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Abstract: Inhibition of the immune microenvironment is the main cause of tumor recurrence after surgery in patients
with gastric cancer (GC). In this study, immunohistochemistry and multiple immunofluorescence staining were used
to evaluate immunosuppressive indicators and immune biomarkers in 825 patients with gastric cancer from three
centers. We constructed an immunosuppressive recurrence score (IRS) using LASSO Cox regression based on the
expression of six immunosuppressive indicators and found that the IRS and IRS-based nomogram were significantly
accurate and reliable in predicting recurrence. Moreover, an elevated IRS was associated with locoregional recur-
rence and postoperative adjuvant chemotherapy failure. Furthermore, an increase in IRS indicated inhibition of the
antitumor effect of CD8* tumor-infiltrating lymphocytes in the invasive margin. Thus, we propose that the IRS can
predict the recurrence outcome of patients with GC by distinguishing the immunosuppressive status, which is help-
ful in the selection of individualized adjuvant treatment plans.
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Introduction

Recurrence is the main cause of poor postop-
erative prognosis of gastric cancer (GC) [1].
Approximately 40-60% of patients with GC will
have recurrence postoperatively [2, 3], includ-
ing local recurrence, peritoneal metastasis,
and distant recurrence [4, 5]. Currently, postop-
erative adjuvant chemotherapy is an important
treatment to reduce the risk of recurrence in
patients with GC [6, 7]. Chemotherapy can di-
rectly Kill tumor cells or increase their suscepti-
bility to immune effects to promote tumor-kill-
ing activity [8, 9]; however, chemotherapy resis-
tance limits its clinical application. Recently,
immunotherapy has shown significant antitu-
mor effects in the treatment of various solid

tumors. Immunotherapy has become the first-
line treatment for some tumors since it can
enhance the antitumor effect of the immune
system by reactivating the suppressed immune
microenvironment [10-15]. However, immuno-
therapy does not have a high response rate in
GC [16], which may be caused by the hetero-
geneity of the tumor microenvironment (TME)
[17, 18]. For example, patients with tumors that
have increased immune cell infiltration can
benefit more from immunotherapy [17, 19].
Concomitantly, several scholars hypothesized
that different immunosuppressive indicators
expressed by tumor cells may affect the status
of tumor-infiltrating lymphocytes (TILs), ulti-
mately leading to adverse outcomes, such as
local recurrence [20]. Therefore, the immune
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status may be the key in deciding the treatment
and predicting the recurrence of GC.

Inhibition of the immune microenvironment is
an important factor that leads to tumor recur-
rence. The normal immune system function of
the body can recognize and eliminate tumor
cells, while suppression of immune function
can lead to tumor development and postopera-
tive recurrence, which may be related to tumor
immune escape [21-24]. Therefore, inhibition of
the tumor immune escape may be the key to
tumor treatment. Inhibition of immune check-
point proteins may reduce the ability of the
TME, thus inhibiting the host antitumor im-
munity [16]. In GC, immunotherapy based on
the anti-PD-1/PD-L1 axis has shown significant
clinical efficacy [25, 26]. Differences in the
expression of immunosuppressive indicators in
tumors can be used to predict the prognosis of
patients with GC and evaluate the effect of
adjuvant therapy; however, the accuracy based
on a single molecule is unsatisfactory. Our pre-
vious study reported that a scoring system
based on multiple immunosuppressive indica-
tors has higher accuracy in predicting the prog-
nosis of patients with GC [27]. First, these
immunosuppressive indicators induce immune
cells to release inhibitory factors by reprogram-
ming them, which inhibits the activation and
downregulation of TIL infiltration and leads to
immunosuppression [29-32]. Moreover, they
can reduce the sensitivity of tumor cells to cy-
totoxic T lymphocytes (CTLs) to escape the
immune system or bind to inhibitory receptors
on the surface of lymphocytes to mediate apop-
tosis [28, 29]. For example, CEACAM1 down-
regulates antitumor immunity by inhibiting the
immune response of TILs to cancer cells th-
rough the TIM-3 signaling pathway [30]. The
immunosuppressive indices CD155 and NE-
CTIN2, which are members of the NECTIN-like
molecule family, can affect CTL activity through
the PVR-TIGIT axis, thus modifying antitumor
immunity [31]. However, it is unclear which
immunosuppressive indicators are valuable in
predicting GC recurrence. We hope to further
explore the potential of a scoring system based
on immunosuppressive indicators to guide
immunotherapy by predicting the recurrent sta-
tus and patterns.

In this study, we combined the immunosup-
pression index with the prognosis of patients
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with GC and established a signature called the
immunosuppressive recurrence score (IRS) to
categorize patients with different risks of recur-
rence. We used this as a basis to predict recur-
rent patterns in patients at different risks of
recurrence. We further validated the ability of
the IRS to differentiate immune characteristics
to determine the potential benefits of adjuvant
chemotherapy and immunotherapy. To a cer-
tain extent, IRS can guide surgeons in select-
ing adjunctive treatment for patients with GC,
including immunotherapy and chemotherapy,
according to the different risks of recurrence.
Simultaneously, IRS can help develop follow-up
strategies and screening plans for patients to
obtain better treatment outcomes.

Materials and methods
Patients and tissue specimens

This study included 825 patients with GC
between January 2010 and October 2015.
Among these, 627 patients from the Fujian
Medical University Union Hospital were divided
into the training cohort (n=418, 2010-2013)
and internal validation cohort (n=209, 2013-
2015) according to the time of surgery. A total
of 198 patients from Qinghai University Hos-
pital (n=110) and the First Affiliated Hospital
of the University of Science and Technology of
China (n=88) were included in the external
validation cohort. The detailed inclusion and
exclusion criteria are described in the Sup-
plementary Methods section. The study was
approved by the Ethics Committees of Fujian
Medical University Union Hospital, the Affiliat-
ed Hospital of Qinghai University, and the First
Affiliated Hospital of the University of Science
and Technology of China. The ethics approval
number of the scientific research project was
2021KY018 from the Fujian Medical University
Union Hospital. Written informed consent was
obtained from all patients before specimen
collection.

Definition and classification of recurrence

Recurrence was defined as the presence of a
tumor showing GC cells confirmed on tissue
biopsy or presence of imaging features that
are highly indicative of tumor recurrence.
Recurrence was categorized as locoregional,
peritoneal implantation, or distant metastasis.
Locoregional recurrence included recurrence
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in the gastric bed, anastomoses, and perigas-
tric lymph nodes. Recurrence in the duodenum
was also defined as local recurrence, belonging
to the “others” category in this study.

Immunohistochemistry

Seven immunosuppressive indicators were ba-
sed on previous immunohistochemistry analy-
sis: SIGLEC6, CD44, CEACAM1, CD155, HM-
GB1, NECTIN2, and ADENOSINE [32]. The scor-
ing criteria for immunosuppressive indicators
were as follows: in five randomly selected
fields, the average percentage and intensity of
positive cells were evaluated to determine pro-
tein expression levels. The scoring criteria
(Figure S1) were as follows: the staining inten-
sity was categorized as O (no staining), 1 (weak
staining, light yellow), 2 (medium staining, yel-
low to brown), or 3 (strong staining, brown), and
the proportion of positive tumor cells was cat-
egorized as 0 (5% positive cells), 1 (6%-25%),
2 (26%-50%), and 3 (=51%). The staining inten-
sity score was multiplied by the proportional
staining score (total score, 0-9) to calculate the
final expression score. Patients with a final
score <4 were included in the low-expression
group, and those with a score >4 were included
in the high-expression group.

To assess the immune context of patients with
GC, we analyzed total immune cells (CD45), T
lymphocytes (CD3), cytotoxic T lymphocytes
(CD8), and activated and memory T lympho-
cytes. To evaluate the infiltration of immune
cells, five representative and independent
fields at 200 x magnification were captured at
the center of tumor (CT) and invasive margin
(IM) of each tissue. An example of this proce-
dure is shown in Figure S2. Then, we used the
“measurement” plug-in of the Image Pro Plus
software (version 6.0; Inc., USA) to assist in
marker counting to determine the number of
positive cells in the field. The average number
of positive cells in the five fields was divided by
the area of the field to obtain the infiltration
density of immune cells in the CT and IM.

To determine the microsatellite instability (MSI)
and Epstein-Barr virus (EBV) status of the pa-
tients, MLH1, MSH2, MSH6, and PMS2 immu-
nohistochemical staining and EBER (ISH-6021;
ZSGB-BIO) in situ hybridization were perform-
ed. The evaluation criteria for MSI and EBV sta-
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tus are shown in Figure S3 and Supplementary
Methods.

Two experienced pathologists, blinded to the
clinicopathological characteristics and progno-
sis of the patients, independently scored all
samples. When scoring immune checkpoints
and evaluating MSI and EBV status, approxi-
mately 93% of the scores were completely con-
cordant. When the scores of the two indepen-
dent pathologists varied, another pathologist
reviewed the results and selected one of the
scores of the first two pathologists or the three
pathologists arrived at a consensus. Details of
the antibodies used in this study are presented
in Table S1.

Building the IRS using the LASSO Cox regres-
sion model

The least absolute shrinkage and selection
operator (LASSO) Cox regression model was
used to integrate seven significant indicators
and eliminate the offset caused by the correla-
tion between variables to build a signature for
predicting recurrence in the training cohort
(n=418). We use the “glmnet” package of R
software (version 4.0.0) to analyze the data
using the LASSO Cox regression model. The
three risk groups were distinguished according
to the optimal cutoff value of the IRS using
X-tile software (version 3.6.1).

Multiplexed immunofluorescence staining and
analysis

To determine the differences in the TME in dif-
ferent IRS risk groups, we performed multi-
plexed immunofluorescence staining to identify
the expression of CD8, PD-1, and TIM-3 using
the Opal kit (Perkin-Elmer, USA) in 45 GC tissue
samples. In the three risk subgroups of the
internal validation cohort, each patient with GC
was assigned a random number in each sub-
group, and the top 15 patients (ranked from
small to large) in each group were selected by a
random number, for a total of 45 cases.

We used the Mantra System (PerkinElmer, USA)
to scan the multiplexed immunofluorescence-
stained tissues at 200 x magnification and
InForm image analysis software (PerkinElmer,
USA) to quantify positive cells automatically. To
ensure the accuracy of the results, two patho-
logists individually verified the results using the
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aforementioned method. When the difference
between the software results and those of the
two pathologists was within 5%, the average of
the two results was obtained. If the difference
exceeded 5%, the two pathologists reassess-
ed the results and a third pathologist was
asked to evaluate the results. Finally, the third
pathologist decided which result would be
accepted. The detailed steps are shown in

Supplementary Methods.

Statistical analysis

SPSS (version 26.0, IBM, Inc., USA) and R soft-
ware (version 4.0.0) were used to process all
data. The Mann-Whitney U test was used to
compare the two groups, and the Kruskal-
Wallis test to perform multiple comparisons.
Categorical variables of clinicopathological
characteristics were compared using x? test
or Fisher’s exact test. Nonparametric correla-
tion analyses were performed using the
Spearman’s test. Kaplan-Meier survival analy-
sis with log-rank test was used to estimate
recurrence-free survival (RFS). The Cox propor-
tional hazard model was used to confirm the
association between the relevant clinicopatho-
logical variables and RFS. Significant variables
after the univariate Cox analysis were included
in the multivariate Cox analysis. Statistical sig-
nificance was set at P-value <0.05.

Results

Patient characteristics and construction of the
IRS

The clinicopathological data of 825 patients
with GC are presented in Table 1, and a flow
chart of this study is shown in Figure 1.

To verify the prognostic value of immunosup-
pressive indicators (SIGLEC6, CD44, CEACAM1,
CD155, HMGB1, NECTIN2, and ADENOSINE)
for RFS, immunohistochemistry was perform-
ed to evaluate the expression of these seven
indicators in GC specimens from 825 patients
in three centers (Figure 2A). As hypothesized,
patients with GC with low expression of all
seven indicators showed lower recurrence ra-
tes (Figure S4A-C). Our previous study reported
a correlation between the seven immunosup-
pressive indicators [27]. To reduce the impact
of correlations between these seven indicators
and construct a scoring system, we used the
LASSO Cox regression model to fit the RFS data
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from the training cohort. In the optimization
model, six of the seven indicators were select-
ed, and the six selected indicators and their
corresponding regression coefficients (Figure
2B and 2C) were used to derive the model for-
mula. The following formula was used to calcu-
late the IRS for each patient: IRS=0.17543 x
CEACAM1 + 0.04265 x SIGLEC6 + 0.20185 x
CD44 + 0.05687 x CD155 + 0.02017 x AD-
ENOSINE - 0.0507 x NECTIN2. In the formula
generated by the LASSO Cox regression mo-
del, the HMGB1 indicator was excluded, which
was attributed to the correlation coefficient of
0 (less critical in the formula). To explore the
clinical characteristics of patients with GC with
different IRS scores, we divided these patients
into three subgroups (low risk, 0-1.92; moder-
ate risk, 1.93-3.02; and high risk, 3.03-5)
according to the cutoff point calculated using
X-tile software (Figure S5A-C). As mentioned
above, we classified patients with GC into three
subgroups according to the IRS that we con-
structed based on six immunosuppressive sig-
natures. This provided the basis for our analy-
sis of the clinical outcomes and immune cell
infiltration.

Value of IRS in predicting recurrence

Receiver operating characteristic (ROC) curve
analysis displayed that the IRS could accurately
predict the outcome of recurrence in different
years (Figure 3A-C). The three risk subgroups
showed significant differences in the five-year
recurrence rate (Figure 3D-F). Similar results
were obtained in patients with different clinico-
pathological factors (except for those in stage |)
(Figures S6, S7, S8). The x? test was performed
in the three cohorts to compare the differences
in clinicopathological variables in different risk
groups, and there was no significant difference
except for TNM stage and CA19-9 level (Tables
S2, S3). Univariate and multivariate analyses
using the Cox regression model showed that
IRS was a powerful and independent factor for
RFS (Tables S4, S5, S6). The abovementioned
results revealed that IRS is a powerful and inde-
pendent factor and could significantly distin-
guish postoperative patients with GC with dif-
ferent risks of recurrence.

IRS was correlated with postoperative recur-
rence time

We analyzed the composition of patients with
different clinical outcomes among the three
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Table 1. Clinicopathological characteristics of the patients with GC in each cohort

Internal Cohort External
Variable Training Cohort Validation Cohort Validation Cohort
N % N % N %
Total patients 418 - 209 - 198 -
Age (years)
<65 246 58.9 120 57.4 140 70.7
>65 172 411 89 42.6 58 29.3
Sex
Female 98 23.4 57 27.3 60 30.3
Male 320 76.7 152 72.7 138 69.7
BMI
<25 351 84.0 178 85.2 - -
>25 67 16.0 31 14.8 - -
Resection type
Partial gastrectomy 183 43.8 97 46.4 144 72.7
Total gastrectomy 235 56.2 112 53.6 54 27.3
Tumor size
<50 mm 230 55.0 112 53.6 137 69.2
>50 mm 188 45.0 97 46.4 61 30.8
Tumor location
Cardia 101 24.2 52 24.9 - -
Body 88 21.1 32 15.3 - -
Antrum 186 44.6 93 44.5 - -
Whole 43 10.1 32 15.3 - -
Grade
Low 189 45.2 105 50.2 67 33.8
Moderate + High 144 34.5 68 32.6 76 38.4
Mix 67 16.0 33 15.8 52 26.3
Unknown 18 4.3 3 1.4 3 1.5
Depth of invasion
T1 37 8.8 36 17.2 36 18.2
T2 47 11.2 22 10.5 41 20.7
T3 151 36.1 92 44.0 17 8.6
T4 183 43.8 59 28.2 104 52.5
Lymph node metastasis
NO 94 22.5 71 34.0 94 475
N1 76 18.2 40 19.1 34 171
N2 88 21.0 32 15.3 31 15.7
N3 160 38.3 66 31.6 39 19.7
AJCC (7th)
| 55 13.2 44 211 57 28.8
Il 113 27.0 64 30.6 53 26.8
1] 250 59.8 101 48.3 88 44.4
MSI status
MSS/MSI-L 337 80.6 169 80.9 144 72.7
MSI-H 81 19.4 40 19.1 54 27.3
EBV status
Negative 393 94.0 196 93.8 189 95.5
Positive 25 6.0 13 6.2 9 4.5
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Adjuvant chemotherapy

Yes 221 52.9

No 197 47.1
CEA

Normal 346 82.8

Elevated 72 17.2
CA19-9

Normal 330 78.9

Elevated 88 21.1

110 52.6 100 50.5
99 474 98 49.5
191 91.4
18 8.6
166 79.4
43 20.6

IHC Data Collection

Patients included
1
: [866 GC tissue were included from ‘J

| | internal and external centers

41 cases were excluded
f——>{ due to lack of data about

|
|
|
|
|
|
|
|
recurrence |
|
|
|
|
|
|
|
|

I

\ Internal Training cohort external
validation cohort (n=418) validation cohort

: (n=209) (n=198)

Figure 1. Workflow of the study.

groups. In the high-risk group, 45.2% of the
total group had recurrence within 1 year, while
the percentage was only 2.7% in the low-risk
group and between the values of the other two
groups in the moderate-risk group. The results
were also applicable to patients with recur-
rence within 2 and 3 years, but the opposite
was observed in patients without recurrence
(P<0.001, Figure 3G-I). The significant differ-
ence in recurrence status among the three risk
groups led us to hypothesize that the IRS score
was related to RFS. As expected, patients with
early recurrence had higher IRS scores than
those with late recurrence (Figure 3J). We
obtained similar results in the internal and
external cohorts (Figure 3K and 3L), and insuf-
ficient number of patients with recurrence after
5 years in the external cohort did not affect our
conclusions. In summary, patients with GC with
higher IRS scores were more likely to have
relapse within a shorter time after surgery.

IRS predicts the benefit of chemotherapy

As shown in Figure S9, chemotherapy signifi-
cantly reduced the recurrence rate in the mod-
erate-risk group, whereas in the high-risk
group, patients failed to benefit from chemo-
therapy. In the low-risk group, the overall recur-
rence rate was low, and chemotherapy did not
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Validation of model

Association with immune infiltration

3
gi{

improve the recurrence rate. The results were
consistent between the training cohort and the
internal and external validation cohorts.

IRS predicts recurrence patterns

The recurrence patterns in the training and
internal validation cohorts are shown in Figure
4A. To explore whether IRS can predict recur-
rence patterns, we compared the IRS of pa-
tients with and without locoregional recurrence
among all patients who had recurrence. Figure
4B and 4C shows that patients with locoregion-
al recurrence had significantly higher IRS
scores (P=0.002). However, patients with peri-
toneal and distant metastases did not show
any diversity (Figure S10A and S10B). We also
found that patients with locoregional recur-
rence (Figure S10C) showed different recur-
rence sites and patients with recurrence of
perigastric lymph nodes had a higher IRS than
patients without recurrence of lymph nodes
(P=0.034, Figure 4D).

IRS is related to the infiltration of T lympho-
cytes in the IM

To explore the reason that patients with higher

IRS relapsed earlier and more easily and had
higher risk of locoregional recurrence (espe-
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Figure 2. Construction of the immunosuppressive recurrence score (IRS) using the LASSO Cox regression model. A. Heatmap showing the immunohistochemistry
scores of seven immunosuppressive checkpoints (HMGB1, SIGLEC6, NECTIN2, CEACAM1, CD155, CD44, and ADENOSINE) in the training cohort (n=418), internal
validation cohort (n=209), and external validation cohort (n=198). B. Construction of the IRS using the LASSO Cox regression method; the LASSO coefficient of the
six immunosuppressive checkpoints is shown. C. The tenfold cross-validation of fine-tuning parameter selection in the LASSO model.

2056 Am J Cancer Res 2022;12(5):2050-2067



Immunosuppressive score to predict recurrence

Recurrence-Free Year "] Non-Recurrence I <1 Year [ 1~3 Year 3~5 Year ' >5 Year
A D G 100% '
Training Cohort Traning Cohort
10 1.0 = Low p <0.001 ot
- Mod ; g
0.84 -~ High 75% 8.2% s
08 8 g
206 2a
o) e 8
= oe 304/ 50% x
= 304 °
(=) 2 4 8.1% 2
— B 7]
c n
E & 04 0.2 sgi: 2
Ll % AUC(95%Cl) 00 25% §
02 / . = 1-Year:0.782(0.728,0.836) e y . v . T S
- L ~2-Year:0.781(0.736,0.826) 0 12 24 36 48 60 €
7 3-Year:0.783(0.739,0.827) No. at risk Time (months) £ 1
5-Year:0.786(0.743,0.829) Low 147 143 138 134 133 130
00 w=Overall:0.764(0.719,0.809) Mod 198 121 126 13 101 93
’00 = ” o o 5 Hon T3 40 21 16 10 8 0% .
1- Specificity LowRisk ~ ModRisk  High Risk <1Year 1~3Year 3~5 Year >5 Year
B E H 100% K
Internal Validation Cohort Internal Validation Cohort
0 1.04 mkﬂov: p <0.001 94
- Mol
g 0.84 < High 75% (/83
8
— 08 © &
)
© £ 0.6 % s
= ; s & —_—
== 2044 50%
© 2 g
> S 14 9% =
173
— § 04 0.24 %2
N . =3
E - AUC(95%Cl) 004 259 2
L = 1-Year:0.757(0.683,0.832) s T . v T T 5
‘9 0.2 L «2-Year:0.772(0.707,0.836) 0 12 24 36 48 60 e g
c R4 3-Year:0.795(0.736,0.855) No. at sk Time (months) £ £,
= 5-Year0.772(0.710.0.835) s o o 50 56 5 -
00 e Overall:0.776(0.714,0.838) Vid 103 80 64 56 54 52
’00 " = = = — High 38 23 1 7 6 6 0%
1- Specificity Low Risk ModRisk  High Risk <1Year 1~3 Year 3~5 Year >5 Year
C F I 100%
External Validation Cohort o
External Validation Cohort .
10 J
= 1.04 - Low p <0.001 g
s z o M_Od 75% %]
— r ) 0.84 -~ High o
= Y ¢ 31% <
'g 3 E3
< S 0.6 g
T E 14
© 5 50%
2 [ 20.4- 2
- : g
B 04
< 021 g?
E AUC(95%Cl) 255% 3
s . e 1-Yoar:0.740(0.657,0.822) 004 : 5
by 02 e e 2-Year:0.696(0.619,0.772) s : . r : . E
» 4 3-Year:0.790(0.615,0.766) 0 12 24 36 48 60 £
L J 5-Year:0.703(0.628,0.777) No. at risk Time (months) !
oo, e Oveerall:0.703(0.629,0.777) Low 82 7 - 58 58 50
=5 = o7 =5 =3 = Mod 52 43 32 32 32 19 0%
: . Hion 64 35 26 22 20 14
1- Specificity Low Risk Mod Risk  High Risk <1 Year 1~3 Year 3~5 Year

2057 Am J Cancer Res 2022;12(5):2050-2067



Immunosuppressive score to predict recurrence

Figure 3. Data from three independent cohorts point out that IRS remarkably predicts recurrence in gastric cancer. A-C. Time-dependent receiver operator char-
acteristic (ROC) curves of IRS for recurrence-free survival (RFS) in the training (n=418), internal validation (n=209), and external validation (n=198) cohorts. D-F.
Kaplan-Meier curves for RFS according to IRS in the training, internal validation, and external validation cohorts. G-I. Compositions of recurrence status and recur-
rence time in the low-, moderate-, and high-risk groups in the training, internal validation, and external validation cohorts. P<0.001, P<0.001, P=0.007, respectively
(Fisher’s exact test). J-L. Comparison of IRS between patients with gastric cancer (GC) with different recurrence times in the training, internal validation, and external
validation cohorts. *P<0.05; **P<0.01; ***P<0.001; ****P<0.0001; non-significant values are shown as blanks (Kruskal-Wallis test).
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and patients with non-lymph node locoregional recurrence in the internal cohorts. *P<0.05; **P<0.01 (Mann-Whitney U test).
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cially in the perigastric lymph node area), we
investigated the correlation between IRS and
immune cell infiltration. Immune cell quanti-
fication revealed a large difference in immune
cell infiltration between the CT and IM; there-
fore, these two areas were analyzed separately
(Figure 5A).

First, we evaluated leukocyte infiltration
(CD45%). However, in patients with different
recurrence outcomes, there was no significant
difference in leukocyte infiltration, in either the
IM or CT (Figures 5B, S11, S12). Subsequently,
we narrowed the scope of our study to TILs. The
densities of CD3*(IM) and CD8+“M) TILs were neg-
atively correlated with IRS in the low- and mod-
erate-risk groups, but a reverse trend was
observed in the high-risk group (Figure 5B-D).
The highest CD3+“M) and CD8*(|M) TIL levels were
found in the low-risk group (Figures 5E, 5F,
S12, S13). However, this difference was not
observed in memory T (CD45R0") cells (Figures
5B, S11, S12).

Increased IRS indicated suppression of the
effect of CD8", T lymphocytes

As the executors of killing tumor cells, CD8*
TILs have been associated with better prognos-
tic outcomes in many studies [33-35]. However,
abundant CD8* lymphocytes were present in
the high-risk (worst prognosis) group of patients
with GC, which evoked our interest. We hypoth-
esized that CD8* TILs may have poor antitumor
effects in the high-risk group of patients with
GC. The co-positivity of PD-1 and TIM-3 in T
lymphocytes represents a hypofunctional host
environment [36-38]. Therefore, we performed
a multiplexed immunofluorescence analysis
of 45 GC specimens to investigate the expres-
sion of PD-1 and TIM-3 in all subgroups (Table
S7). Figure 6A shows the expression of PD-1
and TIM-3 in CD8" /T lymphocytes in the low-,
moderate-, and high-risk groups. Approximately
28.8% and 18.8% of CD8" lymphocytes in the
IM expressed PD-1 and TIM-3, respectively, and
12.1% co-expressed those (Figure 6B and 6C).
In the high-risk group, PD-1*CD8* and

(IM)

PD-1*TIM-3*CD8* =~ T lymphocytes displayed

higher densities (Ihtﬂﬁ]an those in the low- and
moderate-risk groups (Figure 6D). The propor-
tion of CD8*“M) TILs expressing these two inhibi-
tory receptors in the three subgroups was also

diverse. CD8* T lymphocytes showed the

(IM)
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highest proportion of PD-1 or TIM-3 expression
or a combination of the two in the high-risk
group (Figure 6E). For CD8*(CT) T lymphocytes,
no significant difference was observed (Figure
S14).

Building a nomogram based on IRS to predict
recurrence

To facilitate the clinical application of IRS to
predict recurrence in individual patients, we
built a nomogram (Figure 7A) based on the Cox
regression model and integrated IRS and clini-
copathological factors (T stage, N stage, adju-
vant chemotherapy, and CA19-9 level). ROC
analysis showed that the nomogram had a high
accuracy in predicting 1-, 3-, and 5-year recur-
rences. Calibration analysis verified the reliabil-
ity of the nomogram, and the decision curve
analysis (DCA) showed its clinical usefulness
(Figures 7B-D, S15). For patients who under-
went GC resection, the IRS-based nomogram
had better reliability, accuracy, and clinical
availability in predicting recurrence. Further-
more, it was stable in predicting recurrence in
different time periods.

Discussion

In this study, we constructed a simple and reli-
able IRS based on six immunosuppressive indi-
cators expressed in GC tissues to characterize
the immune microenvironment of GC and pre-
dict the RFS and pattern of recurrence. The
results showed that patients with GC with an
elevated IRS may be at high risk for early and
locoregional recurrence. Moreover, IRS was
able to identify patients with GC who respond-
ed to adjuvant chemotherapy. Our results sug-
gest that postoperative adjuvant chemotherapy
is essential in reducing the risk of recurrence
in patients with moderate risk. We also provide
an example of the potential application of IRS,
where an IRS-based nomogram demonstrated
strong recurrence prognostic value and was
validated in three independent cohorts. In sum-
mary, we believe that the IRS has important
clinical application potential in predicting recur-
rence in individual patients.

Inhibition of the immune microenvironment is a
marker of GC progression and plays a crucial
role in tumor recurrence [39, 40]. In addition to
PD-L1, other immunosuppressive molecules
are thought to act alone or in combination with
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Figure 5. IRS correlated with CD3* and CD8"* TIL infiltration in the invasive margin (IM). A. Expression of four immune
biomarkers (CD45*, CD3*, CD8*, CD45R0") in the center of the tumor (CT) and invasive margin (IM) of patients
with GC from the internal cohorts (n=627), and the expression of two immune biomarkers (CD3*, CD8") in the
CT and IM of patients with GC from the external validation cohort (n=198). ****P<0.0001 (paired t-test). Error
bar indicates mean and standard deviation. B. Correlation between IRS values and infiltration levels of immune
biomarkers (CT and IM) in the training, internal validation, and external validation cohorts (Spearman correlation
test). C, D. Correlation between IRS values and infiltration levels of CD3" ~and CD8"  in the training cohort of
patients with GC (Spearman correlation test). E, F. Comparison of the expression of CD3*  and CD8  inthree sub-
groups (low-, moderate-, and high-risk subgroups) of patients with GC from the training cohort. *P<0.05; **P<0.01;
****P<0.0001; ns, not significant (Kruskal-Wallis test).
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Figure 6. Multiplexed immunofluorescence (IF) staining reveals that the expression of immune checkpoints (PD-1
and TIM-3) was upregulated in the invasive margin (IM) in the high-risk group. A. Representative multiplexed IF im-
ages showing the expression of PD-1 and TIM-3 in CD8* lymphocytes in the three risk subgroups of patients with GC.
B. In the low- (n=15), moderate- (n=15), and high-risk (n=15) groups, the different subtypes of CD8* lymphocytes
were classified according to PD-1 and TIM-3 expression. C. Percentages of PD—1‘TIM—3'CD8+“M), PD-1*TIM-3'CD8+(IM),
PD-1*TIM-3*CD8* ’ and PD—:I.*TIM*CDS*UM) T lymphocytes in 45 patients with GC. D. Comparison of the expression

IM

of PD-1°CD8" ., &I'IM—S*CDS*“M), and PD-1*TIM-3*CD8"  in the low-risk (n=15), moderate-risk (n=15), and high-
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risk (n=15) risk groups of patients with GC. E. Comparison of the percentages of CD8* lymphocytes expressing
PD-1*CD8*“M), TIM-3*CD8* ., and PD-1"TIM-3*CD8"  in the low-risk (n=15), moderate-risk (n=15), and high-risk
(n=15) groups of patients with GC. *P<0.05; **P<0.01; ***P<0.001; ****P<0.0001; ns, not significant (Kruskal-

Wallis test). Scale bar =200 ym.

PD-L1 to downregulate antitumor immunity.
They promote immunosuppression by redu-
cing TIL infiltration, inhibiting T cell activation,
recruiting inhibitory cells (e.g., regulatory T cells
or myeloid inhibitory cells), or increasing the
expression of inhibitory receptors [28, 39,
41-45]. Based on the results of previous stud-
ies, we identified seven immunosuppressive
indices that are significant for GC recurrence
[27]. We used LASSO Cox regression analysis
to eliminate the correlation between indicators.
Finally, we excluded HMGB1 from the formula
because the predictive effect of HMGB1 on GC
recurrence could be replaced by other indica-
tors. Our study shows that IRS is a strong and
independent factor that can accurately deter-
mine the risk of recurrence in patients with GC
after surgery. Moreover, the value of IRS in pre-
dicting GC recurrence may not be affected by
TNM staging, MSI, or EBV status, providing IRS
with a wide application value in predicting GC
recurrence. Compared to many complex vari-
ables required in oncology, IRS-based nomo-
grams can further improve their ability to pre-
dict individual patient outcomes and demon-
strate significant discrimination, accuracy, and
clinical utility, which only requires few immuno-
suppressive indicators and common clinico-
pathological information.

There is increasing evidence that TILs, which
represent the local immune response [46-48],
are associated with the recurrence of several
cancers in many malignant tumors [49-51].
Therefore, distinguishing the extent of TIL infil-
tration is critical for deconstructing the immu-
nosuppressive microenvironment. Our study
confirmed that the expression levels of the
immune markers CD3*, CD8*, and CD45R0O*
were significantly associated with recurrence
(Figure S16). Interestingly, there was a strong
correlation between the locations of the TILs.
Particularly, TILs(IM) showed a more significant
correlation. Our data suggest that IRS is associ-
ated with the effect of CD8* ) TILs. Increased

(IM

CD8+“M) TIL infiltration enhances local antitu-

mor activity in low- and moderate-risk popula-
tions. With an increase in IRS, CD8*“M) TIL infil-
tration tended to decrease. However, this trend
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was reversed in the high-risk group. Despite
the increased infiltration of CD8*(IM) TILs in the
high-risk group, PD-1 and TIM-3 overexpression
led to exhaustion of most CD8*“M) TILs, which
represented the inhibition of the antitumor
effect of CTLs [36-38]. Due to the suppression
of the local immune response, patients with GC
still have micrometastasis after adjuvant che-
motherapy, which may explain why patients
with GC with high IRS have higher risk of recur-
rence (especially the recurrence of perigastric
lymph nodes).

Adjuvant chemotherapy is the standard treat-
ment for patients with advanced GC after sur-
gery. However, the efficacy of chemotherapy,
together with its direct cytoinhibitory/cytotoxic
effects, can also be affected by (re)activation of
the antitumor immune response [52, 53]. In our
study, IRS was able to predict the sensitivity of
patients with GC to adjuvant chemotherapy. In
the moderate-risk group, in which immune
function was not completely suppressed, post-
operative adjuvant chemotherapy significantly
reduced the recurrence rate. However, chemo-
therapy was ineffective in the high-risk group
of immunosuppressed patients. For these
patients, new therapies must be developed to
reduce postoperative recurrence rates. Most
patients who respond to immunotherapy pres-
ent with so-called “hot” tumors [54], which
have a high level of immune cell infiltration;
however, the expression of inhibitory receptors
(e.g., PD-1 and TIM-3) in immune cells inhibits
the antitumor effect [17, 19, 54]. Our study
showed that patients with GC in the IRS high-
risk group displayed this characteristic. There-
fore, we speculate that the prognosis of pa-
tients with GC in the high-risk group may be
improved by immunotherapy. However, our
study had some limitations. First, this was a ret-
rospective study, and the follow-up time of the
patients receiving immunotherapy in our center
was only 1 year; hence, we do not have corre-
sponding data to verify the abovementioned
hypothesis.

In conclusion, we constructed a model based
on six immunosuppressive indicators to assess
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the risk of recurrence in patients with GC. The
predictive properties of this model can help
surgeons customize treatment plans, including
postoperative follow-up, examination, and treat-
ment plans. For low-risk patients, the benefit of
chemotherapy is not significant and the deci-
sion to administrate chemotherapy should be
made according to the patient’s condition. For
patients in the moderate-risk group, adjuvant
chemotherapy is recommended after surgery
to reduce the risk of tumor recurrence. In the
high-risk group, patients with GC who failed to
respond to chemotherapy alone may benefit
from immunotherapy. Simultaneously, patients
in the high-risk group need to strengthen fol-
low-up frequency to pay attention to the exis-
tence of recurrence, focusing on the possibility
of locoregional recurrence (especially in the
perigastric lymph node area) after surgery. This
is because patients in our analysis in the re-
gional group (red circle in Figure 4A) and lymph
node group (red circle in Figure S10C) showed
other recurrence patterns. According to our
results, IRS can help make broad clinical deci-
sions and provide more opportunities to treat
resectable GC.
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Supplementary methods
Patient information

Gastric tissue specimens, including tumor tissues of the stomach and adjacent non-tumor tissues,
which were fixed in formalin and embedded in paraffin. The inclusion criteria were as follows: (a) histo-
logical identification of gastric cancer (GC), (b) no other malignant tumors or distant metastases, (c)
availability of follow-up data and clinicopathological characteristics, and (d) TNM staging of GC tumors
according to the 2010 International Union Against Cancer guidelines. The exclusion criteria were as fol-
lows: (1) death within 1 month of surgery and (2) chemotherapy or radiotherapy before surgery. All par-
ticipants with advanced GC routinely received fluorine-based chemotherapy. Informed consent was
obtained from all participants.

Follow-up

All participants were followed up every 3 months during the first year and every 6 months thereafter. All
surviving patients were followed up for >5 years. Overall survival was defined as the time from surgery
to the last follow-up (October 2020), time of death, or database deadline (the time lost during follow-up).
For patients with recurrence, recurrence-free survival was defined as the time from surgery to the first
recurrence, while for patients without recurrence, recurrence-free survival was defined as the time from
surgery to the last follow-up. Follow-up was conducted by clinicians from the three centers according to
the uniform standards of the Japanese Statute. The overall loss to follow-up rate was 4.4%.

Definition of microsatellite instability (MSI) status

The scoring criteria (Figure S3) were at least one missing mismatch repair generelated protein, inter-
preted as deficient mismatch repair (dMMR), manifested as microsatellite instability (MSI)-H; no missing
mismatch repair gene-related protein was interpreted as proficient MMR, manifested as MSI-L/MSS.

Multiplexed immunofiuorescence staining and analysis

The formalin-fixed paraffin-embedded tissue sections were cut into 4 mm-thick sections, thawed at
70°C for 45 min, deparaffinized, and fixed with formaldehyde:methanol (1:10). Subsequently, in ethyl-
enediaminetetraacetic acid buffer (pH 8.0), heat-induced antigen recovery was performed at 100%
power in an 800 W standard microwave until the boiling point and then at 30% power for 15 min. The
tissue sections were then cooled and washed in 0.02% Tris-buffered saline-Tween 20 (TBST) with gentle
stirring. The sections were then blocked with blocking buffer (X0909; Dako) for 10 min at room tempera-
ture and then incubated with the primary antibody at 4°C overnight. Then, the horseradish peroxidase
(HRP)-conjugated secondary antibody (Perkin-Elmer, USA) was incubated at room temperature for 1 h,
and the tyramide-based HRP was activated at 37°C for 20 min. The stained signal was further amplified
using Opal 540 Acetamide Signal Amplification (TSA) reagent (Perkin-Elmer, USA) and incubated with
TSA at room temperature to allow covalent binding between the Pax-5 protein and different fluorophores,
mediated by HRP-conjugated secondary antibodies. After this covalent reaction, additional antigen
recovery (citrate buffer, pH 6.0) was performed for 20 min to remove the bound antibody. All steps were
repeated in sequence for each primary antibody. After counterstaining with 4,6-diamidino-2-phenylin-
dole (Life Technologies, UK) at room temperature, all sections were washed five times in 0.02% TBST for
5 min, each for 2 min, and stored in a 4°C lightproof box C until imaging. All nuclei were stained with
DAPI.

Nomogram construction based on the immunosuppressive recurrence score

To build the nomogram, we selected meaningful clinicopathological characteristics (T stage, N stage,
adjuvant chemotherapy, and CA19-9 level) using multivariate analysis and the immunosuppressive
recurrence score to fit the Cox regression model with a stepwise backward method. The “rms” package
of R was used to construct the fitting model and integrate the nomogram. The accuracy, reliability, and
clinical usefulness of the nomogram was evaluated using time-dependent receiver operating character-
istic (ROC), calibration, and decision curve analysis curves (DCA), respectively.
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Figure S1. Immunohistochemical scoring criteria for seven immunosuppressive indicators. Scale bar =200 um.
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Figure S2. Immunohistochemical assessment of four immune biomarkers in patients with gastric cancer (GC). A.
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Figure S3. Immunohistochemical scoring criteria for microsatellite instability (MSI) status and in situ hybridization
scoring criteria for Epstein-Barr virus (EBV) status. Scale bar =200 pym.

Table S1. Antibody Sources for Immunohistochemical and Multiplexed Immunofluorescence Staining

Markers Antibody Source Dilution Species Cellular localization Application
SIGLEC6 ab38581, Abcam, UK 1:200 Rabbit monoclonal Membranous IHC
CD44 35708, CST, USA 1:50  Mouse monoclonal Membranous IHC
CEACAM1 44464S, CST, USA 1:400 Rabbit monoclonal Membranous IHC
CD155 812548, CST, USA 1:200  Rabbit monoclonal Membranous IHC
HMGB1 ab79823, Abcam, UK 1:400 Rabbit monoclonal Membranous, nucleus and cytoplasm IHC
NECTIN2 953338, CST, USA 1:200 Rabbit monoclonal Membranous IHC
ADNEOSINE ab40002, Abcam, UK 1:250  Goat monoclonal Membranous IHC
CD45 ab10558, Abcam, UK 1:200 Rabbit monoclonal Membranous IHC
CD3 ab16669, Abcam, UK 1:150  Rabbit monoclonal Membranous IHC
CD8 ab4055, Abcam, UK 1:200  Rabbit monoclonal Membranous IHC, IF
CD45R0O ab23, Abcam, UK 1:800 Mouse monoclonal Membranous IHC
PD-1 43248S, CST, USA 1:200  Mouse monoclonal Membranous IF
TIM-3 ab241332, Abcam, UK 1:100  Rabbit monoclonal Membranous IF
MLH1 ab92312, Abcam, UK 1:250  Rabbit monoclonal Nucleus IHC
MSH2 ab52266, Abcam, UK 1:250 Mouse monoclonal Nucleus IHC
MSH6 ab92471, Abcam, UK 1:250  Rabbit monoclonal Nucleus IHC
PMS2 ab110638, Abcam, UK 1:250  Rabbit monoclonal Nucleus IHC
EBER* ISH-6021, ZSGB-BIO, CHINA - - Cytoplasm -

*Detection by in situ hybridization.
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Figure S4. Seven immunosuppressive indicators are valuable in predicting gastric cancer recurrence after surgery. A. Training cohort.
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C. External validation cohort. P-values were calculated using the log-rank test.
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Figure S5. Cutoff values for the immunosuppressive recurrence score (IRS) derived using X-tile software.
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Figure S6. In the training cohort, stratified analysis showed that IRS was applicable to predict recurrence of postoperative GC patients with different clinicopathologi-
cal characteristics. A-C. TNM stage. D, E. Microsatellite instability (MSI) status. F, G. Epstein-Barr virus (EBV) status. P-values were calculated using the log-rank test.
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Figure S7. In the internal validation cohort, stratified analysis showed that IRS was applicable to predict recurrence of postoperative GC patients with different
clinicopathological characteristics. A-C. TNM stage. D, E. Microsatellite instability (MSI) status. F, G. Epstein-Barr virus (EBV) status. P-values were calculated using
the log-rank test.
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Figure S8. In the external validation cohort, stratified analysis showed that IRS was applicable to predict recurrence of postoperative GC patients with different
clinicopathological characteristics. A-C. TNM stage. D, E. Microsatellite instability (MSI) status. F, G. Epstein-Barr virus (EBV) status. P-values were calculated using
the log-rank test.
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Table S2. Clinicopathological Characteristics of Patients with Gastric Cancer According to Immunosup-
pressive Recurrence Score Group in Internal Cohorts

Training Cohort (N=418) Internal Validation Cohort (N=209)
Variable Low Risk  Mod Risk High Risk  P* Low Risk Mod Risk  High Risk p*
N % N % N % N % N % N %
Total patients 147 - 198 - 73 - 68 - 103 - 38 -
Age (years) 0.646 0.802
<65 93 63.3 131 66.2 44 60.3 40 58.8 60 583 20 52.6
>65 54 36.7 67 33.8 29 39.7 28 41.2 43 41.7 18 474
Sex 0.325 0.496
Female 33 224 52 263 13 178 16 235 28 272 13 34.2
Male 114 77.6 146 73.7 60 82.2 52 765 75 728 25 65.8
BMI 0.369 0.767
<25 120 81.6 166 83.8 65 89.0 59 86.8 88 854 31 816
>25 27 184 32 162 8 11.0 9 132 15 146 7 184
Resection type 0.009 0.125
Part gastrectomy 76 51.7 85 429 22 30.1 38 55.9 45 43.7 14 36.8
Total gastrectomy 71 483 113 571 51 69.9 30 441 58 56.3 24 63.2
Tumor size 0.142 0.001
<50 mm 56 38.1 86 43.4 38 52.1 49 721 48 46.6 15 395
>50 mm 91 48.3 122 56.6 35 47.9 19 279 55 534 23 60.5
Tumor location 0.006 0.129
Cardia 35 240 52 263 14 19.2 16 235 26 252 10 26.3
Body 26 178 41 20.7 21 28.8 6 88 20 194 6 158
Antrum 75 514 88 44.4 23 315 39 574 41 39.8 13 34.2
Whole 10 68 17 86 15 205 7 103 16 155 9 237
Grade 0.333 0.036
Low 63 429 93 470 33 45.2 30 441 52 505 23 605
Middle + High 57 38.8 67 33.8 20 274 30 441 32 311 6 158
Mix 20 136 29 146 18 24.7 8 118 118 175 7 184
Unknow 7 4.8 9 45 2 27 0 0.0 1 10 2 53
Depth of invasion <0.001 0.002
T1 27 184 11 56 2 27 19 279 16 155 1 26
T2 19 129 24 121 3 4.1 12 176 7 68 3 79
T3 47 32.0 77 389 25 43.2 25 36.8 48 46.6 19 50.0
T4 54 36.7 86 43.4 43 58.9 12 176 32 311 15 395
Lymph node metastasis <0.001 0.054
NO 5 34 3 15 0 0.0 31 456 33 320 7 184
N1 68 46.3 74 374 19 26.0 13 191 21 204 6 158
N2 36 245 47 23.7 7 9.6 10 147 13 26 9 23.7
N3 38 259 74 374 47 64.4 14 206 36 350 16 421
AJCC (7th) 0.003 <0.001
| 30 204 22 111 3 4.1 24 352 18 175 2 5.3
Il 39 265 58 29.3 16 21.9 22 324 33 320 9 237
1 78 53.1 118 59.6 54 74.0 22 324 52 505 27 711
MSI status 0.301 0.584
MSS/MSI-L 114 77.6 160 80.8 63 86.3 54 79.4 82 79.6 33 86.8
MSI-H 33 224 38 19.2 10 13.7 14 206 21 204 5 132
EBV status 0.087 0.529
Negative 143 97.3 184 929 66 90.4 68 941 95 922 37 974
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Positive 4 27 14 71 7 96 4 59 8 178 1 26
Adjuvant chemotherapy 0.423 0.332
Yes 72 49.0 111 56.1 38 52.1 33 485 53 485 24 63.2
No 75 51.0 87 439 35 479 35 51.5 50 515 14 36.8
CEA 0.222 0.144
Normal 128 87.1 160 80.8 58 79.5 66 971 92 89.3 33 86.8
Elevated 19 129 38 19.2 15 205 2 29 11 107 5 132
CA19-9 0.044 0.032
Normal 125 85.0 153 77.3 52 71.2 61 89.7 78 75.7 27 711
Elevated 22 15.0 45 22.7 21 28.8 7 103 25 243 11 289

*Calculated by x?test.

Table S3. Clinicopathological Characteristics of Patients with Gastric Cancer According to Immuno-
suppressive Recurrence Score Group in External Validation Cohort

External Validation Cohort (N=198)

Variable Low Risk Mod Risk High Risk p*
N % N % N %
Total patients 82 - 52 - 64 -

Age (years) 0.849
<65 59 72.0 35 67.3 46 71.9
>65 23 28.0 17 32.7 18 28.1

Sex 0.852
Female 23 28.0 17 32.7 20 31.3
Male 59 72.0 35 67.3 44 68.8

Resection type 0.406
Part gastrectomy 56 68.3 41 78.8 47 73.4
Total gastrectomy 26 31.7 11 21.2 17 26.6

Tumor size 0.540
<50 mm 58 70.7 38 73.1 41 64.1
>50 mm 24 29.3 14 26.9 23 35.9

Grade 0.165
Low 29 35.4 15 28.8 23 35.9
Middle + High 35 42.7 24 46.2 17 26.6
Mix 16 19.5 13 25.0 23 35.9
Unknow 2 2.4 0 0.0 1 1.6

Depth of invasion 0.005
T1 22 26.8 8 15.4 6 9.4
T2 16 19.5 10 19.2 15 23.4
T3 2 2.4 10 19.2 5 7.8
T4 42 51.2 24 46.2 38 59.4

Lymph node metastasis 0.122
NO 44 53.7 25 48.1 25 391
N1 17 20.7 9 17.3 8 12.5
N2 12 14.6 6 11.5 13 20.3
N3 9 11.0 12 231 18 28.1

AJCC (7th) 0.118
| 32 39.0 12 231 13 20.3
Il 18 22.0 15 28.8 20 31.3
M 32 39.0 25 48.1 31 48.4
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MSI status
MSS/MSI-L
MSI-H

EBV status
Negative
Positive

Adjuvant chemotherapy

Yes
No

59 72.0 45
23 28.0 7
79 96.3 49
3 3.7 3
44 53.7 25
38 46.3 27

86.5
13.5

94.2
5.8

48.1
51.9

Immunosuppressive score to predict recurrence

40
24

61

31
33

0.015
62.5
375

0.910
95.3

4.7

0.763
48.4
51.6

*Calculated by x? test.

Table S4. Univariate Analysis of Clinicopathological Characteristics Associated with Recurrence-Free
Survival in the Training Cohort and Internal Validation Cohort

Training Cohort

Internal Validation Cohort

Variable
HR (95% CI) P HR (95% CI) P

IRS 2.962 (2.420, 3.625) i —=®—  <0.001 2.653(2.026, 3.476) | —m—  <0.001
Age (<65 vs >65) 1.119 (0.836, 1.499) .E- 1 0.449  0.904 (0.601, 1.359) -i: 1 0.628
Sex (Female vs Male) 0.862 (0.626, 1.187) —l'~ 0.364 0.879 (0.562, 1.375) —l:— 0.573
BMI (<25 vs >25) 0.878 (0.588, 1.311) -i, 1 0.525 0.732(0.390, 1.373) LI 0.331
Resection type (Part vs Total) 0.828 (0.622, 1.103) —li- 0.197 3.144 (2.039, 4.846) . 0.028
Tumor size (<50 vs >50) 1.397 (1.053, 1.854) = = 0.020 1.397 (1.053, 1.854) i [ #--<0.001
Tumor location i 0.039 , 0.076

Cardia 0.549 (0.335, 0.900) -l-i 0.660 (0.361, 1.205) -I—E~

Body 0.814 (0.502, 1.319)  +~# 0.724 (0.372, 1.408) &I

Antrum 0.602 (0.387, 0.937) rl—i 0.481 (0.275, 0.841) rI—-E

Whole Reference i Reference '
Grade i 0.201 i 0.004

Low 0.867 (0.558, 1.347) li d 0.542(0.132,2.222) +®& : i

Middle + High 1.297 (0.616, 2.731) —— 0.213 (0.049, 0.919) l—:

Mix 1.217 (0.807, 1.833) J._. 0.440 (0.101, 1.918) ~—=———

Unknow Reference E Reference :
Depth of invasion | <0.001 i <0.001

T1 0.225 (0.109, 0.461) ™ : 0.123 (0.049, 0.311) ™ i

T2 0.214 (0.104, 0.439) = E 0.161 (0.058, 0.448) =~ i

T3 0.705 (0.522,0.954) = 0.457 (0.298,0.701) & |

T4 Reference E Reference i
Lymph node metastasis : <0.001 i <0.001

NO 0.199 (0.049, 0.807) i | 0.107 (0.054,0.212) = |

N1 0.202 (0.141, 0.289) : 0.280 (0.152,0.516) = i

N2 0.324 (0.221, 0.476) ™= E 0.608 (0.359, 1.03) L :.

N3 Reference | Reference |
AJCC (7th) : <0.001 i <0.001

Stage | 0.202 (0.106,0.384) = | 0.732(0.39,1.373) = |

Stage Il 0.375 (0.257, 0.547) ®= : 0.629 (0.415,0.951) ™ i

Stage Il Reference E Reference :
MSI status (MSI-H vs MSS/MSI-L)  0.848 (0.588, 1.224) ol 0.379  1.384 (0.858, 2.231) -— 0.183
EBV status (Positive vs Negative) 1.350 (0.783, 2.326) ! E - 0.280 0.418(0.132,1.319) = E ' 0.137
Adjuvant Chemotherapy (Yes vs NO) 0.683 (0.490,0.938) %, 0.039 0.668 (0.445, 1.002) "-: 0.051
CEA (Normal vs Elevated) 1.506 (1.066, 2.126) : i <0.001 2.153(1.173, 3.951) | 10.013
CA19-9 (Normal vs Elevated) E —— 0.020 ——

1.851 (1.348, 2.540)

1.417 (0.885, 2.269)
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Table S5. Multivariate Analysis of Clinicopathological Characteristics Associated with Recurrence-Free
Survival in the Training Cohort and Internal Validation Cohort

Training Cohort

Internal Validation Cohort

Variable
HR (95% CI) P HR (95% Cl) P

IRS 2.620 (2.132, 3.220) L <0.001 2.769 (1.990, 3.854) M <0.,001
Resection type (Part vs Total) | 1.479 (0.950, 2.303) —— 0.083
Tumor size (<50 vs >50) 1297 (0.970,1.735) = 0.079  0.907 (0.549, 1.499) - 0.704
Tumor location ! 0.423 E

Cardia 1.029 (0.616, 1.720) Iﬁ d - |

Body 1.348 (0.824, 2.204) 8 — -

Antrum 1.291 (0.819, 2.036) -E-'—- - |

Whole Reference E - E
Grade | | 0.258

Low 0.298 (0.068, 1.311) —l—-—

Middle + High | 0.124 (0.027, 0.571) -—

Mix 0.250 (0.054, 1.163) L

Unknow ! Refernece .
Depth of invasion E 0.003 E 0.017

T1 0.569 (0.262, 1.237) %~ 0.383 (0.138, 1.060) -

T2 0.343 (0.161, 0.732) #- 0.299 (0.096, 0.928) —-—-

T3 0.791(0.578,1.081) = 0.521 (0.327, 0.830) -

T4 Reference E Reference E
Lymph node metastasis | <0.001 H <0.001

NO 0.315 (0.076, 1.300)&—5—- 0.126 (0.058, 0.271) - E

N1 0.261(0.175,0.388)m | 0.376 (0.192, 0.735) -

N2 0.385 (0.259, 0.572) M 0.614 (0.355, 1.060) .-.—L

N3 Reference | Reference i
Adjuvant Chemotherapy (Yes vs NO) 1.903 (1.410, 2.567) —-— <0.001 3.140 (1.996, 4.940) i — = <0.001
CEA (Normal vs Elevated) 0.780 (0.542, 1.123) v} 0.181 0.579(0.301, 1.116) -— 0.103
CA19-9 (Normal vs Elevated) 0.658 (0.471, 0.921) -I-E 0.015 - i

I 1
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Table S6. Univariate and Multivariate Analysis of Clinicopathological Characteristics Associated with
Recurrence-Free Survival in the External Validation Cohort

Univariate Analyses

Multivariate Analyses

Variable
HR (95% CI) P HR (95% Cl) P
IRS 1.713 (1.400, 2.095) E el <0.001 1.588(1.285, 1.962) E i <0.001
Age (<65 vs >65) 1.041 (0.650, 1.668) - 0.867 |
Sex (Female vs Male) 0.843 (0.537, 1.324) ~l:—- 0.458 :
Resection type (Part vs Total) 1.445 (0.920, 2.270) —— 0.110 - |
Tumor size (<50 vs >50) 0.668 (0.432, 1.032) ,._l 0.069 - :
Grade 0.098
Low 1.537 (0.902, 2.620) i - i
Middle + High 0.838 (0.474, 1.482) EI 1 - E
Mix Reference | - :
Unknow 0(0,1.487E+265) = : - i
Depth of invasion : <0.001 : 0.018
T1 0.377 (0.193,0.736) & | 0.565 (0.265, 1.202) r-—i-
T2 0.219 (0.100, 0.479) ™ E 0.280 (0.123, 0.635) -
T3 0.743 (0.356, 1.554) -—lwl— 0.782 (0.371, 1.650) —m:—
T4 Reference 1 Reference |
Lymph node metastasis : <0.001 i <0.001
NO 0.193(0.112,0.332) = E 0.278 (0.155, 0.500) L3l E
N1 0.279 (0.142,0.546) == | 0.360 (0.182, 0.714) -
N2 0.640 (0.363, 1.128) i E' 0.619 (0.349, 1.099) il E-
N3 Reference i Reference i
AJCC (7th) E <0.001 E
Stage | 0.197 (0.100, 0.387) ™ : - i
Stage Il 0.433(0.257,0.728) &, - |
Stage Il Reference : - i
MSI status (MSI-H vs MSS/MSI-L)  1.162 (0.730, 1.852) —EI—- 0.526 - E
EBV status (Positive vs Negative) 1.254 (0.508, 3.097) —. 0.623 - |
Adjuvant Chemotherapy (Yes vs NO) 1.620 (1.056, 2.484) E—I— 0.027 2.051 (1.299, 3.237) i —#— 0.002
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Figure S9. Patients in the moderated-risk group benefited from adjuvant chemotherapy after surgery, while those in the low-risk and high-risk groups did not. Kaplan-
Meier curves of chemotherapy for recurrence-free survival (RFS). Training cohort: A. Low-risk group. B. Moderate-risk group. C. High-risk group. Internal validation
cohort: D. Low-risk group. E. Moderate-risk group. F. High-risk group. External validation cohort: G. Low-risk group. H. Moderate-risk group. . High-risk group. P-values
of Kaplan-Meier curves were calculated using the log-rank test.
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Figure S10. Peritoneal implants and distant metastasis were not associated with IRS. A. Comparison of IRS between
patients with peritoneal implants and patients with non-peritoneal recurrence in the internal cohorts. B. Compari-
son of IRS between patients with distant metastasis and patients with non-distant recurrence in the internal co-

horts. C. Venn diagram showing the recurrence site in patients with gastric cancer (GC) with locoregional recurrence
from the internal cohorts. ns, not significant (Mann-Whitney U test).
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Figure S11. Association of immunosuppressive recurrence score (IRS) with the infiltration of immune biomarkers
in the training cohort. A, B. Comparison of the expression of CD45" ., CD45R0" ., CD3* ., CD8" ., CD45" . and

M)’
CD45RO0*  in three subgroups (low-risk, moderate-risk, and high-risk subgroups) of patients with gastric cancer
(IM)
(GC). **P<0.01; ns, not significant (Kruskal-Wallis test).
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Figure S12. Association of immunosuppressive recurrence score (IRS) with the infiltration of immune biomarkers
in the internal validation cohort. A, B. Comparison of the expression of CD45*(CT), CD45RO*(CT), CD3+(CT), CD8+(CT),
Ccb4s5* ., CD45RO" . CD3* , ,and CD8"  in three subgroups (low-risk, moderate-risk, and high-risk subgroups) of
patients with gastric cancer (éC). *P<O.(3§; **P<0.01; ***P<0.001; ****P<0.0001; ns, not significant (Kruskal-
Wallis test).
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Figure S13. Association of immunosuppressive recurrence score (IRS) with the infiltration of immune biomarkers in
the external validation cohort. Comparison of the expression of CD3" ., CD8+( . CD3*,,, and CD8* in three sub-
groups (low-risk, moderate-risk, and high-risk subgroups) of patients with gastric cancer (GC). *P<0.05; **P<0.01;
**%*%P<0.0001; ns, not significant (Kruskal-Wallis test).
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Table S7. Clinicopathological Characteristics of Patients with Gastric Cancer for Multiplexed Immuno-
fluorescence Staining According to Immunosuppressive Recurrence Score Group

) Low Risk (N=15) Mod Risk (N=15) High Risk (N=15)
Variable p*
N % N % N %
Age (years) 0.914
<65 8 53.3 8 53.3 9 60.0
>65 7 46.7 7 46.7 6 40.0
Sex 0.678
Female 4 26.7 6 40.0 6 40.0
Male 11 73.3 9 60.0 9 60.0
BMI 0.887
<25 11 73.3 12 80.0 11 73.3
>25 4 26.7 3 20.0 4 26.7
Resection type 0.529
Part gastrectomy 8 53.3 5 33.3 6 40.0
Total gastrectomy 7 46.7 10 66.7 9 60.0
Tumor size 0.144
<50 mm 10 66.7 3 20.0 6 40.0
>50 mm 5 33.3 12 80.0 9 60.0
Tumor location 0.268
Cardia 5 33.3 5 33.3 2 13.3
Body 2 13.3 5 33.3 4 26.7
Antrum 8 53.3 4 26.7 6 40.0
Whole 0 0.0 1 6.7 3 20.0
Grade 0.528
Low 9 60.0 8 53.3 12 80.0
Middle + High 4 26.7 4 26.7 1 6.7
Mix 2 13.3 3 20.0 2 13.3
Unknow 0 0.0 0 0.0 0 1.6
Depth of invasion 0.053
T1 4 26.7 1 6.7 0 0.0
T2 5 33.3 2 13.3 1 6.7
T3 3 20.0 6 40.0 5 33.3
T4 3 20.0 6 40.0 9 60.0
Lymph node metastasis 0.091
NO 5 33.3 6 40.0 5 33.3
N1 4 26.7 0 0.0 0 0.0
N2 1 6.7 3 20.0 5 33.3
N3 5 33.3 6 40.0 5 33.3
AJCC (7th) 0.261
I 6 40.0 3 20.0 1 6.7
Il 3 20.0 3 20.0 3 20.0
I 6 40.0 9 60.0 11 73.3
MSI status 0.760
MSS/MSI-L 14 93.3 13 86.7 14 93.3
MSI-H 1 6.7 2 13.3 1 6.7
EBV status 0.844
Negative 12 80.0 13 86.7 13 86.7
Positive 3 20.0 2 13.3 2 13.3
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Adjuvant chemotherapy 0.329
Yes 7 46.7 11 73.3 9 60.0
No 8 53.3 4 26.7 6 40.0

CEA 0.562
Normal 14 93.3 13 86.7 13 86.7
Elevated 1 6.7 2 33.3 2 33.3

CA19-9 0.544
Normal 13 86.7 11 73.3 13 86.7
Elevated 2 13.3 4 26.7 2 13.3

*Calculated by x? test.
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Figure S14. Multiplexed immunofluorescence (IF) staining reveals that there were no significant differences in im-
mune checkpoint (PD-1 and TIM-3) expression among three groups in the center of tumor. A. Representative mul-
tiplexed IF images showing expression of PD-1 and TIM-3 in CD8* . T lymphocytes in the three risk subgroups of
patients with gastric cancer (GC). B. In the low-risk (n=15), moderate-risk (n=15), and high-risk (n=15) groups,
the different subtypes of CDS*(CT)T lymphocytes were classified according to the expression of PD-1 and TIM-3. C.
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Percentages of PD—1’TIM—3’CD8*(CT), PD—1*TIM—3’CD8*(CT), PD—1*TIM—3*CD8*(CT) and PD—1’TIM—3*CD8*(CT) T lymphocytes in 45 patients with GC. D. Comparison of the
expression of PD-1+CD8*(CT), TIM-3*CD8*(CT),and PD-l*TIM-3+CD8+(CT) in the low-risk (n=15), moderate-risk (n=15), and high-risk (n=15) groups of patients with GC. E.

Comparison of the percentages of CD8* lymphocytes expressing PD-1*CD8* n
and high-risk (n=15) groups of patients with GC. *P<0.05; **P<0.01; ***P<0.001; ****P<0.0001 (Kruskal-Wallis test). Scale bar =200 pym.
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Figure S15. Validating the prognostic performance of a nomogram based on immunosuppressive recurrence score (IRS). A-C. Calibration curve, time-dependent
receiver operator characteristic (ROC) curve, and decision curve analysis (DCA) for the nomogram in the training and internal and external validation cohorts.
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Figure S16. Comparison of the infiltration of immune cells between patients with gastric cancer (GC) with and without recurrence. A-H. Training cohort. I-P. Internal
validation cohort. Q-T. External validation cohort. *P<0.05; **P<0.01; ****P<0.0001; ns, not significant (Mann-Whitney U test).



