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Purpose: The purpose of this study is to compare the different EGFR mutation status in 
patients with metastatic non-small cell lung cancer (NSCLC) after first-line EGFR-TKIs 
therapy and analyze its relationship with efficacy and prognosis.
Patients and Methods: This study retrospectively analyzed the data of patients with 
metastatic NSCLC harboring EGFR mutation in the Affiliated Tumor Hospital of Guangxi 
Medical University from June 2016 to December 2020. Samples were collected before 
treatment and at the time of disease progression after first-line EGFR-TKIs therapy. 
Amplification refractory mutation system (ARMS) PCR and next-generation sequencing 
(NGS) were used to detect EGFR mutation. ORR, DCR, and PFS of different EGFR 
mutation groups were compared.
Results: The EGFR mutation rate of re-biopsy was 60.23%. The inconsistency rate of EGFR 
mutations in the same and different simple types was 72.22% (26/36) and 92.31% (48/52), 
respectively. Alterations in terms of EGFR mutations were divided into four groups: Group 
A: EGFR-sensitive mutation negative and T790M negative (39.77%); Group B: EGFR- 
sensitive mutation positive and T790M negative (18.19%); Group C: EGFR-sensitive muta-
tion negative and T790M positive (36.36%); Group D: EGFR-sensitive mutation positive and 
T790M positive (5.68%). The differences between the four groups in ORR and DCR were 
not statistically significant (P>0.05). The median PFS of all patients was 10.65 months. PFS 
of Group A, B, C, and D was 12.26, 7.96, 10.55, and 13.81 months, respectively, with 
statistical significance (Log rank P = 0.014).
Conclusion: EGFR mutation status in metastatic NSCLC patients receiving the first- 
and second-generation TKIs after disease progression show diversity. Monitoring the 
EGFR mutation changes is of great importance for subsequent clinical decision-making 
and exploring the underlying mechanisms of acquired resistance.
Keywords: non-small cell lung cancer, EGFR-TKIs, re-biopsy, EGFR gene mutation status

Introduction
EGFR (epidermal growth factor receptor) gene mutation, as the most common drive 
mutations, occurs in Asian race patients with non-small cell lung cancer (NSCLC) 
with a frequency of approximately 30%–40%.1,2 Substantial previous studies sup-
port that EGFR-tyrosine kinase inhibitors (TKIs) monotherapy, including the 
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irreversible ErbB family blocker, such as osimertinb 
(third-generation), afatinib (second-generation), and the 
reversible EGFR-TKIs (first-generation), represented by 
icotinib (approved in China only), gefitinib and erlotinib, 
has been a standard of care for patients with locally 
advanced or metastatic NSCLC harboring EGFR mutation. 
Still, almost all patients will inevitably develop acquired 
resistance at 9 to 14 months after treatment.3–6 The mis-
sense mutation T790M is the primary type of drug resis-
tance mutation, substituting methionine (M) for threonine 
(T) at position 790 at EGFR exon 20, accounting for 
nearly two-thirds of patients.7,8

Therefore, dynamic detection of the EGFR gene muta-
tion status during disease progression is of great signifi-
cance for guiding patients in subsequent treatment and 
achieving precise therapy throughout the course. Our 
study enrolled the metastatic NSCLC patients with EGFR- 
TKIs first-line treatment and compared their EGFR gene 
mutations in matched specimens before treatment (base-
line) and disease progression to verify the necessity of re- 
biopsy and to better understand dynamic changes of EGFR 
mutation.

Patients and Methods
Patients
We retrospectively collected data on metastatic NSCLC 
patients initially diagnosed with EGFR 19 del or L858R- 
sensitive mutation and treated with EGFR-TKIs as the 
first-line regiment in Guangxi Medical University 
Affiliated Tumor Hospital from June 2016 to 
December 2020. Information of age, sex, smoking history, 
The Eastern Cooperative Oncology Group (ECOG) score, 
biopsy site, sample type, EGFR mutation status, the effi-
cacy of EGFR-TKIs, and progression-free survival were 
extracted from medical records. The study was conducted 
in accordance with the principles of the Declaration of 
Helsinki and approved by the Ethics Committee of 
Guangxi Medical University Affiliated Tumor Hospital. 
The identifiable information of patients was unnamed or 
anonymous with the aim to protect patients’ privacy. The 
need for informed consent was waived owing to the retro-
spective nature of the study.

The inclusion criteria for enrollment were as follows: 
(1) histologically or cytologically diagnosed with stage IV 
NSCLC without receiving any anti-tumor treatment; (2) 
confirmed with EGFR typical (exon 19 deletion or exon 21 
L858R mutation) or untypical sensitive mutations by 

amplification refractory mutation system (ARMS) or next- 
generation sequencing (NGS) before treatment; (3) 
patients received EGFR-TKIs as the first-line monotherapy 
and the EGFR mutation status were detected at the time of 
disease progression.

The exclusion criteria were as follows: (1) EGFR gene 
with non-sensitive mutation or primary T790M mutation; 
(2) patients used EGFR-TKIs based double- or triple-drug 
regimens as first-line therapy, including EGFR-TKIs com-
bined with chemotherapy or anti-angiogenesis; (3) concur-
rent or secondary other primary cancer.

EGFR Gene Mutation Detection
Amplification refractory mutation system-polymerase 
chain reaction (ARMS-PCR) and next-generation sequen-
cing technology (NGS) were used to define the EGFR 
mutation status.

The ADx EGFR 29 Mutation Kit (Amoy Diagnostics, 
Xiamen, China), using AMRS-PCR to detect previously 
predefined point mutations, covers 29 point mutations of 
EGFR including exon 18 G719X (G719A, G719, 
G719C), exon 19 deletions, exon 20 insertions (three 
types of insertions), exon 20 T790M and S768I, and 
exon 21 L858R and L861Q mutation et al (details in 
Appendix Table 1). The assay was performed in accor-
dance with the manufacturer’s protocol with the 
MX3000P (Stratagene, La Jolla, USA) real-time PCR 
system. The 25 μL RT-PCR comprised 0.4 μL template 
DNA, 3.6 μL deionized water, and 16 μL reaction mix 
(reaction buffer, dNTPs, specific oligos, and probes). PCR 
was carried out with an initial denaturation at 95°C for 10 
min, followed by 40 cycles of amplification (at 95°C for 
30 s and 61°C for 1 min). The results were analyzed 
according to the criteria defined by the manufacturer. 
Positive results were defined as Ct (sample)-Ct(control) 
\Ct(cut-off). The criteria are that Ct value <26 is defined 
as EGFR mutation-positive; Ct value ≥29 as negative. If 
the Ct value is in the range of 26–29, the Ct value should 
be determined. If the Ct value is less than the cut-off 
value, the EGFR mutation of the sample is viewed as 
weakly positive.

NSG, as a high-throughput sequencing technology, is 
capable of detecting mutations, indels, copy number varia-
tions, and genomic rearrangements simultaneously, was 
performed in the American College of Pathologists 
(CAP) certified labs (Shihe Gene Biotech Inc, Nanning, 
China, and Geneplus Technology, Beijing, China) in 
China. EGFR sensitizing mutations were defined 
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according to the National Comprehensive Cancer Network 
(NCCN) guidelines, including typical exon 19 del and 
exon 21 L858R mutations and untypical exon 18 G719X, 
exon 20 S768I, exon 20 insertion variant 
A763_Y764insFQEA and exon 21 L861Q mutations.

Efficacies Evaluation and Follow-Ups
The response to EGFR-TKIs was assessed according to 
Response Evaluation Criteria in Solid Tumors (RECIST) 
version 1.1, and PFS was defined as the time from diag-
nosis to disease progression or death from any cause. The 
first evaluation was conducted at 1 month, and then the 
follow-up interval was every 2 months. The last follow-up 
was on March 31, 2021.

Statistical Analysis
Continuous and categorical variables were presented as 
mean ±SD and frequency (%), respectively. Either 
Student’s t-test or Kruskal–Wallis H-test was used depend-
ing on whether the continuous variables showed normal or 
skewed distribution. Fisher’s exact test was applied if the 
theoretical frequency existing in cells of 2×2 tables was 
less than 5. Pearson’s chi-square test was used to assess 
categorical variables. The rank-sum test was used to ana-
lyze different EGFR gene mutation status effects on ORR 
and DCR when re-detected after first-line targeted therapy. 
The impact of different EGFR gene mutation status on 
PFS was described by Kaplan–Meier curves and compared 
by a Log rank test. The hazard ratios (HR) and 95% 
confidence intervals (CI) for the risk of disease progres-
sion were estimated using Cox proportional hazards mod-
els with adjustment for pertinent variables. The criteria for 
selecting variables used for adjustment was that if the 
change in the effect estimate was more than 10% after an 
adjusted variable or the P-value in the univariable analysis 
was less than 0.05. This variable should be adjusted in Cox 
proportional hazards models. A two-tailed p<0.05 was 
considered statistical significance. All data were analyzed 
using the statistical package R version 3.4.3 (R Foundation 
for Statistical Computing, Vienna, Austria) and Empower 
(X&Y Solutions, Inc. Boston, Massachusetts).

Results
Clinical Characteristics and EGFR 
Mutation Status
Eighty-eight patients met the criteria enrolled in the study. 
Clinical characteristics and EGFR mutation status before 

treatment and after progression are shown in Table 1. The 
type of pathology of all enrolled patients was adenocarci-
noma. The apparent differences before treatment (biopsy) 
and after progression (re-biopsy) in clinical characteris-
tics are the sample types and EGFR mutation status. 
Before treatment, the primary sample type was tissue, 

Table 1 Clinical Characteristics and EGFR Mutation Status of 
Enrolled NSCLC Patients Before Treatment and After 
Progression

Characteristics Before 
Treatment 

N (%)

After 
Progression 

N (%)

P value

Age (years) 0.571

≤65 72 (81.82) 69 (78.41)
>65 16 (18.18) 19 (21.59)

Sex 1

Female 46 (52.27) 46 (52.27)

Male 42 (47.73) 42 (47.73)

Smoking history 0.163

Never 62 (70.45) 61 (69.32)
Ever 26 (29.55) 27 (30.68)

ECOG score 0.265
0–1 83 (94.32) 79 (89.77%)

2–4 5 (5.68) 9 (10.23)

Tissue biopsy 

site

0.293

Primary 67 (76.14) 22(66.67)
Secondary 21 (23.86) 11(33.33)

Sample type 0.000
Tumor tissue 78 (88.64) 33 (37.50)

Pleural 

effusion

10 (11.36) 3 (3.41)

Plasma 0 52 (59.09)

EGFR mutation 
status

0.000

19Del 50 (56.82) 7 (7.96)

L858R 32 (36.36) 7 (7.96)
Others* 6 (6.82) 2 (2.27)

T790M NA 37 (42.05)

Mutation 
clearance

NA 35 (39.76)

Notes: *Others in the pre-treatment patients include EGFR G719X mutation (1 
case), 19Del-L858R concurrent mutation (2 cases), L858R-L861Q concurrent 
mutation (2 cases), and G719X-19Del concurrent mutation (1 case), and in post- 
progression patients include L858R-L861Q concurrent mutation (1case), G719X- 
L861Q concurrent mutation (1case); Mutation clearance, both EGFR-sensitive and 
T790M mutation are negative; NA, not applicable. 
Abbreviations: ECOG score, Eastern Tumor Cooperation Group score; EGFR, 
epidermal growth factor receptor; 19Del, EGFR exon 19 deletion mutation; L858R, 
EGFR exon 21 L858R mutation; T790M, EGFR exon 20 T790M mutation; PR, 
partial remission; SD, stable disease; PD, disease progression.
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whereas, in the condition of disease progression, ctDNA- 
based liquid-biopsy using plasma as materials accounted 
for approximately two-thirds of samples (59.09%). The 
overall EGFR mutation rate of re-biopsy specimens was 
60.23% (51/88). The primary type was the secondary 
T790M mutation (42.05%) and then followed by EGFR 
mutation clearance (39.76%), 19Del (7.96%), L858R 
(7.96%), and other types of mutations (2.27%). The 
inconsistency rate of EGFR mutations in the same and 
different simple types was 72.22% (26/36) and 92.31% 
(48/52), respectively (details in Appendix Table 2).

Treatment
Of all the 88 enrolled patients, 51 were treated with 
icotinib (57.95%), 32 with gefitinib (36.36%), and 5 
with afatinib (5.68%). The ORR and DCR were 
69.32% and 94.31%, respectively. The median PFS was 
10.65 months. To clarify the different EGFR mutation 
status after progression on the effect of efficacies and 
clinical outcomes, we divided them into four groups: 
Group A: EGFR-sensitive mutation negative and 
T790M negative (39.77%); Group B: EGFR-sensitive 
mutation positive and T790M negative (18.19%); 
Group C: EGFR-sensitive mutation negative and 
T790M positive (36.36%); Group D: EGFR-sensitive 
mutation positive and T790M positive (5.68%). Group 
A, B, C, and D accounted for 39.77% (35/88),18.19% 
(16/88), 36.36% (32/88), 5.68% (5/88), respectively. The 
differences between the four groups in ORR and DCR 
were no statistical significance (P>0.05).

Comparison of the Post-Progression 
EGFR Mutation Status by Grouping
Clinical Characteristics and Treatment Response of 
Different Groups
Clinical characteristics and treatment responses of differ-
ent groups are listed in Table 2. There was no statistical 
significance between the four groups in age, sex, smoking 
history, tumor biopsy site, sample type, initial EGFR 
mutation status, EGFR-TKIs selection (P>0.05). The dif-
ference was found in ECOG score for four groups with 
P <0.05. We also noticed that treatment response seems to 
be more negligible effect by grouping.

Univariate Analysis of the Relationship Between PFS 
and Variables
Results of univariate analysis using Cox proportional 
hazards regression model are listed in Table 3, 

demonstrating that SD comparing with PR, and Group 
B comparing with Group A had more hazard to develop 
disease progression, with HR=4.91 (95% CI=2.81–8.58, 
P <0.0001) and HR=2.70, (95% CI=1.44–5.07, P = 
0.0021), respectively.

Multivariate Analysis of the Relationship Between 
PFS and Four Groups
According to the principles of covariates selection for 
multivariate analysis, we conducted every two groups for 
comparison (shown in Table 4). Statistical significance can 
be found in comparing Group A and Group B with 
HR=2.44 (95% CI=1.32, 4.52) (P=0.0044).

Kaplan–Meier Curve of PFS of Different Groups and 
Its Comparisons
Kaplan–Meier curve was used to demonstrate the PFS of 88 
patients who experienced disease progression after first-line 
targeted therapy (shown in Figure 1). The median PFS of all 
patients was 10.65 months. The PFS for Group A, B, C, and 
D was 12.26, 7.96, 10.55, and 13.81 months, respectively 
(shown in Figure 2). The difference between the four groups 
was statistically significant (Log rank P = 0.029).

In addition, we compared the Kaplan–Meier curve 
between every two groups (showed in Figure 2). The 
proportional COX hazard ratio model between every two 
groups was also conducted. The results of median PFS, 
Log rank values and HR with 95% confidence interval are 
listed in Table 4.

Discussion
Several clinical trials, such as IPASS, OPTIMAL, NEJ002, 
EURTAC, ARCHER1050, LUX-lung 7, and FLAURA, 
have established the standard role of EGFR-TKIs as the 
first-line setting in the treatment of patients with EGFR 
mutations.9–11 It is well known that mechanisms of resis-
tance against EGFR-TKIs are complex. Heterogeneity, 
secondary mutation, bypass signaling pathway activation, 
and histology transformation are involved.10,11 To clarify 
the mechanisms of acquired resistance and select 
a corresponding therapeutical strategy, the guidelines 
recommend that re-biopsy should be routinely 
performed.12

In this study, tumor tissue was the primary source of 
specimens for the initial EGFR mutation detection. 
Nevertheless, at the time of progression, and plasma 
replaced tumor tissue as the primary source of specimens. 
Circulating tumor DNA-based liquid biopsy with non- 
invasive, convenient, and reproducible advantages has 
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been widely used, especially with the emergence of highly 
sensitive and specific detection methods. IFUM study 
identified the efficacy of gefitinib in treating Caucasian 
NSCLC patients with EGFR mutations based on plasma- 
free DNA testing (ARMS testing).13 Clinical trials, such as 
AURA and BENEFIT, have confirmed that patients with 

EGFR mutations using plasma for detection can also ben-
efit from EGFR-TKIs treatment.14,15

We also noted that the positive rate of re-biopsy was 
decreased by 33.77%, which may be explained by 1) the 
EGFR signaling pathway persistent inhibition despite pro-
gression; 2) the possibility of false negatives using ctDNA 

Table 2 Clinical Characteristics and Treatment Information of Different EGFR Mutation Status Groups

Characteristics Group A Group B Group C Group D P

EGFR-Sensitive Mutation Negative Positive Negative Positive

T790M Negative Negative Positive Positive

Age (years) 0.096

≤65 29(82.86%) 13(86.67%) 28(84.85%) 2(40.00%)

>65 6(17.14%) 2(13.33%) 5(15.15%) 3(60.00%)

Sex 0.159

Male 19(54.29%) 7(46.67%) 16(48.48%) 0(0.00%)
Female 16(45.71%) 8(53.33%) 17(51.52%) 5(100.00%)

Smoking history 0.588
Never 22(62.86%) 12(80.00%) 24(72.73%) 4(80.00%)

Ever 13(37.14%) 3(20.00%) 9(27.27%) 1(20.00%)

ECOG score 0.043

0–1 35(100.00%) 12(80.00%) 31(93.94%) 5(100.00%)

2–4 0(0.00%) 3(20.00%) 2(6.06%) 0(0.00%)

Tissue biopsy site 0.601

Primary lesion 29(82.86%) 11(73.33%) 24(72.73%) 3(60.00%)
Metastasis lesion 6(17.14%) 4(26.67%) 9(27.27%) 2(40.00%)

Sample type 0.761
Tumor tissue 30(85.71%) 14(93.33%) 30(90.91%) 4(80.00%)

Pleural effusion 5(14.29%) 1(6.67%) 3(9.09%) 1(20.00%)

Initial EGFR mutation 0.332

19Del 16(45.72%) 7(46.67%) 24(72.73%) 3(60.00%)

L858R 16(45.71%) 6(40.00%) 8(24.24%) 2(40.00%)
Others* 3(8.57%) 2(13.33%) 1(3.03%) 0(0.00%)

EGFR-TKIs 0.067
Icotinib 24(68.57%) 4(26.67%) 21(63.64%) 2(40.00%)

Gefitinib 9(25.72%) 8(53.33%) 12(36.36%) 3(60.00%)

Afatinib 2(5.71%) 3(20.0%) 0(0.00%) 0(0.00%)

Treatment response 0.727
PR 27(77.14%) 8(53.33%) 22(66.67%) 4(80.00%)

SD 6(17.14%) 6(40.00%) 9(27.27%) 1(20.00%)

PD 2(5.72%) 1(6.67%) 2(6.06%) 0(0.00%)
ORR 77.14 56.25% 65.62% 80.00% 0.2531

DCR 94.29% 93.75% 93.75% 100% 0.9195

Notes: *Others in the initial EGFR mutation include EGFR G719X mutation (1 case), 19Del-L858R compound mutation (2 cases), L858R-L861Q (2 cases), and G719X- 
19Del (1 case). 
Abbreviations: ECOG score, Eastern Tumor Cooperation Group score; EGFR, epidermal growth factor receptor; TKIs, tyrosine kinase inhibitors; 19Del, EGFR exon 19 
deletion mutation; L858R, EGFR 21 exon L858R mutation; PR, partial response; SD, stable disease; PD, disease progression; ORR, response rate; DCR, disease control rate.
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for detection;14,16,17 3) tumor cells may activate the other 
non-EGFR signaling pathways against TKIs.

Approximately 60% of the patients with acquired 
resistance to the first- and second-generation EGFR- 
TKIs develop a secondary T790M mutation, which has 
been shown to alter drug binding and enzymatic activity 
of the mutant EGF receptor.8,18 Osimertinib has been 

recommended by various authoritative guidelines for 
those patients as a standard of care. Meanwhile, the 
IMPRESS study demonstrated that continuous first- 
generation TKI treatment in T790M mutate patients after 
disease progression may impair the clinical benefit.19 In 
our study, the detection rate of T790M was 42.05%, which 
was lower than that of 60% using tumor tissue for 

Table 3 Univariate Analysis of the Relationship Between PFS and Variables

N (%) HR (95% CI) P

Age (years) 0.2394
≤65 72 (81.82) 1

>65 16 (18.18) 0.72 (0.42, 1.25)

Sex 0.9168

Male 42 (47.73) 1
Female 46 (52.27) 1.02 (0.67, 1.57)

Smoking history
Never 62 (70.45) 1 0.8977

Ever 26 (29.55) 1.03 (0.65, 1.64)

ECOG score

0–1 83 (94.32) 1 0.9173

2–4 5 (5.68) 1.05 (0.42, 2.60)

Tumor biopsy site

Primary lesion 67 (76.14) 1 0.413
Metastasis lesion 21 (23.86) 1.23 (0.75, 2.04)

Sample type
Pleural effusion 10 (11.36) 1 0.5747

Tumor tissue 78 (88.64) 1.21 (0.62, 2.35)

Initial EGFR mutation status

L858R 32 (36.36) 1

19Del 50 (56.82) 1.12 (0.71, 1.78) 0.6213
Others* 6 (6.82) 1.52 (0.62, 3.71) 0.3551

EGFR-TKIs
Icotinib 51 (57.95) 1

Gefitinib 32 (36.36) 1.26 (0.80, 1.98) 0.3273

Afatinib 4 (4.55) 2.17 (0.77, 6.10) 0.142

Tumor response

PR 61 (69.32) 1
SD 22 (25.00) 4.91 (2.81, 8.58) <0.0001

Post-progression EGFR gene status (Groups)
A: EGFR-Sensitive mutation (-) and 790M (-) 35 (39.77) 1

B: EGFR-sensitive mutation (+) and T790M (-) 16 (18.18) 2.44 (1.32, 4.52) 0.0044

C: EGFR-sensitive mutation (-) and T790M (+) 32 (36.36) 1.42 (0.87, 2.32) 0.1651
D: EGFR-sensitive mutation (+) and T790M (+) 5 (5.68) 1.02 (0.39, 2.62) 0.9748

Notes: *Others in the initial EGFR mutation include EGFR G719X mutation (1 case), 19Del-L858R compound mutation (2 cases), L858R-L861Q (2 cases), and G719X- 
19Del (1 case). 
Abbreviations: ECOG score, Eastern Tumor Cooperation Group score; EGFR, epidermal growth factor receptor; TKIs, tyrosine kinase inhibitors; 19Del, EGFR exon 19 
deletion mutation; L858R, EGFR 21 exon L858R mutation; T790M, EGFR exon 20 T790M mutation; PR, partial response; SD, stable disease.
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testing.8,20 In our study, the percentage of patients who 
chose ctDNA of plasma for NGS detection was nearly 
60%. Although the liquid biopsy can be used as an alter-
native in a series of clinical sceneries, including the sub-
optimal clinical condition or an unfavorable tumor site 
such as bone or central nervous system or multiple small 
pulmonary nodules, the sensitivity compared with tissue 
samples sometimes is moderately low.12 Differed from 
some studies, which were showed the pretty high concor-
dance of T790M mutation detection between plasma and 
tumor tissue or malignant fluid specimens,19–21 Zheng 
et al22 explored the acquired resistance using ctDNA of 

117 NSCLC patients after disease progression by digital 
PCR and found that 47% (55/117) of the patients devel-
oped T790M mutation. The occurrence of T790M seems 
to be no significant differences in age, gender, histology, 
smoking history, and treatment line setting, which is simi-
lar to our results.

Several reasons, including tumor size, location of pri-
mary and metastatic lesions, the timing for biopsy, and 
different detection methods, may be related to lower 
plasma T790M detection. For instance, in the AURA 
study, among 104 patients whose T790M were negative 
using plasma for testing, 47 were positive using the highly 

Figure 1 PFS curve of patients with metastatic NSCLC with different EGFR gene mutation status after progression.

Table 4 Comparison PFS Between Two Groups of Different EGFR Mutation Status

Group 
A

Group B Group C Group D

Group A NA 12.26m vs 7.96m, P=0.0044,HR=2.44 

(95% CI=1.32, 4.52)

12.26m vs 10.55m, P=0.1651, 

HR=1.42 (95% CI=0.87, 2.32)

12.26m vs 13.81m, P=0.9748, 

HR=1.02 (95% CI=0.39, 2.62)

Group B NA NA 7.96m vs 10.55m, 

P=0.1126,HR=0.61 (95% CI=0.33, 

1.13)

7.96m vs 13.81m, P=0.1128, HR=0.43 

(95% CI=0.15, 1.22)

Group C NA NA NA 10.55m vs 13.81m, P=0.4421, 
HR=0.69 (95% CI=0.26, 1.79)

Group D NA NA NA NA

Notes: Group A, EGFR-sensitive mutation negative and T790M negative (39.77%); Group B, EGFR-sensitive mutation positive and T790M negative (18.19%); Group C, 
EGFR-sensitive mutation negative and T790M positive (36.36%); Group D, EGFR-sensitive mutation positive and T790M positive (5.68%).
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sensitive Beaming digital PCR method (Cobas) to detect 
tissue samples.23 Furthermore, AURA3 study also showed 
that 23–27% of T790M tissue-positive patients could not 
detect ctDNA. Further analysis revealed that ctDNA 
release was related to tumor size, especially in small 
lesions (<40 mm) before treatment.24 Besides, the positive 
rate of T790M blood test in patients with stage M0–M1a is 
significantly lower than that of patients with stage 
M1b.25,26 The above results suggest that the positive 
plasma T790M can guide clinical decision-making, but 
the negative result needs to be interpreted with caution.

We first divided the EGFR gene status after disease 
progression into four groups to the best of our knowledge. 
We found that the EGFR-sensitive mutation positive and 
T790M positive has a longer median PFS (13.81 months) 

than other groups, indicating secondary resistance muta-
tion remaining on the EGFR signaling pathway has more 
favorable clinical outcomes. Meanwhile, we also identified 
that the shorter median PFS was presented in the EGFR- 
sensitive mutation positive and T790M negative group 
(7.96 months). Thus, it suggests that EGFR-TKIs may 
not be good at eliminating sensitive mutant cells, and 
other mechanisms un-relying on activation of EGFR inde-
pendent pathway may be involved simultaneously.

In addition, we also identified that the PFS of patients 
with EGFR mutation clearance was more than 1 year with 
a median of 12.26 months. BENEFIT, a large-scale, pro-
spective clinical trial, showed that the clearance of EGFR 
mutations after 8 weeks of gefitinib treatment significantly 
prolonged PFS compared with EGFR mutation 

Figure 2 PFS curve between two groups after progression. 
Notes: (A) The PFS of Group A compared with Group D. (B) The PFS of Group A compared with Group C. (C) The PFS of Group A compared with Group B. (D) The PFS 
of Group D compared with Group C. (E) The PFS of Group D compared with Group B. (F) The PFS of Group C compared with Group B.
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persistence. Wang et al explained that these might be 
partly contributed by variation of multiple oncogenic dri-
ver genes and tumor suppressor genes at the time of dis-
ease progression.27 Similar phenomena have also been 
found in the third-generation TKIs. Zhou et al conducted 
an exploratory investigation based on the FLAURA study 
with enrolled 556 EGFR-sensitive mutate patients who 
used Osimertinib as the first-line setting.28 Digital PCR 
detected EGFR gene mutations at the third and sixth week 
after Osimertinib administration. The results showed that 
the median PFS in patients with EGFR-sensitive mutations 
persistence at the third week was 9.5 months, while in 
patients with EGFR-sensitive mutations, clearance was 
13.5 months.

Of note, several limitations in our study should be 
acknowledged. First, the single-center property and 
a retrospective design are the major limitations. Second, 
the number of enrolled patients was not large scale, which 
may attenuate the power of statistics, especially after divi-
sion into subgroups. For this reason, caution should be 
exercised in drawing the conclusions from this study. 
Further studies with larger sample sizes, a multi-center 
and prospective design should be needed. Final but not 
least, affected by the different detection methods and 
ARMS detecting abilities, we only focused on EGFR 
single gene and did not observe the influence of concurrent 
mutation beyond EGFR.

Conclusion
In summary, our study demonstrated that the subsequent 
EGFR gene changes show diversity in metastatic NSCLC 
patients receiving the first- and second-generation TKIs after 
disease progression. Therefore, it is essential for subsequent 
clinical decision-making after progression or exploration of 
resistance mechanisms by monitoring EGFR gene mutation 
status changes in the treatment process.
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