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Abstract. Gastric cancer is one of the leading causes of
cancer-associated death; however, analysis of its molecular
and clinical characteristics has been complicated by its histo-
logical and etiological heterogeneity. The present study aimed
to estimate somatic mutation profiling in gastric cancer. To do
so, targeted next-generation sequencing (NGS) was performed
with the Oncomine Focus Assay to compare the clinicopatho-
logical characteristics with the mutation profiles in 50 patients
with advanced gastric cancer (AGC). Among the 35 hotspot
genes and 19 genes for copy number variations (CN'Vs), 18
single nucleotide variants (SNVs) or small insertions and
deletions (14 missense and four frameshift mutations), and
10 amplifications were identified. To examine the association
between mutation profiles and clinicopathological character-
istics, each element of the clinicopathological characteristics
was categorized into three groups: No alteration, PI3K cata-
lytic subunit a (PIK3CA) alterations and alterations other than
PIK3CA. Fisher's exact test identified no statistical differences
between the clinicopathological characteristics, with the excep-
tion of the Tumor-Node-Metastasis (TNM) T stage between
the three groups. Cases of AGC with somatic alterations but no
PIK3CA exhibited a significant difference in the TNM T stage
compared with those with no alterations or PIK3CA altera-
tions (P=0.044). In addition, AGC with PIK3CA alterations
was categorized by Lauren's classification to the intestinal type
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only. The distribution of Lauren's classification in AGC with
PIK3CA alterations was statistically different compared with
AGC with alterations other than PIK3CA (P=0.028), but not
compared with AGC with no alterations (P=0.076). In conclu-
sion, the present study demonstrated a molecular profiling
approach that identified potential molecular classifications
for gastric cancer and suggested a framework for precision
medicine in AGC.

Introduction

Gastric cancer is a major cause of cancer-associated mortality.
It ranks as the 5th most common neoplasm and the 3rd most
deadly cancer, and was responsible for >1,000,000 new cases
with an estimated 783,000 deaths in 2018 (1). However, analysis
of the clinical and genetic characteristics of gastric cancer has
been complicated by its etiological and histological heteroge-
neity (2). Etiologically, gastric cancer is often accompanied by
infectious agents such as Helicobacter pylori or Epstein-Barr
virus, susceptible genetic variants and environmental factors,
along with the accumulation of epigenetic and genetic
changes (3). Histopathological classification systems such as
the Lauren's classification and World Health Organization
classification system (4) have limited clinical usefulness as
to which classifications unify a clinical correlation with a
high validity and practicability in diagnosis and prognostic
outcome, making the development of relevant classifiers that
can help patient care an urgent priority (5). Thus, molecular
classification of gastric cancer has been developed, and candi-
date drivers and dysregulated pathways of notable subtypes
of gastric cancer have been identified (6). Several molecular
targeted therapies associated with survival outcomes in other
cancer types are currently in clinical research for the treatment
of gastric cancer, including the inhibitors of epidermal growth
factor receptor (EGFR), fibroblast growth factor receptor
(FGFR), Met proto-oncogene receptor tyrosine kinase (MET),
phosphatidylinositol-4,5-bisphosphate 3-kinase (PI3K) and
vascular endothelial growth factor (VEGF) (7).

The application of next-generation sequencing (NGS)
technologies exploiting whole genome sequencing to targeted
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sequencing has served an important role in the identifica-
tion of genetic variations and anomalies in patients with
gastric cancer, which has improved our understanding of the
molecular profiles and heterogeneity of gastric cancers (1,2).
Targeted NGS represents a resource- and cost-efficient
approach, enabling the detection of somatic alterations of
potential interest. The Oncomine Focus Assay (OFA) is a
targeted NGS assay for the simultaneous and rapid identifica-
tion of single nucleotide variants (SN'Vs), short insertions and
deletions (indels; 35 genes), copy number variations (CN'Vs;
19 genes) and gene rearrangements (23 genes) in 52 cancer
genes with therapeutic relevance, and can detect potential
targets and current actionable genetic variants for personal-
ized medicine (8). The OFA is designed for use with the Ion
Torrent Personal Genome Machine (PGM™) that generates
10-100 Mb pairs (Mbp) of sequence data on various chips
within several hours of instrument run time and leverages the
uniquely minimal total of DNA or RNA input (10 ng), which
is useful for frequent analysis of small amounts of clinical
samples (9). Combined with Ion AmpliSeq technology, this
approach enables highly accurate and reproducible sequence
analysis of various types of tumor specimens (10).

The present study aimed to compare the clinicopatho-
logical characteristics with the mutation profiles of 50 Korean
patients with advanced gastric cancer (AGC) by targeted NGS
assay along with the OFA panel.

Materials and methods

DNA isolation and quantification. The study protocol was
approved by the Institutional Review Board of The Catholic
University of Korea (approval no. DCISSESIO113). All
subjects provided written informed consent for clinical and
molecular analyses and publication before the study. A total
of 50 patients with AGC who received surgical resection
between January 2015 and February 2019 at the Department
of Surgery, Chungnam National University Hospital (Daejeon,
Republic of Korea) were enrolled in the present study. The
cohort comprised of 72% (36/50) male and 28% (14/50) female
Korean patients with a mean age of 66 years (age range,
39-91 years). Genomic DNA was isolated from 50 frozen
human AGC tissues using the RecoverAll Total Nucleic Acid
Isolation kit (Thermo Fisher Scientific, Inc.) according to
the manufacturer's instructions. Amplifiable genomic DNA
was determined by fluorometric quantitation using Qubit
2.0 Fluorometer with Qubit dsDNA HS Assay kits and the
TagMan RNase P Detection Reagents kit (Thermo Fisher
Scientific, Inc.) according to the manufacturer's protocols and
was considered appropriate when the nucleic acid concentra-
tion was >30 ng/ul.

Library preparation. DNA libraries were constructed
using the Ion AmpliSeq™ Library kit 2.0 (Thermo Fisher
Scientific, Inc.) according to the manufacturer's instructions.
The Oncomine Focus DNA Assay (Thermo Fisher Scientific,
Inc.) was used to generate sequencing libraries from 10 ng
input genomic DNA per specimen. The OFA panel can iden-
tify hotspot mutations, including SN'Vs, indels (35 genes) and
CNVs (19 genes) that are commonly implicated in human
cancers and relevant to targeted treatment of solid tumors (9).

Unique Ion Xpress Barcode 1-16 and Ion P1 Adapter (Thermo
Fisher Scientific, Inc.) were ligated to the amplicons and
subsequently purified to ensure that each individual sample
had a unique ID. The final amplicon libraries were amplified,
purified and equalized to ~100 pM using an AMPure XP
Reagent (Beckman Coulter, Inc.).

Semiconductor sequencing. A total of six uniquely barcoded
library samples were pooled for sequencing per run on an Ion
318™ v2 chip (Thermo Fisher Scientific, Inc.). The Ion Chef™
System (Thermo Fisher Scientific, Inc.) was applied using the
Ion PGM™ Hi-Q™ Chef Kit for fully automated template
preparation and Ion 318™ v2 chip loading. Single-end
sequence analysis was performed using the Ion PGM™
Hi-Q™ Sequencing Kit on the Ion Torrent PGM™ (Thermo
Fisher Scientific, Inc.) for 200 base-read sequencing.

Variant calling and data analysis. Raw data from the DNA
panel was generated for sequence reads, collected, processed
and trimmed using the Ion Torrent platform-specific pipe-
line software as follows. Removal of polyclonal and poor
signal profile reads as well as 3' quality trimming of reads
was performed using Torrent Suite Assay Development
Mode v5.0 (Thermo Fisher Scientific, Inc.). Reads were
aligned to the human genome hgl9 (https://www.ncbi.nlm.
nih.gov/assembly/GCF_000001405.13/) and Ion Reporter
v5.1 software package (Thermo Fisher Scientific, Inc.) was
used for data analysis of the DNA panel. A cut off of 500x
coverage was applied to all analyses in the present study;
the target regions with >500x demonstrated sufficient
and uniform amplification and sequencing coverage, with
mutant alleles detected at >5% allele frequency. Briefly, the
‘Oncomine Focus-520-w2.4-DNA-Single Sample’ automatic
workflow in Ion Reporter was used to identify and annotate
the SN'Vs, indels and CN'Vs from the OFA with the following
Torrent Variant Caller parameter settings: Frequency cutoff
for supporting a variant, SNV 0.04, indel 0.07, Hotspot 0.03;
total coverage required of reads or no-call, SNV 15, indel 15,
Hotspot 15; proportion of variant alleles coming overwhelm-
ingly from one strand, SNV 0.96, indel 0.9, Hotspot 0.96 for
SNV and indel calls; and median of the absolute values of all
pairwise differences <0.4; 5% confidence interval CNV ploidy
> gain of 2 over normal for CNV calling.

Candidate variant prioritization. Pathogenic impact of
missense mutations other than hotspot mutations on gene
function was estimated using in silico prediction tools such as
‘Damaging’ (score 0) by SIFT (11) and ‘Probably damaging’
(score >0.8) by Polyphen-2 (12). Conservation change of
an affected amino acid was compared by aligning protein
sequences of various vertebrate species obtained from the
Evolutionary Annotation Database (http:/www.h-invitational.
jp/evola/). In addition, the candidate mutation was investigated
whether it has been reported as pathogenic for gastric cancer
in the sequence databases including COSMIC (https://cancer.
sanger.ac.uk/cosmic) (13) or ClinVar (https:/www.ncbi.nlm.
nih.gov/clinvar/).

Immunohistochemistry (IHC) for CDK4, EGFR, ERBB2,
FGFR2, KRAS, MET, MYC and PIK3CA. A total of 10 tissue



Bzl SPANDIDOS
7] .§, PUBLICATIONS

samples with the gene amplification identified by the OFA
assay were fixed in buffered 10% formalin at 65°C for 10 min
and embedded in paraffin. Formalin-fixed, paraffin-embedded
(FFPE) samples were sectioned at a thickness of 4 ym. The
BenchMark XT automated slide processing system (Ventana
Medical Systems, Inc.) was used for deparaffinization
pretreatment with Cell Conditioning 1 solution (Ventana) and
ultraviolet irradiation to abrogate endogenous hydroperoxidase
activity according to the manufacturer's instructions. These
sections were incubated at 37°C for 24 min with primary
antibodies (1:100; Abcam) against CDK4 (cat. no. ab108357),
EGFR (cat. no. ab52894), ERBB2 (cat. no. abl16662),
FGFR2 (cat. no. ab58201), KRAS (cat. no. abl180772),
MET (cat. no. ab216574), MYC (cat. no. ab32072), PIK3CA
(cat. no. ab40776). Sections, were then incubated with horse-
radish peroxidase-conjugated goat anti-rabbit IgG heavy &
light chain secondary antibody (Abcam) at 37°C for 10 min.
Sections were counterstained with hematoxylin II (Ventana)
for 5 min and bluing reagent (Ventana) for 5 min at 37°C.
Slides were imaged under a light microscope (BX51; Olympus
Corporation). The intensity of immunostaining for protein
expression was scored as follows: 0, negative; 1+, weak; 2+,
moderate; and 3+, strong in >10% of tumor cells; only 2+ or 3+
were interpreted as being positive as previously described (14).

Statistical analysis. Data were presented as the
means + standard deviation. Statistical analysis was
performed using MedCalc Statistical Software Version 17.6
(MedCalc Software, Ltd.). Normality was assessed using
Kolmogorov-Smirnov and Shapiro-Wilk tests, and one-way
analysis of variance followed by Tukey's post hoc test was
used to compare the means of age between three groups
categorized by Lauren's classification or mutation profiles by
targeted NGS. The Fisher's exact test was used to compare
the clinicopathological characteristics and mutation profiles
between two or three groups. P<0.05 was considered to indi-
cate a statistically significant difference.

Results

Mutation analysis. A median sequencing coverage depth of
1,845x (range, 129-2,000x) was achieved for the 50 gastric
cancer tissues. Integrative analysis using the Ion Reporter
identified somatic mutations with allele frequencies between
6 and 47% in tumor DNA samples without matched normal
controls, in which a variant was classified as germline origin
if its mutation frequency was near 50% (heterozygous) or
100% (homozygous), or otherwise classified as somatic. Null
mutations (nonsense, frameshift or canonical +1 or 2 splice
sites) and missense variants with allele frequency <0.00001
predicted to be deleterious or damaging that were not regis-
tered in COSMIC database were also included. After applying
stringent parameters for reliable variant calling (coverage depth
>500x; allele frequency >5%) by filtering out unlikely patho-
genic variants or potential raw base calling errors, at least one
somatic alteration including SN'Vs, indels and amplification
was detected in 22/50 (44%) patients. Details of the somatic
alteration profiles identified by targeted NGS in these 22 cases
of AGC are summarized in Tables I and II. Of the 35 hotspot
genes and 19 genes for copy number variations (CN'Vs), 18
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single nucleotide variants (SN'Vs) or small indels (14 missense
and four frameshift mutations) and 10 amplifications were
identified (Fig. 1). Amplification of the CDK4, EGFR, ERBB?2,
FGFR2,KRAS, MET, MYC and PIK3CA genes was confirmed
to be graded as =2 by additional THC (Fig. 2). Somatic altera-
tions in the PIK3CA gene were the most frequently identified
genetic alteration, occurring in 8/22 (36%) samples, followed
by four ERBB2, four KRAS, two EGFR, two FGFR3 and one
each for the other tested genes (Fig. 3).

Comparison of clinicopathological characteristics according
to Lauren's classification. The 50 AGC cases were categorized
into three subtypes according to Lauren's classification: Diffuse,
intestinal and mixed type, and the clinicopathological charac-
teristics and mutation profiles of patients in these three groups
were compared. The mixed type was more frequently associ-
ated with a younger age compared with the diffuse or intestinal
type (P=0.003; Table III). By contrast, the intestinal type more
frequently exhibited moderate differentiation compared with
the diffuse or mixed type (P<0.001). The frequency of mutations
identified by targeted NGS with the OFA was not statistically
different among the three groups (P=0.240).

Comparison of clinicopathological characteristics according
to mutation profiles. To examine the association between
mutation profiles and clinicopathological characteristics, each
element in the clinicopathological characteristics was catego-
rized into three groups: No alteration, PIK3CA alterations and
alterations other than PIK3CA. By Fisher's exact test, there
were no statistical differences between clinicopathological
findings except TNM staging (T) between the three groups
(Table IV). AGCs with somatic alterations but no PIK3CA
showed statistical difference in TNM staging (T), compared
to AGCs without or with PIK3CA alterations (P=0.044). In
addition, AGC with the PIK3CA alterations was categorized
by Lauren's classification to the intestinal type only. The
distribution of Lauren's classification in AGC with PIK3CA
alterations was statistically different compared with AGC with
alterations other than PIK3CA (P=0.028), but not with AGC
with no alterations (P=0.076).

Discussion

Molecular characterization of gastric cancer may offer new
tools for effective therapeutic strategies for well-defined sets
of patients, as well as new clinical trial designs leading to
an improvement of medical management of this disease (15).
These novel classifications allow the identification of relevant
gastric cancer genomic subsets by using techniques such
as genomic screening, functional studies and molecular
or epigenetic characterization (16). The large scale study
of molecular profiling on gastric cancer in The Cancer
Genome Atlas (TCGA), including a report from TCGA (5)
and an independent study from the Asian Cancer Research
Group (17), provide an outstanding opportunity to establish
advanced molecular classifiers and predictors for the diag-
nosis and treatment of gastric cancer. In addition to these
studies, several smaller studies have performed NGS to
thoroughly establish the genomics of gastric cancer (18-21).
Similar to these small-scale studies, the results of the present
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Table II. Results of copy number variations identified by the Oncomine Focus DNA Assay in 22 patients with advanced gastric

cancer.

Sample Gene Length, kb Variant class CytoBand

CNO2 MYC 44 Amplification 8q24.21(128,748,885-128,753,261)x13.51
CN14 ERBB2 15.1 Amplification 17q12(37,868,126-37,883,249)x24.58
CN16 ERBB2 15.1 Amplification 17q12(37,868,126-37,883,249)x14.25
CN17 FGFR2 107.0 Amplification 10926.13(123,247,505-123,354,466)x13.78
CN18 PIK3CA 354 Amplification 3q26.32(178,916,683-178,952,097)x13.23
CN20 KRAS 355 Amplification 12p12.1(25,364,761-25,400,274)x19 .43
CN30 CDK4 40 Amplification 12q14.1(58,142,052-58,146,026)x14.39
CN38 MET 1210 Amplification 7q31.2(116,313,480-116,434,565)x9.82
CN41 EGFR 60.6 Amplification Tp11.2(55,198.,956-55,259,538)x15.35
CN42 KRAS 355 Amplification 12p12.1(25,364,761-25,400,274)x14.69
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Figure 1. Frequencies of somatic alteration types in various genes identified by the Oncomine Focus DNA assay in 50 patients with advanced gastric cancer.
Genes are depicted on the x-axis, and the number of alterations is indicated on the y-axis.

study demonstrated that AGC with PIK3CA alterations was
associated with the intestinal type in Lauren's classification.
The PIK3CA mutations activate the PI3K/Akt signaling
pathway, have been reported in several types of carcinoma
and are associated with negative outcome (22). PIK3CA
amplification is associated with increased Akt phosphory-
lation levels, suggesting that this genetic alteration may
serve a significant role in activating the PI3K/Akt signaling
pathway that contributes to gastric carcinogenesis (23).
Kim er al (24) have suggested that PIK3CA-mutated gastric
cancer is a distinct disease entity that may require a different
therapeutic approach. PIK3CA mutations were associ-
ated with Akt activation and high tumor aggressiveness in
gastric cancer (24). In addition, high PIK3CA expression was
significantly associated with tumor invasiveness, phenotype
and poor patient survival (25). Unlike previous studies using
quantitative PCR (24) or IHC (25) for the PIK3CA alterations

only, the present study confirmed that PIK3CA mutation and
amplification in gastric cancer were associated with adverse
clinical manifestation using multi-gene analysis. The results
of the present gene panel study demonstrated that AGC with
mutated PIK3CA tended to be of an advanced TNM T stage
(T4a, 88%), compared with AGC with wild-type PIK3CA
(57%) or with mutations other than PIK3CA (72%), although
Epstein-Barr virus (EBV) in situ hybridization was not
investigated; a previous study demonstrated that PIK3CA
mutations were more dispersed in EBV-positive cancer, but
localized in the kinase domain (exon 20) in EBV-negative
cancer (5).

The plethora of data obtained from recent NGS studies
has resulted in the discovery of other candidate genes with
similar functions to those of CDHI and TP53 as classic
driver genes of gastric cancer that may have valuable influ-
ence on therapeutic decisions and clinical outcomes (6). The
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Figure 2. Representative images of immunohistochemistry staining on advanced gastric cancer tissues with gene amplification. (A) CDK4 in patient
CN30. (B) EGFR in patient CN41. (C and D) ERBB2 in (C) patient CN14 and (D) patient CN16. (E) Fibroblast growth factor receptor 2 in patient CN17.
(F and G) KRAS in (F) patient CN20 and (G) patient CN42. (H) Met proto-oncogene receptor tyrosine kinase in patient CN38. (I) MYC in patient CNO2.

(J) PI3K catalytic subunit o in patient CN18. CN, chungnam.

CN|CN|CNICN|CN|CN|CNICN|CN
02/03|11(13({14(15|16(17|18
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BRAF
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CTNNB1
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FGFR2 .
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KRAS
PIK3CA
MET

H

MYC III

Figure 3. Distribution of somatic alteration types among 50 patients with advanced gastric cancer identified by the Oncomine Focus DNA assay. Each patient
is depicted on the x-axis, and the genes are indicated on the y-axis. Green, frameshift mutation; indigo, missense mutation; orange, amplification; white, no

mutation.

novel main categories of driver mutations that have been
ascertained by NGS include cell motility/cytoskeleton (26),
chromatin remodeling (27), receptor tyrosine kinase
pathway genes (28) and Wnt signaling (29). A recent study
using NGS demonstrated notable mutation distributions in

seven candidate genes (A-kinase anchoring protein 6, cyclic
nucleotide binding domain containing 1, collagen type XIV
alpha 1 chain, -box and WD repeat domain containing 7,
integrin subunit alpha V, neurobeachin and xin actin binding
repeat containing 2) that had not been previously report to
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Table III. Comparison of clinicopathologic findings according to Lauren's classification subtypes in 50 patients with advanced

gastric cancer.

Characteristic Diffuse (n=15) Intestinal (n=30) Mixed (n=5) P-value
Male 8 (53%) 24 (80%) 4 (80%) 0.138
Age, years (range) 62 (39-91) 71 (52-89) 56 (53-59) 0.003
Differentiation <0.001
Moderate 0 (0%) 24 (80%) 1 (20%)
Poor 15 (100%) 6 (20%) 4 (80%)
TNM T stage 0.830
2 1 (7%) 3 (10%) 0 (0%)
3 3 (20%) 9 (30%) 1 (20%)
4a 11 (73%) 18 (60%) 4 (80%)
TNM N stage 0.378
0 3 (20%) 7 (23%) 0 (0%)
1 1 (7%) 9 (30%) 1 (20%)
2 4 (27%) 7 (23%) 1 (20%)
3a 5 (33%) 7 (23%) 2 (40%)
3b 2 (13%) 0 (0%) 1 (20%)
TNM M stage 0.088
0 14 (93%) 30 (100%) 4 (80%)
1 1 (7%) 0 (0%) 1 (20%)
Any mutations (SNV + indel) 0.240
No 13 (87%) 19 (63%) 3 (60%)
Yes 2 (13%) 11 (37%) 2 (40%)
Any amplifications 1.000
No 12 (80%) 24 (80%) 4 (80%)
Yes 3 (20%) 6 (20%) 1 (20%)
Any mutations or amplifications 0.522
No 10 (67%) 16 (53%) 2 (40%)
Yes 5 (33%) 14 (47%) 3 (60%)

SNV, single nucleotide variant; indel, small insertion, duplication and deletion; TNM, Tumor-Node-Metastasis (4).

be prominently mutated in gastric cancer (30). For medical
genetic testing, which is crucial for precision medicine in
cancer treatment, target NGS with a gene panel is advanta-
geous due to cost savings, enhanced depth of coverage and
precise target enhancement (31). Therefore, clinically helpful
molecular classification based on targeted sequencing with a
gene panel may enable the use of precise medicine in gastric
cancer (21,30,32).

The identification of specific cancer subgroups is also
enabling precise selection of patients who are likely to
respond to immunotherapy (33). Through conventional
methods for EBV and microsatellite instability, as well as
the use of emerging genetics testing that focuses on a gene
panel for mutations and amplifications, the proposed genetic
group may be applied to new cases of AGC (5). Tumor hetero-
geneity and the incomplete understanding of the complex
tumor biology represent an obstacle to the overcoming of
the 'one size fits all' era of gastric cancer treatment (33). The
most disturbed pathways in gastric cancer include adherens
junction and focal adhesion (18). The clustered mutations

in recurrent hotspots influence the functional domain and
produce defective RHOA signaling, facilitating escape from
anoikis in organoid cultures (18). In addition, gastric cancers
with different Lauren's classifications exhibit diverse char-
acteristics, and EGF containing fibulin extracellular matrix
protein 1 (EFEMPI), frizzled related protein (FRZB) and
keratin 23 (KRT23) have been identified as prognostic factors
for gastric cancer subtypes (34). EFEMPI and FRZB may be
involved in diffuse gastric cancer-specific pathways, such as
cell adhesion; KRT23 may serve a critical role in intestinal
gastric cancer, considering that it has been demonstrated to be
an oncogene that can influence DNA damage and prolifera-
tion response of colon cancer cells (35).

There were several limitations to the present study. The
most notable limitation was the small sample size, as it was
difficult to investigate significant relationships for the genetic
landscape of gastric cancers from the present data. Thus, it
is essential to further improve the molecular characterization
of gastric cancer subtypes in order to provide researchers and
medical oncologists with new tools for patient selection and
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Table I'V. Comparison of clinicopathologic characteristics according to mutation profiles identified by Oncomine focus assay.

Characteristics No alterations (n=28) Other alterations® (n=14) PIK3CA alterations (n=8) P-value
Male 19 (68%) 9 (64%) 8 (100%) 0.152
Age, years (range) 62 (39-84) 64 (53-91) 77 (52-89) 0.156
Differentiation 0.675
Moderate 14 (50%) 6 (43%) 5 (63%)
Poor 14 (50%) 8 (57%) 3 (37%)
TNM T stage 0.044
2 1 (4%) 3 (21%) 0 (0%)
3 11 (39%) 1 (7%) 1 (12%)
4a 16 (57%) 10 (72%) 7 (88%)
TNM N stage 0.892
0 5(18%) 3 (21%) 2 (25%)
1 6 (21%) 3 (21%) 2 (25%)
2 5 (18%) 537%) 2 (25%)
3a/ 10 (36%) 2 (14%) 2 (25%)
3b 2 (7%) 1 (7%) 0 (0%)
TNM M stage 0.702
0 27 (96%) 13 (93%) 8 (100%)
1 1 (4%) 1 (7%) 0 (0%)
Lauren's classification 0.028°
0.076¢
Diffuse 10 (36%) 5 (36%) 0 (0%)
Intestinal 16 (57%) 6 (43%) 8 (100%)
Mixed 2 (7%) 3 (21%) 0 (0%)

*Alternations other than PIK3CA (single nucleotide variant, small insertion, duplication, deletion and amplification) identified by the Oncomine
focus assay in the present study. "The distribution of Lauren's classification in AGC with PIK3CA alterations vs. AGC with alterations other
than PIK3CA. °‘GC with PIK3CA alterations vs. AGC with no alterations. PIK3CA, PI3K catalytic subunit a; Lauren's classification (4); TNM,

Tumor-Node-Metastasis (4).

stratification in future clinical development programs and
subsequent trials (36). Comprehensive large-scale studies
on the molecular classification in gastric cancer covering
recent genomic, transcriptomic, proteomic and epigenomic
features are required (37). Another limitation of the present
study was that due to the inherent problems with the OFA,
particularly important variants may have not been called; the
OFA does not identify the mutations of previously known
such as AT-rich interaction domain 1A (ARIDI1A), cadherin 1
(CDH1) and tumor protein p53 (TP53) as well as new, such as
catenin alpha 2, GLI family zinc finger 3, mucin 6, and ring
finger protein 43) significantly mutated driver genes. The OFA
applied in the present study was a relatively small gene panel
to be used for identification of complicated genetic altera-
tions in AGC. Although PIK3CA gene alterations were the
most frequently identified in the present study, frequencies of
genetic alteration in ARIDIA, LDL receptor related protein
1B and TP53 are higher compared with PIK3CA in public
cancer genome databases such as cBioPortal for Cancer
Genomics (www.cbioportal.org). Since PIK3CA alterations
are significantly enriched in EBV-positive gastric cancer
samples (28), EBV in situ hybridization should be required
in a future study to confirm whether the previously published

data may be extrapolated to the cohort of the present study.
Similarly, although 15 diffuse type gastric cancer samples
were included in the present study, no CDHI mutations were
reported, as the OFA did not cover coding region of the
CDHI] gene. The identification of CDHI gene mutations in
diffuse type gastric cancer is important since most diffuse
type gastric cancers are known to harbor pathogenic CDH1
mutations.

In conclusion, the present study demonstrated a molecular
profiling approach that identified the potential molecular clas-
sifications for gastric cancer and suggested a framework for
precision medicine in AGC. The improvements in this field
may influence the discovery of novel driver mutations as well
as sophisticated classification systems for gastric cancer that
may be crucial for its pathogenesis if they can be effectively
applied to improve the clinical outcome and therapeutic
paradigm of AGC.
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