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Background: Epidermal growth factor receptor-tyrosine kinase inhibitors (EGFR-TKIs) are considered to
be more effective than chemotherapy in the treatment of EGFR-mutant advanced non-small cell lung cancer
(NSCLC). However, in addition to EGFR-sensitive mutations, the genetic factors that affect the prognosis
of patients who receive TKI treatment are not yet clear.

Methods: The clinical data of 36 NSCLC patients with EGFR mutation who received TKI treatment were
retrospectively analyzed. Liquid re-biopsy with next generation sequencing (NGS) analysis was performed to
analyze genetic alterations and potential resistance mechanisms.

Results: All of the patients harbored actionable sensitive EGFR mutations by NGS, with the major
types being 19del or 21L858R (52.78%, 19/36 and 55.56%, 20/36, respectively). The 3 most frequent
accompanying somatic mutations were TP53 (12, 48.4%), KRAS (7, 19.44%) and PIK3CA (3, 8.33%).
Concomitant mutations were present in 16 patients (44.44%). The occurrence of co-mutation was found
to be significantly related to a history of smoking [87.5% (7 of 8) vs. 32.14% (9 of 28); Pearson chi-square,
P=0.005]. Patients who received EGFR-TKIs treatment (P=0.0079) or third-generation EGFR-TKIs only
(P=0.0468) had better progression-free survival (PFS). Concomitant mutations were significantly related
to lower objective response rates (43.75% vs. 80.0%; P=0.024) and poorer PFS (P<0.001). Patients with
concomitant genetic alterations had a worse response after receiving EGFR-TKIs treatment (P=0.0033).
Conclusions: Our research underscores the importance of using multiple molecular profiles. Concomitant
genetic alterations were significantly associated with response to EGFR targeted therapy in NSCLC.
Therefore, research on multi-drug or sequential therapy to address the covariation that drives drug resistance

is urgently needed.
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Introduction

For patients with advanced lung adenocarcinoma (LADC),
the discovery of epidermal growth factor receptor (EGFR)
mutations and their sensitivity to tyrosine kinase inhibitors
(TKIs) changed the landscape of treatment regimens (1-3).
So far, gefitinib, erlotinib and afatinib are still the best
choice for first-line treatment of patients with EGFR
mutations in non-small cell lung cancer (NSCLC) (4)
However, acquired resistance usually occurs 10-12 months
after treatment with EGFR-TKIss. Third-generation
EGFR-TKIs can specifically target EGFR-T790M and
EGFR activation mutations and show significant activity
in EGFR-T790M positive NSCLC patients with acquired
drug resistance (5,6). Unfortunately, resistance to the third-
generation EGFR-TKIs is also inevitable. Some studies
have demonstrated that by quantifying EGFR mutation
alleles the response to EGFR-TKIs can be predicted (7,8),
and others have shown that different EGFR mutations
can affect the prognosis of patients who receive EGFR-
TKI treatment (9,10). However, this approach does not
address the potential risk of co-occurring genetic alterations
in cancer, but rather excludes a “driving factor” from
other factors. Existing studies have suggested that the
current single-gene driver-oncogene viewpoint needs to
be reviewed, and clinical outcomes should be related to
accompanying genetic changes in patients with advanced
lung cancer such as EGFR mutation (11-13). At present, the
prevalence of co-occurring genetic changes affecting clinical
outcomes in advanced lung cancer with major carcinogenic
drivers is largely unknown. Therefore, to optimize clinical
outcomes of EGFR-TKI therapy, a better understanding of
the underlying mechanism of this phenomenon is needed.

Dynamic monitoring of tumor genomic profiles is of
great importance to the diagnosis, treatment, and prognosis
of patients with NSCLC (14,15). To better identity
these underlying mechanisms, we performed mutation
profiling analysis on 36 plasma samples of NSCLC lung
adenocarcinoma before further treatment, and targeted 556
cancer-related genes using next-generation sequencing.

We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/tlcr-20-679).

Methods
Patient selection

Thirty-six patients who were initially diagnosed with lung
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adenocarcinoma at the Affiliated Hospital of Guangdong
Medical University between May, 2017 and December,
2019 were enrolled. And their medical records were
retrospectively reviewed. Table 1 shows a summary of the
patients’ clinical characteristics.

The inclusion criteria were as follows: (I) 18-80 years
old; (IT) initial diagnosis of lung adenocarcinoma, and
EGFR mutation confirmed by molecular pathology,
detected using an amplification refractory mutation system
(ARMS); (ITI) clinical acceptance of first and second-
generation EGFR-TKI treatment; (IV) clinicians believed
re-biopsy necessary to guide the treatment based on the
response evaluation criteria in solid tumors (RECIST); and
(V) an Eastern Cooperative Oncology Group (ECOG),
performance status (PS) score of <2.

This study was approved by the Ethics Committee of
the Affiliated Hospital of Guangdong Medical University.
Informed consent was obtained from all patients who
underwent blood genetic analysis. All procedures performed
in this study were in accordance with the Declaration of
Helsinki (as revised in 2013).

Sample preparation, targeted NGS, and data processing

The liquid biopsy specimens were collected into two
catheters using standard venipuncture techniques.
Circulating tumor DNA (ctDNA) was extracted
from EDTA blood specimen plasma by following the
recommended method (QIAamp Circulating Nucleic Acid
Kit; Qiagen, Germantown, MD, USA), and quantified by
Qubit 4.0 using the dsDNA HS Assay Kit (ThermoFisher
Scientific). DNA shearing is conducted per protocol and a
quality control check is performed. Average fragment size
should be 150-250 bp. Sequence libraries were prepared
using the Ion AmpliSeq Library Kit (Thermo Fisher,
Waltham, MA, USA). The blunt 5'terminal phosphorylation
fragment was produced first. The dAMP was added
(A-tailing) to the 3' ends of the dsDNA library fragments.
Next, ligate the dsDNA adapter with 3'dtmp to the a-tailed
library fragment Library fragments with appropriate adapter
sequences are amplified via ligation-mediated pre-capture
PCR. The libraries were then pooled and sequenced using
the NovaSeq 6000 Sequencing Instruments (Illumina Inc.,
Austin, TX, USA) and reagents as well as PhiX Control v3
(Illumina). Sequencing data were mapped using Burrows-
Wheeler Aligner (BWA-MEM, v0.7.12) (16). Local
realignment was performed around indels and base quality
score to recalibrate using the Genomic Analysis Toolkit
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Table 1 Patients’ clinical characteristics

Characteristic No. (%)
Median age + SD, years 67+12.9
Sex

Male 17 (47.22)

Female 19 (52.78)
Smoking history

Never smoked 28 (77.78)

Smoker 8 (22.22)
Clinical stage

| 3(8.33)

1] 2 (5.56)

\% 31(86.11)
Baseline pathological classification

Adenocarcinoma 36 (100.00)
Baseline EGFR mutation

ex19del 18 (50.00)

L858R 17 (47.22)

18 G719X 1(2.78)
First-line treatment

EGFR-TKIs 35 (97.22)

Others 1(2.78)
Re-biopsy EGFR mutation

ex19del 19 (62.78)

L858R 20 (55.56)

Others 15 (41.67)

Multiple 18 (50.00)
Re-biopsy EGFR T790M mutation

Positive 13 (36.11)

Negative 23 (63.89)
Post-treatment

First/second-generation EGFR-TKI 17 (47.22)

Third-generation EGFR-TKIs 15 (41.67)

Others 4(11.11)
Optimal efficacy

CR 1(2.78)

PR 23 (63.89)

SD 11 (30.56)

PD 1(2.78%)

EGFR, epidermal growth factor receptor; EGFR-TKI, epidermal
growth factor receptor-tyrosine kinase inhibitor; CR, complete
response; PR, partial response; SD, stable disease; PD,
progressive disease.
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(GATK 3.4.0) (Broad Institute, Cambridge, MA, USA) (17).
MuTect 2 (Broad Institute, Cambridge, MA, USA) and
Vardict were employed to detect somatic mutations (18).

Follow-up

Progression-free survival (PFS) was defined as the duration
from the initiation of EGFR-TKI treatment to disease
progression or death from any cause. Clinical follow-up
assessments took place every four weeks. Tumor response
was evaluated by experienced researchers based on the
RECIST guidelines (version 1.1), and was divided into
complete response (CR), partial response (PR), stable
disease (SD), or progressive disease (PD). The cut-off date
for analysis was February, 25, 2020.

Statistical analysis

All statistical analyses were performed using SPSS v25 (IBM
Corporation, NY, USA). The Kaplan-Meier method was
employed to estimate survival, and differences between
variables were compared using the log-rank test. P values
were calculated using Fisher’s exact test and Pearson’s
test for categorical and continuous variables, respectively.
Continuous variables and binary variables were compared
using the Wilcoxon test. A P value <0.05 was considered to
represent statistical significance.

Results
Patients’ characteristics

A total of 36 patients were enrolled and included in this
retrospective study. Pathology revealed all cases were
adenocarcinoma (100%, 36/36). The most common EGFR
activating alterations were 19del (50%, 18/36) and L858R
(47.22%, 17/36). Most patients (97.22%, 35/36) received
first/second-generation EGFR-TKIs as first-line therapy.
We performed mutation profiling analysis on 36 plasma
samples of NSCLC lung adenocarcinoma and targeted 556
cancer-related genes using next-generation sequencing.
EGFR T790M mutation was present in the plasma samples
of 13 (36.11%) patients, obtained prior to third-generation
EGFR-TKI treatment. In addition, 19 (52.78%) patients
were EGFR 19 deletion-positive, 20 (55.56%) were EGFR
21 L858R mutation-positive, and 17 (47.22%) patients
had multiple EGFR mutations detected prior to further
treatment. The clinical characteristics of the 36 patients
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Figure 1 Genetic alteration profiles in patients with epidermal growth factor receptor (EGFR)-mutant non-small cell lung cancer (NSCLC)
who were initially treated with tyrosine kinase inhibitors (TKIs). (A) Targeted next-generation sequencing in plasma from 36 NSCLC

patients with EGFR mutations found in tumor tissues. A total of 556 cancer-related genes were covered by the sequencing. (B) The

alterations most frequently identified by plasma next generation sequencing (NGS).

included in the retrospective analysis are shown in Table 1.

Gene alterations

The EGFR sensitive mutations 19del or 21L858R were
detected in 35 patients, and only 1 patient had the G719X/
A mutation. The types of EGFR mutation detected by NGS
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were consistent with the results of the first biopsy, and only
four patients had both the 19del and 21L858R mutations
(Figure 14). Multiple EGFR mutations were detected in 17
patients (47.22%), 13 of whom had complex exon T790M
mutation and 4 of whom had more than one EGFR sensitive
exon 19 or 21 mutation. EGFR amplification (2.78%,
1/36) and C797S mutation (5.56%, 2/36) were also found.
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Figure 2 Progression-free survival (PFS) analysis. (A) Kaplan-Meier curves of PFS in patients who received epidermal growth factor

receptor-tyrosine kinase inhibitor (EGFR-TKI) therapy or other treatment. (B) Kaplan-Meier curves of PFS for patients who received

EGFR-TKI treatment with and without concomitant mutations.

Concomitant mutations were present in 44.4% (16/36) of
the patients, and the most frequent accompanying somatic
mutation was TP53 (33.3%, 12/36), followed by KRAS
(19.44%, 7/36) and PIK3CA (8.33%, 3/36) (Figure 1B).
Also, the presence of concomitant mutations was found
to be significantly related to a history of smoking [87.5%
(7 of 8) vs. 32.14% (9 of 28); Pearson chi-square, P=0.005].

Treatment outcome

Of the 32 patients who continued to receive EGFR-TKI
treatment, 15 received third-generation TKI, including
13 patients with positive EGFR T790M mutations.
The patients who received EGFR-TKI treatment had
significantly longer PFS than those who received other
treatments [Figure 24; P=0.0079, HR, 5.24 (95% CI, 0.79-
34.69)]. Moreover, Of the 32 patients receiving EGFR-
TKI treatment, those with concomitant genetic alterations
showed a worse response (Figure 2B; P=0.0033). Patients
with T790M mutations achieved longer PFS than EGFR
T790M mutation-negative patients [7able 2, P=0.075; HR,
0.197 (95% CI: 0.05-0.75)]. Furthermore, patients who
received third-generation EGFR TKI treatment presented
a better outcome than those who received other treatments
[Figure 3; HR, 5.98 (95% CI, 1.60-22.41); P=0.0468].
In addition, patients with concomitant mutations were
significantly associated with poorer PFS [7able 2, P<0.001;
HR, 18.27 (95% CI, 4.42-75.58)]. However, no statistically
significant difference was found when sex, a history of
smoking, treatment type, EGFR T790M mutation, and
concomitant mutations were entered into the multivariable
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Cox proportional hazards regression model) (Tzble 2).
Moreover, the presence of concomitant mutations was
significantly associated with a lower objective response rate
(43.75% vs. 80.0%; P=0.024), but not disease control rate
(Figure 4).

Discussion

Molecular screening is crucial in choosing suitable EGFR-
TKI therapy for patients with EGFR activating mutations.
As a number of studies have shown, the rapid development
of gene sequencing technology has opened the door for
the broad application of dynamic monitoring of tumor
driver genes in tumor diagnosis and treatment, including
in identifying tumor genome maps, monitoring treatment
responses, detecting early drug resistance, and predicting
prognosis (19). This study retrospectively analyzed data
from 36 patients with lung adenocarcinoma who were
diagnosed with EGFR mutation after receiving first-line
EGFR-TKI. The dynamic monitoring of tumor genomic
profiles was performed on plasma samples from the
patients, and 556 cancer-related genes were targeted using
next-generation sequencing before the patients underwent
further TKI treatment. The results show that advanced
NSCLC patients with EGFR mutation have extensive co-
mutations supported previous report (20). Furthermore,
genetic covariation was found to have a negative impact
on the response and survival of patients who received first-
line EGFR-TKI treatment, which may be attributed to
bypass activation of survival signaling pathways or tumor
heterogeneity.
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Table 2 Treatment outcomes for patients with EGFR-mutant advanced non-small cell lung cancer treated with EGFR-TKIs

Objective response

Progression-free survival

Variable No. (%) Univariate Multivariable*
No. (%) P value HR (95% ClI) P value HR (95% Cl) P value
Post-TKI
treatments
EGFR-TKIs 32 (88.89) 20 (64.52) 0.845 1 (Reference) 0.008 1 (Reference) 0.171
Others 4(11.11) 3 (60.00) 5.24 (0.79-34.69) 6.78 (0.44-104.97)
EGFR T790M
mutation
Negative 23 (63.89) 17 (73.91) 0.096 1 (Reference) 0.075 1 (Reference) 0.367
Positive 13 (36.11) 6 (46.15) 0.197 (0.05-0.75) 3.90 (0.20-75.24)
Concomitant
mutation
No 20 (55.56) 16 (80.00) 0.024 1 (Reference) <0.001 1 (Reference) 0.920
Yes 16 (44.44) 7 (43.75) 18.27 (4.42-75.58) 1.48E+7 (0.0-6.05E+146)

*, age (stratified by 65 years old), sex, history of smoking, treatment, EGFR T790M mutation, and concomitant mutations were entered into
the multivariate Cox proportional hazards regression model; EGFR, epidermal growth factor receptor; TKI, tyrosine kinase inhibitor.
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Figure 3 Progression-free survival (PFS) analysis. (A) Kaplan-Meier curves of PFS in patients who received third-generation epidermal
growth factor receptor-tyrosine kinase inhibitor (EGFR-TKI) therapy or other treatments, mainly including patients with T790M
mutations. (B) Kaplan-Meier curves of PFS for patients who received third-generation EGFR-TKI treatment with and without concomitant

mutations.

Several previous studies have investigated the
relationship between co-occurring genetic changes and
response and survival (11,20,21). These studies challenge
the single driver oncogene perspective and reveal the
potential function of concomitant genetic changes as an
auxiliary driver of tumor progression. In the present study,
44.4% of patients harbored concomitant mutations, which
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were significantly associated with poorer objective response
rate and PFS. The result is consistent with previous studies,
suggesting that concomitant driver gene mutations play an
important role in tumor progression and drug resistance,
and may be a very important factor affecting clinical
outcomes. However, in multivariate analysis, concomitant
mutations were not significantly associated with PFS,
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Figure 4 The treatment outcomes of non-small cell lung cancer (NSCLC) patients with and without concomitant mutations. (A) Analysis of

the disease control rate. (B) Analysis of the objective response rate. ns, no significant difference; *, P<0.05.

which indicates that the adverse treatment results caused by
concomitant mutations may be interfered by other factors.
Interestingly, we also found a significantly higher incidence
of concomitant mutations in patients who had a history of
smoking. Moreover, the presence of the EGFR T790M
mutation after first-generation EGFR TKI treatment was
also significantly associated with greater efficacy of third-
generation EGFR TKIs (the data was not shown), which
provides a rationale for the superiority of third-generation
EGFR TKI therapy over other types of therapy and the
significance of molecular diagnosis in NSCLC progressive
disease. Similar to the T790M mutation, C797S appears in
EGEFR exon 20, which determines that cysteine is replaced
by serine at position 797. Several authors have documented
that the appearance of C797S with negative T790M
could maintain sensitivity to EGFR inhibitors, but not in
T790M-positive cells in a preclinical setting (22,23). In our
study, two patients had C797S accompanied by the T790M
mutation, which suggests a possible correlation with poor
response to third-generation TKI therapy. In addition,
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the activation of known by-pass signaling pathways as a
mechanism of resistance was represented in our cohort by
one patient who had STK11 mutation, three patients who
had KRAS mutation, and one patient who had ERBB2
amplification. STK11 mutation presented in our study in
only one patient, which has been reported as a mediator
of the cold tumor immune microenvironment and a major
driver in primary resistance to PD-1 axis inhibitors in non-
squamous lung adenocarcinoma (24). KRAS activating
mutations appear in patients treated with first-generation
EGFR-TKIs and are considered to be a potential
mechanism for EGFR-TKIs (25). Inhibition of EGFR
by osimertinib may functionally deplete the carcinogenic
EGEFR signal to a level that can cause KRAS mutant cells
to appear (26,27). Concurrent ERBB2 (HER?2) is a rare,
independent predictor of shorter progression time with
EGFR TKI treatment. Owing to their clinical availability,
HER? inhibitors may be particularly clinically feasible. In
the specimens obtained after EGFR TKI resistance, the
copy number changes of ERBB2 were also enriched (28).
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Our primary and subsequent biopsies, using tumor
tissue and blood-derived ctDNA, respectively, detected,
and identified potential actionable changes, particularly
in relation to EGFR-sensitive mutations. Exon 18 G719X
mutation is a less common EGFR-TKIs sensitizing
mutation. It occurred in only one patient in our study (1/36,
2.8%), which was similar to the reported 3% incidence
of EGFR mutations (29). Aside from four patients with
19del and 21 L858R co-mutations, there appeared to be
high consistency between tissue ARMS PCR and ctDNA
NGS. Compared with traditional detection methods, NGS
technology is more efficient and has higher throughput for
through tissue and blood samples, which can simultaneously
detect point mutations, insertions, rearrangements and copy
number mutations, and mutation abundance, and perform
quantitative detection. It also saves financial resources
and time in large-scale sequencing. Conventionally, tissue
biopsies have been used to assess the mechanisms of
acquired drug resistance (30). However, since re-biopsy is
an invasive procedure, it is not always feasible and accepted
by patients, and it cannot explain the heterogeneity of
drug resistance mechanisms in different tumor sites of the
same patient, so it has some limitations. Moreover, blood-
derived ctDNA, also known as liquid biopsy, was a non-
invasive option. Molecular analysis of the plasma collected
during the onset of disease can provide timely monitoring
of the disease response. Emerging studies have enhanced
the prognostic significance of plasmatic mutational analysis
in third-generation EGFR-TKIs candidate patients (31-33).
Thus it is suggested that liquid biopsy technique is a
powerful complement to tissue specimens and deserves
further in-depth analysis, especially in first-line setting
perspective.

This study has several limitations. First, the sample size
was too small. Second, patients who received different
lines of TKI treatment were included in the analysis.
Third, data from our next-generation sequencing hotspots
(excluding some other alterations, copy number changes, or
chromosomal abnormalities) may have caused concomitant
mutations to be underestimated.

In conclusion, the findings of this study emphasize
the importance of using multiple molecular profiles.
Concomitant genetic alterations were significantly
associated with response to EGFR targeted therapy in
patients with NSCLC, and may serve as an important
negative predictor of TKI treatment response in patients
with EGFR sensitive mutations. Therefore, research on
multi-drug or sequential therapy must be urgently carried

© Translational Lung Cancer Research. All rights reserved.

out to address the covariation that drives drug resistance.
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