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Abstract: Osimertinib, a third-generation epidermal growth factor receptor (EGFR) tyrosine 
kinase inhibitor (TKI), is effective in EGFR T790M positive non-small-cell lung cancer 
(NSCLC). Despite the efficacy of osimertinib, patients inevitably develop resistance and the 
mechanisms of osimertinib resistance are heterogeneous. Here, we report that a lung adeno-
carcinoma patient with EGFR L858R mutation who was treated with second-line osimertinib 
therapy acquired multiple resistance to osimertinib by the non-invasive circulating tumor 
DNA (ctDNA) genotyping. This case provides the possible mechanisms of osimertinib 
resistance that occur during the disease progression and supports the longitudinal monitoring 
of ctDNA for the detection of novel acquired resistance and tumor heterogeneity. 
Keywords: osimertinib, acquired resistance, EGFR mutation, lung adenocarcinoma, 
circulating tumor DNA

Introduction
In non-small lung cancer (NSCLC), epidermal growth factor receptor (EGFR) gene 
has been one of the earliest well-characterized oncogenic mutations, which occur in 
approximately 45% of Asian lung adenocarcinoma (ADC) patients, among which 
the most frequent are short in-frame deletions in exon 19 (Ex19del) and point 
mutations in exon 21 (L858R).1 EGFR tyrosine kinase inhibitor (TKI) monothera-
pies have been the standard treatment for lung cancers with activating EGFR 
mutations. More than one-half of patients with EGFR mutations progressing on 
first-generation EGFR-TKIs (gefitinib and erlotinib) and second-generation EGFR- 
TKI (afatinib) develop the EGFR T790M resistance mutation.2 Osimertinib is the 
third-generation EGFR-TKI that originally approved as second-line treatment for 
patients with acquired resistance to first- or second-generation EGFR-TKIs through 
the T790M secondary mutation. However, the Phase III FLAURA trial demon-
strated that first-line osimertinib is superior to first-generation EGFR-TKIs in 
overall response rate, progression-free and overall survivals,3 leading to United 
States Food and Drug Administration (FDA) approval of osimertinib as the first- 
line EGFR-TKI in April 2018.

Although osimertinib has demonstrated high clinical efficacy, developing resis-
tance is also inevitable. With the development of next-generation sequencing (NGS) 
technology, circulating tumor DNA (ctDNA) as a liquid biopsy has been applied to 
adapt systemic therapy and monitor patients’ tumor progression.4 Herein, we 
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reported a lung ADC patient with EGFR mutation treated 
with osimertinib as second-line treatment and revealed 
multiple resistant mechanisms using NGS-based ctDNA 
profiling.

Case Report
A 77-year-old man was diagnosed with stage IV (T1N3M1) 
lung ADC with right middle lobe, right-sided pleural effu-
sion and multiple bone metastasis in June 2016 (Figure 1A). 
EGFR L858R mutation was identified by amplification 
refractory mutation system-polymerase chain reaction 
(ARMS-PCR); thus, the patient was initially given icotinib 
(125mg, tid). After an initial partial response (PR) was 
achieved, the patient reached a progression-free survival 
(PFS) of 16 months. However, in October 2017, the left- 
side ureter was irregularly thickened and multiple nodules 
occurred in the retroperitoneum, which indicated progres-
sive disease (PD). Then, he was switched to osimertinib, 
a third-generation EGFR-TKI, at a dose of 100mg qd. The 
pain of the lower back and left lower extremity significantly 
eased during the initial treatment of osimertinib. The patient 
achieved a stable disease (SD) of lung lesion, but 
a remarkable elevated level of serum carcinoembryonic 
antigen (CEA) was found (Figure 1B). Subsequently, three 
sequential plasma samples during the treatment course of 
osimertinib were subjected to NGS targeting of 139 cancer- 
relevant genes to monitor mutation profiles of ctDNA. The 
dynamic mutation profiles are presented in Table 1.

In November 2018, the patient got progressed and the 
concomitant EGFR alterations including L858R (54.6%), 

T790M (1.8%), L718Q (26.3%), insertion in exon 20 
(2.1%), I744M (1.7%), G796S (0.6%), P794S (1.2%), 
amplification (2.4 fold) and fusion (0.2%) was identified in 
the patients’ ctDNA from plasma. However, the patient 
refused chemotherapy and continued to take osimertinib. 
Seven months later, besides other EGFR alterations includ-
ing L858R (90.5%), T790M (11.8%), L718Q (19.0%), 
insertion in exon 20 (9.5%), I744M (2.5%), G796S (6.1%), 
P794S (4.8%), amplification (5.4 fold) and fusion (2.2%), 
the NGS revealed some newly occurred mutations including 
EGFR L792P (0.8%), EGFR G796C (0.3%), MET K957N 
(0.8%) and PIK3CA D1017H (11.1%), in the plasma. In 
September 2019, to further monitor the resistant mutations, 
the NGS identified some mutations that had never occurred 
including Y944C (0.5%), truncated Q1106 (0.6%), truncated 
Q1113 (0.5%), P1114S (0.5%), T1131I (0.4%) and A1192V 
(0.8%). Unfortunately, the patient insisted on taking osimer-
tinib and died in May 2020.

Discussion
Osimertinib, a third-generation EGFR TKI, selectively 
blocks the activated EGFR T790M mutation. Despite 
high efficacy of osimertinib, acquired resistance is 
a growing clinical challenge. The mechanisms of resis-
tance to osimertinib have been demonstrated in previous 
reports. The most common EGFR-dependent and - 
independent mechanisms of resistance occur on C797S, 
MET-amplification and small cell lung carcinoma (SCLC) 
transformation.5,6 Most acquired resistant mutations to 
osimertinib we reported in this patient have also been 

Figure 1 Medication strategy and disease conditions of the patient during the treatment. (A) An illustrated summary of the treatment received by the patient. (B) Course of 
tumor markers (carcinoembryonic antigen (CEA)) while receiving treatment. 
Abbreviations: CEA, carcinoembryonic antigen; ADC, adenocarcinoma; PD, progressive disease.
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reported by other groups, including C797S, L718Q, 
L792P, G796S and G796C.7,8 Mutation of C797S in 
EGFR, a cysteine to serine change at codon 797 located 
in the ATP-binding site, causes the loss of the covalent 
bond between osimertinib and the mutant EGFR.9 Both 
in vivo and vitro data showed that EGFR L718Q, the most 
common mutations in L718, affected the conformation of 
the EGFR-osimertinib complex.10 In silico modeling has 
demonstrated that a substitution in L718 residue within the 
ATP-binding site of the EGFR kinase domain can result in 
spatial restriction and hinder osimertinib-EGFR binding.11 

Moreover, mutations in the L792 can sterically interfere 

with a methoxy group on the phenyl ring of osimertinib 
and disrupt its binding to EGFR kinase domain.12 

Mutations in G796 have the potential to sterically interfere 
with the osimertinib–EGFR interaction, but different 
mutations in the G796 residue, such as G796R, G796C, 
G796S, G796D, may have different impact on the binding 
of osimertinib to EGFR.9 In addition, EGFR exon 20 
insertion and EGFR gene amplification, which were 
found in our patient, has also been detected in some 
cases after failure of osimertinib treatment.13,14 Besides, 
we also found that I744M, P794S, Y944C, truncated 
Q1106, truncated Q1113, P1114S, T1131I, A1192V and 
EGFR fusion, but their roles in mediating resistance have 
not been established yet.

The activation of bypass pathways, aberrant downstream 
signaling or histologic transformation is ascribed as respon-
sible for EGFR-independent mechanisms of resistance to 
osimertinib. MET gene amplification is the most frequent 
cause of bypass pathway activation.15 Rare mutations of 
MET in P97Q and I865F have also been reported.10 We 
identified MET K957N after osimertinib failure, but its 
significance and mechanism of resistance to osimertinib 
are still unknown. PIK3CA mutations can activate the 
PI3K pathway, in which E545K, E542K, R88Q, N345K 
and E418K occurred frequently and have been reported as 
acquired resistance to osimertinib.9 In our patient, PIK3CA 
D1017H was identified after progression on osimertinib.

We present comprehensive mutation profiles of an osi-
mertinib-resistance lung cancer patient using cfDNA pro-
filing. The development of targeting NGS has made it 
possible to identify gene alterations in ctDNA extracted 
from plasma samples,16 which can allow the investigation 
of a panel of multiple cancer-related genes. Thus, liquid 
biopsy has emerged as a promising alternative to tissue 
biopsy for molecular monitoring of patients throughout 
disease. In our case, we demonstrated that longitudinal 
monitoring of ctDNA mutation profiles may be 
a powerful tool for the detection of tumor genetic evolu-
tion and EGFR-TKI treatment in NSCLC patients. Further 
detailed studies are needed to validate the function of 
acquired multiple resistance to osimertinib.

Conclusion
We monitored the patient treated with osimertinib by serial 
ctDNA analysis to detect patients’ tumor progression and 
novel mutations, which provides possible multiple resistant 
mechanisms to anti-EGFR therapy and highlights the 

Table 1 Genetic Alterations Detected by ctDNA Sequencing 
During the Osimertinib Treatment Course

Genes Variation 
Detected

Osimertinib Treatment

11 
Months 
Later

18 
Months 
Later

21 
Months 
Later

EGFR L858R 54.6% 90.5% 88.2%

EGFR T790M 1.8% 11.8% 14.8%

EGFR L718Q 26.3% 19.0% 32.2%

EGFR Insertion in 
exon 20

2.1% 9.5% 2.1%

EGFR I744M 1.7% 2.5% 0.1%

EGFR G796S 0.6% 6.1% 3.3%

EGFR P794S 1.2% 4.8% 0.1%

EGFR Amplification 2.4 fold 5.4 fold 4.4 fold

EGFR Fusion 0.2% 2.2% 0.4%

EGFR L792P – 0.8% 1.3%

EGFR G796C – 0.3% 10.2%

EGFR Y944C – – 0.5%

EGFR Q1106* – – 0.6%

EGFR Q1113* – – 0.5%

EGFR P1114S – – 0.5%

EGFR T1131I – – 0.4%

EGFR A1192V – – 0.8%

MET K957N – 0.8% 1.1%

PI3KA D1017H – 11.1% 10.2%

Notes: Mutant allele frequencies are indicated; –indicates not detected; *indicates 
a truncating mutation.
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importance of ctDNA sequencing to explore novel resistance 
mechanisms with therapeutic implications, which may trig-
ger the development of effective therapeutic strategies.
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