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Abstract N\
Rationale: Although lung cancer is the leading cause of cancer-related death in the world, targeted therapy plays an essential role in |
improving the survival of lung cancer. Next-generation sequencing (NGS) technology can dynamically monitor the genomic profiles of
tumors and assist cancer diagnosis and treatment.

Patient concerns: We reported on a 55-year-old man who presented with chest tightness and wheezing for 1 month.

Diagnoses: The patient was diagnosed with stage cT4N2M1a non-small cell lung cancer (NSCLC) and was found to have wild-
type EGFR by pleural effusion cytology.

Interventions: The patient received systemic treatments, including chemotherapy, targeted therapy, and radiotherapy. During the
cancer development, sequential DNA sequencing data that used circulating cell-free tumor DNA, and NGS revealed EGFR L858R
and T790M mutations, MYC amplification, and other gene variations.

Outcomes : The patient died of brain and lung metastases, and had an overall survival as long as 37 months.

Lessons: The dynamic monitoring of tumor genomic profiles has important implications for NSCLC diagnosis, treatment, and
prognosis.

Abbreviations: ctDNA = circulating cell-free tumor DNA, EGFR TKils = epidermal growth factor receptor tyrosine kinase inhibitors,
MRI = magnetic resonance imaging, NGS = next-generation sequencing, NSCLC = non-small cell lung cancer, PET/CT = positron-
emission tomography/computed tomography.

Keywords: circulating cell-free tumor DNA, drug resistance, epidermal growth factor receptor tyrosine kinase inhibitors, next-
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1. Introduction

Epidermal growth factor receptor tyrosine kinase inhibitors
(EGFR TKIs) play an important role in the improvement in
survival of patients with lung adenocarcinoma. Currently, the
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most common mechanism of resistance to 1st-generation EGFR
TKIs is the EGFR T790M mutation, as this accounts for
approximately 60% of cases of resistance."*?) The 3rd-genera-
tion EGFR TKI AZD9291 has been shown to be effective against
both EGFR TKI-sensitizing and T790M resistance mutations,
with a response rate of 61% and a median progression-free
survival of approximately 9.6 months.®! However, drug
resistance is also an inevitable problem for 3rd-generation EGFR
TKIs. Recently, next-generation sequencing (NGS) technology
has been widely used in cancer diagnosis and treatment, as it can
help with the dynamic monitoring of genomic profiles, the early
detection of tumor resistance, improvement in patient survival,
and cancer precision medicine.[*~®!In this report, we presenta 55-
year-old man with stage cT4N2M1a non-small cell lung cancer
(NSCLC) who had an overall survival as long as 37 months by
virtue of dynamic monitoring of genomic profiles during the
cancer process.

2. Case presentation

A 55-year-old man with chest tightness and wheezing for 1 month
was admitted to our hospital in November 2013; he was
diagnosed with stage cT4N2M1a left-sided lung cancer and was
found to have wild-type EGFR by pleural effusion cytology and a
total-body positron-emission tomography/computed tomogra-
phy (PET/CT) scan (Fig. 1). He initially received 4 cycles of
bevacizumab-based chemotherapy with gemcitabine, nedaplatin,
and bevacizumab, and a partial regression treatment effect was
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Figure 1. Total-body positron-emission tomography/computed tomography scan before treatment.

obtained. Palliative radiation therapy to the left lung lesion was
sequentially administered. On August 23, 2014, the pleural
effusion recurred, and pleural effusion cytology revealed EGFR
T790M and L858R mutations with no fusion of EML4-ALK
(Table 1). He received 4 cycles of pemetrexed, nedaplatin and
bevacizumab, but the lung lesion progressed on March 17, 20135.
The patient was further treated with 4 cycles of paclitaxel
liposome (Lipusu), nedaplatin, and bevacizumab. On September
10,2015, the patient experienced dizziness, nausea, and vomiting
for 1 week and was found to have meningeal metastasis by brain
magnetic resonance imaging (MRI). The symptoms decreased
shortly after AZD9291 was administered in October 20135. In
April 2016, a new brain metastasis was found (Fig. 2).
Subsequent treatment included cyberknife radiotherapy for brain

metastases and 2 cycles of pemetrexed, carboplatin, and
bevacizumab. To evaluate the molecular characteristics, DNA
extracted from the plasma was used for DNA sequencing by NGS
on April 5, 2016. Interestingly, the patient had EGFR T790M
and L858R mutations, an ALK Y1278N mutation, a TP53
LPPGS299 frame-shift mutation and MYC amplification (Ta-
ble 1). He continued to receive AZD9291 and was also treated
with PF299804 (Dacomitinib) for only 3 weeks beginning in
September 2016 due to the occurrence of side effects (in this case,
severe dermatitis). Evidence of the progression of brain
metastases was found again in November 2016. Cell-free plasma
DNA was collected again for DNA sequencing by NGS on
November 18,2016, while EGFR T790M and L858R mutations,
a TP53 LPPGS299 frame-shift mutation, and EGFR, MET, and
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Summary of gene-sequencing data.

Date Sample source Genes Variation Abundance Copy numbers Sequencing methods
20131125 Pleural effusion cells EGFR - - ARMS PCR
20140826 Pleural effusion cells EGFR T790M - ARMS PCR
L858R - ARMS PCR
EML4-ALK - - FISH
20160414 Plasma ctDNA EGFR T790M 18.7% NGS
ALK L858R 17.7%
Y1278N 117%
P53 Leu299fs 10.4%
MYC Amp - 3.03
20161125 Plasma ctDNA EGFR T790M 11.71% NGS
L858R 10.35%
Amp - 2.53
TP53 Leu299fs 12.86%
MET Amp - 2.99
MYC Amp - 2.7

EGFR =epidermal growth factor receptor.

MYC amplifications were found (Table 1). The patient was
treated with AZD9291 and INC280 (Capmatinib) for 2 weeks
based on the finding of MET amplification; however, his
performance status continuously deteriorated. On December 4,
2016, he died of brain and lung metastases. His overall survival
was 37 months (Fig. 3).

3. Discussion

With the rapid development of gene sequencing technology,
many studies have illustrated that dynamic monitoring of tumor-
driven genes has extensive applications in cancer diagnosis and
treatment, including in the identification of tumor genomic
profiles, the monitoring of treatment responses, the early
detection of drug resistance, the identification of minimal
residual disease, and the prediction of prognosis.!”’

Recent studies have revealed the mechanisms of resistance to
third-generation EGFR TKIs. They are categorized as follows: (1)
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Figure 2. Brain metastasis in the left temporal pole as seen on magnetic
resonance imaging.

EGFR dominant: EGFR mutations (L718Q, L844V, C797S) and
the EGFR T790M mutation; (2) activation of by-pass signaling
tracts: RAS amplification, RAS mutations (Q61K, G128, E63K),
MET amplification, and HER2 amplification or mutations,
among others; (3) phenotypic alterations: small-cell lung cancer
transition and epithelial-mesenchymal transition.!®! Of these, the
EGFR C797S mutation is the main cause of AZD9291 resistance,
as it accounts for approximately 40% of cases.!”!

As the pleural effusion cytology of this patient showed the
coexistence of EGFR L858R and T790M mutations, which
indicated primary drug resistance to 1st-generation EGFR TKIs,
the patient initially received chemotherapy. Later, after the
patient was treated with AZD9291 for 6 months, his condition
worsened due to a brain metastasis. The results of 2 sequential
rounds of NGS revealed a TP53 Leu299 frame-shift mutation and
MYC amplification; amplifications in EGFR, MET, and MYC as
well as a TP53 LPPGS299 frame-shift mutation were found in
that order. This implies that the resistance of this patient
to AZD9291 was primarily caused by activation of by-pass
signaling tracts and EGFR amplification. At a later stage, the
patient received AZD9291 and INC280 but did not exhibit good
effects, which indicated that MET amplification was not the
primary mechanism of drug resistance in this case, but rather,
other mechanisms such as activation of by-pass signaling tracts
and EGFR amplification may have been responsible.

At present, the molecular landscapes of solid tumors are
established using surgical or biopsy tissue samples. This process
can frequently put the patient at risk and remains complicated by
sample availability and tumor heterogeneity. Genomic profiles of
circulating cell-free tumor DNA (ctDNA) have been shown to
closely match those of the corresponding tumors, which has
important implications for both molecular pathology and clinical
oncology.”!In a recent retrospective analysis, Oxnard et al found
that the sensitivity of plasma genotyping for the detection of the
T790M mutation in advanced NSCLC was 70%. The objective
response rate and the median progression-free survival were
similar in patients with T790M-positive plasma or T790M-
positive tumors.'”! The patient in this case refused an invasive
tumor biopsy, and therefore, we based the cancer diagnosis and
treatment decision on pleural effusion cytology and plasma
ctDNA results. Through the dynamic monitoring of his tumor
genomic profile, this patient with stage IV lung cancer had an
overall survival of more than 3 years after he received
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Figure 3. The fluctuation of tumor marker levels during the cancer process. 1: Stage cT4N2M1a lung cancer with wild-type epidermal growth factor receptor
(EGFR). 2: Four cycles of gemcitabine, nedaplatin, and bevacizumab. 3: Palliative radiation therapy to the left lung lesion. 4: Pleural effusion reoccurred; pleural
effusion cytology: EGFR T790M and L858R mutations. 5: Four cycles of pemetrexed, nedaplatin, and bevacizumab. 6: Progression of lung lesions. 7: Four cycles of
paclitaxel liposome, nedaplatin, and bevacizumab. 8: Meningeal metastasis. 9: AZD9291. 10: Brain metastasis in the left temporal pole. 11: Cyberknife radiotherapy
for brain metastases. 12: Two cycles of pemetrexed, nedaplatin, and bevacizumab. 13: AZD9291 + PF299804. 14: AZD9291 + Tarceva. 15: AZD9291 + INC280.

chemotherapy, radiotherapy, and targeted therapy, which
indicates the significance of the dynamic monitoring of genomic
profiles in cancer treatment.

In summary, with the development of gene sequencing
technology and the continuous reduction in its cost, the dynamic
monitoring of tumor genomic profiles can detect driver genes,
which can guide cancer treatment. Dynamic monitoring may also
reveal potential target genes that can be used to reverse drug
resistance for the purpose of cancer precision medicine.
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