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Purpose: Molecular-based targeted therapy has improved life expectancy for advanced non-
small cell lung cancer (NSCLC). However, it does not have to be inevitable that patients
receiving third-generation EGFR-TKIs become drug resistant. EGFR C797S and MET
amplification are common mechanisms of osimertinib. However, a large part of these
potential drug mechanisms remains unknown, and further research is needed.

Methods: Tumour and blood samples from forty advanced NSCLC patients were identified
as acquired drug resistant to osimertinib. The NGS panel was applied to detect EGFR C797S
and MET amplification in tumour tissues or plasma samples. Whole-exome sequencing was
conducted in five pairs of tumour tissues obtained before osimertinib administration and after
osimertinib resistance in patients without C797S/cMET amplification.

Results: The overall C797S mutation rate was 20%, and MET amplification was detected in
six out of sixteen C797S-negative samples. PDGFRA in the PI3K-AKT-mTOR signalling
pathway, RASAL2, RIN3 and SOS2 in the RAS-Raf-ERK signalling pathway, PTK2 in the
ERBB signalling pathway and ABCC1 and ABCBS in the ABC membrane pump system
were identified as candidate crucial genes of drug resistance to osimertinib.

Conclusion: EGFR C797S mutation and MET amplification are leading mechanisms for
osimertinib resistance in lung cancer. The crucial potential mutated genes defined in our
present study may need further validation in a considerable number of lung cancer patients.
Keywords: osimertinib, drug resistance, whole-exome sequencing, lung cancer, targeted
therapy

Introduction

Lung cancer is the leading cause of cancer-related mortality in the world, and non-
small-cell lung cancer (NSCLC) accounts for 85% of lung cancer cases.' Targeted
therapy based on molecular alterations has increased the survival time and quality
of life of patients with advanced NSCLC in recent decades.*>

third-generation EGFR
a representative targeted therapy in NSCLC, which prolongs progression-free

Osimertinib, a tyrosine kinase inhibitor, is
survival to 19 months and overall survival to 39 months as the first line of
‘[herapy.4 As the precise choice for patients with the T790 M mutation who acquire
drug resistance to the first generation of EGFR-TKIs, patients taking osimertinib
can reach a PFS of 10.1 months and OS of 26.8 months when this drug is used as
a second line therapy.’ However, similar to other targeted therapies, osimertinib

undoubtedly results in drug resistance.® The next line of treatment must be based on
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overcoming the potential drug resistance mechanism.
Studies have found that multiple mechanisms account for
its resistance, and EGFR C797S and MET amplification
are the main causes, accounting for approximately 20%
and 15%, respectively.”® As a second line of therapy in
T790M patients with lung cancer, almost 40% of patients
acquiring drug resistance to osimertinib remain
unidentified.®'° further

urgently needed to elaborate the potential novel mechan-

Therefore, explorations are

isms for acquiring drug resistance to osimertinib.

Methods

Patients

Tumour tissue and plasma samples were provided by patients
in the single centre of our respiratory department in PLA
General Hospital from 2017 to 2019. Enrolled patients were
required to meet the following requirements: 1. All patients
had acquired drug resistance after receiving the first genera-
tion of EGFR-TKIs and proved to have the T790M mutation.
2. All patients took osimertinib as second-line therapy. 3. All
of these patients agreed to provide tumour tissue or plasma
before osimertinib initiation (BOI) and after osimertinib
resistance (AOR). Our research was approved by the ethics
committee of PLA General Hospital, and signed informed
consent was provided by the patients. And the conduction of
whole research was carried out in accordance with the
Declaration of Helsinki.

Sample Collection

Enrolled patients provided tumour tissue or plasma before
receiving osimertinib, and plasma samples were also given
every 6 weeks during the course of osimertinib treatment.
Finally, tumour tissue or plasma samples were supplied
after osimertinib resistance. Tumour tissue obtained from
bronchoscope biopsy and CT-guided needle lung biopsy
was stored in liquid nitrogen. Approximately 6 mL of
plasma was stored at —80°C, and cfDNA was extracted
for next-generation sequencing.

EGFR C797S Detection and MET Analysis

with NGS Panel

Tumour DNA and cfDNA were quantified by a Nanodrop
2000 (Thermo Fisher Scientific, Waltham, MA) and Qubit
3.0 using a dsDNA HS Assay kit (Life Technologies,
Waltham, MA) according to the manufacturer’s protocols.
All of these procedures were performed at a CAP/CLIA
certified clinical diagnostic laboratory. The following

analysis was performed according to our previous research
using the same NGS platform and NGS panel covering
140 genes, including EGFR, MET, and ALK."'

Whole-Exome Sequencing and
Bioinformatic Analysis of C797S/
MET-Negative Tumour Tissue and Blood

Cell Samples in Paired

Genomic DNA from tumour tissue and paired blood cells
of C797S/MET-negative patients was cut into fragment
sizes of 150 ~ 200 bp with Bioruptor NGS (Diagenode
SA, Denville, USA). Samples of 200 ng of genomic DNA
were performed with a process of end repair and ligation
to hybridise to the captured library. Each of the captured
libraries was sequenced on an Illumina HiSeq X Ten
(Illumina, San Diego, CA, USA) to average target exome
coverage of 100x in reference blood cell DNA and 200x% in
tumour tissue.

High-quality reads were mapped to the NCBI reference
human genome (hg19). Then, duplicates were merged and
removed with SAMtools. Local realignment and base
quality score recalibration were processed with the
Genome Analysis Toolkit (GATK). Taking the correspond-
ing blood cells as a control, SNVs and INDELs were
predicted with GATK and annotated with the
ANNOVAR software tool. Morecover, those mutations
only in tumour tissue AOR but not in BOI of the same
patients were selected and further analysed with the
R project for statistical computing (version 3.1.3) and
pathway analysis.

Results
Study Design and Clinical Characteristics

of Patients

The flowchart of our research is presented in Figure 1. In
total, 40 patients were proven to have EGFR T790 M by
tumour biopsy in 16 patients and liquid biopsy in 24 patients
after acquiring drug resistance to the first generation of
EGFR-TKIs. All of these patients received osimertinib
as second-line therapy and reached a PFS of 3-39 months
for osimertinib. Ten patients underwent rebiopsy, including
lung and lymph node biopsy, to analyse resistance-related
mutations, including C797S and MET, by NGS panel. Eight
patients were C797S/MET-negative, but only 5 patients had
paired tumour tissue before taking osimertinib. The clinical
characteristics of these 5 patients are listed in Table 1.
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first generation EGFR-TKI

40 NSCLC patients with a history of disease progression for

T790M mutation

16 tumor tissues or 24 plasma were detected for EGFR

10 tumor tissue re-biopsy after osimertinib resistance with
NGS panel including EGFR, MET, et al.

8 EGFR C797S/MET
negative sample

sample

1 MET amplification

1 EGFR C797S
mutation sample

5 samples with resistance before
tumor sample in paired

Figure | Flowchart of research design.

Detection of EGFR C797S Mutation and

MET Amplification by NGS Panel

The C797S mutation rate was 15% (6/40) in patients who
acquired drug resistance to osimertinib. Among the 10
patients who received rebiopsy, only 1 patient was C797S-
positive and the rest of the patients were proven to be
C797S-negative by both tumour tissue and plasma. One
patient was identified with MET amplification among the 9
C797S-negative patients (Figure 2).

Potential Novel Resistance Mechanism of
Osimertinib Identified by Exome
Sequencing

Five patients proved C797S/MET-negative and provided
tumour tissue from BOI and AOR in paired finishing of
the whole-exome sequencing. All sequencing data were
analysed according to the standard protocol.'? In the whole
sequencing, the captured targeted region was almost 60.46

Whole exome sequencing

MB, the clean read rate was more than 92%, and more
than 99% of reads mapped successfully. The mean depth
of targeted region was 137.36-fold. Somatic SNVs were
defined with sequencing data analysed by MuTect2
(Cibulskis et al, 2013) and ANNOVAR (Wang, K. et al,
2010), taking blood cells as the normal control and muta-
tions in BOI tumour tissue as the time control. A total of
2160 SNVs were identified from these 5 patients and after
filtering with the database, including 1000 Genomes
Project database and the Exome Aggregation Consortium
database, analysing with SIFT and Polyphen2 for patho-
genicity, final novo key mutated genes were minimized to
227. For inDel evaluation, the same procedures were pro-
cessed as for SNV analysis. The final number of InDels
was 1387 in these 5 patients, and this number decreased to
370 significant genetic mutations after filtering with
a common database. Variations obtained from whole-

exome sequencing are presented in Figure 3.

Table | Clinical Characteristics of Patients Receiving Whole-Exome Sequencing

ID Age Sex Histology Smoking History Clinical Stage Biopsy Site PFS

6 62 Female Adenocarcinoma No IVB Lung 9

12 64 Male Adenocarcinoma Yes IVA Lymph I

15 67 Female Adenocarcinoma No IVB Lung

29 6l Female Adenocarcinoma No IVA Lung 9

35 65 Female Adenocarcinoma No IVB Lymph 13
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Figure 2 Pie chart of 10 patients with drug resistance of osimertinib. Only 5 of which received whole-exome sequencing.

The total SNVs and InDels screened via public tumour-
related databases were analysed with the KEGG pathway
and R project to find final key candidate mutations accu-
mulated in key signalling pathways for acquiring drug
resistance in osimertinib (Figure 4). Four cancer-related
signalling pathways were identified to account for drug
resistance: 1. PDGFRA in the PI3K-AKT-mTOR signal
pathway; 2. RASAL2, RIN3 and SOS2 in the RAS-Raf-
ERK signal pathway; 3. PTK2 in the ERBB signal path-
way; 4. ABCC1, ABCBS in the ABC membrane pump
system. To our surprise, there was 1 specific gene, RIN3,
the mutations of which appeared in 3 of 5 patients, includ-
ing the same 2 deletions and 1 SNP.

Discussion

The purpose of our research was to reveal the genomic
third-generation EGFR-TKI-
osimertinib resistance in addition to common EGFR

variations resulting in
C797S and c-Met amplification. Whole-exome sequencing
was applied to determine the potential gene alterations
leading to resistance in paired tumour tissues before osi-
mertinib administration and after osimertinib resistance in
5 patients without C797S or c-Met amplification.

Many studies have focused on the variations in resis-
tance to osimertinib, including EGFR C797S, c-Met,
BRAF, CCNDI, and PI3KCA."*"!* However, most of

them were performed with the NGS panel method, which
was made up of multiple genes proven to be associated
with lung cancer or cancer therapy. To the best of our
knowledge, this is the first study to explore candidate
genomic variations for osimertinib resistance with whole-
exome sequencing in paired tumour tissues. A number of
potential key functional genetic variations were identified
in our research.

PDGFRA, as a key factor in the PI3K-AKT-mTOR
signalling pathway, plays a role in promoting cell prolif-
eration, migration, and differentiation.'® The CNVs of
PDGFRA were associated with the survival time of ALK-
TKIs in NSCLC,"” and were also proven to cause ALK-
TKI resistance in advanced NSCLC.'® Although PDGFRA
variations have been defined to be activated in many solid
tumours and drug therapies, this is the first study to illu-
minate the influence of PDGFRA alteration on osimertinib
resistance. In our present research, a PDGFRA gene exon-
17 missense of L796 W was detected in osimertinib-
resistant, C797S-negative/MET-unamplified tumour tissue.
The PDGFRA alteration defined in our research was an
SNV, a common type of mutation in oncogene activation,
which we took as a potential secondary mutation induced
by osimertinib to promote drug resistance. Currently, sev-
eral PDGFRA inhibitors, eg, imatinib and sunitinib, have
A deep

: 1
been developed as anticancer agents."
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Figure 3 Variations detected by whole-exome sequencing in all samples.

understanding of PDGFRA alterations would benefit sub-
sequent therapy after drug resistance to osimertinib as
these PDGFRA inhibitors are widely applied to treat mul-
tiple cancers and might also offer potential treatment
options for patients with acquired drug resistance driven
by PDGFRA activation.

SOS2, RIN3 and RASAL2 were significant members
downstream of the RAS-Raf-ERK signalling pathway. It
was also shown that SOS2 deletion could activate RAS,
which can

initiate downstream signalling for cell

the Raf/MEK/ERK
pathway.?*?! However, little is known about the relation-

proliferation and survival via
ship between SOS2 and drug resistance in cancer therapy.
RIN3 (Ras and Rab interactor 3), as a member of the RIN
family, shares functional domains with other RIN mem-
bers, including RIN1 and RIN2-a stabilizer and stimulator
of GTP-Rab5. Previous studies have demonstrated that
RINT expression is associated with NSCLC prognosis and
survival,” and a decrease in cell proliferation caused by

Rinl depletion is correlated with a decrease in epidermal
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Figure 4 Potential candidate genes for osimertinib resistance presented within cancer-related signal pathway.

growth factor receptor (EGFR) signalling in A549 lung
cancer cells.”* However, the association of RIN3 with lung
cancer, especially drug resistance, remains unknown. In
particular, RIN3 alterations were found in 3 out of 5
patients in our research. Further exploration is warranted
to illuminate the association of RIN3 and resistance to
osimertinib. RASAL2 was also identified in our research
as a potential mechanism of osimertinib resistance. It has
been proven that RASL2 plays inconsistent functions in
different cancers. Li et al found that inactivation of
RASAL?2 enhanced cell migration via the promotion of
the epithelial mesenchymal transition (EMT) in lung can-
cer, and Yi et al proved that higher expression of RASAL2
was significantly associated with disease metastasis in
patients with CRC.>>?7 Further research is needed to

analyse the role of RASAL2 in drug resistance to
osimertinib.

We also found a PTK2 (FAK) mutation in a patient
with drug resistance to osimertinib. It has been reported
that PTK2 hyperphosphorylation occurs in EGFR-TKI-
resistant NSCLC cell lines and that the combination of
a PTK2 inhibitor (defactinib) and EGFR-TKIs (erlotinib
or osimertinib) could recover EGFR-TKI (erlotinib or
osimertinib) sensitivity in EGFR-TKI-resistant NSCLC
with PTK2 hyperphosphorylation in vivo and vitro.*®
However, the role of PTK2 mutation in drug resistance
to osimertinib needs further exploration. ABCC1 and
ABCBS5 are members of the membrane translation
pump system and have been defined to be associated
with drug resistance to chemotherapy in multiple
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cancers.””*° However, the association of these 2 gene
variations and resistance to osimertinib also requires
deep and further research.

There were also some limitations in our research. First,
the number of samples needed to be large to validate the
result, and the second one is that further study concerning
the deep further mechanism validation by vitro and vivo
experiments for these potential candidate key genes of
drug resistance is warranted. And we have planned to
finish the wvalidation of our preliminary findings on
mechanisms of drug resistance for Osimertinib.

Putative mechanisms for osimertinib were found in 5
patients via whole-exome sequencing. Panel sequencing
based on known genes will reveal some mechanisms, and
broader genetic detection is warranted to develop new
mechanisms and therapies for osimertinib drug resistance.
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