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Introduction
Epidermal growth factor receptor (EGFR) tyrosine kinase 
inhibitors (TKIs) have significantly prolonged survival in non-
small cell lung cancer (NSCLC) patients with EGFR sensitiz-
ing mutations.1 Osimertinib is an oral, irreversible, 
third-generation EGFR-TKI that can target both sensitizing 
EGFR mutations and the T790M mutations.2,3 Moreover, osi-
mertinib has shown significant central nervous system (CNS) 
activity and a favorable safety profile.4,5 Initially approved for 
the treatment of patients with EGFR T790M mutations upon 

disease progression on first- or second- generation EGFR-
TKIs, osimertinib is now emerging as the standard first-line 
treatment of advanced EGFR-mutant NSCLC patients on the 
basis of results from FLAURA trial, documenting a progres-
sion free survival (PFS) of 18.9 months and overall survival 
(OS) of 38.6 months.5 Nevertheless, the Chinese population 
subset analysis of FLAURA trial demonstrated that 71 Chinese 
patients had PFS of 17.8 months and OS of 33.1 months, 
which were inferior to that for the overall FLAURA study 
population.6 Although osimertinib is recommended as first-
line treatment in EGFR-mutant NSCLC patients according 
to National comprehensive cancer network guidelines 
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ABSTRACT

Background: Although the clinical application of osimertinib, a third-generation epidermal growth factor receptor-tyrosine kinase inhibi-
tor (EGFR-TKI), has been a new step forward in the first-line treatment of non-small cell lung cancer (NSCLC), an increasing number of 
patients with progression on osimertinib represents a great challenge clinically. The patterns of resistance mechanisms and subsequent 
treatment strategies after first-line osimertinib resistance are not well established.

Methods: Between January 1, 2016 and October 31, 2020, a consecutive of 56 EGFR-mutant lung cancer patients treated with osimerti-
nib as first-line therapy at Daping Hospital (Chongqing, China) were retrospective screened. The samples of pre-osimertinib and osimertinib- 
resistance were all detected by next-generation sequencing (NGS) panels. Statistical analyses were carried out using SPSS 23.0 software. 
Survival analyses were performed using the Kaplan–Meier method and compared using a log-rank test between groups.

Results: Among 47 patients with osimertinib effectiveness analysis, the median progression free survival (mPFS) was 15.4 months (95% 
confidence interval [CI]: 12.2-24.9 months), and median overall survival (mOS) was 35.5 months (95% CI: 23.9 months -NA). A total of 21 
patients underwent repeated NGS tests upon osimertinib resistance. MET amplification was the most common resistance mechanism (6/21, 
28.6%), followed by C797S mutation (5/21, 23.8%). A total of 15 patients received subsequent treatments, with mPFS of 7.3 months (95% CI 
5.0 months -NA). Among them, 7 patients with EGFR C797 S or/and MET amplification received subsequent second-line targeted therapy, 
achieving mPFS of 7.3 months (95% CI 4.5 months -NA). Of note, 3 patients received immunotherapy as second- or third-line treatment after 
osimertinib resistance, achieving median clinical benefit of 37.3 months.

Conclusions: MET amplification and C797S mutation are main resistance mechanisms, which could be targeted by crizotinib and gefi-
tinib, respectively. More than 50% patients could receive subsequent anticancer targetable therapies after first-line osimertinib resistance. 
Immunotherapy may also be an acceptable choice after osimertinib resistance.
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(NCCN), there is ongoing controversy regarding its applica-
tion in Chinese population subset. Besides, significant survival 
benefit of first-line osimertinib compared with first generation 
TKIs in first-line setting is in dispute. In addition, the subse-
quent second-line therapeutic strategies after osimertinib 
resistance remain largely unknown. Currently, as limited treat-
ments are available in patients progressing on osimertinib, 
platinum-based combination chemotherapy remains the 
standard of care. Although several early phase trials are show-
ing promising results for strategies to target-specific resistance 
mechanisms like MET-inhibitors, little is known on the effec-
tiveness of subsequent therapeutic strategies for overcoming 
the resistance of first-line osimertinib.

Besides, patterns of resistance mechanisms to osimertinib 
are highly heterogeneous. Most data about osimertinib resist-
ance mechanisms are based on analyses in the second-line set-
ting, therefore mechanisms of resistance to osimertinib as 
first-line therapy are not yet fully understood.7,8 Also, different 
mechanisms of osimertinib resistance may exist among patients 
of different races.9

The current study aimed to explore the mechanisms of 
acquired resistance to first-line osimertinib in Chinese NSCLC 
patients with EGFR mutation and investigate the effectiveness 
of various subsequent treatments after osimertinib resistance, 
such as combinatorial therapy of other targeted drugs, chemo-
therapy, and immunotherapy.

Materials and Methods
Study design and patients

This was a retrospective cohort study. Between January 1, 2016 
and October 31, 2020, a total of 56 NSCLC patients receiving 
osimertinib as first-line therapy were screened, who were 
treated at the Daping Hospital of Army Medical University 
(Chongqing, China). Eligible patients had (locally) advanced 
stage NSCLC with a sensitive EGFR mutation, and received 
osimertinib as first-line therapy. Patients were excluded if they 
received previous treatments, or lost-to-follow-up before first 
effectiveness evaluation. The demographic and clinical charac-
teristics of patients were collected, including age, sex, smoking 
history, histopathology, metastatic sites prior to osimertinib, 
and genetic information. The primary aims of the study were to 
assess osimertinib effectiveness as first-line treatment and 
characterize the mechanisms of resistance to first-line osimer-
tinib. We also explored the clinical outcomes of patients with 
various subsequent treatments after osimertinib resistance.

Response to treatment was determined by Response 
Evaluation Criteria in Solid Tumor (RECIST), version 1.1. The 
data cutoff date for analysis was Jun 1, 2022. Disease control rate 
(DCR) was defined as the percentage of patients who had com-
plete response (CR), partial response (PR) or stable disease (SD). 
Objective response rate (ORR) was defined as the proportion of 
patients achieving a CR or PR. PFS was calculated from the 
date of osimertinib initiation treatment until either the date of 
progressive disease (PD) according to the RECIST1.1 or death 

from any cause. PFS2 and PFS3 were defined as the duration 
from the start of second- or third-line treatment until PD or lost 
to follow-up or death, respectively. Duration of therapy (DOT) 
was defined as time from drug treatment initiation until treat-
ment termination, including treatment beyond progression. OS 
was calculated from the date of osimertinib initiation treatment 
until the date of death or data cutoff.

Capture-based targeted next-generation  
sequencing (NGS)

The samples of pre-osimertinib and after radiological identi-
fied progression were all detected by next-generation sequenc-
ing (NGS) panels, and molecular results were analyzed. Various 
sample types, including tissue biopsy, plasma, malignant pleural 
effusion supernatant, and cerebrospinal fluid were collected for 
NGS tests using different commercially available gene panels.

Comprehensive genomic profiling was mainly performed by 
NGS with panel A (Burning Rock Biotech, Guangzhou, 
China). Sequencing was performed using Illumina NextSeq 
500 using paired-end reads with target sequencing depth of 
10,000X. The sequencing data were analyzed using bioinfor-
matics pipeline optimized for somatic variant calling. Target 
capture was performed using commercially available panel 
consisting of 168 lung cancer–related genes. A total of 16 sam-
ples were tested by panel B (3D Medicines Inc, Shanghai, 
China), with a 68 cancer-related gene panel at a mean coverage 
depth of >30,000X.

Statistical analysis

Statistical analyses were carried out using SPSS 23.0 statistical 
software (SPSS, Inc., Chicago, IL, US). Survival analyses were 
performed using the Kaplan–Meier method and compared using 
a log-rank test between groups. All P values were two sided and a 
P value <.05 was considered to be statistically significant.

Ethical Statement

This study was approved by the ethics committee of Daping 
Hospital affiliated to Army Medical University, Chongqing, 
China (NO. 2021144). The need for consent was waived by the 
ethics committee after evaluation of the study design.

Results
Patient characteristics

Of 56 patients screened, a total of 9 patients were lost to fol-
low-up before the first effectiveness evaluation. Among the 
remaining 47 patients, 30 patients developed disease progres-
sion while the other 12 patients were still on first-line treat-
ment at data cutoff date of Jun 1, 2022. On osimertinib 
resistance, 21 patients received repeated NGS tests to identify 
drug resistance mechanisms, among whom 15 received subse-
quent second-line treatments. A study flowchart was pre-
sented in Figure 1. The clinical characteristics of 47 patients 
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Figure 1.  Study flowchart. Flow chart describing the enrolment and therapy of patients in the study.
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were summarized in Table 1. The median age was 64 (range: 
38–86) years, 59.6% (28/47) of the patients were women, 
63.8%(30/47) were non-smokers, and 95.7% (45/47) had ade-
nocarcinoma. In total, 91.5% (43/47) patients were in advanced 
stage, with bone being the most common metastasis site 
(26/47, 55.3%). Brain metastases were identified in 19 patients 

(40.4%), and 9 of them were symptomatic. However, none of 
them underwent radiation therapy or surgery during osimerti-
nib treatment. EGFR mutations were identified in all patients, 
including 22 EGFR 19del (46.8%), 20 L858R (42.6%), 3 
L858R/T790M (6.4%), 2 G719A (4.3%), 1 L861R (2.1%), 
and 2 20ins (4.3%).

Table 1.  Characteristics of enrolled patients.

Total patients (N = 47) Patients with paired NGS tests (N = 21)

Age-median (range), years 64 (38–86) 44 (38–81)

Sex-no. (%)  

  Male 19 (40.4) 6 (28.6)

  Female 28(59.6) 15 (71.4)

Smoking- no. (%)  

  Never 30(63.8) 14(66.7)

  Former 17(36.2) 7(33.3)

Histology-no. (%)  

  Adenocarcinoma 45(95.7) 20(95.2)

  NSCLC NOS 2(4.3) 1(4.8)

Primary EGFR mutation-No. (%)  

  Exon 19 deletion 22(46.8) 10(47.6)

  L858R 20(42.6) 10(47.6)

  L861R 1(2.1) 0

 G 719A 2(4.3) 1(4.8)

  20 INS 2(4.3) 0

  L858R/T790M 3(6.4) 1(4.8)

PD-L1 expression- No. (%)

  Negative 8(17.0) 3(14.3)

  1%–49% 4(8.5) 3(14.3)

  ⩾50% 4(8.5) 3(14.3)

  Unknown 31(66.0) 12(57.1)

Disease stage- No. (%)  

IIIb/ III c 4(8.5) 2(9.5)

  IV   43(91.5) 19(90.5)

Metastasis sites- No. (%)  

  Lung 22(46.8) 9(42.9)

  Bone 26(55.3) 10(47.6)

  Pleural 17(36.2) 10(47.6)

  Brain 19(40.4) 9(42.9)

  Liver 8(17.0) 6(28.6)

The demographics, histology, metastasis sites, PD-L1 expression and sensitizing EGFR mutation for the two cohorts are shown.
Abbreviations: EGFR, epidermal growth factor receptor; NGS, next-generation sequencing; PD-L1, programmed death- ligand 1.
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Effectiveness and Survival Analysis of  
Enrolled Patients
In total, 47 EGFR-mutant NSCLC patients were available for 
osimertinib effectiveness and survival analysis. Irrespective of base-
line tumor size, osimertinib resulted in tumor shrinkage in most 
patients (Figure 2A), with an ORR of 51.1% (24/47), and a DCR 
of 95.7% (45/47). Of note, the two patients with EGFR 20ins 
showed primary resistance to osimertinib, and new metastases were 
identified at the time of first imaging evaluation. One patient with 
EGFR L858R achieved a CR response. With a median follow-up 
of 23.1 months (range: 6.5 to 73.9 months), the median PFS was 
15.4 months (95% confidence interval [CI]: 12.2–24.9 months) 
and the median OS was 35.5 months (95% CI: 23.9 months—not 
arrived [NA]), as shown in Figure 2B and C. Meanwhile, PFS and 
OS of patients with brain metastases were not shorter than that 
without brain metastases (PFS 15.4 vs 16.1 months, P = 0.41; OS 
30.1 months vs NA, P = 0.16, Figure 2D and E). These results sug-
gest that osimertinib has strong infiltration ability across blood-
brain barrier and against brain metastases.

Resistance Mechanisms to First-Line Osimertinib 
Treatment
A total of 21 patients underwent paired NGS tests before osi-
mertinib treatment and after drug resistance. Their clinical 

characteristics were summarized in Table 1. A total of 10 
patients carried EGFR 19 del, 10 with EGFR L858R (one 
with EGFR L858R/T790M), 1 with G719A. Baseline sam-
ples for genetic testing included tissue (12/21, 57.1%), plasma 
(5/21, 23.8%), pleural effusion (3/21, 14.3%) and cerebrospinal 
fluid (1/21, 4.8%). At the time of disease progression on osi-
mertinib, tissue samples from repeated biopsy were available in 
9 patients (9/21, 42.9%), and plasma samples were obtained 
from 11 patients (11/21, 52.4%), for whom re-biopsy of pri-
mary tumor was difficult to perform. Cerebrospinal fluid was 
obtained from one patient with leptomeningeal metastasis as 
the progression site (1/21, 4.8%).

The paired genetic profiles at baseline and upon osimertinib 
resistance for each patient were presented in Figure 3. On osi-
mertinib resistance, EGFR activating mutations were detected 
in 19 patients (90.5 %) and lost in 2 patients (9.5%). The most 
frequently detected concurrent gene was TP53 (14/21, 66.7%). 
EGFR-dependent resistance mechanisms included C797S 
mutation (5/21, 23.8%), L718Q (1/21, 4.8%), and EGFR 
amplification (1/21, 4.8%). As expected, EGFR T790M muta-
tion was not detected in this cohort. EGFR-independent 
resistant mechanisms included MET amplification (6/21, 
28.6%), ERBB2 amplification (2/21, 9.5%), PTEN (1/21, 
4.8%), and PIK3CA (1/21, 4.8%).

Figure 2.  The effectiveness of first-line osimertinib and Kaplan-Meier estimates of survivals for overall patients and subgroups. (A) The max lesion size at 

baseline and (B) best percentage change in target lesion size from baseline. (B) PFS and (C) OS among 47 NSCLC patients with EGFR sensitive 

mutations treated with first-line osimertinib. (D) PFS and (E) OS in patients with brain metastases and without brain metastases.
*These two patient harboring EGFR 20ins receiving first-line osimertinib while developed disease progression at the first evaluable-for response.
PFS indicates progression-free survival; OS, overall survival; NSCLC, non-small cell lung cancer; EGFR, epidermal growth factor receptor.
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The cut-off value of MET copy number (CN) in panel A 
was 2.25, while in panel B was 5. MET CN of 4 patients were 
more than 4 MET copies but less than 7 MET copies, and 2 
patients were more than 7 MET copies (Figure S1).

Meanwhile, 4 patients had more than one resistance mechanisms. 
The genetic profiles of each patient were summarized in Table S1. 
Besides, a total of 8 patients (38.1%) failed to find any resistance 
mechanisms. Patients with EGFR 19del and L858R showed similar 
resistance mechanisms. A schematic representation of the main 
resistance mechanisms to osimertinib was shown in Figure 4.

Subsequent Treatments and Prognosis on 
Osimertinib Resistance
Of 21 patients who experienced repeated NGS tests after osi-
mertinib progression, 4 patients without any subsequent treat-
ment died within 6 months, 2 patients were lost to follow-up, 
and 15 patients received subsequent second-line treatment, 

achieving mPFS2 of 7.3 months (95% CI: 5.0 months -NA) 
[Figure 5 and Figure S2).

Of 5 patients with EGFR C797 S mutation, 3 patients 
received gefitinib monotherapy, and 2 of them were still on 
gefitinib treatment at data cutoff, whose DOT were 18.3 and 
25.9 months, respectively. Another one patient developed gefi-
tinib resistance after 5 months. One patient with C797S and 
L718Q received platinum-based pemetrexed plus bevaci-
zumab, while disease progressed again after 5.2 months. Then 
the patient began to receive oral afatinib as subsequent third-
line treatment, and developed drug resistance after 20.6 months. 
Then the patient did not receive any further treatment, achiev-
ing an OS of 36.1 months. One patient harboring MET ampli-
fication and C797S concurrently was treated with gefitinib 
plus crizotinib, achieving PFS2 of 4.5 months. When disease 
progressed again, capmatinib plus gefitinib and bevacizumab 
were given to the patient, achieving PFS3 of 4.4 months. 

Figure 3. G enomic alterations of the 21 patients with paired NGS tests. Pre- and post-osimertinib somatic mutation profiles of 21 patients were shown 

according to next generation sequencing test results. Patients were arranged on the x-axis while genetic profiles detected were spread along the y-axis. 

Numbers on the left represent the percentage of patients with a specific gene. Top plot represents the overall mutations detected in one patient. Different 

colors indicate different genomic alterations. Panel A, Burning Rock Biotech; Panel B, 3D Medicines Inc.
CSF indicates cerebrospinal fluid; FLD, pleural effusions; PLA, plasma; TIS, tissue.
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However, the patient died shortly after drug resistance, with an 
OS of 22.2 months.

Of other 5 patients with MET amplification, 2 patients did 
not receive subsequent treatment, while 3 patients were treated 
with osimertinib plus crizotinib, achieving mPFS2 of 
7.3 months. All of them developed disease progression again 
and two of them received third-line treatment. One patient 
underwent osimertinib and crizotinib plus bevacizumab. 

Another one with nivolumab treatment has lasted for 
20.0 months and is still ongoing at data cutoff date.

In summary, a total of 7 patients with EGFR C797 S or/
and MET amplification received subsequent second-line tar-
geted therapy, achieving mPFS of 7.3 months (95% CI: 
4.5 months -NA) (Figure S3).

For the remaining 7 patients, 3 patients continued with osi-
mertinib or combination therapy with bevacizumab, whose 

Figure 4.  Main resistance mechanisms to first-line osimetinib. The three pie charts depict main resistance mechanisms. Resistance mechanisms of 

osimetinib were reported according to the EGFR mutation type. The different color represents different genomic alterations. In some cases, different 

molecular aberrations might co-exist in one patient.
EGFR indicates epidermal growth factor receptor.

Figure 5.  The courses of treatment given to 15 patients. Starting point (0 on X axis) indicate the time of disease progression on first-line osimertinib. 

Different treatments are shown in different colors.
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mPFS2 was 7.0 months. Two patients received platinum-based 
plus pemetrexed chemotherapy and achieved PFS2 of 
11.8 months and 2.0 months, respectively. Another 2 patients 
received immunotherapy (one in combination with chemo-
therapy) as second-line treatment, and they were still on treat-
ment at data cutoff, with DOT of 39.4 months and 36.3 months, 
respectively.

Discussion
This is a single-center retrospective cohort study of Chinese 
patients. The outcomes demonstrated that Chinese patients 
with EGFR-mutant NSCLC treated with first-line osimertinib 
achieved a PFS of 15.4 months. It seems that, compared with 
first-line dacomitinib and gefitinib, the advantage of osimertinib 
as first-line setting in Chinses population was not obvious10 
However, osimertinib exhibited potent intracranial effectiveness 
against brain metastases.3,11 In our study, patients with brain 
metastases receiving first-line osimertinib achieved similar prog-
nosis compared with those without brain metastases.

Although PFS in our article was inferior to that in the 
FLAURA China study (15.4 vs 17.8 months, the median OS 
was longer (35.5 vs 33.1 months).6 The possible reasons for this 
difference were the higher proportion of patients with the 
combinatorial therapy of TKIs in subsequent second-line anti-
cancer treatment and the lower proportion of cytotoxic chemo-
therapy in our study than that in the FLAURA China study 
(46.7% vs 33%, 20% vs 57%, respectively). Besides, there are 3 
patients with strong programmed death-ligand 1(PD-L1) 
expression in our study who received subsequent immune 
checkpoint inhibitors (ICIs) and achieved a long duration of 
survival. A better characterization and understanding of resist-
ance mechanisms to first-line osimertinib is helpful to guide 
subsequent precision treatment instead of traditional chemo-
therapy, and improve the prognosis.

Multiple biological mechanisms of acquired resistance to 
osimertinib, both EGFR-dependent and -independent, have 
been previously identified.12 The patterns of molecular resist-
ance were not exactly the same in patients treated with osimer-
tinib as first or later lines.7,13 The acquired EGFR C797S 
mutation in first-line osimertinib set-ting occurred less fre-
quently than that in second-line regime.14,15 MET amplifica-
tion was the most commonly reported acquired off-target 
resistance mechanism in first-line osimertinib setting.16,17 
Although spatially heterogeneous, MET amplification often 
co-occurs with additional acquired focal copy-number amplifi-
cations and is associated with early progression.18 Previous 
studies reported that the incidence of EGFR C797S mutation 
and MET amplification were 7% and 15%.19,20 It means that a 
low proportion of patients could receive second-line targeted 
therapy and most cases underwent chemotherapy after osimer-
tinib resistance. This is one of the main reasons why osimerti-
nib applied in first-line is controversial. As described in our 

cohort, the incidence of EGFR C797S mutation and MET 
amplification were 23.8% and 28.6%, which were both higher 
than previous reports. The gefitinib and crizotinib might be 
more effective therapeutic strategy to overcome EGFR C797S 
mutation and MET amplification following osimertinib resist-
ance than chemotherapy.13,21,22 For those patients received 
first-generation EGFR-TKIs as first-line therapy, about 49% 
to 63% patients were found to have secondary EGFR T790M 
mutation after disease progression and then received subse-
quent osimertinib treatment, achieving mOS of 
25.7 months.23-25 Similarly, according to our study, for patients 
with first-line osimertinib regime, there are still over 50% 
patients having an opportunity to receive subsequent combina-
torial therapy of TKIs after osimertinib resistance, achieving 
mOS of 35.5 months. Currently, some new highly selective, 
potent small-molecule MET inhibitors like capmatinib, savoli-
tinib, tepotinib have shown promising antitumor activity to 
against MET-mediated acquired resistance to osimerti-
nib.22,26-28 Therefore, our study indicated that various subse-
quent effective therapeutic strategies for overcoming first-line 
osimertinib resistance could be available in future.

Current data suggest that ICIs is limited effectiveness in 
EGFR-mutant cancers.29,30 However, unexpected favorable out-
come to ICIs as later lines treatment after progressed on at least 
one EGFR TKI have been reported.31 The study from Ken 
Masuda et al32 showed that the level of PD-L1 expression also 
could be helpful to predict the effectiveness of programmed 
death-1 (PD-1) inhibitors even in EGFR mutant patients. 
However, it is hard to apply a single biomarker to screen the 
potential population in EGFR-mutated NSCLC who could ben-
efit from immunotherapy. It is important to establish an evalua-
tion system on the basis of multiplexed and multiomics for those 
patients.33 In our study, a total of 3 patients with strong PD-L1 
expression (tumor proportion score ⩾ 50%) received ICIs and 
achieved such a long survival, being significantly superior than 
other subsequent treatment regimens. Therefore, PD-1 inhibitors 
could be an effective treatment option for EGFR mutant patients 
with strong PD-L1 expression after TKIs resistance. More clinical 
details of these 3 patients are shown in TableS2.

Other rare mechanisms including PIK3CA/PTEN muta-
tion, ERBB2 amplifications and EGFR amplifications were 
detected. For those patients, chemotherapy was still the stand-
ard treatment. Previous studies have shown that the combina-
torial treatment consisting of EGFR-TKI and bevacizumab 
could improve PFS compared with TKI alone.34 Due to lack of 
effective subsequent therapies, more studies are needed in the 
future for those patients who are failure to be identified drug 
resistance mechanisms.

There were some limitations to this study. This was a retro-
spective study with small sample size. As limited application of 
repeated biopsy, the genetic heterogeneity between the tissue 
and plasma might lead to deviation for identification of 
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resistance mechanism. Another potential resistance mechanism, 
such as small cell or squamous cell transformation, was not dis-
cussed in this study because it can’t be confirmed by plasma 
genetic detection. Besides, MET FISH were not conducted for 
patients who were presumed to have defined MET amplifica-
tion by NGS.

Conclusions
Osimertinib is recommended as the preferred choice for 
Chinese NSCLC patients with EGFR sensitive mutation, 
although acquired resistance is still inevitable. In the current 
study, more than 50% patients were found to have MET 
amplification or/and C797S mutation, and then received sub-
sequent second-line TKI-containing regimen after osimerti-
nib resistance. The effectiveness of crizotinib and gefitinib 
against MET amplification and C797S mutation-mediated 
first line osimertinib resistance in patients with EGFR-
mutant NSCLC were identified in our study. Besides, PD-1 
inhibitors might be an effective treatment for patients with 
strong PD-L1 expression after failure of TKIs. Understanding 
the resistance mechanism of osimertinib could be feasible to 
guide subsequent treatment, and help formulating precision 
and individual treatment.
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