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Supplemental Methods

DNA preparation and next-generation sequencing (NGS)

DNA extraction and NGS analysis were conducted by 3D Medicines, Inc., a College of
American Pathologists (CAP)-accredited and Clinical Laboratory Improvement Amendments
(CLIA)-certified laboratory. Genomic DNA was isolated from formalin-fixed
paraffin-embedded (FFPE) tissues using the ReliaPrepE FFPE gDNA Miniprep System
(Promega) and quantified using the QubitE dsDNA HS Assay Kit (Thermo Fisher Scientific)
following the manufacturerts instructions. DNA extracts (30-200 ng) were sheared to 250 bp
fragments using an S220 Focused-ultrasonicator (Covaris). Libraries were prepared using the
KAPA Hyper Prep Kit (KAPA Biosystems) following the manufacturerés protocol. Indexed
libraries were subjected to hybridize with probes targeting the Epstein-Barr virus (EBV)
genes and a customized 733-gene panel (3D Medicines). The captured libraries were
subsequently loaded onto a NovaSeq 6000 platform (lllumina) for 100 bp paired-end
sequencing with a mean sequencing depth of 1000x. Raw data of paired samples (an FFPE
sample and its paired white blood sample) were mapped to the reference human genome hg19
using the Burrows-Wheeler Aligner (v0.7.12). PCR duplicate reads were removed, and
sequence metrics were collected using Picard (v1.130) and SAMtools (v1.1.19), respectively.
Variant calling was performed only in the targeted regions. Somatic single nucleotide variants
(SNVs) were detected using an in-house developed R package to execute a variant detection
model based on the binomial test. Local realignment was performed to detect insertions and
deletions (indels). Variants were then filtered by their unique supporting read depth, strand
bias, base quality as previously described.! All variants were then filtered using an automated
false positive filtering pipeline to ensure sensitivity and specificity at an allele frequency (AF)

of 0 1%. Single-nucleotide polymorphism (SNPs) and indels were annotated by ANNOVAR
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against the following databases: dbSNP (v138), 1000Genome and ESP6500 (population
frequency > 0.015). Only missense, stopgain, frameshift, and non-frameshift indel mutations
were kept.

EBV and tumor mutational burden (TMB) detection by NGS

A detailed description of the algorithm for EBV score calculation was provided in the Results
section. Any sample with an EBV score of 0 0.05695 was considered EBV-positive. TMB
was defined as the number of somatic SNVs and indels in examined coding regions. All
SNVs and indels in the coding regions of targeted genes, including missense, silent, stopgain,
stoploss, in-frame, and frameshift mutations, were considered.

EBYV detection by EBER-ISH and qPCR

EBER-ISH was performed as previously reported.? To examine the correlation between EBV
score and viral copy number, the EBV BamHI-W region (GenBank accession number
V01555.2) of each DNA sample was subjected to probe-based qPCR using the QuantiNova
Probe PCR Kit (QIAGEN). A standard curve was generated using synthetic BamHI-W
fragments as templates (GENEWI2Z). The EBV copy number for each sample was determined
in reference to the standard curve.

PD-L1, MMR, and HRE?2 expression by IHC

IHC detection of PD-L1, MMR, and HRE2 expression was conducted according to the
standard procedure.? Briefly, FFPE tissue sections were subjected to assessment of PD-L1
expression using the PD-L1 IHC 22C3 pharmDx assay (Agilent Technologies). PD-L1
expression was defined using a combined positive score (CPS) by dividing the number of
PD-L1-stained cells (tumor cells, lymphocytes, macrophages) with the total number of viable
tumor cells and multiplying by 100. Any sample with a CPS of 0 1 was considered positive
for PD-L1 expression. MMR expression in FFPE tissue sections was evaluated by MMR IHC
panel comprised of four primary antibodies, anti-hMLH1, anti-hMSH2, anti-hMSH®6, and
anti-hPMS2 according to the manufacturers protocol. Results were ultimately presented as
dMMR (one or more than one of four MMR proteins missing) and pMMR (all four proteins
present). For IHC staining for HER2, the extent of overall staining or membranous staining
was recorded. All antibodies employed in this study were listed in Supplementary Table 5.

Equivocal and uninterpretable cases required repeated staining of the proteins needed.

Bal Y, et al. J Immunother Cancer 2022; 10:e004080. doi: 10.1136/jitc-2021-004080



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) J Immunother Cancer

Multiplex immunofluorescence

Multiplex immunofluorescence staining was carried out using the PANO 7-plex IHC kit
(Panovue). FFPE tissue slides were incubated with specific primary antibodies, followed by
interaction with horseradish peroxidase-conjugated secondary antibody and tyramide signal
amplification. Each panel included different immune cell markers along with PanCK
(Cocktail) (Supplemental Table 5). The slides were heat-treated after each round of
amplification. Cell nuclei acids were counterstained with 40, 6-diamidino-2-phenylindole
(DAPI, SIGMA-ALDRICH). Multiplex stained slides were scanned, and all scans for each
slide were then merged to determine the relative localization of the proteins. The quantity of
each marker was expressed as the number of stained cells per square millimeter and as the
percentage of positively stained cells in all nucleated cells, representing each kind of immune

cell or immune structures calculated from the combination of different markers.

Supplementary Figure 1. The flowchart of the study
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Abbreviations: EBV: Epstein-Barr virus; GC: gastric cancer; EBVaGC: Epstein-Barr
virus-associated gastric cancer; EBVnGC: Epstein-Barr virus-negative gastric cancer; EBER:
EBV-encoded RNA; ISH: in situ hybridization; pMMR: DNA mismatch repair proficient;
dMMR: mismatch repair deficient; gPCR: quantitative polymerase chain reaction; NGS:
next-generation sequencing; TCGA: The Cancer Genome Atlas; TMB: tumor mutation
burden.
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Supplementary Figure 2. Consort patient flow diagram
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Abbreviations: EBV: Epstein-Barr virus; GC: gastric cancer; EBER: EBV-encoded RNA;
pMMR: DNA mismatch repair proficient; dMMR: mismatch repair deficient; NGS:
next-generation sequencing; TMB: tumor mutation burden; mIHC: multiplex
immunohistochemistry; CNV: copy number variation; pts: patients.
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Supplementary Figure 3. The NorDepth of 6 EBV genes in 124 EBVaGC tissue samples
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X-axis represents different genes, and Y-axis represents the NorDepth. The right panel shows
the amplification from black dotted lines-marked regions in the left panel.
Abbreviations: EBV: Epstein-Barr virus; Epstein-Barr virus-associated gastric cancer.

Supplementary Figure 4. The linear correlations between EBV score and EBV copy

number, and the AUC values for EBV positivity prediction in GC
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A. The linear correlations between the NGS algorithm-developed EBV score and the EBV
copy number for the individual EBV gene or the combination of four EBV genes in 20 tumor
tissue samples from GC patients. B. The ROC curve of the individual gene- and four-gene
combination- EBV score for predicting EBV status in 124 GC tissue samples where EBV
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