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Patients and sample collection 

Between January 1, 2012 and August 1, 2016, a total of 78 histologically confirmed 

GC cases that had matched pairs of tissue and blood samples and 24 HER2+ mGC 

patients who received treatment with trastuzumab plus chemotherapy and treated at 

the Sun Yat-sen University Cancer Center (Guangzhou, China) were evaluated in the 

present study. The flow diagram was shown in Supplementary Figure 8. The patient 

clinical characteristics were showed in Supplementary Table 1-3. Clinical 

characteristics were gathered from medical records, including age, sex, tumour 

location, Lauren classification, HER2 status, CEA, Eighth Edition American Joint 

Committee on Cancer (AJCC) tumour–node–metastasis (TNM) staging, 

chemotherapy regimens and survival time. Patient follow-up was completed until July 

25, 2017. 

According to the tumour specimens (formalin-fixed, paraffin-embedded sections) or 

plasma DNA collected from 78 GC patients, for patients with staging I-III, the tumour 

tissues were collected from the surgical resection specimen and blood samples were 

collected 24 hours or less before surgery by peripheral venous puncture, and the 

separated plasma was aliquoted and stored at -80°C for future analysis, all the patients 

were treatment naïve before surgery. For those patients with staging IV, the tumour 

tissues were collected from biopsy specimen and the plasma sample was collected 

before first line of chemotherapy. Furthermore, blood samples were prospectively 

collected from 24 HER2+ cases before the initiation of trastuzumab treatment and 

after every two cycles of therapy until disease progression from patients with HER2+ 

gastric cancer. 

We detected serial blood samples at 4 defined time-points: pretreatment (within 7 

days before commencing target therapy), before cycle 2, cycle 4 (1-2 days before 

starting treatment) and progression (CT scans were centrally assessed by a single 

radiologist, and tumour response evaluated according to RECIST version 1.1). Two 

independent radiologists verified the clinical response for all patients in a blinded 

manner. Carcinoembryonic antigen (CEA) levels were measured by the diagnostic 

laboratory before every two cycles of therapy. Tumors were tested for HER2 status 
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with immunohistochemistry (IHC) and fluorescence in-situ hybridization (FISH). IHC 

scoring criteria were defined on the basis of the study by Hofmann et al. [1]. Patients 

were HER2 positive if their tumour samples were scored as 3+ by IHC or if they were 

FISH positive (HER2:CEP17 ratio≥2)/IHC 2+. Among the 24 HER2+ cases, three 

patients with innate resistance (n=3, PR1-3) were defined as those with PFS of equal 

or less than 3 months, while patients with acquired resistance were defined as those 

with PFS of greater than 3 months (n=14, AR1-14), and the other 7 cases were still 

being treated (n=7, AR15-21). 

The study was approved by the human research ethics committees at SYSUCC and all 

enrolled patients provided written informed consent for serial blood collection and 

sample assay. 

DNA Extraction, hybridization capture and sequencing 

cfDNA was extracted using the NucleoSpin Plasma XS kit (Macherey Nagel) with 

optimized manufacturer’s protocols. Fresh tissue DNA and whole blood DNA were 

extracted using the DNeasy Blood & Tissue kit (Qiagen) according to the 

manufacturer’s protocols. FFPE samples were de-paraffinized with xylene and DNA 

was extracted using the QIAamp DNA FFPE Tissue Kit (Qiagen) according to the 

manufacturer’s protocols. Purified DNA was qualified by Nanodrop2000 (Thermo 

Fisher Scientific) and quantified by Qubit 2.0 using the dsDNA HS Assay Kit (Life 

Technologies) according to the manufacturer’s recommendations. Sequencing 

libraries were prepared using the KAPA Hyper Prep kit (KAPA Biosystems) 

according to the manufacturer’s protocol. 

The customized GeneseeqOne NGS panel targeting exons of 416 cancer-relevant 

genes and introns of 16 fusions genes were used for hybridization enrichment. The 

416 genes were listed in Supplementary Table 5, which included genes clinically 

related to the efficacy of targeted therapy and chemotherapy, well-known cancer 

driver genes, genes related to inherited cancers, as well as genes recurrently mutated 

in solid tumours and related to tumourigenesis. The gene fusion-involved introns of 

16 genes (ALK, BCL2, BCR, BIRC3, BRAF, ETV1, ETV5, EWSR1, KMT2A, MYC, 

PDGFB, RAF1, RARA, RET, ROS1, TMPRSS2) were also covered. Therefore, all 
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types of genomic alterations including SNP, indel, CNV and gene fusion could be 

detected for these 416 genes. In brief, indexed DNA libraries were pooled together to 

a total amount of 2 µg and subjected to probe-based hybridization using IDT xGen 

Lockdown reagents (IDT, Coralville, IA) and Dynabeads M-270 (Thermo Fisher). 

Captured libraries were on-beads amplified with Illumina p5 and p7 primers in KAPA 

HiFi HotStart ReadyMix (KAPA Biosystems). The final library was quantified by 

KAPA Library Quantification kit (KAPA Biosystems) per manufacturer’s instructions. 

Bioanalyzer 2100 (Agilent, Stanta Clara, CA) was used to determine the fragment size 

distribution of the final library. The target-enriched library was then sequenced on 

Illumina HiSeq4000 NGS platforms (Illumina) according to the manufacturer’s 

instructions. The aiming sequencing depth of blood control, tumour tissue and cfDNA 

samples was ~100X, 600X and 3000X respectively. 

Sequence data processing, mutation and copy number calling, and cancer cell 

fraction estimation 

Trimmomatic [2] was used for FASTQ file quality control (QC). Leading/trailing low 

quality (quality reading below 30) or N bases were removed. Reads from each sample 

were mapped to the reference sequence hg19 (Human Genome version 19) using 

Burrows-Wheeler Aligner (BWA-mem, v0.7.12) [3] with parameters (-t 8 -M). Local 

realignment around indels and base quality score recalibration were applied with the 

Genome Analysis Toolkit (GATK 3.4.0).  

VarScan2 [4] was employed for detection of candidate somatic mutations in tissue 

and cfDNA samples. For tumour tissue, we required minimum variant allele 

frequency= 2%, minimum variant supporting reads = 5. For cfDNA samples, we 

required minimum variant allele frequency= 0.4%, minimum variant supporting reads 

= 5. For both type of samples, we required somatic p-value = 0.1, minimum quality 

score = 20 and variant supporting reads mapped to both strands with strand bias no 

greater than 10%. The resulted mutation lists were further filtered through an 

internally collected list (53 normal samples) of recurrent artifacts on the same 

sequencing platform. Specifically, if a variant was detected (ie, ≥5 mutant reads 

and >1% variant frequency) in >15% of the standard normal samples, it was 
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considered a likely systematic artifact and was removed. Mutations were also 

removed if they were present in >1% population frequency in the 1000 Genomes 

Project [5] or 65000 exomes project (ExAC) [6]. 

Copy number variations (CNVs) were detected using ADTEx 

(http://adtex.sourceforge.net) [7] with default parameters. Somatic CNVs were 

identified using paired normal/tumour samples for each gene and cutoff of log2 raio 

was set to 0.5 for copy number gain and -0.5 for copy number loss. 

ABSOLUTE (1.0.6) [8] was employed to estimate cancer cell fraction (CCF) of each 

SNV (or indel) by correcting sample purity, ploidy of the cancer genome and local 

copy-number at the mutation site. Segmented copy number profiles were estimated 

using FACETS (0.5.6) [9]. The CCF can be interpreted as an adjusted variant allele 

frequency, which allows comparison of mutations across different time-point samples. 

Digital Droplet PCR (ddPCR) 

The ddPCR experiments were performed for NF1 NM_000267 c.7G>A, A3T 

mutation and c.649G>T, E217X mutation with the QX200 Droplet Digital PCR 

system (Bio-Rad, Hercules, CA, USA). Single strand DNA primers and hydrolysable 

locked nucleic acid (LNA) probes were customized and synthesized at Integrated 

DNA Technologies (IDT, Skokie, IL, USA). Primers and probes for NF1 A3T 

mutation had the following sequences: forward primer 5’-CTGCACTCCACAGACC, 

reverse primer 5’-CCGGTTACCTGCTCGTCG, wild-type allele specific LNA probe 

5’-HEX-TGCGCGGCCAT, mutant allele specific LNA probe 

5’-FAM-TGCGTGGCCAT. Primers and probes for NF1 E217X mutation had the 

following sequences: forward primer 5’-AGGTTGCGCAGTTAGCAGT, reverse 

primer 5’-GCTAACAACAGCAAATTTTACATCA, wild-type allele specific LNA 

probe 5’-HEX-ACCTTTTCCAGGCT, mutant allele specific LNA probe 

5’-FAM-ACCTTTTACAGGCT. Each reaction was setup containing approximately 

20ng genomic DNA, 9 pmol of each primer, 5pmol of each probe, and 10µl of 2X 

ddPCR Supermix for probes (No dUTP) (Bio-Rad, Hercules, CA, USA) in a 20µl 

reaction volume. The following PCR conditions were used: 1) an initial activation 

step at 95˚C for 10 min, followed by 2) 45 cycles of denaturation at 94˚C for 30 sec 



5	
	

and annealing/elongation at 56˚C for 1 min, followed by 3) a final elongation at 60˚C 

for 5 min. PCR temperature ramp rate was set at 2˚C/s for every step. PCR products 

were then subjected to analysis by the QX-200 droplet reader and QuantaSoft 

Analysis Software (Bio-Rad). A sample is considered positive if it displays at least 3 

positive droplets, and if it displays a number of positive droplets that is at least 3 

times of the average number of positive droplets observed in 5 replicates of 20ng 

NA18535 negative control. The concentrations of target alleles were calculated using 

QuantaSoft version 1.7.4 (Bio-Rad) based on Poisson distribution.  

Cell viability assay and animal study 

Cell viability was measured with MTS assay according to the manufacturer 

instructions. The SNU216-WT and SNU216-S774G cells were treated with different 

concentrations of trastuzumab as indicated for 72h, and all the assays were 

independently repeated three times. The absorbance was measured at a wavelength of 

490nm. For evaluation of the antitumour effects of anti-HER2 treatment, female 

BALB/c nude mice (4-5 weeks old) from the Beijing Vital River Laboratory Animal 

Technology Co., Ltd (Beijing, China) were used. SNU-216-NC and 

SNU-216-sh#NF1 cells (1×106/mice) were subcutaneously inoculated into the right 

armpit of the nude mice. When the mean tumour volume was around 30mm3(day 9), 

the mice were randomly assigned into the following different groups: control (PBS); 

lapatinib (50mg/kg, twice per day); selumetinib (25mg/kg, twice per day); 

combination (lapatinib, 50mg/kg and selumetinib, 25mg/kg, twice per day). Tumor 

volumes (V) was measured every four days and was calculated using the formula 

V=π/6 ((A+B)/2)^3 and mouse weight were recorded every four days After treatment 

for 25 days, the mice were sacrificed with cervical dislocation and the tumours were 

dissected out. Our animal study was approved by the Institutional Animal Care and 

Use Committee of Sun Yat-Sen University.  

Statistical analysis 

All reported p values are two sided p < 0.05 was defined as statistically significant. 

Among 24 HER2+ mGC patients who received treatment with trastuzumab plus 

chemotherapy, the median follow-up period of patients was 24.90 months (range, 
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9.30–39.17 months). Progression-free survival (PFS) was defined as the time from the 

first dose of study drug to the disease progression or death or end of current follow-up. 

The Kaplan–Meier analysis was performed for PFS comparison. 
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