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Objective: To investigate the genetic mutations in both tumor and marginal tissues in
patients with non-small cell lung cancer (NSCLC), and to evaluate the potential prognostic
value in patients with margins gene positive.

Methods: Next-generation sequencing (NGS) technique was used to detect genetic mutation
in tumor and marginal tissues of the bronchus in 88 patients with NSCLC. Correlation of
genetic mutations with pathology, lymph node metastasis, disease-free survival and overall
survival was analyzed.

Results: Of the 88 patients, 83 cases (94.3%) had gene mutations in the tumor samples and 12
cases (13.6%) had genetic alterations in their margins. Most of the gene mutations detected were
cancer drivers. Six common driver genes between tumor and marginal tissues were identified,
including EGFR, TP53, CDKN2A4, CTNNBI, BRAF, and NF1. Kaplan—Meier analysis revealed
that the median disease-free survival (DFS) was significantly shorter in patients with detectable
gene mutations in marginal tissues compared with patients without mutations in margins (30.7
versus 24.4 months, log-rank 5> = 4.78, P =0.029). Consistently, a shorter median OS was
observed in patients harboring gene mutations in margins compared with patients with no
mutations in margins (49.1 versus 32.2 months, log-rank x> = 3.669, P =0.055).

Conclusion: These findings identify the presence of oncogenic alterations in microscopi-
cally negative margins in NSCLC patients associated with elevated risk of relapse and
shorter survival time. Thus, examination of microscopically negative margins by NGS
represents a valuable approach to predict the clinical outcome of NSCLC patients.
Keywords: lung cancer, gene mutation, surgical margin, next-generation sequencing

Introduction
Lung cancer is the leading cause of cancer-related mortality in the world, with non-
small cell lung cancer (NSCLC) accounting for 80-85% of all lung cancer cases.'
Currently, surgical resection is the most effective treatment modality of NSCLC,
which is predominately based on clinical staging systems.” After curative surgery of
early NSCLC, the risk of recurrence and prognosis are mainly determined by
histopathologic characteristics including histologic type, tumor size, differentiation,
and lymph-vascular invasion.

In general, the 5-year survival rate of NSCLC patients with surgery is only about
30-60%, with local recurrence and metastasis being the primary causes of the low
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survival rate. According to the National Comprehensive
Cancer Network, patients with local advanced lung adeno-
carcinoma are recommended to undergo adjuvant che-
motherapy and/or radiotherapy after curative surgery.’ A
consistent conclusion whether chemotherapy and/or radio-
therapy should be conducted following surgery has not been
made on those patients with early stage NSCLC. The major-
ity of patients with stage IA and IB only undergo surgical
resection. Although early stage NSCLC cases have a rela-
tively better prognosis, they still experience a 20—30% risk of
recurrence after a curative resection.* Unfortunately, it still
remains unclear about the molecular mechanisms of recur-
rence following curative surgery in patients with early stage
NSCLC. Identification of patients with high risk of recur-
rence may contribute to guide personalized treatment strat-
egy for the individual patient, in particular for those who may
benefit from adjuvant chemotherapy and/or radiotherapy.

Accumulating studies reveal that microscopically nor-
mal-appearing tissues adjacent to cancers harbor genetic,
epigenetic or transcriptional alterations in a variety of
cancer types.”® TP53 gene mutations, methylation of spe-
cific genes and gene profiling in the non-malignant tissues
are considered as potential biomarkers for early detection
of lung cancer.”” It is suggested that the malignant mole-
cular changes appear long before the morphological
changes, serving as “molecular margins” in the assessment
of surgical margins of lung cancer.

With the development of next-generation sequencing
(NGS) technology, it is feasible to identify oncogenic
alterations that may be missed by conventional pathologi-
cal techniques.'® In the present study, we depicted the
landscape of gene mutations in both tumor and marginal
tissue in patients with NSCLC. Furthermore, we explored
the diagnostic potential of genetic alterations in marginal
tissues in NSCLC.

Methods

Consecutive patients who underwent complete resection
with systematic lymph node dissection were retrospec-
tively analyzed between 2013 and 2014. All patients had
pathologic RO resection and margin distance of 1 to 2 cm.
The free resection margin was defined as the nearest dis-
tance between the tumor and the resection line. No patients
received chemotherapy or radiotherapy before the opera-
tion. Microscopically negative margin tissue was used for
gene detection. All of the pathology results were evaluated
by two independent pathologists. All the specimens of this
project were from the biological sample bank of Zhejiang

Cancer Hospital. All patients signed the informed consent
before the specimens were put into storage. The study was
approved by the institutional ethics committee of Zhejiang
Cancer Hospital (approval no. IRB-2018-24).

Sample Processing and DNA Extraction
Isolation of intact total DNA from FFPE tumor and marginal
tissue samples was carried out using Max-well® RSC DNA
FFPE Kit (Promega, Madison, WI, USA). DNA quantifica-
tion was measured using Qubit fluorometer with Qubit
dsDNA HS (High Sensitivity) Assay Kit (Invitrogen,
Carlsbad, CA, USA). The size distribution analysis of DNA
fragment used Agilent 2100 BioAnalyzer and the DNA HS
kit (Agilent Technologies, Santa Clara, CA, USA).

Library Construction and Target

Enrichment

The genomic DNA extracted from FFPE specimens was
sheared to 300-bp fragments with a Covaris S2 ultrasoni-
cator (Covaris, Woburn, MA, USA) before library con-
struction. A volume of 100-500 ng DNA from the FFPE
specimen was used for library construction. Fragmented
libraries for next-generation sequencing (NGS) were con-
structed using the KAPA Library Preparation Kit (Kapa
Biosystems, Wilmington, MA, USA).

We designed the probe to explore genetic properties of
NSCLC based on ~230-kb genomic regions of 59 genes
frequently mutated in NSCLC and other common solid
tumors. Enrichment of target was performed with a custom
SeqCap EZ Library (Roche NimbleGen, Madison, WI,
USA). DNA hybridization capture was carried out accord-
ing to the manufacturer’s protocol. Following hybrid
selection, the captured DNA fragments were amplified
and then pooled to generate several multiplex libraries.

NGS Sequencing

Paired-end 2 % 75 reads sequencing was carried out on an
[llumina HiSeq 3000 instrument according to the manu-
facturer’s recommendations using TrueSeq PE Cluster
Generation Kit v3 and the TrueSeq SBS Kit v3
(Illumina, San Diego, CA, USA).

Data Analysis

After filtering low quality data and removing adaptor
sequences, clean reads were mapped to the reference
human genome (hgl9) and aligned using BWA-mem.
Single nucleotide variants (SNVs) and somatic small
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insertions and deletions (InDel) calling used Mutect2 soft-
ware. VAF (also called mutant allele burden) was defined
as a read count supporting the mutant base divided by the
total read count at that position. All final candidate var-
iants were manually verified with the integrative genomics
viewer browser. Statistical analyses were performed using
GraphPad Prism (7.04).

Statistical Analysis

Disease-free survival (DFS), was defined as the time from
confirmed pathology to recurrence or metastasis. OS was
calculated as the period from the date of surgery to the date
of any cause of death or the last follow-up time. DFS and OS
were analyzed using the Kaplan—-Meier method and com-
pared between different groups using the Log rank test.
Unpaired Wilcoxon signed-rank test was used for continuous
variable comparison, and two-sided Fisher’s exact test was
used to compare categorical data, as appropriate. P < 0.05
was considered statistically significant. Statistical analyses
were performed using GraphPad Prism (7.04). The median
follow-up time was 44.5 months (range 7-65).

Results
Clinicopathologic Characteristics of

Present Study
Eighty-eight patients were identified in present study. The
median age was 60 years old (range, 41-79 years); 63
were male and 25 female. Thirty-three subjects were
ever-smokers or smokers, whereas 55 were non-smokers.
Fifty-six were diagnosed with adenocarcinoma and 32
with squamous cell carcinoma. According to the 8th edi-
tion of the tumor, node, metastasis classification system
staging system, 43 patients (14.9%) were classified as
having 65 of stage I and II, 23 of IIIA disease. All of the
88 cases were invasive adenocarcinoma. Of those, 25, 18,
16, 14, 13, and 2 were papillary predominant, acinar pre-
dominant, micropapillary predominant, solid predominant,
lepidic predominant subtypes, and variants of invasive
adenocarcinoma, respectively. No subtype difference was
found in patients with and without tissue margin positive.
The clinicopathologic characteristics are listed in Table 1.

Landscape of NSCLC and Marginal Tissue

Gene Mutations

The number of mutations ranged from 1 to 24 in 83 tumor
cases (83/88, 94.3%). TP53 was the most common muta-
tion identified in the tumor tissue (Figure 1A), accounting

Table |
Patients with Margins Gene Positive and Negative

Clinicopathologic Features Comparison Between

Gene Gene P
Positive Negative
Gender 0.73
Male 8 55
Female 4 21
Age at diagnosis 0.75
<60 4 33
260 8 43
Histology 0.52
Adenocarcinoma 9 48
Squamous cell 3 29
Stage at diagnosis 0.28
I-1l 7 58
A 5 18
Recurrence 0.002
Yes I 30
No | 46
Micropapillary 0.80
predominant
Yes 3 13
No 9 63

for 62.6% (52/83) of patients; EGFR was the second most
common, accounting for 48.1% (40/83).

Genes mutations were identified in 12 marginal tissue
cases (12/88, 13.6%) (Figure 1B). Mutation genes identi-
fied in marginal tissues include TP53, EGFR, FGFRI,
BRAF, NF1, CDKN24, CTNNBI, and PMS2. FGFRI (4/
12, 33.3%), BRAF (3/12, 25%), EGFR (3/12, 25%) were
the most frequent in marginal tissues. All the genes were
lung cancer driver genes, besides FGFRI and PMS2.

Between the tumor and marginal tissues of 12 patients,
lung cancer driver genes were identified in tumor tissues of
11 patients and in marginal tissues of 7 patients. The
common driver genes between tumor and marginal tissues
of 12 patients were EGFR, TP53, CDKN2A, CTNNBI,
BRAF, and NF'1 (Figure 1C).

Correlation Between Gene Mutations in
Marginal Tissues and Clinical Features

We compared mutation profile (mutation number and
minor allele frequency) with different clinical features.
There were no statistically significant differences between

mutation profiles of clinical features groups (Figure 2).
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Figure | Gene mutations landscape of tumor and marginal tissues. (A) Gene mutations in tumor tissues. (B) Gene mutations in marginal tissues. (C) Venn diagram of lung

cancer driver genes in tumor and marginal tissues of 12 patients.
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Figure 2 Mutation profile in clinical features in lung cancer patients. Correlation analysis between gene mutation number in marginal tissues and clinical features including
pathology (A), lymph node metastasis (B), DFS (C), pathological stage (D); and between VAF and pathology (E), lymph node metastasis (F), DFS (G), pathological stage (H).

Furthermore, genetic variables (mutation status and
driver gene status) were compared within groups of
patients with different clinical features, and also no differ-
ence was found between different groups (Figure 3).

Association of Gene Mutations in
Marginal Tissues with DFS and OS in Lung

Cancer

Among the 88 patients, gene mutations were identified in 12
marginal tissue cases (12/88, 13.6%) and were absent in 76
tumor cases (76/88, 86.4%). Median DFS was significantly
shorter in patients with detectable gene mutations in marginal
tissues compared with those patients without gene mutations in

their marginal tissues (30.7 versus 24.4 months, 5* = 4.78,
P =0.029) (Figure 4). Consistently, an obviously shorter med-
ian OS was observed in patients with gene mutations in mar-
ginal tissues compared with those without mutations in their
margins (49.1 versus 32.2 months, P =0.055) (Figure 5).
Collectively, these findings reveal that driver genes in the
marginal tissues may be responsible for patients with shorter
DFS and OS.

Discussion

Local recurrence or metastasis is mainly responsible for
the treatment failure and relapse following initial surgical
resection.'’ In addition, the molecular status of the
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Figure 3 Correlation of genetic variables with clinical features in lung cancer patients. Correlation of mutation status with clinical features including pathology (A), lymph
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Figure 4 Kaplan—Meier survival curves of DFS in lung cancer patient with margins
gene positive (n=12) and negative (n=76).

“normal”-appearing lung tissue in the surgical margins and
its clinical significance has rarely been investigated in
NSCLC. In the present study, the gene profiles in both
tumor tissues and marginal tissues in lung cancer were
evaluated using NGS technology. A total of 12 marginal
tissue cases harbored gene alterations, with a majority of
them being driver genes for lung cancer. Moreover, our
results showed that patients harboring gene mutations in
their marginal tissues had shorter DFS and OS, suggesting
that these gene mutations may be responsible for the
recurrence of this subtype of patients with NSCLC.

Although the early stage NSCLC patients are considered
to have better prognosis, with 5-year survival rates ranging
from 50% to 70%, nearly 30-50% of them will relapse.'*"?
To improve the prognosis of lung cancer, it is important to
secure cancer-free surgical margin in curative surgical
resection of tumors. The conventional approach to validate
a clean surgical resection is based on pathological charac-
teristics on margins of normal tissue.'* However, the micro-
scopic residual (R1) margin rate was 3—7% after curative
surgery of lung cancer. The overall survival rate declines
from 62% to 37% in the early stage patients with R1
margins."* Moreover, local recurrence following pulmon-
ary resection occurs in approximately 20% of patients even
without microscopic or macroscopic cancer residuals.’

Many researchers have explored many approaches to
predict the clinical outcome of early stage patients, includ-
ing detection of genetic alterations, epigenetic modifica-
tions, and gene-expression profiles.'>'7 Only a few
studies have explored the molecular status of histologi-
cally normal-appearing surgical margins.'® 2° Masasyesva
et al analyzed the molecular margins of sublobar resec-
tions of lung cancer and identified that K-RAS mutation at
codon 12 was associated with local recurrence of
NSCLC."® Another study by Lv et al found that oncogenic
mutations were identified in 87.5% bronchial margins of
ecarly relapse patients, suggesting that genetic alterations in
the margins may be risk factors of recurrence in lung
cancer patients at early stages.' In our study, we found
that oncogene mutations occurred in 94.3% and 13.6% of
tumor cases and marginal tissues using NGS, respectively.
Most of the gene mutations detected were cancer drivers.
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Figure 5 Kaplan—Meier survival curves of OS in lung cancer patient with margins
gene positive (n=12) and negative (n=76).

Moreover, six common driver genes between tumor and
marginal tissues were identified, including EGFR, TP53,
and CDKN2A. In addition, we analyzed the correlation
between gene mutations in marginal tissues and clinical
features and found that advanced-stage patients had a
higher percentage of driver gene and a higher percentage
of mutated samples than patients with other stages. In
addition, we observed shorter median DFS and OS in
patients with gene mutations in marginal tissues compared
with those with no mutations in their margins, suggesting
that driver genes in the margins may contribute to the
recurrence and relapse of these patients.

There were several limitations in this study. First, only
88 patients were enrolled and 12 with margin positive.
Thus, more patients are needed to validate these findings.
Second, this study focused on genetic mutations in the
samples, and no liquid biopsy samples were obtained.
There is intratumoral heterogeneity in tissue biopsy; how-
ever, a systematic review by Stepan et al showed that
targeted NGS in plasma shows inferior performance in
detecting mutations compared to tissue biopsy in advanced
NSCLC patients.”! Last, the mutated genes in the clear
tumor margins may be due to infiltrating tumor cells or
precancerous cells which harbor the mutations; however,
we could not clear the possibilities in present study.

In conclusion, our study reveals that oncogenic altera-
tions are detectable in microscopically negative margins in
NSCLC patients, with elevated risk of relapse and shorter

survival time. These findings demonstrate that examination
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