age, years <0.001

Median 68 65

Range 33–94 19–82

Gender, n (%) 0.006

Male 457 (58.3) 149 (68.7)

Female 327 (41.7) 68 (31.3)

Smoking history, n (%) 0.023

Never 451 (57.5) 106 (48.8)

Former/current 333 (42.5) 111 (51.2)

Histology, n (%) <0.001

Adenocarcinoma 694 (88.5) 174 (80.2)

Non-adenocarcinoma 90 (11.5) 43 (19.8)

Tumor stage, n (%) <0.001

III 289 (36.9) 52 (24.0)

IV 495 (63.1) 165 (76.0)

Organs with metastases, n (%) <0.001

0 434 (55.4) 89 (41.0)

1 245 (31.3) 90 (41.5)

2 or more 105 (13.4) 38 (17.5)
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