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/Abstract A

Background: Various resistance mechanisms to osimertinib have been described; however, a comprehensive investigation
of survival outcomes associated with these resistance mechanisms remains limited. Herein, we investigated the survival out-
comes of osimertinib resistance mechanisms in Chinese non-small cell lung cancer (NSCLC) patients.

Methods: Targeted sequencing was performed on paired plasma samples collected prior to osimertinib and after the devel-
opment of disease progression (PD) of 96 T790M-positive advanced NSCLC patients. The association between mutations

acquired at PD and survival outcomes of the patients was also analyzed.

Results: Major acquired mutations were identified from our cohort including 25% EGFR, predominantly C797 and L792,
16% MET amplification, 8% TP53, 4% KRAS, 4% RET fusions, 4% ERBB2 amplification and 6.25% RBI. At baseline, 61
and 35 patients were EGFR exon 19 deletion (19del) and L858R mutants, respectively. Interestingly,19del-mutants acquired
more mutations at PD(P=0.014), particularly in MAPK/PI3Kpathway (P=0.007) and TP53(P=0.021). On the other hand,
acquired ERBB2 amplifications were only detected from L858R-mutants (P=0.047). Furthermore, 37.5% of the patients re-
tained T790M while 62.5% lost T790M at PD. Our results revealed that patients retaining T790M, often associated with acti-
vation of bypass signaling pathways or continued EGFR activation through tertiary mutations, had a longer progression-free
survival (PFS) (P=0.047) and overall survival (OS) (P=0.04) compared to patients with T790M loss, often with diverse and
EGFR-independent mechanisms. Moreover, patients with acquired C797S had significantly longer PES (P=0.031), while pa-
tients with acquired MET amplification had significantly shorter PFS (P=0.033).

Conclusion: Collectively, we revealed distinct survival outcomes associated with various resistance mechanisms, represent-

ing an important step in advancing the understanding of osimertinib resistance mechanisms.
Keywords: acquired resistance mechanism; osimertinib resistance; NSCLC; EGFR T790M.

Abbreviations: cfDNA, cell-free DNA; EGFR, epidermal growth factor receptor; NSCLC, non-small cell lung cancer; OS,

Qverall survival; PD, disease progression; PFS, progression-free survival; TKI, tyrosine kinase inhibitor
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Introduction

Osimertinib, a third-generation epidermal growth fac-
tor receptor (EGFR) tyrosine kinase inhibitor (TKI), was devel-
oped to irreversibly bind to and inhibit mutated EGFR receptors
[1-3]. Although it can target all mutated EGFR receptors, it is
widely used in tumors that acquired EGFR T790M-mediated
resistance from prior therapy with earlier generations of EG-
FR-TKI [1-3]. Patients with T790M-positive advanced non-small
cell lung cancer (NSCLC) who progressed from prior EGFR-TKI
have significantly longer median progression-free survival
(PFS) on osimertinib compared with chemotherapy (10.1 vs. 4.4
months, P<0.001) [3-4]. Despite remarkable clinical responses to
osimertinib, patients still acquire resistance and develop disease
progression between 10 to 19 months from initiation of osim-
ertinib therapy [5,6]. Increasing efforts have been invested in
elucidating the mechanisms of osimertinib resistance to develop
novel strategies in overcoming this growing problem. Numerous
studies have demonstrated the development of osimertinib resis-
tance to be associated with EGFR-dependent mechanisms, pre-
dominantly through the acquisition of tertiary EGFR mutations
including C797X, L792X, and L718X [7-9]. Moreover, a growing
number of reports have also observed mutations in parallel or
downstream pathways that mediate resistance to osimertinib
including MET [8-13], ERBB2 [11,12], KRAS [8-10,12], BRAF
[8,10], PIK3CA [8], and RET [8,14]. In addition, the histolog-
ic transformation from adenocarcinoma to small cell [8, 10, 15,
16] or squamous cell [10] has been documented as resistance
mechanisms to osimertinib therapy, consistent with other gen-
erations of EGFR-TKI [17, 18]. Despite the availability of data
on various molecular mechanisms of resistance to osimertinib
[8-16], a comprehensive investigation of the clinical outcomes
of patients with various resistance mechanisms remains unex-
plored. The information on clinical outcomes is critical in mak-
ing therapeutic decisions for this subset of patients. In our study,
we aimed to elucidate the osimertinib resistance mechanisms in
EGFR T790M-positive Chinese NSCLC patients and assess their

clinical outcomes based on their resistance mechanism.
Patients and Methods
Patients

A total of 96 EGFR T790M-positive advanced-stage
NSCLC Chinese patients who progressed on prior first- or sec-
ond-generation EGFR-TKI therapy and have detectable muta-
tions at disease progression (PD) between October 2015 and Jan-
uary 2018 were enrolled in the study. Paired plasma samples were

collected from the patients prior to the initiation of osimertinib

therapy and after the development of PD. NSCLC was diagnosed
according to the criteria by the 2015 World Health Organization
histological classification of lung tumors [19]. Pathologic or clin-
ical staging was according to the seventh edition of the Ameri-
can Joint Committee on Cancer [20]. Treatment responses were
investigator-assessed based on Response Evaluation Criteria in
Solid Tumors (RECIST) version 1.1 [21]. Medical records were
retrieved to collect clinicopathologic data, treatment history and
survival outcome. This study has been approved by the relevant
Institutional Review Board of Cancer Hospital, Chinese Acad-
emy of Medical Science and performed in accordance with the
standards set forth by the Declaration of Helsinki as revised in
2013. Written informed consent was provided by all the patients
included in the study.

Cell-free DNA isolation and capture-based targeted DNA se-

quencing

As described previously [22], circulating cell-free DNA
(cfDNA) was recovered from 4 to 5 ml of plasma using the
QIAamp Circulating Nucleic Acid kit (Qiagen, Hilden, Germa-
ny). A minimum of 50 ng of cfDNA is required for NGS library
construction. Fragments between 200 to 400base pairs (bp) from
the cfDNA were end-repaired, phosphorylated and ligated with
adaptors (Agencourt AMPure XP Kit, Beckman Coulter, CA,
USA). Purified cfDNA with adaptors were then hybridized with
capture probes baits, underwent hybrid selection with magnetic
beads and PCR amplified. The quality and the size of the frag-
ments were assessed using Qubit 2.0 fluorimeter with the dsD-
NA high-sensitivity assay kit (Life Technologies, Carlsbad, CA).
Indexed samples were sequenced on Nextseq500 (Illumina, Inc.,
USA) with paired-end reads and average sequencing depth of
10,000X. A panel with 168 genes including 68 lung cancer-re-
lated genes and 100 other genes related to cancer development
was used for targeted sequencing (Lung Plasma, Burning Rock

Biotech, Guangzhou, China).

Sequence data analysis

Sequence data were mapped to the reference human ge-
nome (hgl9) using Burrows-Wheeler Aligner v.0.7.10 [23]. Lo-
cal alignment optimization and variant calling were performed
using Genome Analysis Tool Kit v.3.2 [24], and VarScan v.2.4.3
[25]. Variants were filtered using the VarScan fpfilter pipeline,
loci with depth less than 100 were filtered out. Base-calling in
plasma samples required at least 8 supporting reads for single
nucleotide variations (SNV) and 5 supporting reads for inser-
tion-deletion variations (INDEL). Variants with population
frequency over 0.1% in the ExAC, 1000 Genomes, dbSNP or
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ESP6500SI-V2 databases were grouped as single nucleotide
polymorphisms (SNP) and excluded from further analysis. The
remaining variants were annotated with ANNOVAR (2016-02-
01 release) [26] and SnpEff v.3.6 [27]. Analysis of DNA translo-
cation was performed using Factera v.1.4.3 [28]. Copy number
variations (CNV) were analyzed based on the depth of coverage
data of capture intervals using an in-house developed algorithm.
The limit of detection for CNVs is 1.5 and 2.64 for deletions and

amplification, respectively.

Statistical analysis

The differences in the groups were calculated and presented
using either Fisher’s exact test or two-tailed Student’s t-test, as ap-
propriate. Progression-free survival (PFS) was defined from the
date osimertinib was administered until the evaluation of PD.
Overall survival (OS) was defined from the date of diagnosis un-
til the day of death or the last day of follow-up. PFS and OS curve
was estimated using the Kaplan-Meier method and the differ-
ences among the groups were evaluated using the log-rank test.
P-value with P<0.05 was considered as statistically significant. All
the data were analyzed using R statistics package (R version 3.4.0;

R: The R-Project for Statistical Computing, Vienna, Austria).

Results

Patient characteristic

Our study cohort included a total of 96 patients, of which,
58% (56/96) were females and 42% (40/96) were males, with a
median age of 56 years (ranging from 32 to 82 years). A major-
ity were diagnosed with adenocarcinoma (96%, 92/96), while
the remaining patients were diagnosed with adenosquamous
carcinoma (2%, 2/96) and squamous cell carcinoma (2%, 2/96).
All the patients were T790M-positive and had progressed from
prior EGFR-TKI therapy. Table 1 summarizes the baseline clini-

copathologic characteristics of the cohort.

Acquired mutations detected upon disease progression with

osimertinib

To elucidate the mutations acquired after osimertinib ther-
apy, capture-based targeted sequencing of the paired plasma
samples collected prior to initiating osimertinib therapy (Figure
1A) and after developing resistance to osimertinib (Figure 1B)
were performed using a 168-gene panel, spanning 0.273 mega
bases of the human genome. To derive the acquired mutations
at PD, the mutation profiles of each of the 96 patients from these

two-time points were compared (Figure 1C).

Table 1.Baseline clinicopathologic characteristics of the cohort

n (%)
Clinicopathologic characteristics
n=96
Age (years) (median, range) 56 (32-82)
Gender
Male 40 (41.7%)
Female 56 (58.3%)
Histology
Adenocarcinoma 92 (95.8%)
Adenosquamous carcinoma 2(2.1%)
Squamous carcinoma 2(2.1%)
Metastatic sites
Brain 24 (25%)
Bone 50 (52.1%)
Lymph node 10 (10.4%)
History of EGFR-TXKI prior to osim-
ertinib therapy
1 80 (83.3%)
>1 16 (16.7%)
Prior history of chemotherapy
None 44 (45.8%)
1 43 (44.8%)
2 7 (7.3%)
Unknown 2 (2.1%)

Baseline EGFR mutations
Exon 19 deletion

61 (63.5%)

L858R 35 (36.5%)
Baseline EGFR T790M 96 (100%)
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Figure 1. Mutation profile of the cohort prior to osimertinib therapy (A), and
at disease progression with osimertinib (B). The mutation profiles from the two
time-points were also compared and depicted in (C). A-C. The patients were
grouped according to baseline EGFR mutations 19del (green) or L858R (red) as
indicated by the bar located at the bottom of the oncoprint. B-C. An annotation
depicting the EGFR T790M status of each patient at progression, whether lost
(blue) or retained (yellow) was also added at the bottom of the oncoprint. Each
column represents a patient and each row represents a gene. Table on the left
represents the mutation rate of each gene. Top plot represents the overall number
of mutations a patient carried. Different colors denote different types of mutation.

Among the patients in the cohort, a total of 258 ac-
quired mutations spanning 90 genes were detected. Of which,
25% (24/96) of the patients acquired tertiary EGFR mutations,
predominantly C797S (18/24). In addition, mutations in TP53
(8.3%, 8/96) and genes involved in bypass pathways including
MET amplification (15.6%, 15/96), KRAS mutations (4%, 4/96),
RET fusions (4%, 4/96) and ERBB2 amplification (3%, 3/96)
were acquired by the patients at PD. In addition to the emer-
gence of mutations at PD, 37.5% (36/96) of the patients retained
EGFR T790M, while the remaining 62.5% (60/96) of the patients
had lost the mutation at PD. Loss of EGFR T790M was defined
as the detection of baseline EGFR sensitizing mutation (i.e. exon
19 deletions and L858R) from the sample with no concurrent
detection of EGFR T790M at osimertinib PD. Figure 1 illustrates
the major mutations acquired by the cohort at PD. According to
this distribution, the major mutations known to mediate resis-
tance to osimertinib acquired by this cohort at PD were EGFR
tertiary mutations coupled with retention of EGFR T790M
(18%), followed by the acquisition of MET amplification with
loss of T790M (9%) and TP53 mutations with loss of T790M
(4%). There were 32 (33%) of patients with no known resistance
mechanisms at PD; among them, 4 patients (4%) retained EGFR
T790M and the remaining 28 patients (29%) lost the mutation
(Figure 2).
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Figure 2. Distribution of the osimertinib-treated patients according to the
major acquired mutations. Shaded slices refer to those with T790M loss.
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Our data further revealed that patients who retained
T790M were likely to acquire tertiary EGFR mutations, includ-
ing C797S/G, G796X, L718Q and L792F, and mutations in genes
involved in bypass signaling pathways (P<0.001, Figure 3). Inter-
estingly, a majority of the patients with T790M retention who ac-
quired the C797S/G at PD (n=19), acquired it on the same allele
as the T790M (in cis configuration, C797S n=16, C797G n=1),
while the remaining two patients acquired the C797S in trans to
T790M. On the contrary, patients with T790M loss were likely
to acquire diverse EGFR-independent resistance mechanisms
(P<0.001, Figure 3).
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Figure 3. Distinct acquired mutations between EGFR 19del and L858R-mutant
patients. Summarized spectra of the mutations acquired by the cohort at PD. The
first three rows reflect the baseline EGFR sensitizing mutations 19del and L858R
and T790M and is the basis of the grouping of the patients. Each column rep-
resents a patient and each row represents a gene mutation indicated on the right.
Percentage on the left and the histogram on the right represents the mutation
rate of each gene.

Acquired mutations based on baseline EGFR driver mu-

tations

Next, we interrogated whether different baseline (prior
to osimertinib treatment) EGFR driver mutations (EGFR 19
del vs L858R) are associated with certain osimertinib acquired
mutations at PD. The cohort was further stratified according to
baseline EGFR driver mutations. At baseline, 61 patients (63.5%,
61/96) harbored EGFR exon 19 deletion (19del)-mutants; while
the remaining 35 (36.4%, 35/96) patients had EGFR L858R
(Figure 3). At PD, all the patients with L858R (35/35) retained
their baseline EGFR mutations. Meanwhile, 98.3% (60/61) of the
19del-mutants were detected with their baseline EGFR mutation
with 1 patient who lost both EGFR19del and T790M and instead
acquired an FGFRI amplification and a TP53 E224D (Figure
2 and Figure S2). T790M were retained in 35.0% (21/60) and
42.9% (15/35) of the 19del-mutant and L858R-mutant patients,

respectively. Tertiary EGFR mutations including C797S, C797G,
G796X, and L718Q were detected from 16 and 8 patients with
baseline 19del and L858R patients, respectively. Interestingly,
G796R/S and L718Q were detected concurrently with C797G/S
from 19del-mutant patients, while G796del and L718Q were de-
tected exclusively from L858R-mutant patients. L792F concur-
rent to C797S was only detected from an L858R-mutant patient.
Moreover, G724S were only detected from two 19del-mutant pa-
tients who lost EGFR T790M (Figure 3). However, no significant
difference was found between patients with 19del and L858R in
harboring tertiary mutations in G796X (P=1), C797X (P=0.589)
and L718Q (P=0.299). Collectively, our study revealed patients
with baseline EGFR 19del or L858R had comparable rates of
T790M retention.

We identified that, on average, patients with baseline 19del
had 142 mutations; in contrast, patients with L858R had 47
mutations. Patients with baseline 19del had significantly more
mutations (P=0.014), particularly in MAPK/PI3K pathway
(P=0.007, Figure 4A) and TP53 (P=0.021, Figure 3 and 4B) than
patients with baseline L858R. MAPK/PI3K pathway-related mu-
tations from literature as a resistance mechanism detected from
19del-mutants included BRAF, KRAS, PI3KCA, PTEN, RET, and
MET, respectively (Figure 2). Interestingly, potentially actionable
mutations including BRAF V600E, RET fusions, and MET am-
plification were mostly detected among 19del-mutant patients.
However, they did not reach a significant difference due to a
small cohort (BRAF V600E, P=1; RET, P=0.293; MET, P=0.4).
Other mutations in the MAPK/PI3K pathway which were not
established to be involved in acquired osimertinib or EGFR-TKI
resistance were not significantly different between 19del- (n=33)
and L858R- (n=29) mutant patients (P=0.075, Figure 4A). Fur-
thermore, acquired ERBB2 amplifications were only detected
from 3 L858R-mutant patients (P=0.045, Figure 4C). Collective-
ly, our study revealed a distinct mutation landscape at PD be-
tween patients with EGFR 19del or L858R at baseline, suggesting

their heterogeneity of resistance mechanisms to osimertinib.
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Figure 4. EGFR 19del-mutant patients acquired significantly more mutations in
the MAPK/PI3K pathway (P=0.007) and TP53 (P=0.021), while ERBB2 ampli-
fications were only detected from L858-mutant patients (P=0.045). Histograms
illustrating the acquired mutations detected among 19del and L858R-mutant
patients in A. MAPK/PI3K pathway; B. TP53 and C. ERBB2 amplification. Re-
ported includes only specific mutations already established in the development
of osimertinib or EGFR-TKI resistance, Others refers to mutations that have not
been associated with the EGFR-TKI resistance mechanism.

Survival outcomes

Next, medical records were retrieved to assess their PFS
and OS. Analyses revealed that patients with T790M loss (n=60)
had significantly shorter PFS (median PFS 6.7 months vs. 10.4
months, P=0.047, Figure 5A) and OS (median OS 15.7 months
vs. 17.5 months, P=0.04, Figure 5B) compared to patients who
retained T790M at PD. Furthermore, we also revealed that pa-
tients with acquired tertiary EGFR mutations had significantly
longer PES (median PFS 10.5 months vs. 7 months, P=0.007,
Figure 6A) and OS (median OS 18.1 months vs. 15.7 months,
P=0.047, Figure 6B), particularly the PES for patients who ac-
quired EGFR C797X (median PFS 10.5 months vs. 7 months,
P=0.021, Figure 6C). However, no significant difference in OS
was observed for this particular tertiary mutation (median OS
NA vs. 16.2 months, P=0.11, Figure 6D), potentially attributing
to the immature OS of patients who acquired EGFR C797X. Fur-
thermore, patients who acquired MET amplifications at PD had
significantly shorter PFS (median PFS 5.3 months vs. 9.5 months,
P=0.031, Figure 7A), but no significant difference in OS (median
OS 13.4 months vs. 17.3 months, P=0.1, Figure 7B). Moreover,
no significant difference was found between the PFS (P=0.407)
and OS (P=0.657) of patients with baseline 19del and L858R.
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Figure 5. The loss of EGFR T790M at PD was associated with marginally shorter
PFS (P=0.05) and significantly shorter OS (P=0.04). Kaplan-Meier analysis of the
PFS and OS of the advanced NSCLC patients treated with osimertinib who re-
tained (n=36) or lost (n=60) EGFR T790M at PD, indicated by red and blue lines,
respectively. The risk table below illustrates the number of patients included per

time point.
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Figure 6. The acquisition of tertiary EGFR mutations, particularly C797X, at
PD was associated with significantly longer PFS (P=0.006; C797 P=0.021) and
a trend of longer OS (P=0.06). Kaplan-Meier analysis of the PFS and OS of the
advanced NSCLC patients treated with osimertinib who acquired tertiary EGFR
mutations (n=31) or other mutations (n=65) at PD, indicated by blue and red
lines, respectively. The risk table below illustrates the number of patients included

per time point.

JScholar Publishers

J Cancer Res Therap Oncol 2020 | Vol 8: 204



7

Aequired MET_amp — Others Acquired MET_amp - Others

=
~
o

e

=
Owverall survival ratio
= 5
i
=

=
o
i

Progression-free survival ratio
=
un -
5

=

=

=
=
=
=

0 0 0 El 0 10 0 Ed 0
Time in months Time in months

Number at risk Number at risk

[} ] ] ] [] 10 bl 0 4
Time in manths Time in manths

Figure 7. The acquisition of MET amplification at PD was associated with signifi-
cantly shorter PFS (P=0.0321). Kaplan-Meier analysis of the PFS and OS of the
advanced NSCLC patients treated with osimertinib who acquired MET amplifi-
cation (n=17) or other mutations (n=79) at PD, indicated by blue and red lines,
respectively. The risk table below illustrates the number of patients included per

time point.

Discussion

EGFR-TKIs have profoundly improved the prognosis
of EGFR-mutant NSCLC patients; however, resistance inevitably
arises in almost all patients with a median PFS under 12 months
[5, 6]. Through the years, increasing efforts have been invested
in elucidating the resistance mechanism and developing novel
therapies to overcome EGFR-TKI resistance. Acquired resistance
mechanisms to osimertinib have been investigated, revealing
both EGFR-dependent and independent mechanisms [8-13].
However, information on the survival outcomes of the patients
with diverse resistance mechanisms acquired from osimertinib
therapy still remains limited, particularly in Chinese NSCLC
patients. Herein, we investigated the acquired resistance mech-
anisms and survival outcomes of 96 Chinese osimertinib-treated
advanced NSCLC patients who progressed from prior genera-
tions of EGFR-TKI.

Consistent with acquired mutations previously report-
ed by numerous studies [8-13], the acquired mutations detected
in our cohort were very heterogeneous. The major mutations ac-
quired by our cohort at PD were tertiary EGFR mutations (25%,
24/96) and mutations in bypass pathways including MET ampli-
fication (15.6%, 15/96), KRAS mutations (4%, 4/96), RET fusions
(4%, 4/96), and ERBB2 amplification (3%, 3/96). Moreover, our
data also revealed that patients retaining T790M were likely to
be associated with the activation of bypass signaling pathways
or continued EGFR activation through tertiary mutations. On
the contrary, patients with T790M loss acquired diverse and EG-

FR-independent resistance mechanisms. In our cohort, 62.5%

(60/96) of the patients had EGFR T790M loss at PD, slightly
higher than the previously reported rate of 47% [8]. Our finding
of patients with T790M retention had longer PFS (P=0.005) and
OS (P=0.037) was in agreement with other studies [10]. More-
over, we also observed that patients with acquired C797S had
significantly longer PFS (P=0.031), while patients with acquired
MET amplification had significantly shorter PFS (P=0.033). Tak-
en together, our data suggest that the loss of T790M and the ac-
quisition of mutations in genes involved in bypass pathway are
associated with shorter PFS, which leads us to conclude that ac-
quisition of EGFR-dependent resistance mechanisms are associ-
ated with better prognosis, while EGFR-independent resistance

mechanisms are associated with a worse prognosis.

Moreover, we also analyzed whether patients harboring
different EGFR sensitizing mutations at baseline would have dis-
tinct mutations at PD. In our cohort, all patients retained their
EGFR sensitizing mutation at PD except for a 19del-mutant pa-
tient. Interestingly, 19del- and L858R-mutant patients, despite
having similar treatment responses and survival outcomes to
osimertinib, have differential mechanisms of acquired resistance.
Our data revealed that 19del-mutants acquired more mutations
at PD (P=0.014), particularly in MAPK/PI3K pathway (P=0.007)
and TP53 (P=0.021), while acquired ERBB2 amplifications were
only detected in L858R-mutants (P=0.047). To the best of our
knowledge, no previous reports have described the distinct
mechanisms acquired by 19del-mutants and L858R-mutants.
Further studies with a larger cohort are required to establish

these findings.

Numerous preclinical [29] and clinical studies [12,14]
have demonstrated the efficacy of combination inhibitors tar-
geting EGFR and bypass pathway-mediated resistance acquired
during osimertinib therapy. Serial molecular profiling is neces-
sary to guide health care providers and provide options for ap-
propriate subsequent therapy for patients before or after treat-

ment failure with osimertinib.

Conclusion

Collectively, our study revealed the distinct survival out-
comes associated with various osimertinib resistance mecha-
nisms, which could contribute to advancing our understanding
of the mechanisms involved in osimertinib resistance. This study
could also pave the way in developing novel therapeutic strate-
gies to further improve the prognosis of patients who develop

resistance to osimertinib.
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