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Abstract: Gastric cancer (GC) remains the second tumor caused death threat worldwide, and personalized medicine
for GC is far from expectation. Finding novel, recurrently mutated genes through next-generation sequencing (NGS)
is a powerful and productive approach. However, previous genomic data for GC are based on surgical resected
samples while a large proportion of advanced gastric cancer (AGC) patients have already missed the chance for
operation. The aim of this study is to assess frequent genomic alteration in AGC via biopsy samples. Here we per-
formed targeted genomic sequencing of 78 AGC patients’ tumor biopsies along with matched lymphocyte samples
based on a 118 cancer related gene panel. In total, we observed 301 somatic nonsynonymous genomic alterations
in 92 different genes, as well as 37 copy number gain events among 15 different genes (fold change 2-12), and
validated the fold changes of ERBB2 copy number gains with IHC and FISH test showed an accuracy of 81.8%. Previ-
ously reported driver genes for gastric cancer (TP53, KMT2D, KMT2B, EGFR, PIK3CA, GNAQ, and ARID1A), and sev-
eral unreported mutations (TGFBR2, RNF213, NF1, NSD1, and LRP2) showed high non-silent mutation prevalence
(7.7%-34.6%). When comparing intestinal-type gastric cancer (IGC) with diffuse-type gastric cancer (DGC), TP53 and
GNAQ appear to be more frequently mutated in IGC (P=0.028 and P=0.023, respectively), whereas LRP2, BRCA2
and FGFR3 mutations are not observed in IGC, but have 12.8%, 7.7% and 7.7% mutation rates, respectively, in DGC
patients. Patients with one or more mutations in adherens junction pathway (CREBBP, EP300, CDH1, CTNNB1,
EGFR, MET, TGFBR2 and ERBB2) or TGF- signaling pathway (CREBBP, EP300, MYST4, KRAS and TGFBRZ2) showed
significantly better overall survival (P=0.007 and P=0.014, respectively), consistent with The Cancer Genome Atlas
(TCGA) cohort data. Importantly, 57 (73.1%) patients harbored at least one genomic alteration with potential treat-
ments, making NGS-based drug target screening a viable option for AGC patients. Our study established a compre-
hensive genomic portrait of AGC, and identified several mutation signatures highly associated with clinical features,
survival outcomes, which may be used to design future personalized treatments.
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Introduction

Gastric cancer is a highly heterogeneous dis-
ease and one of the most frequent cause of
cancer-related mortality worldwide. Almost 1
million new cases of gastric cancer were diag-
nosed in 2012, half of which occurred in
Eastern Asia (mainly in China) [1, 2]. Because
the early disease is asymptomatic, most gastric
cancer patients are diagnosed at advanced
stage, when the radical surgery has already
missed best timing. While the optimal standard
chemotherapy regimen for these patients

remains debatable, fluorouracil-containing dou-
blet therapy is the preferred first-line option in
eastern Asian countries [3].

So far, a series of NGS studies including TCGA
have revealed several genes frequently mutat-
ed in gastric cancer, though the findings are
sometimes contradictory. Repeatedly men-
tioned “driver genes” include TP53, CDH1 [4],
ARID1A [5], CTNNBL1 [6], PIK3CA [7] and RHOA
[8, 9]. However, these findings are based on
gastrostomy specimens, indicating that there’s
a chosen bias against those rapidly progress
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Table 1. 118 cancer-related genes list

ABL1 AKAP9 AKT1 ALK
ATM ATRX BAP1 BRAF
CDH1 CDK12 CDKN2A CEBPA
CTNNB1 CYLD CYP2D6 DAXX
FAM123B FBXW7 FGFR2 FGFR3
GATA3 GNA11 GNAQ GNAS
IDH2 IKZF1 ITK JAK2
KIT KRAS LRP2 MAP2K1
MET MLH1 MLL2 MLL4
MYH11 MYST4 NCOA2 NF1
NRAS NSD1 NTRK1 PAX5
POLR3A PPP2R1A PRKAR1A PTCH1
RET RNF213 RNF43 ROS1
SMAD4 SMARCA4 SMARCB1 SMO
TNFAIP3 TOP1 TP53 utx

APC ARID1A ARID2 ASXL1
BRCA1 BRCA2 CBL CDC73
CIC CREBBP CSF1R CTNNA1
DNMT3A EGFR EP300 ERBB2
FLT3 FOXL2 FUBP1 GATAL
GRIN2A HNF1A HRAS IDH1
JAK3 KDM5C KDMGA KDR
MAP2K2 MAP2K4 MED12 MEN1
MPL MSH2 MSH6 MYD88
NF2 NOTCH1 NOTCH2 NPM1
PDGFRA PHOX2B PIK3CA PIK3R1
PTEN PTPN11 PTPRC RB1
RUNX1 SETD2 SF3B1 SMAD2
SOCS1 STK11 TET2 TGFBR2
VHL WT1

patients, who are disqualified from operations,
but potentially suitable candidates for clinical
trials. The objective of this study is to establish
the feasibility of using endoscopic biopsy of
advanced gastric cancer patients for next-gen-
eration sequencing, in connection with their
first-line standardized chemotherapy results,
trying to display a deduced network/core path-
way of gastric cancer genomic result to be a
complementary of former results. Instead of
finding novel driver genes, we employed a tar-
geted genomic sequencing approach based on
a 118-cancer genes panel, focusing on linking
the known cancer-related driver genes with
AGC phenotypes and prognosis.

Methods
Patients and sample collection

A total of 78 fresh-frozen biopsy tumors were
collected, histologically confirmed as gastric
cancer and none of them had received any pre-
vious treatment, along with paired peripheral
blood samples used as sequence reference to
detect somatic alterations. After biopsy, major-
ity of these patients was treated with first-line
fluorouracil plus cisplatin or paclitaxel at the
Gastrointestinal Oncology department of Pe-
king University Cancer Hospital from January
2011 to July 2014, and had completed at least
two cycles of chemotherapy. All patients gave
written informed consents to allow their tissues
being used in medical research. Drug adminis-
tration was carried out according to our previ-
ous report [10]. This study was approved by the
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Ethics Committee of Peking University Cancer
Hospital and performed according to the
Declaration of Helsinki Principles.

DNA library preparation and target DNA en-
richment

Genomic DNA was isolated from fresh-frozen
tissues using QlAamp DNA Mini Kit (Lot. 51304,
QIAGEN) according to the manufacturer’s
instructions and stored at -20°C until use.

The 118 cancers related genes in this panel for
captured and targeted next-generation sequ-
encing are listed in Table 1. The exon regions of
all 118 genes were specifically enriched using
oligonucleotide probes (MyGenostics, Balti-
more, MD, USA) as described previously [11,
12]. In brief, 1 ug DNA library was used per cap-
ture. It was mixed with Buffer BL and GenCap
probe (MyGenostics, MD, USA), heated at 95°C
for 7 min and 65°C for 2 min, and added pre-
heated Buffer HY (MyGenostics, MD, USA) to
keep at 65°C for 22 h for hybridization. Then
transferred to the tube with prewashed MyOne
beads (Life Technology) and rotated for 1 h. The
beads were then washed several times and the
bound DNA was then eluted with eluting buffer.
The eluted DNA was amplified for 15 cycles
using the following program: 98°C for 30 s (1
cycle); 98°C for 25 s, 65°C for 30 s, 72°C for
30 s (15 cycles); 72°C for 5 min (1 cycle). The
PCR product was purified using SPRI beads
(Beckman Coulter, Inc.) in accordance with
manufacturer’s protocol. The enrichment librar-
ies were sequenced on an lllumina HiSeq 2000
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sequencer for paired read 100 bp. Short read
mapping and alignment were performed using
BWA software (Burrows Wheeler Aligner). SNPs
and indels were detected using the SOAPsnp
software and GATK Indel Genotyper (http://
www.broadinstitute.org/gsa/wiki/index.php/;
The Genome Analysis Toolkit), respectively. All
reference sequences were based on the
NCBI37/hg19 assembly of the human genome.

Fluorescence in situ hybridization (FISH) and
immunohistochemistry (IHC) for HER2

To assess the accuracy of the gene copy num-
ber variation found by our method, HER2 IHC
and FISH test were performed as previously
described [13]. Briefly, paraffin-embedded
blocks of gastric tumors were cut into 4-um
sections. The sample sections together with
known positive and negative control sections
were baked at 65°C for at least 1 hour, then
deparaffinaged and rehydrated. The primary
antibody used for IHC was an antibody to HER2
(4B5, Ventana Medical Systems). Antigen epit-
opes were retrieved by heating at 100°C for 60
min with EDTA, pH 8.5 (Ventana Benchmark
CC1 standard program). HER2 IHC was scored
based on the ToGA trial screening criteria [13].
HER2 amplification was determined by FISH
assays using HER2 FISH pharmDX™ (Dako
Denmark A/S) according to the manufacturer’s
instruction. HER2 (red) and centromeric probe
17 (CEP17, green) signals per nuclei were
counted. AHER2-CEP17 ratio of > 2 was defined
as positive for HER2 amplification; chromo-
some 17 polysomy was defined as > 3 CEP17
signals per cell on average.

Statistical methods

Overall survival in relation to mutation status
was evaluated by the Kaplan-Meier survival
curve and the log-rank test. The Pearson chi-
square test was used for analyzing correlations
between cluster membership and clinical-path-
ological variables (SPSS 11.5.0 for Windows,
SPSS Inc, Chicago, IL, USA). A P value of less
than 0.05 was taken as statistically significant.
Pathway enrichment analysis was performed
by online DAVID analysis (version 6.7) [14].

Results
Sequencing results

Of the 78 advanced gastric cancer patients
(stage lll and 1V), 85.9% of them are males. The
median age is 59 years old (28-79), with 14.1%
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<45 and 47.4% > 60. According to Lauren clas-
sification, 33.3% are intestinal-type gastric
cancer (IGC), 50% are diffuse-type gastric can-
cer (DGC), and 16.7% are mixed-type gastric
cancer (MGC). For original tumor location,
48.7% are at upper 1/3 of stomach (cardia, GE
junction and fundus), 32.1% are at middle 1/3
(gastric body), and 19.2% are at lower 1/3
(@antrum origin tumors). Up to May 2015, all
patients had been evaluated for clinical res-
ponse. As the first line chemotherapy, 55
received fluorouracil plus cisplatin and 23 were
treated with fluorouracil plus paclitaxel. Thirty-
three of them received stable disease (SD), 33
received partial response (PR) and 12 received
progressive disease (PD). In the end of the fol-
low-up, 60 patients had progressed in disease,
and 49 patients had died.

We sequenced 1,051,300 bp target region
bases for each sample, achieving an average of
400x% coverage for each target. In total, we
identified 22,532 mutations and 293 indels,
including 258 high-accuracy non-silent somatic
point mutations in 87 different genes, and 43
somatic indels in 23 different genes after the
following multistep filtering process: 1) tumor
sample mutations were filtered with peripheral
blood mutations; 2) mutations were filtered
with normal person databases (1000 genome
database version 2012/ESP6500 database/
Inhouse normal person database); 3) variant
allele fraction (VAF) > 0.05, and all synonymous
mutations were deleted; 4) continuous two or
more point mutations of same gene were con-
sidered as noise. Sixty-five of the 78 patients
were detected with somatic mutations in the
118 genes; the median and mean mutant
genes per sample were 3 and 3.5 (range, 0-25)
respectively. The G>A and C>T transition muta-
tions were dominated, which is consistent with
previous studies [6]. We also found 37 copy
number gain events among 15 different genes
(fold change 2-12), including 11 patients with
ERBB2 overexpression (fold change 2-12), 5
patients with MET overexpression (fold change
2-6), 4 patients with CDK12 overexpression
(fold change 2-9), and 3 patients with FGFR2
overexpression (fold change 3-6).

Of the 92 mutated genes, 12 were reported
as frequently mutated in GC. They are TP53
(34.6%), KMT2D (15.4%), KMT2B (11.5%),
PIK3CA (9.0%), EGFR (9.0%), GNAQ (9.0%),
ARID1A (7.7%), EP300 (6.4%), NOTCH1 (6.4%),
BRCA2 (5.1%), CTNNB1 (3.8%), and CDH1
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(3.8%). We also uncovered 5 previously unre-
ported genes. They are TGFBR2 (15.4%), NF1
(9.0%), RNF213 (9.0%), NSD1 (7.7%), and LRP2
(7.7%). TGFBR2, located in 3p24.1, is a mem-
ber of TGFB receptor superfamily that forms a
heterodimeric complex with TGFBR1. This com-
plex binds TGF-B and regulates the transcrip-
tion of a subset of cell proliferation related
genes. Ten of the 12 patients detected with
TGFBR2 mutations harbored E125fs deletion
or insertion, which was confirmed as somatic in
chronic myelomonocytic leukemia [15], but was
first reported in GC cohort. Identification of
mutations in NF1 (located in 17911.2) has
been challenging due to its large size, lack of
mutational hot spots, and the presence of
pseudogenes [16]. NF1 negatively regulate RAS
and plays a role in the control of cell growth,
with the mutation rate 10% in TCGA GC cohort
[7]. RNF213, located in 17g25.3, is involved in
angiogenesis via the non-canonical Wnt signal-
ing pathway inhibition and promoting vessel
regression [17], highly mutated in desmoplastic
melanoma (25%) [18] and 11.1% patients
mutated in TGCA GC cohort. NSD1 (located in
5q35.3) is a histone methyltransferase which
enhances androgen receptor transactivation,
frequently mutated in head and neck squa-
mous cell carcinoma (11.8%) [19], and 7.3%
patients mutated in TCGA GC cohort.

Gene alterations and clinicopathological fac-
tors

When comparing mutations between intestinal
type gastric cancer (IGC) and diffuse type gas-
tric cancer (DGC), the total number of muta-
tions between IGC and DGC is not significantly
different (mean values, 3.5 [standard deviation
(SD), 3.2] and 3.7 [SD, 5.0], respectively;
P=0.83). TP53 non-silent mutation was more
common in IGC (46.2% in IGC and 25.53% in
DGC, P=0.028, Figure 1). Similar trend was
observed in GNAQ as well (13.9% in IGC and
2.6% in DGC, P=0.023). Several cell cycle relat-
ed genes, including TP53, were previously
reported frequently altered in IGC [20]. TP53
mutations have been detected even in early
lesions such as intestinal metaplasia [21].
While a total of 5 DGC patients have LRP2
mutations (K18050, T2557A, P4538Q, G409-
7S, and R2175Q), 3 DGC patients have BRCA2
mutations (E31750, K1489N, and K2496X),
and 3 DGC patients have FGFR3 mutations
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(E320X, Q286R, and R401H), none IGC patients
harbored these mutations. Only three patients
have CDH1 mutations, with two DGC (D254N
and T61l) and one mixed-type gastric cancer
(1250S). Two DGC patients have APC mutations
(8277G and A2760S), which is consistent with
a previous report [22]. The frequencies of
mutated spots are compared with TCGA GC
cohort (Figure 2).

Notably, ARID1A mutation was more frequent
in younger patients (less than 45 years old),
compared to patients between 45 and 60 and
elder patients (older than 60) (36.4% vs. 0% vs.
5.4%, P<0.001). Additionally, TGFBR2 mutation
was more frequent in lower 1/3 stomach (5.3%
vs. 12.0% vs. 40.0%, P=0.004) than in upper
and middle 1/3 stomach. A similar trend was
also found in JAK2 (2.6% vs. 0% vs. 20.0%,
P=0.013) and MET mutation (0% vs. 0% vs.
13.3%, P=0.013).

Pathway enrichment of mutations

We mapped high frequency mutations into dif-
ferent pathways, and found that several path-
ways were significantly enriched (Table 2). Cell
movement related pathways (including adher-
ens junction, focal adhesion and regulation of
actin cytoskeleton), ERBB signaling, MAPK sig-
naling and JAK-STAT pathway are the top
enriched altered pathways. To find correlation
between enriched pathways and prognosis, we
analyzed association of mutated pathways with
survival data. We found that patients with one
or more mutations in adherens junction path-
way (CREBBP, EP300, CDH1, CTNNB1, EGFR,
MET, TGFBR2 and ERBB2) showed significantly
better overall survival (P=0.007). This better
prognostic significance was successfully veri-
fied in TCGA GC dataset with disease-free sur-
vival time (P=0.014). A similar trend was also
found in TGF-B signaling pathway (CREBBP,
EP300, MYST4, KRAS and TGFBR2), in that
patients with mutations in one or more of these
genes were associated with better overall sur-
vival and disease-free survival in PUCH
(P=0.021) and TCGA cohort (P=0.032) (Figure
3).

Potential druggable alterations

Using online database DGldb 2.0 [23] for muta-
tion druggability annotation, we found that
73.1% of AGC patients harbored at least one
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Figure 1. Summary of the somatic mutations and Indels of all 78 patients. Tumors are divided into three groups: intestinal-type gastric cancer, diffuse-type gastric
cancer and mixed-type gastric cancer and arranged from left to right by the number of non-silent mutations per sample in each group, shown in the top track. Clini-
cal features are shown in the middle panel, primary tumor location are labeled as Up (upper 1/3 of stomach), Mid (middle 1/3 of stomach) and Low (lower 1/3 of
stomach). Bottom panel shows the summary of somatic mutation of 38 significant mutated genes. Right bar chart shows the prevalence of each mutation category
in each gene. (WT: wild type; FS indel: frameshift indel; AA del: amino acid deletion; IF indel: in-frame indel; OE: overexpression; NA: not available)
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Table 2. Mutation pathway enrichment

Category Term Count % P-value  Benjamini genes

KEGG Adherens junction 8 21.6 1.30E-07 1.30E-06  CREBBP EP300 CDH1 CTNNB1 EGFR MET TGFBR2 ERBB2
KEGG Focal adhesion 7 18.9  6.40E-04 3.40E-03  CTNNB1 EGFR MET PTEN PIK3CA ERBB2 BRAF

KEGG ErbB signaling pathway 5 13.5 1.20E-03 5.50E-03  EGFR PIK3CA KRAS ERBB2 BRAF

KEGG MAPK signaling pathway 7 18.9  2.80E-03 1.20E-02  EGFR FGFR3 NF1 TGFBR2 TP53 KRAS BRAF

KEGG Regulation of actin cytoskeleton 6 16.2  5.70E-03 2.40E-02  APC EGFR FGFR3 PIK3CA KRAS BRAF

AKEGG Jak-STAT signaling pathway 5 13.5 9.60E-03 3.30E-02  CREBBP EP300 JAK2 JAK3 PIK3CA

PANTHER  PO0059: p53 pathway 7 18.9  4.50E-04 1.20E-02  CREBBP EP300 MYST4 PTEN PIK3CA ATM TP53

PANTHER POOO57: Wnt signaling pathway 9 24.3 5.60E-03 7.10E-02  ARID1A CREBBP EP300 MYST4 APC CDH1 CTNNB1 GNAQ TP53
PANTHER  PO0018: EGF receptor signaling pathway 6 16.2  6.50E-03 6.70E-02  EGFR PIK3CA ATM KRAS ERBB2 BRAF

PANTHER  PO0O0O05: Angiogenesis 7 18.9 1.00E-02 8.80E-02  NOTCH1 APC CTNNB1 FGFR3 PIK3CA KRAS BRAF

PANTHER  PO0031: Inflammation mediated by chemokine and cytokine signaling pathway 8 21.6 1.30E-02 9.30E-02  JAK2 JAK3 GNAQ MYH11 PTEN PIK3CA KRAS BRAF

PANTHER  PO0048: PI3 kinase pathway 5 13.5 1.60E-02 1.00E-01  JAK2 GNAQ PTEN PIK3CA KRAS

PANTHER  PO0052: TGF-beta signaling pathway 5 13.5 4.20E-02 2.00E-01  CREBBP EP300 MYST4 TGFBR2 KRAS

PANTHER  PO0047: PDGF signaling pathway 5 13.5  6.90E-02 2.90E-01 JAK2 JAK3 PIK3CA KRAS BRAF

BIOCARTA TGF beta signaling pathway 5 13.5 8.60E-05 9.90E-03  CREBBP EP300 APC CDH1 TGFBR2
1546 Am J Cancer Res 2017;7(7):1540-1553
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the frequencies (%) in PUCH cohort (yellow) and TCGA cohort (blue) are shown. B. Patients with one or more muta-
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actionable alteration reported so far (Figure 4).
These actionable targets included well-studied

ERBB2 (n=13, 16.7%), EGFR (n=8, 10.3%), PIK-
3CA (n=8, 10.3%), MET (n=7, 9.0%), and NO-
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Figure 4. Distribution of potential druggable alterations observed in this study, based on DGldb.
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ERBB2 3X amplification

Figure 5. IHC and FISH validation of HER2 expression in Sample S884. A. H&E stain result; B. Strong membrane im-
munostaining for the HER2 protein, IHC score 3+; C and D. FISH test showed HER2 overexpression; E. NGS method
detected HER2 amplification.

TCH1 (n=5, 6.4%), as well as promising targets We also validated the sequencing-based ER-
CDK12 (n=5, 6.4%) and BRCA2 (n=4, 5.1%), BB2 copy number gains with routine clinical
both are potential targets of PARP inhibitors. IHC and FISH test results (Figure 5), and
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Table 3. Sequencing-based, IHC, and FISH
results of ERBB2 overexpression

Sample IHC FISH Fold  Sequencing-routine

change* match
S906 2+ 4+ 2 yes
S928 3+ 2 yes
S867 3+ 3 yes
S876 3+ NA 3 yes
5884 3+ 3 yes
S959 3+ 3 yes
S878 NA 4 no
S954 3+ 4 yes
S879 3+ 5 yes
S926 1+ 9 no
S941 3+ + 12 yes

NA, not available; *sequencing-based copy number
change results.

showed that 9 out of 11 (81.8%) were correctly
matched (Table 3).

Discussion

An increasing number of NGS studies focusing
on gastric cancer has been released in the past
decade [6, 8, 24-28]. The most comprehensive
study by TCGA [7] has classified gastric cancer
into four distinct molecular subtypes: EBV posi-
tive, MSI, CNV and genome stable. Along with
other high-quality studies, these investigations
provided the molecular portraits of GC.
However, all were based on operation-acquired
tissues, which could lead to an underneath
potential bias that the later stages GC patients
were lacking in this landscape. To our knowl-
edge, this is the first study using NGS to evalu-
ate large scale AGC patients using biopsy tumor
samples. Systematic comparison of mutation
differences between early-stage and advanced
stage GCs are not available by now, though
publications of other tumor types showed con-
trasting results of same mutation in different
clinical stages, for instance, in early-stage
colorectal cancer (CRC) patients, the overall
survival between BRAF mutant and wild-type
patients differed non-significantly, while in late-
stage patients, BRAF mutant patients showed
significantly poorer overall survival [29].

Our study identified several previously repor-
ted GC-associated genes (eg, TP53, KMT2D,
KMT2B, EGFR, PIK3CA, GNAQ, and ARID1A),
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which confirmed the importance of these genes
in GC development. In addition, we found sev-
eral recurrently mutated genes (TGFBR2,
RNF213, NF1, NSD1, LRP2), particular TGFBR2,
with a mutation rate of 15.9%. Ten of the 12
mutated patients were detected with deletion
or insertion at the same spot E125fs, which is
reported for the first time in gastric cancer.
Twenty to thirty percent of all CRCs, and 90%
of microsatellite unstable (MSI) CRCs have
TGFBR2 mutations [30], and several reports
have indicated that TGFBR2 mutations may be
associated with significantly improved survival
in MSI colon cancer patients [31]. TGFBR2
mutation was reported in the ovarian metastat-
ic clone instead of primary site in a diffuse-type
gastric cancer patient, and gastric organoid
modeling experiment showed its metastasis
suppressor activity [32].

Importantly, we found that mutations in adher-
ens junction and TGF-B signaling pathways
were associated with better overall survival
time, and the prognosis significance of both sig-
natures was successfully confirmed in TCGA
cohort. While the adherens junctions and focal
adhesions as the top two enriched pathways
has been reported previously in a 100 patients’
cohort [25], the relationship with good progno-
sis is reported for the first time here. TGF-3 can
act as a tumor suppressor at early stages of
tumorigenesis, but enhance tumor progres-
sion, invasion and metastasis as a major induc-
er of epithelial to mesenchymal transition at
later stages [33]. Our results may help differen-
tiate GC patients with dissimilar survival out-
comes, and determine whether more aggres-
sive chemotherapy or novel targeted therapy
could be used on those patients with predicted
poor prognosis.

Identification of new therapeutic approached is
one of the important goals that NGS can aid cli-
nicians [34]. An increasing number of clinical
trials with novel small molecular compounds
are launched at different stages of clinical tri-
als, mostly started with advanced stages of
patients due to minimal harm. In this AGC
cohort, we discovered that more than 70% of
patients may potentially benefit from existing
small molecule compounds (DGldb). Among
them, 8 patients had oncogenic PIK3CA muta-
tion (E726K, E9500, M8141T, M104 3V, V850fs,
E545K, and W11C). E545K was reported as a
hot-spot mutation detected in 24% breast can-
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cer patients [35]. A phase Il clinical trial
(NCT02451956) using AZD5363 (an AKT inhibi-
tor) and paclitaxel in PIK3CA mutated or ampli-
fied patients has started at 2016 in South
Korea [36]. Three patients were detected with
FGFR2 amplification, which is the target of
Dovitinib or AZD4547 in three phase Il clinical
trials worldwide (NCT01719549,NCT01921673
and NCT01457846).

In conclusion, our study of the genomic and
clinical data of 78 advanced stage gastric can-
cer patients could help provide a more compre-
hensive genomic portrait of GC. We also identi-
fied individuals of AGC with potential targetable
genomic alterations. Subgroup with adherens
junction mutations or TGF-f3 pathway mutations
predicts better prognosis. These findings could
help devise personalized treatment strategies,
and NGS of biopsy samples before and after
therapy will also be used for prediction and
monitoring tumor progressions in the future.
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