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Abstract

Background Formalin-fixed, paraffin-embedded (FFPE) samples acquired and preserved adequately are expected to faith-
fully maintain tumor characteristics. Endoscopic biopsy tissues represent an attractive resource for identifying predictive
biomarkers to evaluate pretreatment responses of patients with advanced gastric cancer (GC). However, whether genomic
profiles obtained through next-generation sequencing (NGS) using biopsy samples match well with those gained from surgi-
cal FFPE samples remains a concern.

Methods We collected 50 FFPE samples (26 biopsies and 24 surgical samples) from patients with GC who participated in
phase III clinical trial JCOG1509. The quality and quantity of FFPE samples were determined for deep sequencing using
NGS. We queried a 435-gene panel CANCERPLEX-JP to generate comprehensive genomic profiling data including the
tumor mutation burden (TMB).

Results The median DNA yields and NGS success rates of biopsy samples compared with surgical samples were 879 ng
and 80.8% vs 8523 ng and 100%, respectively. Epstein-Barr virus and microsatellite instability-high were detected in 9.5%
of biopsy samples. Comparing the genomic profiles of 18 paired samples for which NGS data were available, we detected
identical somatic mutations in paired biopsy and surgical samples (kappa coefficient, 0.8692). TMB positively correlated
between paired biopsy and surgical samples (correlation coefficient, 0.6911).

Conclusions NGS is applicable to the analysis of FFPE samples of GC acquired by the endoscopic biopsy, and the data were
highly concordant with those obtained from surgical specimens of the same patients.
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of preoperative chemo- or immunochemotherapy is eagerly
awaited to select the optimal treatment strategy.

High-throughput next-generation sequencing (NGS),
which comprehensively characterizes pathogenic genomic
and transcriptional alteration, is among the most promising
candidates for identifying biomarkers that predict treatment
efficacy [5]. Samples used for such analyses are acquired
either through biopsy or as surgically resected specimens.
In the case of GC, biopsy samples are particularly attrac-
tive because they can be acquired easily and longitudinally
using endoscopy [6]. These samples are generally preserved
as formalin-fixed, paraffin-embedded (FFPE) tissue samples
because of the simplicity of the process, storage and trans-
portation [7, 8]. However, there are technical barriers to
performing NGS using FFPE biopsy samples. For example,
DNA extracted from FFPE tissues may be degraded, and
intact DNA may be cross-linked through chemical modifica-
tions [8, 9]. Moreover, endoscopic samples may be too small
for extraction of a sufficient amount of DNA and may suffer
from the inherent issue of heterogeneity in GC in which
the admixture of diverse histological phenotypes within
a lesion is well documented [10]. Therefore, the feasibil-
ity of applying NGS to FFPE GC biopsy samples must be
assessed. Moreover, GC is a highly genotypically heteroge-
neous disease with diverse histological phenotypes [1, 11].
Therefore, an important consideration is the acquisition of
genomic information related to cancer characteristics that
are identical between biopsy and surgical samples.

Here, we evaluated the feasibility of FFPE biopsy sam-
ples by comparing DNA sequences obtained by NGS using
FFPE biopsy samples and surgical samples collected from
the same patients who were enrolled in phase III JCOG1509
trial by the Stomach Cancer Study Group of the Japan Clini-
cal Oncology Group (JCOG).

Patients and methods
Patient selection

FFPE samples (26 biopsy and 24 surgical) were col-
lected from patients enrolled in the JCOG1509 trial
(GJRCTs031180350) who were treated at four of the partici-
pating institutions: the Shizuoka Cancer Center, National
Cancer Center Hospital East, Niigata Cancer Center Hospi-
tal, or Nagoya University Hospital. The eligibility criteria
of the JCOG1509 trial were as follows: (1) histologically
proven gastric adenocarcinoma, (2) clinical T3-4/N+ by
imaging, (3) no distant metastasis according to contrast-
enhanced CT scans, (4) macroscopic tumor type neither
Borrmann type 4 or large (=8 cm) type 3, (5) no gastric
stump cancer, (6) no prior chemotherapy, radiotherapy, or
endocrine therapy for any malignancy within 5 years, (7)

age 20-79 years, (8) Eastern Cooperative Oncology Group
performance status O or 1, and (9) sufficient organ and bone
marrow function.

Sample preparation

Endoscopic biopsy samples acquired before treatment were
immediately placed in 10% neutral-buffered formalin and
fixed for 648 h at room temperature. The number of biopsy
specimens was not prescribed in the protocol of JCOG1509
trial. Formalin-fixed tissues underwent serial processing and
were then embedded in paraffin to create FFPE blocks. Sec-
tions 10-um thick were prepared from each FFPE block.
Surgical specimens were immersed in 10% buffered forma-
lin solution within 30 min of removal and were processed
within 72 h after fixation. Sections 10-um thick were pre-
pared by selecting areas >25 mm? containing >50% GC
components. The GC components of the samples stained
with hematoxylin and eosin (HE) were encircled by cyto-
pathologists. All FFPE samples were anonymized using the
Biobank Japan-ID, and information that identified individual
patients, including sex and age, was masked.

DNA extraction and quality control

DNA was extracted from unstained FFPE sections from
biopsy (n=26) and surgical (n=24) samples. Using guide
HE-stained slides, the cancer cell-enriched areas in the
unstained tissue sections were scraped using the sharp edge
of a sterilized razor blade. The tissue slices were collected
into a 1.5 ml DNA LoBind tube (Eppendorf, Hamburg, Ger-
many). DNA was extracted using a QIAamp DNA FFPE Tis-
sue Kit (QIAGEN, Hilden, Germany). For quality control,
extracted genomic DNA (gDNA) was evaluated by measur-
ing DNA Integrity Number (DIN) using a TapeStation (Agi-
lent Technologies, Santa Clara, CA, USA). The Quant-iT
dsDNA Assay Kit (High Sensitivity) was used to determine
DNA concentrations (Thermo Fisher Scientific).

NGS

Fragment libraries were prepared from 50 to 150 ng of DNA
and enriched using the 435-gene panel of the clinically vali-
dated CANCERPLEX-JP (Denka Kew Genomics, Tokyo,
Japan), which is enriched in coding regions and selected
introns of genes with known associations with cancer [12].
Sequencing was performed using the Illumina MiSeq and
NextSeq platforms (Illumina, San Diego, CA, USA) with an
average 500% sequencing depth. Details of artifact and muta-
tion data processing were previously described [7, 12]. For
somatic mutations (single-nucleotide substitutions, indels, or
both) a cutoff =5% mutant allele frequency was used for the
determination of artifact and 10% mutant allele frequency
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was used for comparison between the paired biopsy and
surgical samples. The tumor mutation burden (TMB),
defined as the rate of amino acid codon-changing single-
nucleotide variants (SN'Vs) per Mb, was determined for all
samples [12]. To estimate the TMB, we retained SNVs with
a mutation allelic fraction >0.1 after standard filtering and
with high or moderate putative impact. Determination of
microsatellite instability (MSI) was based on an extended
loci panel. We analyzed the Bethesda panel as well as a
collection of <950 regions comprising tandem repeats with
minimum repeats of 1, 2, or 3 nucleotides in a stretch of
10 nucleotides [12, 13]. The number of indels within the
region of interest was calculated, and tumors were classi-
fied as MSI-high or microsatellite stable (MSS). Tumors
were analyzed for the presence of Epstein-Barr virus (EBV)
sequences (reference genomes, NC_007605). The percent-
ages of the total numbers of reads mapped to viral genomes
were calculated, and samples were judged positive according
to an empirical cutoff value=0.0005% of reads mapped to
EBYV genomes [7, 12].

Statistical analysis

The significance of an association between two variables
was assessed using Spearman's rank correlation coeffi-
cient [14]. Quantitative variables were compared using the
Mann—Whitney U test. To statistically evaluate the percent
agreement of mutations detected in paired biopsy and surgi-
cal samples, Cohen's Kappa was used. Statistical analyses
were performed using JMP Pro version 16.1 (SAS Institute,
Cary, NC). P <0.05 indicates a significant difference.

Results

Sample conditions, gDNA yields, and availability
of NGS data

Sample conditions, amounts of gDNA, DIN, and sequencing
results of 26 biopsy and 24 surgical FFPE tissues are listed
in Table 1. The median tissue volume of biopsy samples was
1.35 mm?® (range 0.36-5.80 mm?), and the median DNA yield
was 879 ng (range 105-5131 ng). NGS data were available
for 21 of 26 biopsy samples, indicating that the success rate of
NGS was 80.8%. Compared with the samples in which NGS
data were available, DNA yields of NGS failures were lower
(median 1092 ng vs 119 ng; P=0.0076), with lower DNA
fragmentation rates (median 70.7% vs 29.1%; P=0.0018).
DIN values were significantly higher in NGS successes than in
failures, (median 2.5 vs 2.1; P=0.040). The 14 biopsy samples
that met the minimum area of 7.4 mm? (i.e. 1.48 mm?) had
successful NGS analyses. A positive correlation was observed
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between the number of biopsies and tissue volume (correlation
coefficient, 0.5197; P=0.0110).

The median tissue volume of surgical samples was 8.0 mm®
(range 0.49-32.7 mm?), the median DNA yield was 8523 ng
(range 159—41,300 ng), and the lowest DIN value was 2.3.
NGS data were obtained from all 24 surgical samples.

Mutation status

All tumor samples had somatic mutations (single-nucleotide
substitutions, indels, or both). The most frequently mutated
gene among 21 biopsy samples was TP53 (57.1%), followed
by FOXO1 (42.9%), ZFHX3 (42.9%), and ARID1B (38.1%).
We next compared the patterns of somatic mutations
between biopsy and surgical samples. There were no muta-
tions specifically detected in two or more biopsy samples.
Figure 1a shows a mutation map of the 33 genes with muta-
tions in >3 biopsy samples. Figure 1b displays the number
of patients in which the mutation was commonly detected
in biopsy and surgical samples as well as the number of
patients in which the mutation was detected in one or the
other. Kappa coefficient was calculated for 33 genes with
mutations in > 3 biopsy samples in 18 patients with paired
FFPE samples and determined at 0.8692, representing high
consistency in paired biopsy and surgical samples. These
findings indicate that for most genes, the same mutations
were detected in paired biopsy and surgical samples (Fig. 1).

Analysis of TMB, MSI, and EBV status

The results for TMB, MSI, and EBV status, which represent
important genetic alterations in GC, other than mutations,
are summarized in Table 2. The median TMB was 18.47
(range 10.01-29.25) for biopsy samples and 17.32 (range
11.55-23.86) for surgical samples. When we examined
paired samples of the 18 patients for which NGS data were
available for both samples, TMB values in biopsy samples
positively correlated with those of surgical samples (cor-
relation coefficient, 0.6911; P=0.0015) (Fig. 2). However,
concordance was not sufficient in other items. MSI-high was
detected in 2 of 21 biopsy samples (9.5%). Of these two
patients, paired surgical samples were unavailable in one,
whereas the surgical specimen of the remaining patient was
found to be MSS. Likewise, whereas EBV status was posi-
tive in 2 of 21 (9.5%) of the biopsy samples, one of these
was EBV-negative in the paired surgical samples.

Discussion

Precision medicine utilizing NGS is expected to bring a par-
adigm shift from a pathological microscopic-based approach
to a genetic signature-based diagnosis [13, 15]. This concept
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mens

can be put into practice through the application of predic-
tive biomarkers for improving the efficacy of preoperative
chemotherapy for GC. NGS analysis of biopsy samples will
likely be particularly useful for understanding the inherent
genomic status of primary GC tumors in patients receiv-
ing preoperative chemotherapy because the cancer tissues
of these patients could be severely degraded or could even
vanish after the treatment [16, 17]. Here we asked whether
DNA could be extracted in sufficient quality and quantity
from FFPE specimens of the endoscopic biopsy samples
as well as those of the surgically resected specimens and
whether they are suitable for analyses by NGS. Moreover,
due to the typically heterogenous nature of GC tissues, it is
necessary to assess whether genomic data obtained from
biopsy samples, in which only a small amount of tissue is
taken from the superficial layer of the primary tumor, reflect
the genomic alterations (mutations, TMB, MSI) found in the
surgically resected specimens [18]. Therefore, we evaluated
the concordance between the genomic data of biopsy sam-
ples vs those of DNA-rich surgical samples.

As expected, gDNAs of sufficient quantity and quality
were obtained from surgical FFPE samples, and NGS was
successfully applied to all cases. The success rate of NGS
for FFPE biopsy samples was 80.8%. Compared with suc-
cessful NGS analysis, the DNA yield was significantly lower
in the failed NGS analyses, whereas a difference in DIN
values was not significant, indicating that quantity is more
important than DNA quality in determining the success rate
of NGS. Samples with low DIN values but high DNA yields
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eventually led to successful NGS analyses. Furthermore,
increasing the number of biopsies of patients with primary
GC tumors during endoscopy and increasing the number
of slides when the total area or number of biopsies seemed
insufficient is recommended to increase the success rate of
NGS.

Intratumoral heterogeneity represents a significant hur-
dle for biomarker research on GC [19-21]. For example,
only a small fraction of the genomic alterations possessed
by the entire GC tumor may likely be detected from a biopsy
specimen, which is a mere representative of a small super-
ficial portion of the tumor [22, 23]. Surprisingly, however,
mutations detected in most paired samples were identical
in the current study, indicating a high level of concord-
ance of genomic data between biopsy and surgical samples.
Although the present analysis included patients who under-
went preoperative chemotherapy, concordance in muta-
tional patterns was observed in all pairs: a finding relevant
for designing future biomarker research. These results may
partially be explained by appropriate mapping performed
to avoid the necrotic components on the guide HE slides.

Although the number of samples analyzed was small,
our data suggest that the genomic status of the surviving
tumor portion may resemble that of biopsy samples, even
with modifications introduced through preoperative chem-
otherapy. This is contradictory with a well-known theory
that there is a population of cells within primary GC tumors
that harbor specific genomic abnormalities that contrib-
ute to drug resistance and only these cells survive after
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Table 2 Tumor mutation
burden, microsatellite instability
and Epstein-Barr virus status of
50 formalin-fixed and paraffin-
embedded tissue samples
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Case Biopsy Surgical specimen

Tumor Microsatel-  Epstein-Barr virus  Tumor Microsatel-  Epstein—Barr virus

mutation lite instabil- mutation lite instabil-

burden ity burden ity
1 16.17 MSS Negative 18.47 MSS Negative
2 21.55 MSS Negative 23.86 MSS Negative
3 16.17 MSS Positive 13.09 MSS Negative
4 13.86 MSS Negative
5 22.32 MSS Negative
6 13.86 MSS Negative 16.93 MSS Negative
7 18.47 MSS Negative 16.17 MSS Negative
8 25.40 MSS Negative 22.32 MSS Negative
9 19.24 MSS Negative
10 13.86 MSS Negative 15.40 MSS Negative
11 19.24 MSS Negative 17.70 MSS Negative
12 19.24 MSS Negative 16.93 MSS Negative
13 14.63 MSS Negative 17.70 MSS Negative
14 16.93 MSS Negative 18.47 MSS Negative
15 21.55 MSS Positive 16.17 MSS Positive
16 28.48 MSI-H Negative 22.32 MSS Negative
17 22.32 MSS Negative 21.55 MSS Negative
18 10.01 MSS Negative 13.86 MSS Negative
19 20.78 MSS Negative 23.09 MSS Negative
20 23.86 MSS Negative
21 29.25 MSS Negative
22 14.63 MSI-H Negative
23 18.47 MSS Negative 20.01 MSS Negative
24 11.55 MSS Negative
25 14.63 MSS Negative
26 14.63 MSS Negative
27 14.63 MSS Negative 13.09 MSS Negative

MSS microsatellite stable, MSI-H microsatellite instability high

Surgical samples

Spearman’s correlation coefficient; 0.6911

[y

Fig.2 Tumor mutation burden of biopsy and surgical specimens

=

chemotherapy [24, 25]. Taken together, our data indicate
that FFPE biopsy samples will serve as an adequate source
of genomic information for GC tissues.

MSI, EBYV status, and TMB are sources of important
genomic information that correlates with the response to
chemotherapy or immune-checkpoint inhibitors [26]. The
frequencies of MSI-high are 6.6-9.7% in cases of resect-
able GC in Asia [27, 28]. Furthermore, 6.7% of Japanese
patients with unresectable GC who underwent MSI testing
are MSI-high [29]. EBV-associated GC accounts for 7-10%
of these patients [30]. Our present analysis of biopsy FFPE
samples reveals that MSI-high and EBV were detected as
frequently as reported by others. Pathological complete
response by preoperative chemotherapy was observed in
one case of MSI-high at biopsy so that the corresponding
surgical sample was unavailable. The CANCERPLEX-JP
protocol defines a cutoff value of 26 or more indels for deter-
mining MSI-high [12]. In the other case, the biopsy sample
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was determined to be MSI-High with an indel value of 26,
while the surgical specimen was determined to be MSS with
a value of 22, slightly below the cutoff. Diagnostic accuracy
near the cutoff value remains to be a technical challenge.
EBYV status was negative in the surgical sample in one of
the two cases that had positive EBV in biopsy samples. We
speculate that this discrepancy attributed to intratumor het-
erogeneity. The heterogeneity of gastric cancer should be
considered. However, because the main purpose of this study
was to determine whether genomic profiles can be obtained
from FFPE biopsy samples, biopsy tissues were combined
to achieve maximum yield of gDNA. To assess how much
the genomic information changes in different sites of biopsy
from the primary tumor of the same patient will be desir-
able in future studies. On the other hand, we show here that
TMB of 18 paired samples positively correlated between
the values of biopsy and surgical samples. These findings
are consistent with those of somatic mutation analysis; and
the data support the concordance of genomic data between
biopsy and surgical FFPE samples.

Our present results will likely contribute to the design of
biomarker studies of GC. Biomarkers are required to pre-
dict the efficacy of preoperative chemotherapy when applied
to tissue specimens collected before the administration of
therapy. The concerns that are raised when NGS is used
only to analyze surgically resected samples are as follows:
(1) Cancer tissue cannot be obtained when a complete path-
ological response is achieved before preoperative chemo-
therapy. (2) A large amount of necrotic tissue due to the
preoperative chemotherapy could contaminate the tumors.
(3) Only genomic abnormalities in the sampled area are
evaluated because of the heterogeneity of GC. (4) Specimen
will become unavailable when surgery is contraindicated
because of progressive disease during preoperative chemo-
therapy [6, 25, 31]. In the present study, the concordance of
genomic data between biopsy and surgical samples was high,
including patients who received preoperative treatment. If
the DNA yield is sufficient to perform NGS, we conclude
that pretreatment biopsy FFPE samples represent an ideal
source of genomic data to identify biomarkers that predict
the efficacy of preoperative chemotherapy. Moreover, FFPE
samples can be stored virtually indefinitely and are available
from all GC patients who undergo endoscopy. The protocol
of this feasibility study stipulated that only FFPE specimens
were to be collected, and patient consent was obtained based
on this protocol. Therefore, validation experiments using
frozen tissues are impracticable this time. Collection of fro-
zen tissues has been initiated for a future biomarker study
accompanying the JCOG1509 trial, where the consistency
of the genomic data between frozen and FFPE samples will
be evaluated.

The present study has several limitations. First, we ana-
lyzed a limited number of samples. Furthermore, the samples
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were derived from patients participating in an ongoing phase
III clinical trial JCOG1509, and, therefore, data pertaining to
clinical information, including treatment groups (preopera-
tive chemotherapy group or not), are masked. Therefore, the
correlation analysis between genomic data and clinical fac-
tors will not be disclosed until the completion of JCOG1509.

Conclusion

In summary, we demonstrate here that NGS can be per-
formed using FFPE samples prepared from endoscopic biop-
sies as well as from surgically resected GC tissues. Genomic
data obtained from pretreatment endoscopic biopsy samples
showed high concordance with data for surgical samples
from the same patients.
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