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Objective: Synchronous multiple primary lung cancer (SMPLC) has a reported occurrence
from 0.5% to 2% in lung cancer, and the surgical treatment and prognosis were quite diverse.
With the discovery of driver mutations in lung adenocarcinoma (ADC), next-generation
sequencing (NGS) would provide an explicit answer to the key question, whether individual
tumors represent intrapulmonary metastases or independent tumors. Here, we reported a 64-
year-old female diagnosed with a synchronous trilateral early-stage ADC with distinct driver
alterations.

Materials and Methods: NGS test targeting 31 cancer-relevant genes and amplification
RNA sequencing (if gene fusion was found on DNA level) were performed on the surgical
tumor tissue.

Results: A 64-year-old Chinese female never smoker was found with one nodule in the right
upper lobe and two nodules in the right middle lobe through chest computed tomography.
The lesions were resected through video-assisted thoracic surgery and diagnosed with stage
IA ADC, TINOMO, in the postoperative pathology. NGS detected three independent driver
mutations in three primary sites, respectively, EGFR 19del, EGFR 20ins and ROS! fusion.
Conclusion: This is the first report of a synchronous trilateral early-stage ADC with distinct
driver alterations. All individual tumors were independent identified by NGS methodology,
which had provided a clear answer to the key question of SMPLC in this case and should be
used as a routine genetic test to explore fully pathological diagnosis and more comprehensive
oncogenesis information in the early-stage ADC clinical prevention.

Keywords: synchronous multiple primary lung cancer, lung adenocarcinoma, NGS, EGFR
mutation, ROS! fusion

Introduction

The incidence of adenocarcinoma (ADC) accounts for nearly 50% of all lung cancer,
which remains the leading cause of cancer death (1.8 million, 18.4%) and occupies the
highest number of new cancer cases (2.1 million, 11.6%) worldwide.' Synchronous
multiple primary lung cancer (SMPLC) has a reported occurrence from 0.5% to 2% in
lung cancer patients,” which has increased recently due to the development of early
detection techniques. Based on the established clinicopathological criteria, the surgical
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outcome and prognosis of SMPLC patients were quite dif-
ferent even if all the lesions were ADC.? With the discovery
of driver mutations in ADC, such as epidermal growth factor
receptor (EGFR) mutation, ALK receptor tyrosine kinase
(ALK) and c-ros oncogene 1 (receptor tyrosine kinase,
ROSI) rearrangement,® next-generation sequencing (NGS)
would provide a more clear answer to the key question,
whether individual tumors represent intrapulmonary metas-
tases or independent tumors. Liu et al had profiled genomic
heterogeneity of 6 SMPLC patients and suggested that dif-
ferent lung cancer in the same patient may have distinct
genomic profiles and could be driven by distinct molecular
events.” There were 2 pNO trilateral cases in this study, one
patient had EGFR p.L858R mutation in two nidi and
PIK3CA mutations in the third nidus, while another patient
had EGFR p.L858R mutation in all lesions. Luo et al reported
a double ALK rearrangement bilateral lung adenocarcinoma
case in recent, one nodule with PRKCB-ALK fusion and the
other one with EML4-ALK fusion.’®

EGFR and ROS! are both well-established driver
alterations with 10~35% and 1% prevalence, respectively,
in non-small cell lung cancer (NSCLC) patients, and pre-
ferentially affecting non-smokers.*’ Compound EGFR
mutations are defined as double or multiple mutations in
tyrosine kinase domain of EGFR, which are frequently
detected in advanced lung cancer. In a retrospective
study of 3000 treatment-naive Chinese advanced NSCLC
patients,® compound EGFR mutations were found in 1.2%
EGFR mutated patients; none EGFR exon 19 deletion
(19del) cases was observed in the compound EGFR data-
set; ROS! fusion had not been detected in all 1266 EGFR
mutation patients (42.2% of the whole cohort). ROSI
rearrangement had been identified with several 5’ fusion
gene partners, such as Ezrin (EZR), and ROS! fusion is
mostly exclusive to EGFR, KRAS, or ALK mutations.” The
concurrent ROS! rearrangement with EGFR mutation in
a single tumor was only observed in 6 cases, all were
advanced ADC patients, and one of them was EZR-ROS1
fusion with EGFR 19del.” '

Here we described an extremely rare case that a 64
years old female never-smoker early-stage ADC patient
had three synchronous primary adenocarcinoma nodules
with distinct driver mutations of EGFR 19del (stage 1A,
TINOMO) or EGFR exon 20 insertion (20ins, stage IA,
TINOMO) or EZR-ROS1 fusion (stage IA, TINOMO). All
individual tumors were independent. NGS had provided
a clear differentiation in this case and offered an explicit
answer to the key question of SMPLC, whether individual

tumors represent intrapulmonary metastases or indepen-
dent tumors. NGS technique should be used as a routine
genetic test to explore fully pathological diagnosis and
more comprehensive tumorigenesis information for ADC
patients.

Materials and Methods

The patient underwent resection of the right middle lobe
and wedge resection of the right upper lobe and en bloc
resection of the associated hilar and mediastinal lymph
nodes by video-assisted thoracic surgery. Genomic DNA
(gDNA) was extracted from fresh surgical tumor tissue
samples using DNeasy Blood & Tissue Kit (Qiagen, USA)
according to the manufacturer’s instructions, and the
paired white blood cell samples using DNA Blood Midi/
Mini kit (Qiagen, USA). An in-house designed panel tar-
geting 31 cancer-relevant genes (Berry Oncology) was
used to generate sequencing libraries, which was
sequenced by NextSeq CN500 (Berry Genomics, China
& Illumina, USA) with 150PE mode. Amplification RNA
sequencing (if gene fusion was found on DNA level) was

performed on the surgical tumor tissue.

Case Presentation

A 64-year-old non-smoking female was diagnosed as mul-
tiple pulmonary nodules in lung through physical exam-
ination and visited our hospital for follow-up with no
abnormality in June, 2019. Chest computed tomography
(CT) revealed one lesion in the right upper lobe and two
lesions in the right middle lobe on June 16, 2019 (Figure
1A, C and E). The subsequent surgical resection had been
surgery
(VATS). The post-operative course was uneventful and

performed through video-assisted thoracic
the patient recovered quickly. Immunohistochemical stain-
ing in the post-operative pathology indicated that three
nodules of the patient all was clinically diagnosed with
stage IA minimally invasive
TINOMO (Figure 1B, D and F).

The surgical tumor tissues were subjected to target

lung adenocarcinoma,

capture-based clinical next-generation sequencing (NGS)
test targeting 31 cancer-relevant genes (Berry Oncology),
and three independent driver mutations had been found in
three nidi, respectively (Figure 2). EGFR exon 19 deletion
(c.2240-2260delinsCAAGAG) (Figure 2A) was detected
at a mutant allele frequency (MAF) of 1.13% in the nidus
(0.5 cm in diameter) of the right upper lobe (Figure 1A).
EGFR exon 20 insertion (c.2311-2312delinsGGGTT)
(Figure 2A) was identified at a MAF of 5.13% in one
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Figure | Chest computed tomography (CT) for the nodules in the lung lobes and the hematoxylin-eosin staining revealed the lung adenocarcinoma cells in the three
primary sites (100pm). Three light red circles show the schematic location of the nodules. (A) and (B) for the nidus in the right upper lobe carrying EGFR 19del, (C) and (D)
for the nidus in the right middle lobe carrying EGFR 20ins, and (E) and (F) for the nidus in the right middle lobe carrying ROS/ fusion.
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Figure 2 NGS targeting gene test on the trilateral surgical tumor tissue. (A) Schematic diagram of EGFR |9del and 20ins. (B) Schematic diagram of EZR-ROS/ fusion. (C)
Integrative Genomics Viewer (IGV) snapshot of EZR-ROS! fusion regions, which was detected by NGS sequencing reads.

nodule (0.4 cm in diameter) in the right middle lobe
(Figure 1C). And EZR exon 10-ROS! exon 34 (EZR-
ROSI) rearrangement (Figure 2B) was detected at DNA
level in the other nodule (0.6 cm in diameter) in the right
middle lobe (Figure 1E) and confirmed by amplification
RNA sequencing with 7574 mutation fragments (Figure
2C). The fusion gene contained the N-terminal coiled-coil
domain of EZR and the C-terminal tyrosine kinase domain
of ROSI. All sequencing reads were examined on
Integrative Genomic Viewer (IGV) software.

Up to the 9 months post-surgery follow-up (until
March 2020), no recurrence or metastasis was observed
in the patient.

Discussion

EGFR gene is the most frequent driver mutation in ADC,*
and most alterations are located at the tyrosine kinase
domain in exons 19~21. Short in-frame deletion in exon
19 and insertion in exon 20 are both typical mutations and
have not been simultaneously found in two independent
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primary nidi of one pNO lung adenocarcinoma patient in
the literatures. ROSI gene belongs to the insulin receptor
family and the rearrangement with other gene partners
would stimulate the downstream mitogen-activated protein
kinases pathway, enhancing cell growth and proliferation.
EZR-ROS| fusion results in a not-so-small deletion of the
long arm of chromosome 6,” which could keep the full
ROS! kinase domains and lead to constitutive kinase
activity in tumor formation.

Previous investigations indicated that ROS/ rearrange-
ment is hardly concurring with EGFR, KRAS, or ALK
mutations. Until now, ROS! fusion was only observed to
co-occur with EGFR alteration in 6 advanced ADC
patients,”'? all happened in a single tumor, one of them
was the synchronous EZR-ROSI fusion and EGFR 19del
in the same lesion. Although compound EGFR mutations
are frequently found in advanced ADC cases, one of the
most prevalent EGFR mutations, EGFR 19del, is mostly
exclusive.® The concurrence of ROS! rearrangement and
EGFR mutation has been detected in the same nidus of
only one early-stage ADC patient,'” neither in the differ-
ential nidi. Here, we reported a scarce case carrying three
primary tumors each with an independent driver mutation.
It is the first time to discover this phenomenon in such an
early-stage ADC case (stage IA, TINOMO), which
expanded our cognition of tumorigenesis.

This is the first report of a synchronous trilateral early-
stage lung adenocarcinoma with distinct driver alterations
of EGFR 19del or EGFR 20ins or EZR-ROS! fusion.
Three primary minimally invasive adenocarcinoma were
surgical resected through VATS, no metastasis was found.
All oncogenic mutations were identified by NGS metho-
dology, DNA copy number variation (CNV) analysis was
also performed but no amplification/deletion was found.
Three nodules in this pNO ADC patient have EGFR 19del,
EGFR 20ins and EZR-ROSI fusion, respectively, with
sufficient genomic evidence. SMPLC only occurs 0.5%
to 2% in lung cancer patients even with the worldwide
use of high-resolution imaging systems, and the surgical
treatment and prognosis of SMPLC are all related to
accurate pathological diagnosis with molecular and geno-
mics methods. In previous studies of synchronous primary
lung adenocarcinoma, few cases with multiple tumors
(n>3) were confirmed by NGS technology that they were
independent tumors with distinct driver mutations. Our
report identified that the patient had three different well-
established genomic alterations in three separate nodules
of two right lobes with NGS methodology. It could be

concluded that three lesions with differential driver muta-
tions were all independent tumors not intrapulmonary
metastases. There is no abnormality presented on this
patient from VATS surgery until now. EGFR tyrosine
kinase inhibitors (EGFR-TKI) and crizotinib, the well-
established Anaplastic Lymphoma Kinase (4LK) inhibitor
sensitive to ROS! rearrangement, should be considered as
the drug treatment when this case recurs.

Since EGFR mutations are more frequent in lung ade-
nocarcinoma with recurrent/metastatic disease,13 follow-
up monitoring on this patient is needed with close atten-
tion. NGS technique had clearly differentiated three inde-
pendent tumors in this SMPLC case and provided valuable
insights into oncogenesis and early-stage cancer preven-
tion in clinic. It suggested that differential malignant lung
tumors in the same individual could have distinct genomic
profiles and be driven by distinct molecular events under
the identical genetic background. NGS detection should be
used as a routine genetic test to explore fully molecular
diagnosis and more comprehensive tumorigenesis infor-
mation. We recommended that the genomic profiles of
each resected nodule should be addressed through NGS
method, which could expand the existing clinical practice
solution for better outcome and precisely dynamics mon-
itoring for ADC patients.
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oncogene 1; EZR, Ezrin.
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