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Abstract

Background Patients with poorly cohesive gastric carcinoma (PCC) are known to have poor survival. However, detailed
molecular biology of PCC has not been elucidated, except for mutations in CDHI and RHOA. Additionally, the molecular
profiles of signet-ring cell carcinoma (SRC) have not been fully investigated. We aimed to investigate the association between
molecular profiles and survival in PCC and PCC subtypes.

Methods The present study included 455 patients with gastric adenocarcinoma underwent radical gastrectomy. Whole-exome
sequencing and gene expression profiling were conducted. Patients were classified according to the WHO classification as
PCC or non-PCC, with PCC being further classified into SRC, combined, and PCC not-otherwise-specified (NOS). Clin-
icopathological factors and survival were compared with molecular profiles.

Results Of the patients, 159 were classified with PCC, while 296 were classified with non-PCC. Among PCC, 44 were clas-
sified with SRC, 64 with combined, and 51 with PCC-NOS. Mutations in CDHI and RHOA were remarkably more frequent
in PCC than in non-PCC. PCC had worse overall survival (OS) and disease-specific survival (DSS) compared to non-PCC.
For PCC, the SRC group had good OS and DSS, whereas PCC-NOS classification with CDHI mutations was associated
with extremely poor survival. In the PCC-NOS and combined groups, patients with mutations in the extracellular domain
1 of CDH1 had poor survival.

Conclusions Our findings suggest that PCC has poorer survival than non-PCC. Accumulation of CDHI and RHOA muta-
tions are unique profiles in PCC. Among PCC, CDHI mutations may play a crucial role in the survival of non-SRC PCC.
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Introduction

Gastric cancer is the fifth most common cancer worldwide
and is the fourth leading cause of cancer deaths [1]. Due to
the decreased prevalence of Helicobacter pylori infections
in more developed countries, the incidence of the intestinal
type of gastric cancer, as per the Lauren classification [2],
has reduced. However, the proportion of the diffuse type
has increased in tandem [3].

According to the Japanese Classification of Gastric
Carcinoma [4, 5], the histological type of gastric cancer
is classified into common and special types. The common
types are papillary adenocarcinoma (pap), tubular adeno-
carcinoma of well (tubl) or moderate (tub2) differentia-
tion, poorly differentiated adenocarcinomas of the solid
(porl) or non-solid (por2) type, signet-ring cell carcinoma
(sig), and mucinous adenocarcinoma (muc). The Naka-
mura classification system groups pap, tubl, and tub2 as
differentiated types and porl, por2, sig, and muc are clas-
sified as undifferentiated. In the WHO classification, PCC
includes por2 and sig, whereas non-PCC corresponds to
pap, tub, and porl. The Japanese classification classifies
a tumor with mixed different histological types according
to their quantitative predominance, with the predominant
type being categorized as the histological subtype. In the
WHO classification, gastric cancer is classified into tubu-
lar adenocarcinoma, papillary adenocarcinoma, mucinous
adenocarcinoma, and poorly cohesive carcinoma (PCC)
(signet-ring cell phenotype (SRC) and other cell types)
[6]. In the Japanese Classification of Gastric Carcinoma,
PCC includes non-solid, poorly differentiated adenocarci-
nomas and signet-ring cell carcinoma (SRC). According
to the Lauren classification, most PCCs belong to the dif-
fuse type. These types have a high incidence of peritoneal
metastasis at diagnosis and a poor prognosis [7-9]. While
molecular profiling studies have characterized diffuse
types or PCCs using CDH1 [10, 11] and RHOA mutations
[12], to our knowledge, no study has demonstrated the
impact in a large cohort or using a comprehensive histo-
logical classification system.

Although a higher proportion of SRC has been linked
to better outcomes in PCCs [13-16], the differences in
molecular profiles associated with the SRC proportion
remain largely unexplored.

Advances in next-generation sequencing have facili-
tated molecular biological research, resulting in the devel-
opment of new classifications for gastric cancer proposed
by programs such as The Cancer Genome Atlas (TCGA)
[17] and the Asian Cancer Research Group [18]. Since
2014, our hospital has employed whole-exome sequenc-
ing (WES) and comprehensive gene expression profil-
ing (GEP) analysis [19, 20] as a high-tech omics-based
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patient evaluation (HOPE), and the genetic characteristics
of each tumor have been reported. We have classified gas-
tric adenocarcinoma into four molecular subtypes based
on their genetic profiles: hypermutators (HMTs) with a
high tumor mutational burden (TMB), tumors with a high
T-cell-inflamed expression signature (TCI), tumors with
low epithelial-mesenchymal transition (EMT) (EMT-low),
and tumors with high EMT (EMT-high). Furthermore,
survival outcomes for HMTs and TCIs were found to be
superior to those of other subtypes [21].

Despite these findings, detailed molecular biological
characteristics associated with each histological subtype
have yet to be investigated. In this study, we used WES and
GEP data obtained through the HOPE project to delineate
the molecular profiles of PCC and its subtypes.

Methods
Study design and participants

Between January 2014 and March 2019, a total of 600
patients who underwent radical resection for advanced gas-
tric cancer and had sufficient tissue for genetic analysis were
considered for this study. Patients with special types of gas-
tric carcinoma, such as gastric carcinoma with lymphoid
stroma and mucinous histology according to the Japanese
Classification of gastric carcinoma, or remnant gastric can-
cer, were excluded. Additionally, patients without available
WES or gene expression data, patients receiving preop-
erative chemotherapy, and patients undergoing R2 surgery
were also excluded. As a result, a total of 455 patients were
included in the analysis. Clinicopathological data were col-
lected from electronic medical records. The American Joint
Committee on Cancer (AJCC) TNM classification, 8th edi-
tion [22], was used to classify clinicopathological factors,
whereas the Japanese Classification of Gastric Carcinoma
was used for residual tumors [4]. Whenever possible, the
surgical technique, adequacy of postoperative adjuvant
chemotherapy, and postoperative follow-up were performed
in accordance with the Japanese Gastric Cancer Treatment
Guidelines [23].

Pathological diagnosis

All pathological diagnoses were made by pathologists (D.A.
and T.S.). Initially, PCC and other non-PCC were classi-
fied based on the WHO classification. PCC were further
classified into two subtypes according to the WHO clas-
sification system: the signet-ring cell phenotype (SRC) and
not-otherwise-specified (PCC-NOS). We then subclassified
PCC-NOS into PCC-NOS/SRC (combined) and PCC-NOS
based on the component ratios of signet-ring cells, following
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the consensus of the European Chapter of the International
Gastric Cancer Association [24]. Therefore, we subclassified
PCC into three groups based on the proportion of signet-
ring cells: SRC (>90% signet-ring cells), combined (<90%
but > 10% signet-ring cells), and PCC-NOS (< 10% signet-
ring cells). Pathological diagnosis was performed by two
pathologists (D.A., T.S.) (Supplemental Fig. 1). Figure 1
shows representative histopathological images of these three
groups.

Clinical samples

A total of >0.1 g of gastric cancer and adjacent non-can-
cerous tissue were dissected from surgically resected speci-
mens. To ensure sufficient tumor tissue was included, the
collection site was verified by both a pathologist and a sur-
geon at the time of collection. The collected specimens were
immediately stored in liquid nitrogen [20].

Data for the analysis of somatic alterations

DNA extraction and mutational analysis were performed
as previously described [20]. Briefly, we extracted somatic
mutations by analyzing differential mutations between can-
cer tissues and peripheral blood cells, as well as between sin-
gle nucleotide substitutions (SNVs) and insertion—deletions

Fig.1 Hematoxylin and eosin staining. Representative histopatho-
logical images of PCC classified into three histological categories.
SRC (>90% of signet-ring cells) (a), combined (<90% but>10% of
signet-ring cells) (b), and PCC-NOS (< 10% of signet-ring cells) (c).
Three images of the low magnification surface layer and the deeper

(indels). Mutations identified in protein-encoding exon
regions and splice sites were analyzed. Along with WES
(mean read depth of 130), 409 genes (including cancer-
related genes) were analyzed by the comprehensive cancer
panel (CCP) at a deeper read depth (mean read depth of
1169). The cancer-related genes were defined in a previous
publication [20]. Briefly, the gene set included oncogenes
and tumor suppressor genes and was curated in-house based
on multiple databases.

Gene expression signature analysis

RNA extraction and gene expression analysis were con-
ducted according to a previous report [20]. In the GEP
analysis, we used microarrays to analyze tumor tissue and
adjacent non-cancerous tissue as controls. The WES and
GEP data of all samples used for our analysis were registered
in the National Bioscience Database Center Human Data-
base as ‘Controlled-Access Data’ (Research ID, hum0127.
v1; https://humandbs.biosciencedbc.jp/en/).

Statistical analysis
Continuous variables were analyzed using Kruskal-Wallis

or Wilcoxon rank sum tests, and Fisher’s exact test or the
x? test was used for categorized variables. Overall survival

c

layer are shown, respectively. S in black squares in low magnification
indicates the superficial layer, and D indicates the deep layer in high
magnification. The black frame in the low magnification is enlarged
and shown in high magnification. The low magnification scale is
500 um, and the high magnification scale is 100 um
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(OS) time was defined as the time from surgery to death
due to any cause and censored on the date of last contact
for surviving patients. Disease-specific survival (DSS)
time was defined as the time from surgery to death due
to gastric cancer and censored on the date of death due
to other causes or last contact for surviving patients. The
OS and DSS were calculated using the Kaplan-Meier
method, and the log-rank test was used to determine their
significance among the subgroups. The Benjamini—Hoch-
berg correction (g value) was carried out to control the
false discovery rate, with two-sided g values < 0.05 con-
sidered significant. Clustering using gene expression data
was carried out by the ward D2 method after Z-score

transformation. All statistical analyses were performed
using JMP version 14.3.0 software (SAS Institute, Cary,
NC, USA).

Results

The clinicopathological features of the patients are shown in
Table 1. Of the total 455 patients, 159 were diagnosed with
pheochromocytoma (PCC), while 296 were diagnosed with
non-PCC. The PCC group had a significantly higher propor-
tion of women who were significantly younger. Moreover,
it had a higher incidence of tumor location in the M region
than that in the non-PCC group. Additionally, patients with

Table 1 Clinicopathological

Characteristics PCC (n=159) Non-PCC (n=296) p value
features between PCC and
non-PCC Gender 0.004
Male 101 (63.5%) 227 (76.7%)
Female 58 (36.5%) 69 (23.3%)
Age (years) 69 (62—76) 72 (66—78) <0.001
Location 0.004
E 0 (0%) 7 (2.4%)
U 32 (20.1%) 92 (31.1%)
M 68 (42.8%) 89 (30.0%)
L 59 (37.1%) 108 (36.5%)
Pathological T classification® <0.001
Tla 3(1.9%) 7 (2.4%)
T1b 7 (4.4%) 31 (10.5%)
T2 24 (15.1%) 69 (23.3%)
T3 34 (21.4%) 90 (30.4%)
T4a 82 (51.6%) 88 (29.7%)
T4b 9(5.7%) 11 (3.7%)
Pathological N classification® <0.001
NO 35 (22.0%) 97 (32.8%)
N1 22 (13.8%) 73 (24.7%)
N2 37 (23.3%) 70 (23.6%)
N3a 27 (17.0%) 37 (12.5%)
N3b 38 (23.9%) 19 (6.4%)
Pathological stage® <0.001
1 17 (10.7%) 66 (22.3%)
1I 38 (23.9%) 100 (33.8%)
1 62 (39.0%) 100 (33.8%)
1AY 42 (26.4%) 30 (10.1%)
Residual tumor® <0.001
RO 116 (73.0%) 268 (90.5%)
R1 43 (27.0%) 28 (9.5%)
Recurrence 58 (36.5%) 72 (24.3%) 0.009

Data are n (%) or median (interquartile range)

PCC poorly cohesive carcinoma

#The eighth cancer staging manual of the American Joint Committee on Cancer (AJCC)

®Japanese classification of gastric carcinoma, 3rd English edition
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PCC had more advanced T and N classifications and a higher
number of stage IV cases compared to non-PCC patients.
The R1 resection and recurrence rates were also significantly
higher in the PCC group than in the non-PCC group.
Figure 2 shows the mutation profiles of cancer-related
genes. The estimated tumor purity and TMB were signifi-
cantly lower in PCC than in non-PCC (Supplemental Fig. 2a,
b). Supplemental Fig. 2c shows the percentage of TCGA
classifications in the PCC and non-PCC groups. The pro-
portion of percentage of genomically stable (GS) was high

in PCC, whereas the proportion of percentage of chromo-
somal instability (CIN) was high in non-PCC. The associa-
tion between the HOPE classification and histopathological
type is also shown in Supplementary Fig. 2d. There was
no difference in proportion of hypermutator/ T-cell. How-
ever, the proportion of EMT-high tumors was significantly
higher in PCC than in non-PCC (p = 1.21 x 107). The muta-
tion accumulation rates for the cancer-related genes CDH1
and RHOA were significantly higher in PCC than in non-
PCC. Conversely, the rate of accumulation of mutations in

WHO JGCA class Lauren class TCGA class HOPE class Tumor purity Mutation
pcc por2 Diffuse H EBv [0 Hyper mutator/ I [l Missense
B non-PcC sig . Indeterminate . MSI T cell high 0 05 10 Truncated
B tu I Intestinal GS EMT-low
pap mixed Il cN Bl EMT-high
por1
)
=
S 150
< 100
E
m 50
=
0 —
WHO
JGCA class
Lauren class
TcGAclass  JICIRMI {MIAp AN |
HOPE class Il |
% Tumor purity % %
* TP53 40.9 56.4
* CDH1 26.4 3.7
#* SYNE1 | 15.1 25.3
Muc16 12.6 18.9
LRP1B 12.6 18.6
CSMD3 126 17.6
OBSCN | 14.9
* FAT4 | 145
KMT2D | | 139
SMARCA4 | | | 12.5
# DST 38 | | | | ||| | | 12.2
KMT2C | | J 6 1 | | | |I|I 12.2
PIK3CA I |I| | I I I || * | I I [ 12.2
ARID1A | 10.8
SPTA1 | III I II Il I 10.8
* TRRAP | || | I 108
ERBB2 I II | III F | 10.5
PKHD1 | 11 101 | | || | 10.5
WADGRBY | | I | Il [ 10.1
FAT3 || | | | L I||||I IIII II I 10.1
EICLI3 || I| || 101
S | T T I l | | || ||| 101
* DCC | Il |I IIII | | Il | | 9.8
ERBB3 | [0 I 11 I [ |I||I F II | | |I ||II 9.5
* HMCN1 | Il | | o5
* ATM 1] | | 8.1
* APOB || || h 38
Epsoo || | | | I 63| | |I I I I|I || III 8.8
KMT2A Il | 57 | | 11 8.8
KRAS || | I | | 5.0 || 8.8
HSPG2 11 1 | 38 (11 | | | 8.4
#* PTPRD | 1 3.1 | | | | 8.4
MTOR || I|I |I IIIII 82 || | | | | 78
# RHOA | | ] 8.2 | | I [ ] 34
KMT2B I 50 I | [ I I I I ol 8.1

Fig.2 Mutational landscape of PCC and non-PCC tumors of cancer-
related genes. Mutated genes were classified as missense and trun-
cated by selecting nonsynonymous mutations. Those with 8% or more
mutations in either group were selected. TMB and tumor purity were
estimated from the WES. We combine WES and CCP to see the rate
of mutation. * indicates items and genes with significant differences

(p<0.05) between the two groups. WHO world health organization;
JGCA Japanese gastric cancer association; PCC poorly cohesive car-
cinoma; TMB tumor mutation burden; WES whole exome sequence;
CCP comprehensive cancer panel; EBV Epstein—Barr virus; MSI
microsatellite instability; GS genomically stable; CIN chromosomal
instability; EMT epithelial-mesenchymal transition
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TP53, SYNEI, FAT4, DST, TRRAP, ADGRB3, GLI3, DCC,
HMCNI, ATM, APOB, and PTPRD was significantly higher
in non-PCC.

In terms of comprehensive GEP analysis, our cohort did
not reveal any characteristic gene clusters for PCC. There-
fore, we conducted an expression analysis to verify whether
our PCC cohort showed concordance with previously
reported characteristics of PCCs (Supplemental Fig. 3).
The analysis demonstrated that the gene clusters reported
as characteristic of PCCs [25] were significantly upregulated
in our PCC cohort. There was no significant difference in
CLDN 18 expression between PCC and non-PCC. Although
CDH1 expression was significantly lower in PCC than in
non-PCC, CDH|1 expression in subgroup analysis showed no
significant difference in survival (Supplementary Fig. 4a—c).

Survival analysis revealed that patients with PCC had
worse OS (p=0.002) and DSS (p <0.001) (Supplemental
Fig. 5) compared to those with non-PCC.

The PCC group was subclassified into three groups: 44
patients as SRC, 64 as combined PCC-NOS/SRC, and 51 as
PCC-NOS. Table 2 presents the clinicopathological charac-
teristics of these groups. The age in the SRC group was sig-
nificantly lower, and the tumor location was predominantly
in the M region. The combined and PCC-NOS groups had
a relatively high proportion of stage IV cancers, and conse-
quently, the R1 resection rate and recurrence rate were also
higher in these groups.

The mutational profiles of these three groups were
also investigated (Fig. 3). No significant difference was
observed in estimated tumor purity among the three groups

Table 2 Clinicopathological

. . SRC (n=44) Combined (n=64) PCC-NOS (n=51) p value
features classified into three
histological groups of PCC Gender 0.622

Male 30 (68.2%) 38 (59.3%) 33 (64.7%)
Female 14 (31.8%) 26 (40.7%) 18 (35.3%)

Age (years) 65.0 (61-73) 67.5 (64—75) 72.0 (66—79) 0.026

Location 0.105
U 11 (25.0%) 11 (17.2%) 10 (19.6%)
M 23 (52.3%) 22 (34.4%) 23 (45.1%)
L 10 (22.7%) 31 (48.4%) 18 (35.3%)

Pathological T classification® 0.224
Tla 0(0%) 3 (4.7%) 0 (0%)
T1b 4(9.1%) 1(1.6%) 2 (3.9%)
T2 5(11.4%) 12 (18.8%) 7 (13.7%)
T3 11 (25.0%) 13 (20.3%) 10 (19.6%)
T4a 23 (52.2%) 29 (45.2%) 30 (58.9%)
T4b 1(2.3%) 6 (9.4%) 2 (3.9%)

Pathological N classification® 0.537
NO 9 (20.5%) 14 (21.9%) 12 (23.5%)
N1 5(11.4%) 9 (14.0%) 8 (15.7%)
N2 12 27.2%) 12 (18.8%) 13 (25.5%)
N3a 7 (15.9%) 16 (25.0%) 4 (7.8%)
N3b 11 (25.0%) 13 (20.3%) 14 (27.5%)

Pathological stage® 0.409
1 5(11.4%) 9 (14.0%) 3(5.9%)
1I 11 (25.0%) 12 (18.8%) 15 (29.4%)
11 20 (45.4%) 22 (34.4%) 20 (39.2%)
v 8 (18.2%) 21 (32.8%) 13 (25.5%)

Residual tumor® 0.094
RO 37 (84.1%) 42 (65.6%) 37 (72.5%)
R1 7 (15.9%) 22 (34.4%) 14 (27.5%)

Recurrence 12 (27.3%) 27 (42.2%) 19 (37.3%) 0.289

Data are n (%) or median (interquartile range)

SRC signet-ring cell; NOS not otherwise specified

#The eighth cancer staging manual of the American Joint Committee on Cancer (AJCC)

®Japanese classification of gastric carcinoma, 3rd English edition
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Fig.3 Mutation profiles of cancer-related genes in the three his-
topathological classifications of PCC. The gene order conforms to
Fig. 2. Red letters indicate that at least one of the PCC subtypes has

(Supplemental Fig. 6a). However, TMB was significantly
higher in the PCC-NOS group than in the SRC and com-
bined groups (Supplemental Fig. 6b). Supplemental Fig. 6¢
depicts the percentage of the TCGA classifications in the
PCC subgroups. The PCC-NOS group had a high percentage
of microsatellite instability (MSI), whereas the combined
group had a high percentage of GS tumors. The accumula-
tion of mutations in cancer-related genes differed among the
subgroups, with SYNEI, MUCI16, and KMT2D mutations
more frequently observed in PCC-NOS gastric cancers.
Survival analysis revealed that although no significant
difference was observed when comparing the three groups,
the SRC group had a tendency to exhibit better survival than
the combined or PCC-NOS groups (Supplemental Fig. 7a
and b). Survival in the combined and PCC-NOS groups was

35. 9 51.0

29. 7 235

125 255

94 21.6

14.1 15.7

14.1 15.7

1.6 17.6

0.0 1.8

341 21.6

a7 15.7

3.1 7.8

47| 1.8

6.3 9.8

7.8 1.8

16 | 1.8

16 | 9.8

1 1 F 7.8 | 7.8
9.4 15.7

0.0 2.0

| 16 | 15.7

0.0 3.9

I 3. || | | 17.6

0.0 5.9

[ | r 63 | || | 13.7
a7 5.9

| 4.7 | 3.9
0.0 5.9

0.0 11 |I| L 13.7

6.3 | | 3.9

1.6 1 1 13.7

| 31 |1 5.9
16 | | 5.9

3.1 [ | i1 | 15.7

] | 9.4 1 7.8
| 1.6 | 1.8

a mutation accumulation rate of 20% or more. The number of muta-
tions and the rate of accumulation of mutations in each gene are
shown in bars and %. NOS, not otherwise specified

comparable. Therefore, by combining the combined and
PCC-NOS groups a comparing with SRC group, both OS
(p=0.029) and DSS (p =0.027) were significantly higher
in the SRC group (Figs. 4a and 4b).

PCC-NOS cancers exhibit a high proportion of MSI-
high (MSI-H) (Supplemental Fig. 6¢), which is gener-
ally associated with better survival outcomes. However,
patients with PCC-NOS cancers demonstrated poor sur-
vival outcomes. To investigate further, we performed an
additional survival analysis by comparing DSS (Sup-
plemental Fig. 8a—c) and OS (Supplemental Fig. 8d-f)
between MSI-H and microsatellite stable (MSS) in each
subgroup. The MSI-H group tended to have better sur-
vival in SRC cancers, but this trend was not observed
in PCC-NOS and combined cancers. We also evaluated
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Fig.4 Comparison of survival between the SRC group and the combined+PCC-NOS groups. OS (a) and DSS (b) are shown. The Kaplan—
Meier survival curve shows the SRC group as a red line and the combined + PCC-NOS group as a black line

clinicopathological features in different PCC subgroups
according to MSI status (Supplemental Table 1). MSI-H
patients with PCC-NOS cancers were slightly more likely
to be female and had more U regions than those with SRC
or combined cancers. However, for MSI-H patients with
PCC-NOS cancers, the proportion of stage III and IV
cancers was smaller than that in the SRC group, and the
proportion of lymph node metastasis was comparable to
that in the SRC group. There were no specific factors that
affected survival.

In the relationship between PCC subgroups and HOPE
classification, the proportion of EMT-high was lower in the
PCC-NOS group than that in the other groups, although the
difference did not reach statistical significance (p =0.051)
(Supplemental Fig. 6d).

We selected the top five cancer-related genes, TP53,
CDHI, SYNE1, MUC16, and KMT2D, with mutations in at
least one of the top 20% of the PCC subgroups, and investi-
gated their associations with survival. We found that patients
with PCC-NOS cancer with CDHI mutations had signifi-
cantly worse DSS (p <0.001) (Supplemental Fig. 9a—c) and
OS (p=0.002) (Supplemental Fig. 9d—f). Supplemental
Table 2 shows the clinicopathological features for each sub-
group according to the presence or absence of CDHI muta-
tions. There was no significant difference in pathological T
classification, N classification, or stage. However, the group
with PCC-NOS cancers with the CDHI mutation tended
to have higher proportions of stage IV cancers, CY1, and
R1 resections. Regarding the recurrence, nine patients with
PCC-NOS and CDHI mutations had recurrence. Recur-
rence in the peritoneum was also found to be higher in this
group. Similar analyses were performed for the remaining
four cancer-related genes, but no significant differences were
found in OS and DSS (data not shown).
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To investigate the relationship between CDHI mutation
characteristics and survival in PCC subgroups, a Lollipop
plot was used to compare the site and type of CDHI muta-
tion for each subgroup (Fig. 5). Mutations were scattered
from extracellular domain 1 (EC1 domain) to EC4 domain
in SRC and combined cancers. However, CDH1 mutations
were concentrated in the EC1 domain in PCC-NOS cancers
(p=0.075). Moreover, missense mutations were significantly
more frequent in the EC1 domain than in the other domains
(p=0.015) in PCC. Almost all missense mutations of CDH I
in PCC were variants of unknown significance except for
one likely-pathogenic variant in the combined tumor. How-
ever, no relationship between mutation type and survival was
observed. We further investigated the relationship between
the site of mutation and DSS. We found that patients with
mutations in the EC1 domain frequently died of gastric
cancer, especially in the PCC-NOS and combined groups
(p=0.038). DSS was assessed in terms of the presence or
absence of mutations in the EC1 domain (Supplemental
Fig. 10). Patients with mutations in the EC1 domain had
significantly worse DSS in the PCC-NOS (p =0.003) and
combined groups (p =0.015). Multivariate analysis of DSS
in patients with PCC-NOS and combined cancers revealed
that CDHI mutations were not selected as an independent
prognostic predictor, whereas CDHI mutations in the EC1
domain were (p =0.046) (Supplemental Tables 3a, b).

Discussion

In this study, we aimed to investigate the disparities in
clinicopathological features, survival outcomes, and muta-
tional profiles between PCC and non-PCC. In our cohort, we
observed that PCC patients had worse survival outcomes,
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corroborating previous findings [9, 16]. Additionally, in gene
mutation analysis, we identified a higher accumulation of
CDH]I and RHOA mutations in PCCs than in non-PCCs.
Conversely, a greater accumulation of TRRAP, ADGRB3,
GLI3, DCC, ATM, APOB, and PTPRD mutations was
observed in non-PCCs than that observed in PCCs. These
genes are not selected at the top of the mutation frequency
in conventional gene mutation analysis in gastric adenocar-
cinoma [17], and hence, they may serve as genetic mutations
characterizing non-PCC.

In addition, PCC was subclassified into three groups
according to the consensus of the European Chapter of the
International Gastric Cancer Association [24]: SRC, PCC-
NOS, and combined PCC-NOS/SRC. Analyzing muta-
tions of cancer-related genes among these three subgroups
revealed that SYNEI, MUCI16, and KMT2D mutations were
more frequent in the PCC-NOS group. To the best of our
knowledge, only two studies have previously reported the
molecular profile of SRC. Kwon et al. [13] reported no SRC-
specific gene mutations, which coincides with our results. In
contrast, Wang et al. [26] identified mutations in eight genes,
including CDKN2A, POLQ, SETBPI, SOX9, TNFAIP3,
ZFHX3, CREBBP, and MAP2K4, in SRC. However, these
genes were not among the most mutated in our SRC group.
This inconsistency may be ascribed to the differences in the
patient population, as Wang et al. targeted patients with peri-
toneal dissemination. In terms of survival, the SRC group
exhibited significantly better OS and DSS than those of the
other two subgroups. Furthermore, PCC-NOS cancers with
CDH 1 mutations exhibited poor survival. Specifically, there
was a suggested association between mutations in the EC1
domain and survival.

PCCs generally have a low tumor cell content in resected
specimens. Our cohort similarly had significantly lower esti-
mated tumor purity when comparing PCCs with non-PCCs.
In WES, low tumor purity results in a small number of muta-
tions, making mutation identification challenging [27]. To
address this issue, we combined WES with a targeted panel
of 409 key genes associated with gastric cancer (with an
average read depth of 1169), referred to as the CCP test.
Therefore, we believe that mutations in cancer-related genes
could be identified in PCCs and non-PCCs without being
affected by tumor purity.

When we classified our tumors according to the TCGA,
the GS type accounted for approximately 60% of PCCs and
was significantly more prevalent than the other subtypes.
Moreover, GS-type cancer is known to be characterized
by CDHI and RHOA mutations. Accordingly, CDHI and
RHOA mutations were significantly accumulated in our
PCCs.

PCCs exhibited poorer DSS and OS than non-PCCs. It
has been reported that many patients with PCC have pro-
gressive disease at the time of diagnosis, which was also
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true in our cohort. In the PCC group, many patients had
T4a or deeper tumors, were pathologically stage III or IV,
and underwent R1 surgery. According to the TCGA clas-
sification, patients with GS-type cancer have poor survival
outcomes [28]. The findings of this study of poor survival
in patients with PCC, including many with GS-type cancer,
support previous research.

In this study, we conducted a subgroup analysis of
patients with PCCs and compared their survival outcomes.
We found that the SRC group had significantly better sur-
vival than those in the PCC-NOS or combined groups. Clin-
icopathologically, patients in the PCC-NOS and combined
groups tended to undergo R1 resection more frequently,
and PCC-NOS patients were older. When we compared
the PCC subclassification with the TCGA classification,
we found that most patients were classified as GS or CIN
types, regardless of subgroup. However, approximately 20%
of PCC-NOS cancers were classified as the MSI type, which
is generally associated with a good prognosis [29]. Surpris-
ingly, survival in PCC-NOS cancers, which contained the
most MSI, was poor. When comparing the survival between
MSI-H and MSS within each subgroup, SRC cancers
showed a trend towards better survival in the MSI-H type,
whereas no remarkable difference in survival was observed
between PCC-NOS and combined cancers. This finding
indicates that tumors containing non-solid adenocarcinomas
may be linked to poor survival outcomes. Additionally, we
compared patient demographics between MSI-H and MSS
for each subgroup and found that MSI-H PCC-NOS cancer
was slightly more prevalent in females and in the U region.
However, we observed no differences in other clinicopatho-
logical factors.

To further investigate the cause of the poor survival in
PCC-NOS tumors, we analyzed the clinicopathological fea-
tures of each subgroup according to the presence or absence
of CDHI mutations. We found that PCC-NOS tumors with
CDH1 mutations had extremely poor survival. CY1 was
more common in PCC-NOS tumors with CDHI mutations,
and the proportion of stage IV tumors was high, which may
explain the high rate of recurrence, especially in the perito-
neum, in patients with PCC-NOS cancer. We also consid-
ered whether CDH I mutations may be associated with tumor
aggressiveness. It has been reported that CDHI expression
may have an impact on survival [30]. Therefore, we further
investigated the role of CDH1 expression on survival in
our cohort. Contrary to the previous report, CDHI expres-
sion did not exhibit significant differences in survival rates
among PCC subgroups.

However, this trend was not evident in the combined
groups, prompting us to investigate the link between
CDH1 mutations and survival to understand the role of
CDH]1 in this aspect. Our analysis showed that in tumors
with non-solid components, patients with mutations in the
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EC1 domain of CDH1 exhibited a high incidence of DSS.
Mutations in EC1 were also identified as an independ-
ent prognostic factor in multivariate analysis. It is possi-
ble that mutations in EC1 contribute to the poor survival
observed in tumors with non-solid components.

ECI1 is the outermost domain at the N-terminus of the
extracellular domain of CDH]I, and it plays a pertinent
role in cell-to-cell binding [31]. Mutations in this region
are thought to weaken intercellular adhesion and affect
the progression and metastasis of cancer cells [32, 33].
In other words, mutations in EC1 can cause cell-to-cell
adhesion to become more easily detached, allowing cancer
cells on the serosal surface to be released into the peri-
toneal cavity. This process may be associated with the
detection of free cancer cells and recurrence in the perito-
neum. Hence, mutations in the EC1 domain of CDH]I in
PCC-NOS and combined PCC-NOS/SRC cancers may be
indicators of tumor malignancy.

This research has some limitations. Firstly, it is a study
of a Japanese cohort, and as the rate of mutation varies by
race [34], the differences among races were not taken into
account. Although racial differences in the accumulation
of mutations have been reported, the mutational charac-
teristics of PCC subgroups have not been characterized to
date. Therefore, the results of this study, which focused on
CDH1I mutations, may be extrapolated to different races.
Further research is needed in this field to gain a more com-
prehensive understanding. Additionally, recent evidence
indicates that CLDN18.2 is a promising target for treat-
ing gastric cancer. It has been reported that high CLDN18
expression is associated with the diffuse type of gastric
cancer [11, 35]. Moreover, the CLDNIS8-ARHGAP26
gene fusion, which is frequently observed in diffuse-type
tumors, has been linked to the prognosis of gastric can-
cer and the presence of the RHOA mutation [17, 35, 36].
However, the use of our fusion gene panel based on next-
generation sequencing does not allow the detection of the
CLDNI18-ARHGAP26 fusion [37]. Therefore, it is impera-
tive to develop new methods to detect novel fusion genes
in PCC and explore their potential clinical implications.
Furthermore, as microdissection was not performed in this
study, there is a possibility that the characteristics of muta-
tions at the cellular level of SRC- and PCC-NOS tumors
are not clearly represented. Nevertheless, since there is a
clear difference in the characteristics of mutations between
these tumors, we believe that the present results are inter-
pretable. Moreover, dividing PCC into subgroups reduces
the number of instances in our study, which is undeniably
underpowered for statistical analysis. Despite these limita-
tions, we believe that this study provides useful informa-
tion, as there have been no reports of genetic analysis in
PCC on this scale.

Conclusions

In conclusion, PCC exhibit more CDHI and RHOA muta-
tions and have a worse survival rate than non-PCC. Among
PCCs, SRC cancers demonstrated superior survival rates.
We suggest that mutations in the CDH1 functional domain
may be associated with survival in patients with gastric can-
cers that include a non-solid component.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10120-023-01390-5.
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TE L 7ze BRINL 72T, R SR I Anisg L 72[201],

Data for the analysis of somatic alterations

23 AR & R IRl Ol o R R o2 R, & X OHE-HEER (SNV) & #fA-RK



(indels) D CTOERERIC X > THMIBERZMHE L, 2 v 8% a—-F353x7Y

VIO R T T A AV A4 L CRIB I R 2T L 72, WES (P8 Y — FEEEE 130) IC

mz<, A ¥4\ (comprehensive cancer panel; CCP) 12 X T 409 il E5T (BAA

B EELRT2ET) DXV ECY — FEE (FEY — FEE 1169) THlrE iz, 254

B3 2 B A BIETFC O AMTIEE T 72 EDBIE T2 v M, HEOT — 2 _R—R 1D

WTHEHEIFRFFICL s THFaL—vavank,

Gene expression signature analysis

RNA il & B8R FEBRNT X, LARTOSCHR 20 12> CTHEMEL 7z, GEP fi@#frcld, <A

7 a7 LA %R U CEE R T L S BEEE U 72 RIS 2 nf i e LCfEA L 72,

BA DI INAZTRTCOF Y TLOWES 8L NGEP F— 3. [av fu—1 X

N7 27+ &x5F—2%| & LT National Bioscience Database Center Human Database 12 &§%

I N7z, CDHI UL, Mgk & SRS o R E 2 v <, REA{LEDO PR

flic=4r L. %8 (high) SAKFEBL (low) ICHHHL 72,

Statistical analysis

A BT D W T iE Kruskal-Wallis #205E £ 72 13 Wilcoxon DEMAIME R, 17TV —

2O\ T it Fisher D IEMEMERMIE E 7213 y 2 ME R L 72, 2EHEWIR (0OS) |

2o CE CORH L ERK L, EFEEORMKIERH I ¥ — & LTilko 7z, BRI

PEFFIRET (DSS) &, Flio b BREIC X 2 CE CORR L ERL ., fthoJFRIC X 25T



¥ B ERE ORKIERH I3 v — & LTH]o 72, OS 35 X 1 DSS 13 Kaplan-Meier %
RAWCEE L, 47270 — 7o OS 53X U DSS OFEMRLZRET 2701, 1 r7
VIRBERMBHL 72, BB IEE%Z TS 27291, Benjamini-Hochberg #H1E (q ) %17
W, il q E23<0.05 THNFERE L FE 27z, B FRHAT -2V 7220 v 7
3. Z Ra 7E#H%O ward D2 EIC X o TfTbve, 3XCOHGEHENTIZ, Y7 o =T

JMP N —32 3 v 14.3.0 ZffH L TEMiL 72,



MR

BH ORE KRR % Tablel 12779, PCC#fiZ 159 AT, non-PCC #fid 296 A72
272, PCCHEZ. ARICKMDEI G & HRICEFETH Y | 5D HEENA D non-PCC
BB L MAEIIC S A2 o 72, PCCH#EIE, non-PCCHEICIL~R T, T 5 XN KT 28EAT
LTHEY, ZORRAT = IV DIEFINS < 72 o T7z, R1YJIBREKE L USRS PCC
HETlE non-PCCREL W S FEICHE D 2 72,

Figure2 I, DABEBELRTOLER T 7 7 A V2T, HEMESEHAE L Tumor
mutation burden (TMB) %, PCC #(Z non-PCC # X v $ HE (KA - 72 (Supplemental
Fig. 2a, 2b), Supplemental Fig. 2c i, PCC # & non-PCC #f D TCGA Fo#E &% R L
TWwb, 77 LRZER (GS) D& E, PCC TR, —H TREKALREE (CIN) o#lE
% non-PCC CTE 2o 7z, HElcHe L7z HOPE 7% & OB % Supplemental Fig. 2d I
3. Hypermutator/ T cell high O EIGITE W IZEERD b i 5> > 7253, EMT-high O & 1%
PCC G non-PCC BEL Y & HEICE A -7 (p=1.21X10%), CDHI & RHOA DA%
%1, PCCHET non-PCCHEL b b HEICH 2> > 720 —J7, TP53, SYNEL, FAT4, DST,
TRRAP, ADGRB3, GLI3, DCC, HMCNI1, ATM, APOB, ¥ X ' PTPRD 0% H %
X, non-PCCHETHEICE 2> 72,

GEP f#ftic X 3 &, PCC IR RBIn T 7 7 A X —3BIR I NG 272, D=0,

PCC 1cBF 2 ERIC—E T 2 0B 2R T 2 2o, RN %17 > 7= (Supplemental



Fig.3). & DT TI1E. LARTIC PCCICFHENTH 2 L HE SN T zi#n T2 7 A & —[25]

2, 4D PCC ak— P TCHOHERICEF LTS Z &A/RE Nz, 72 CLDNI8 0¥l

213 PCC & non-PCC Dfffic#I3 72> > 7z, CDH1 @ ¥Hild PCC THEICK S o 7223,

V77— 7 clid, CDHI 0 RBIC X 2B FERICABEREZ TR D Ld o7k

(Supplemental Fig. 4a—4c),

PCC #f1 non-PCC #f L ki L, OS (p =0.002) 35 XU DSS (p < 0.001) B W THELF

ERARTH D LR EnT (Supplemental Fig. 5),

PCC 0¥ 77V — 7%, 44§55 SRC, 64 {513 PCC-NOS/SRC, 51 #|»3 PCC-NOS ic

I NIz, Table 212, 3 BEOMEAINELZHRH I Z v, SRC FEDHElm T ARICE . il

B HEEA A M FEI T H B2 EE R E Do 72, F7-. combined #H X 8 PCC-NOS #C

2. 27— IV OEEAIKNE . RIS E T RIVBRE S L OFERE Y &< 7 5@

MDD > 77,

ING IPOER T 7 7 A vmifi~7- (Fig.3), 3 MBI Ccit e ]ICHEEAIZR

W7xh - 7= (Supplemental Fig. 6a), TMB (X, PCC-NOS #£2% SRC # 5 X U combined £

XY b HEICED -7 (Supplemental Fig. 6b), Supplemental Fig. 6¢ ic, PCC %7 27—

7D TCGA HEOEEHRRT, A4 7 aH% T 74 FARLEE (MSD) 0EH|&2 PCC-NOS

HcE<. — TGS MoEE D combined BECE 2> - 72, DABEEETOERER L

B3 % &, SYNE1, MUCl6, KMT2D 0% %3, PCC-NOS #CTX Y H Wl H - 72,



R LT 3R AL 2R, FEEIIR LN o725, SRC #£lE combined

#E 7213 PCC-NOS Bt X b b AHFERIF 2 HAITH 572 (Supplemental Fig. 7a, 7b),

Combined # & PCC-NOS # D EFHK (TFELIL T 7272 combined #f & PCC-NOS # %

e L SRCHEX Wi+ 3 &, SRCEED OS (p = 0.029) & DSS (p = 0.027) i, W»Fhi

HEICRAFZ o7 (Fig. 4a, 4b), Stage Jll coE{Fi#t % #i /& Fig. 1 IC/" 9, Stage Jll Tk

B L 7%, SRC 23EAFD L WHIANC S 5 25, AREAR R o7,

AfAICBIL €. PCC-NOS #1Z MSI-H 0 #4435 4> - 72 (Supplemental Fig. 7¢), MSI-

H i fRIICEFICHEMEZEZ O TS, ZHICD b 53, PCC-NOS HED AL (1%

Bz eBbrol, 20, &% 7270 — 7N T MSI-H & microsatellite stable (MSS)

% It L, DSS (Supplemental Fig. 8a—8c) 3 X U8 OS (Supplemental Fig. 8d-8f) % BT

it L7z SRC HETlx MSI-H #FOAEHFRIUGE S N AR S 725, PCC-NOS &

combined BECIZ Z DT R Sied o 72, PCC DY 7/ —F ik} 5 MSI & MSS ©

e % | ERARREE A ICEF-G L 72 (Supplemental Table 1), MSI-H #3513 0 El& 230

£E <, PCC-NOS #<i3 U2 X » L WHmI235 v, SRC I X U combined X 0 %74

Zm\p3, PCC-NOS @ MSI-H i Cid, A7 —Y Ul XU IV oJgo#El&H SRCH LD

B, Y v HiERE OFIA 1L SRC B & ARk o 72, BRI E 25 2 2 FPE O RKIL 7%

o7,

PCC 0% 77 v—7¢ HOPE HOBARICOWT, PCC-NOS #fi, flioffe k<<

10



EMT-high O #l & 2B E 2 > 725, COEBFKIWICEETCR AL >72 (p =

0.051) (Supplemental Fig. 6d).

P75t d 12D PCCH T IN— 7T, EAL20%DZ 5 %3 % TP53,CDHI,SYNEL,

MUCI16. & X U KMT2D © A7 5 D23 ABEER T 28I L, 206 & AEfF L OfE %

JA~7-, CDH1 £% %3 % PCC-NOS #<iZ. DSS (p < 0.001)(Supplemental Fig. 9a—

9¢c) F XU OS (p=0.002)(Supplemental Fig. 9d-9f) 2"HREICARTH 2 Z L Bbh o7,

Supplemental Table 2 iC, CDH1 ZROHFMIC X 2 &Y 7 70 — 7 DR IRIFE AR % 7R~

3, THRF NRHF, 27—V RHICHEA IR 2> 7228, CDHI 22 %9 5 PCC-NOS

. A7 =Y IV, CYL, XU RI FHioEGE2 &7 -7, HREAICEL TR,

CDH1 Z%%H3 % PCC-NOS @ 9 Nic %258, 2D 5 b 8 NFEEREFEL -7z, I8

BECOMAERIIMMOREL Y @ o7z, KOV D 4 DD MLOZER%ZFED 72 53 BB T-IC

DWW RO A fTh =2, OS XU DSS ICHEEIEr o7z (T —XIIREn

T W),

PCC o& % 77V —FI1ci7 5 CDHlI 0L BOE M A EROBBGRETFHRL 729,

Lollipop 7m v F ZHWCH 727V — 7k ic CDH1 D% R{EHT & fifE % e L 7= (Fig.

5), SRC & X U combined T, ZEIMIfEst (Extracellular) F X4~ 1(EC1 F A4 V)

22 EC4 FAA Vv ETHTEL TWwiz2d, PCC-NOS Tt EC1 F A4 vicEh LT (p

=0.075), ¥£7-. PCC itk J % CDHl oZROfEMHEICBAL Tit, I A Vv AZRMNECL F

11



AAVCHRICHERE W &350 -7 (p=0.015), PCCicH1F% CDHlI DIz A&

D3I RV AEE T, BRNEZEAHOANY 7 v (VUS) TH 7228, combined #ick

Tl 2 DD pathogenic variant & 1 2 ® likely pathogenic variant 28 /272> > 7z, SRC IC

BWTH 12D pathogenic variant 23 [EE I Nz, ThbD 4 ADEfFE CDHI 8% fH

T2 Z20Mtho 38 A4 fFER T (iR Fig.2), MNERDH 3 BEDHEIARR LITE

ZIhr 0Tz, RROMME L LA ORRICOWTIE, AELRBEIIRAD b Nk o7z, RIC,

B OREFT & DSS DR ZFI~R72,EC1 ¥ X 4 v COZEREZHT 5 BF L. FFic PCC-NOS

# ¥ X combined BEICEWT, BIEETHLET LI B0 &30 h -7 (p=0.038),

CDH1 @ ECl F A4 v COZEROFMICH ST, DSS %ZfiL 72 (Supplemental Fig.

10), EC1 FAA v COERDH 5 HE X, PCC-NOS (p = 0.003) ¥ X Uf combined (p =

0.015) IZHWTHEIC DSS AR/ 57, PCC-NOS # & U combined I $1F % DSS @

%R BN C 13, CDH1 2R3 L 7= PR & L CGERT W - 7225, CDHI @ EC1

ZEILE R X7z (p = 0.046) (Supplemental Fig. 3a, 3b), CDH1 ZE D 42 A\ DEFRRE

75 % 42 Tablel (07", CDHI1 Z % d PCC-NOS/SRC & PCC-NOS i% StagelV %

R1 VIREIS 2% MERTH - 2B FEE I b 572, F7-. ECl ZHE L BRI K T

& O #E A /& Table2 12783, EC1 AR L CY 13B# 72 L (p=0.730), pStage |37z L

(p=0.965). FEFIIHEAID 2 bEEAER L (p=0.062), JEZEKDEHEA L (p=.0499) T

H o7,

12



R

Z OWfgEclid, PCC & non-PCC DEFIRFEEINA T, EFEE, S TERTe 7740

DEBEVWEHD THRZ, WA DaF—F T, BETEREG SN2 X 51 PCC DAEGFEIMEAL

[9, 16]. #Efn A RfEHT <X CDH1 & RHOA OZ %% non-PCC £ b & PCC THE\W&EME

#HEzR o7z, —J7. TRRAP, ADGRB3, GLI3, DCC, ATM, APOB, PTPRD D% %

. non-PCC T PCC LV HWEBEGEZRD, 2o DBEETIIHE RO ER

T BN I EAIGEIR S N VB TAR C, non-PCC Z RO T 2 BT AR LE

X)_ ghf: [17]0

T Hic, PCC FEPFRB A2 WINSE D f2hg ic 5w T SRC, PCC-NOS, XU

combined PCC-NOS/SRC ® 3 2D % 77N — T L 72[24], 2hoD 3 DDH 770

— 7 THAABEEEFOE R L IR L 72455, PCC-NOS ffTlt SYNE1, MUCIl6.

KMT2D 0ZBEME @ 2 2D o 72 2 L IR I N7z, BiEICE W TIE SYNEL

MUCI16 1B L CAYENERITAH, LA L. SYNEL, MUCI6 i TMB Sl O ic 35

WT, BRI WE Wb T w5 n 1 e S 1] ¢, TMB & PCC-NOS #ick\»

R3t
\H:E
EH

<, ZEEEREroT-EEZONS,
7= DM BRY SRCOGF 7 77 ANMICET A5 20 LGS N Ty,
Kwon 5[13]ic X 3 &, SRC [l DEIE AR IIZHEINTWirno, fA7-b DR L —

LTz, —J7,. Wang 5 [26]1% SRC © CDKN2A, POLQ. SETBP1, SOX9, TNFAIP3,

13



ZFHX3. CREBBP. MAP2K4 @ 8 O DEIZF AR I Nieds, T b ORIk~

D SRC HTRIALEPZEHVELETFOTICEEEN T RI o7, TDE WX, Wang b 23

R 2 AT 2 BECREL 720, BEFROEVICI DL EZ LN D, FEFICH

LCli. SRCEBMthD 2 oD% 77 —7X b b HEREICENT OS BX WU DSS /8L 72,

CDH1 Z#£%H 3 %5 PCC-NOS DAEFFHEIMENZ 2RI N, FFICECL F XA voZRL

EHEFROBED IR S N,

PCC &, —fRiyicFMEAR DI EEMII P Rl H 5, FADaF—FTH,

PCC & non-PCC Z g4 2 L HECEE A EX AR ICK L > T/, WES Tii., fEE

BHEMECIG A, BREP VR A BROFEESKEIC 7% 2 /a2 S 5 [27], 2D

[ 7% [EliE 3 2 7z o 1c BRI BE S 2 409 D& T % &1 CCP (Pt 41A HERE 1169)

% WES L #lAaa b Tt L7z, 6> T, ZofficillEEaRaOMELZ T Lk

. DABEBLEFOEED PCC & non-PCC THRIETZ/-¢E2 6N %,

TCGA DT ERO D FHEYENNEE LT {AbNT WS, TCGA IcH o ClfE

ZOFLT2E A, GSHAPCC D) 60%% i, o x4 77X HFEICL N 23D

o7z, T HIC GSHA CDHI 5 X O RHOA OZ R TR O b iiCw 3 eI T

h . A4 DPCCTH CDHI 3 L VRHOADEENPFHRICERINT WS Z bbb o,

PCC (3, non-PCCIZHt~TDSS & OS 8RR 272, % < @ PCC ¥, SWilksicitt

TLTWR EHEINTWE, FThDars— 1+ T [AET,. PCCHDL L oEFix, Tda L

14



FTHh by, WHEMITIITIHE 213 VTS Y. RL FiioEIER% 072, TCGA 734

Tlx. GS B0 BE D EFRIMEWL L HE XT3 [28], RIFFEOFERIZ. GS B

EERED% < D PCCHEEDEFELEPMENT LEZRLTEY., ZNIFUFMOMEOHER ALK

LT3,

PCC o 77— Ffgticlt. SRC #iZ PCC-NOS #E ¥ 72 13 combined B X 0 & HiEic

BIF A FERE R LTz, BEFEZERNIC, PCC-NOS Bl E#EcH Y. combined & PCC-

NOS ik V% < D R1VIBRZ %I T2, PCC DY 77N — 7% TCGA 4748 & Hl 3

8. TN —TICBERRL, 1BEALDEREN GS B 7213 CIN Bl =25, 8

20% @ PCC-NOS ff2s MSI Bl & 538 X L7z, MST I —RIVICRIF e P2 LB L T 5 &

F 2 HNTW3[29]23, D MSI 24t PCC-NOS D HERITE D o 720 &F 77N —

ZIcHB VT MSI-H & MSS A fFR % i3 5 &, SRC #fl: MSI-H BUC 35 THFERD

BIFCH 2{EADBH > 72253, PCC-NOS & combined ORICIZEFERDE IS 572, T D

flidix. non-solid /)% & UG A AR O TICH ST 2 AREMRH 2 2 L 2R LT

W5,

MSI-H & MSS &4 77 — 76 CEBH& DRKNEL AR 7 2 ik s % & MSI-H %

£ % PCC-NOS i34 UK T % < R o725, % Ot AR EANIC 13

DD o 7z, TR HIB LR & MSTICBY L CHifi/d Fig. 3 1C/” 3, StagellB LA E ik

L AREE DA HEIC X0 | AEfFli#R 2R, Stagelll, IV T3, i L ARERITHE

15



DEFEBHBICRIS 572, MSI-H & MSS & ol %2 Fig. 4 1</Rd, MSS TIIHAE

AL EREESEATRED L AF S RIF 72 o 72, —T5. MSI-H TIALABGEMATRE & JEfafTHE <&

FICERRD o 7z,

PCC-NOS DAHEHBAR L 2 25K % & HICi~7z, Z0fEH, CDH1 #EnTER?H

% PCC-NOS # D AR b IC N2 LA b o7z, CDHI ZROFMHIC L V&I 77

N— 7 DEERRE L B 2 00T L 7245 5. CY1 12 CDH1 #E{zF £ % %HF 4 5% PCC-NOS

HTL%l, A7V IV OEIGREL» 072 L BHL IR o7z, BZLL ZD72D,

PCC-NOS Hfo B T, FricIEREFRS mRICBIZR S W7z, CDHI &R 5o B L

ICBEES 2 A[BEMED D 5 0 &) D BT L 7z, CDHI1 FEBI A IS B % 5 2 5 v RetEDs

BT ERWMEINTWE[30], #Z T, FLxlzat— AT CDHI XHEBEFERICKIT

THRB T~ 7-, DRTOWE & 1387 v, CDHI1 %8k PCC % 77V — TR0 L HFRICH

Bme R I o,

L2 L., ZOff[AZ combined BECIZEIR I Nkl o> 72720, CDH1 2RI L AR L

DR %Z X HICE~, CDH1 OfZ#lZHL T 52 L & L, ZDFiE. non-solid DK

DA LS ICHE T, CDHI @ EC1 F A A VICERDMH 5 E#H Tlk, DSS AR & 7%

52 Hbhol, ECl DRRIT, HEEMITCHIZFR TR & LCGERI 7, EC1

DZEFRIE, non-solid R % H T 2 IEEICH T 2 EFRNEFRR L 23 FHHO—>TH 5 lfE

AN =
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CDH1 @ EC1 i3, CDH1 gt F A4 v N Kiglich 258 N A4 vCch b, #

HafEifs A ic R B 2 Rz LCw 2 [31], CofEifics g 2 4% 1%, MigkEE 250,

AR DEST L E I E R 5 2 5 L E 2 5N TWwW3([32, 33], 2% 9 ECl1 ICAEE LD

% Gty lERlEEAE 25 X 0 fELIC Rl U ISR IC FRH U 7= 28 A 2s MR PN i s &

I m5, T, 7Y ORI PR R ICBE S 5 Ll I NG, Lzhio

T. PCC-NOS ¥ X 1 PCC-NOS/SRC D ffij5ic 517 5 CDH1 @ EC1 {028 513, fdiss

DEHIE DG T 5 D 5 5.

PCC-NOS/SRC <i%., CDH1 ZHEOF M TIL, EFICEIT R d 57223, ECl1 BEOH MK

CTHERFICEDI - (Supple Fig. 9,10), %72 PCC-NOS ® CDH1 Z® D% { |3 EC1 %77

27- (83.3%), SRC Ick1F % EC1 ZRIIEFICHE L5 2 %5\, PCC-NOS/SRC+PCC-

NOS ic BT, CDHI Z85 1%, Mz P MR 7 Cli 72> 57z (Supple Table 3a), —

EC1 28 8|37 V1% TR F72 - 72 (Supple Table 3b), CDH1 DZEE 72 1FCld, 4fFIC L

WEEG 27w, CDHL ik 5 ECL AR S, A EET 2 LI RBR/ON

72o PCC-NOS/SRC & PCC-NOS Dj&\» i PCC-NOS i\ T ECl1 OZER R % 55 7=,

&

RE2EMIC sig DEBEEIALTA5I1Ic>on T, CDH1 @ EC1 ZROE &AL, A

WE G A BRMENED D L) T LIIERPOE D T LA e, por2 DSEREHNICS

SHIEL 72850, Ml EE MK T L, s oEIcBa# LT 3 a2 H 5, EC1 &

HHPCC DA E R G 2 5 A[RetED H 2 25, TEREAM B, FEflie A 7 = X 41
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RUHT, SRz v X7 R Z BT L, B TER L 2 v 8 s BB OEOMERICEHT 2 A =
A L%k T 5,

ORI 22 DflB23H 2, 9. HRAOEMAZXRIC L 2K CTAFEICL - T
TN R OEN AL H e 2 H3[34]. AEFOE W IIFE I Twinv, ZROFEHEH PCC O
FTIN—=TICONTRESETRESI N T WAL - 7205, ABf%EIX CDH1 o&ZBIicE s %
WCTTHY, CORMBIIRAL S AFICOEHCTE 2 0BEME2RH 5, £7-. fill. CLDN18.2
REEOBIBENR L5 2 LR a7, CLDNI8 It diffuse type ICE < BH N3 LG
InTwa[11,35], X 5ic, diffuse type ICEEIC & 3 CLDN18-ARHGAP26 351
e, BEOEFESL RHOAZ R LBEEA D 5 Z & A HE I T 5[17,35,36], &
BB, RerAoXRMRy -7 v v 7EHw NG #EE T4 v Tl CLDNIS-
ARHGAP26 13T &% 72\ [37], 2 D7-% PCC I BW\TASH, #Hi- maltBIE T ol
DOETHKNERD &, MAHELZMART 2 L BERELEZ2OND, £/, AWK T
I~ A4 7ol FBEIRIfTbhTE 5 F SRC X PCC-NOS BOMIIEL AV TOERD
i3s3 L O BAREIC RIL X T 2 D 1T Tld v, ABFZE DMk HZ. 20T i E s 2
WEETFT GU&ER) %, JWERE EARHECIEL CTwb, PCC &2 L 25 L . &EinFif
M OEALIFERITIE—E L 2\, d= Y VEEST 7 4 v A (Formalin-fixed paraffin-
embedded (FFPE)) iZC microdissection % f7\>. i&8E8 % {5 10T L 72 3R Cld 72\ o .
B %D heterogeneity Z & 2 & limitation IC72 2 & &2 5, LaL, Zhb gD R
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DORFHEICHHIERZR D B 2 L2 b, RIFEOFEROMIICIZERRFE I wEEZLOLN
5, Eblc, PCC YT/ N—TIHpfET LItk Y, Hitotricks w7437 —
BEOLNTHAREVWI EIIBETE R, L2L, Zo#HETO PCCIC BT 2 8E 1T D

W& ol l b, ARBAMAZERZRIETIDLEZOND,
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A

PCC 1%, non-PCC iCtt~_T CDHI1 & X U RHOA DZEH53% | AR IME T & AR

INi, PCC ohTd SRC HEDEFEIEN Tz, CDHI OFERETHIKDZ R IX, non-

solid i 2 H 32 BIEEEDOEFLBEL CWAR[REMELRH 3 2 LR EB I 7z,
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Supplemental Table 1 Clinicopathological features of PCC subgroup according to MSI-H or MSS

SRC (n=51) combined (n=64) PCC-NOS (n=51) P value
MSI-H (n=3) MSS (n=41) MSI-H (n=3) MSS (n=61) MSI-H (n=11) MSS (n=40)
Gender 0.774

Male 3 (100%) 27 (65.9%) 2 (66.7%) 36 (59.0%) 6 (54.5%) 27 (67.5%)

Female 0 (0%) 14 (34.1%) 1 (33.3%) 25 (41.0%) 5 (45.5%) 13 (32.5%)

Age, years 74 (73-83) 65 (31-86) 70 (62-76) 67 (23-84) 78 (71-82) 71 (64-77)
(Range)
Location 0.726

U 0 (0%) 11 (26.8%) 0 (0%) 11 (18.0%) 1 (9.1%) 9 (22.5%)

M, L 3 (100%) 30 (73.2%) 3 (100%) 50 (82.0%) 10 (90.9%) 31 (67.5%)
Pathological T 0.355
classification®

T1, T2 2 (66.7%) 7 17.1%) 0 (0%) 15 (24.6%) 1 (9.1%) 8 (20.0%)

T3, T4 1 (33.3%) 34 (82.9%) 3 (100%) 46 (75.4%) 10 (90.9%) 32 (80.0%)
Pathological N 0.936
classification®

NO 1 (33.3%) 8 (19.5%) 0 (0%) 14 (23.0%) 3 273%) 9 (22.5%)

Npositive 2 (66.7%) 33  (80.5%) 3 (100%) 47  (77.0%) 8 (727%) 31 (67.5%)

Pathological 0.231
stage®

I 1I 0 (0%) 28 (68.3%) 0 (0%) 21 (34.4%) 3 273%) 15 (37.5%)

1L IV 3 (100%) 13 (31.7%) 3 (100%) 40 (65.6%) 8 (72.7%) 25 (62.5%)
Residual 0.194
tumor®

RO 3 (100%) 34 (82.9%) 2 (66.7%) 40 (65.6%) 10 90.9%) 27 (67.5%)

R1 0 (0%) 7 17.1%) 1 (33.3%) 21 (34.4%) 1 (9.1%) 13 (32.5%)

Recurrence 0 (0%) 12 (293%) 2  (66.7%) 25  (41.0%) 4 (36.4%) 15 (37.5%)  0.542

Data are n (%) or median (interquartile range)

 The eighth cancer staging manual of the American Joint Committee on Cancer (AJCC)
® Japanese classification of gastric carcinoma, 3rd English edition

MSI-H, microsatellite instability high; MSS, microsatellite stability



Supplemental Table 2 Clinicopathological features of PCC subgroup according to CDHI mutation

SRC (n=44) combined (n=64) PCC-NOS (n=51) P value
MT (n=11) WT (n=33) MT (n=19) WT (n=45) MT (n=12) WT (n=39)
Gender 0.926

Male 7 (63.6%) 23 (69.7%) 11 (57.9%) 27 (60.0%) 7 (58.3%) 26 (66.7%)

Female 4 (36.4%) 10 (30.3%) 8 (42.1%) 18 (40.0%) 5 (41.7%) 13 (33.3%)

Age, years 65.0 (61.5-73.0) 65.0 (§9.5-71.8) 62.0 (53.5-67.0) 70.0 (63.0-76.0) 72.5 (70.0-78.3) 71.0 (65.5-79.0) 0.022
(IQR)
Location 0.098

U 4 (36.4%) 7 (21.2%) 2 (10.5%) 9  (20.0%) 3 (25.0%) 7 (17.9%)

M 7 (63.6%) 16 (48.5%) 8 (42.1%) 14 (31.1%) 5 (41.7%) 18 (46.2%)

L 0 (0%) 10 (30.3%) 9 (47.4%) 22 (48.9%) 4 (33.3%) 14 (35.9%)
Pathological T 0.261
classification®

Tla 0 (0%) 0 (0%) 1 (5.3%) 2 (4.4%) 0 (0%) 0 (0%)

T1b 0 (0%) 4 (12.1%) 0 (0%) 1 (2.2%) 0 (0%) 2 (5.1%)

T2 0 (0%) 5 (15.2%) 3 (15.7%) 9  (20.0%) 0 (0%) 7 (17.9%)

T3 4 (36.4%) 7 (21.2%) 4 (21.1%) 9  (20.0%) 2 (16.7%) 8 (20.5%)



T4a 7 (63.6%) 16

T4b 0 (0%) 1
Pathological
N
classification®
NO 3 (27.3%) 6
N1 2 (18.2%) 3
N2 3 (27.3%) 9
N3a 1 (9.0%) 6
N3b 2 (18.2%) 9
CY
Positive 2 (18.2%) 5
Negative 9 (81.8%) 28

Pathological

stage®
I 0 (0%) 5
I 4 (36.4%) 7
111 5 (45.4%) 15

(48.5%)

(3.0%)

(18.2%)

(9.0%)

(27.3%)

(18.2%)

(27.3%)

(15.2%)

(74.8%)

(15.2%)

(21.2%)

(45.4%)

9

2

15

3

3

9

(47.4%)

(10.5%)

(31.6%)

(10.5%)

(10.5%)

(21.1%)

(26.3%)

(21.1%)

(78.9%)

(15.8%)

(15.8%)

(47.3%)

20

4

10

12

17

28

6

9

13

(44.5%)

(8.9%)

(17.8%)

(15.6%)

(22.2%)

(26.6%)

(17.8%)

(37.8%)

(62.2%)

(13.3%)

(20.0%)

(28.9%)

10 (83.3%)

0 (0%)

2 (16.7%)
1 (8.3%)
2 (16.7%)
2 (16.7%)
5 (41.6%)
5 (41.7%)
7 (58.3%)
0 (0%)

1 (8.3%)
6 (50.0%)

20

2

10

11

31

3

14

14

(51.3%)

(5.1%)

(25.6%)

(17.9%)

(28.3%)

(5.1%)

(23.1%)

(20.5%)

(79.5%)

(7.7%)

(35.9%)

(35.9%)

0.723

0.168

0.206



v 2 (18.2%)

Residual

tumors®
RO 9 (81.8%)
R1 2 (18.2%)

Recurrence 4 (36.4%)

Recurrence

site

Peritoneum 4 (36.4%)

Lymphnode 0 (0%)

Hematogenous 0 (0%)

Local 0 (0%)

Others 0 (0%)

Die of gastric 3 (27.3%)

cancer

6 (18.2%)

28 (84.8%)

5 (15.2%)
8 (24.2%)
5 (15.2%)
3 (9.1%)

1 (3.0%)
0 (0%)

0 (0%)

5 (15.2%)

4 (21.1%)

15 (78.9%)

4 (21.1%)
7 (36.8%)
5 (26.3%)
2 (10.5%)
2 (10.5%)
0 (0%)

0 (0%)

6 (31.6%)

17

27

18

20

15

17

(37.8%)

(60.0%)

(40.0%)

(44.4%)

(33.3%)

(4.4%)

(8.9%)

(4.4%)

(0%)

(37.8%)

5 (41.7%)
6 (50.0%)
6 (50.0%)
9 (75.0%)
8 (66.7%)
1 (8.3%)
0 (0%)

0 (0%)

0 (0%)

8 (66.7%)

8

31

8

10

10

(20.5%)

(79.5%)

(20.5%)

(25.6%)

(17.9%)

(2.6%)

(5.1%)

(2.6%)

(0%)

(25.6%)

0.056

0.024

0.030

Data are n (%) or median (interquartile range)

# The eighth cancer staging manual of the American Joint Committee on Cancer (AJCC)

® Japanese classification of gastric carcinoma, 3rd English edition
WT, wild type; MT, mutated



Supplemental Table 3 Univariate and multivariate analyses of factors associated with
disease-specific survival of non-solid dominant and mixed patients using Cox

proportional hazards models

3a

Univariate Multivariate

HR 95%C.1. Pvalue HR 95%C.1. P value
Age (=75 vs. <75) 1.329 0.696-2.538 0.388
Gender (Male vs. Female) 0.522 0.283-0.964 0.038 0.500 0.269-0.930 0.029
BMI (= 25 vs. <25) 0.492 0.176-1.382 0.178
Tumor location (U vs. M/L) 3.045 1.557-5.955 0.001 2.697 1.364-5.331 0.004
Pathological stage (IIL, IV vs. I, IT) 8.735 2.693-28.33 <0.001 8.480 2.604-27.62 <0.001
Adjuvant chemotherapy (Yes vs. No)  0.983 0.516-1.876 0.959

CDH1 mutation (Yes vs. No) 1.864 0.975-3.566 0.060




3b

Univariate Multivariate

HR 95%C.1. Pvalue HR 95%C.1. P value
Age (=75 vs.<75) 1.329 0.696-2.538 0.388
Gender (Male vs Female) 0.522 0.283-0.964 0.038 0.511 0.275-0.950 0.034
BMI (= 25 vs. <25) 0.492 0.176-1.382 0.178
Tumor location (U vs. M/L) 3.045 1.557-5.955 0.001 2.213 1.086-4.513 0.029
Pathological stage (III, IV vs. I, IT) 8.735 2.693-28.33 <0.001 8.028 2.453-26.27 <0.001
Adjuvant chemotherapy (Yes vs. No) 0.983 0.516-1.876 0.959
EC1 domain of CDHI mutation (Yes vs. No) 3.267 1.594-6.697 0.001 2.118 1.011-4.436 0.046

HR, hazard ratio; CI, confidence interval
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SRC (n=11) PCC-NOS/SRC (n=19) PCC-NOS (n=12)  pfE
F#5 (EBFE) 65 (49-85) 62 (23-81) 72.5 (31-84) 0.040
R 1.000
B 7 [63.6] 11 [57.9] 7 [58.3]
g 4 [36.4] 8 [42.1] 5 [41.7]
& B EBAL 0.051
U 4 [36.4] 2 [10.5] 3 [25.0]
M 7 [63.6] 8 [42.1] 5 [41.7]
L 0 [0] 9 [47.4] 4 [33.3]
pT 0.387
Tla 0 [0] 1 [5.2] 0 [0]
Tib 0 [o0] 0 [0] 0 [0]
T2 0 [0] 3 [15.8] 0 [0]
T3 4 [36.4] 4 [21.1] 2 [16.7]
T4a 7 [63.6] 9 [47.4] 10 [83.3]
Tab 0 [o0] 2 [10.5] 0 [0]
pN 0.879
NO 3 [27.3] 6 [31.6] 2 [16.7]
N1 2 [18.2] 2 [10.5] 1 [8.3]
N2 3 [27.3] 2 [10.5] 2 [16.7]
N3a 1 [9.0] 4 [21.1] 2 [16.7]
N3b 2 [18.2] 5 [26.3] 5 [41.6]
pStage 0.403
[ 0 [0] 3 [15.8] 0 [0]
I 4 [36.4] 3 [15.8] 1 [8.3]
n 5 [45.5] 9 [47.4] 6 [50.0]
v 2 [18.2] 4 [21.1] 5 [41.7]
IEEE% 0.175
RO 9 [81.8] 15 [78.9] 6 [50.0]
R1 2 [18.2] 4 [21.1] 6 [50.0]
cY 0.440
CYo 9 [81.8] 15 [78.9] 7 [58.3]

cvl 2 [18.2] 4 [21.1] 5 [41.7]
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