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Abstract

Gastric-type endocervical adenocarcinoma (GEA) is the second most common subtype of endocervical adenocarcinoma
and has a poor prognosis. Anti-programmed death-1 and anti-programmed death-ligand 1 (PD-L1) inhibitors have
emerged as a major treatment option for GEA; however, data on the expression of other immune checkpoints in GEA
are limited. We analyzed the expression of T-cell immunoglobulin and mucin-domain containing-3 (TIM-3) and B7
homolog 3 protein (B7-H3) in 58 GEA and investigated their prognostic significance as well as association with PD-L1
expression and other known prognostic factors. Applying the tumor proportion score (TPS) with a cutoff of 1%,
B7-H3 and TIM-3 were present in 48.3% and 17.2% of cases, respectively. Applying the combined positive score
(CPS) with a cutoff of 1, TIM-3 expression was present in 70.7% of cases. Moreover, the expression of three
checkpoints (B7-H3, TIM-3, and PD-L1) was incompletely overlapping. Patients with B7-H3 positive tumors (by TPS)
or TIM-3 positive tumors (by TPS) had significantly worse recurrence-free survival (RFS) and overall survival
(0S) (log-rank). Using CPS, patients with TIM-3 positive tumors showed significantly worse RFS (log-rank). Similarly,
B7-H3 positivity (by TPS) and TIM-3 positivity (by TPS) were associated with worse RFS and OS in univariate analysis.
TIM-3 positivity (by CPS) was associated with worse RFS in univariate analysis and the final Cox multivariate analysis.
In conclusion, our results show that (1) B7-H3 and TIM-3 are frequently expressed in GEA and their expression overlaps
incompletely with PD-L1; and (2) both B7-H3 and TIM-3 are independent negative prognostic markers in GEA.
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Introduction

As the second most common subtype of
endocervical adenocarcinoma (ECA) and the most
common subtype of HPV independent (HPVI) ECA,
gastric-type endocervical adenocarcinoma (GEA)
accounts for 10-15% of all ECAs worldwide and up

to 25% in Asian countries [I-5]. Compared with
HPV-associated ECA, GEA has higher prevalence of
destructive invasion, extrauterine spread, and
advanced stage at presentation [1,5]. GEA is also
associated with poor response to chemoradiation
treatment [6,7] and significantly worse disease-free
and overall survival [1,5,8,9].
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The tumor microenvironment plays a crucial role in
tumor immune surveillance and tumor cells may evade
immune surveillance through upregulation of expression
of immune checkpoint signaling molecules [10,11].
Blocking immune checkpoints using immune check-
point inhibitors (ICI), such as anti-programmed
death-1 (PD-1) and anti-programmed death-ligand
1 (PD-L1) inhibitors, has emerged as a major treat-
ment in cervical cancers [12-14]. While anti-PD-1
and anti-PD-L1 inhibitors often lead to more durable
responses than chemotherapy [15], the relatively low
response rate in most cancers and acquired resistance to
ICI remain the major roadblocks [15,16]. Mechanisms of
resistance or non-responsiveness to ICI remain poorly
understood, but evidence suggests multifactorial causes,
including tumor mutational burden [17], PD-L1 expres-
sion level [18], interferon-y signaling pathways [19], and
inactivation of antigen presentation [20]. Interestingly,
the upregulation of alternative immune checkpoints has
also been shown to contribute to the resistance to anti-
PD-1 and anti-PD-L1 inhibitor therapy [21,22]. Synergy
of anti-tumor effect from combination of ICIs has been
previously reported [23,24]. For these reasons, characteri-
zation of various immune checkpoints in tumors remains
the forefront of current efforts to search for immunothera-
peutic targets [21,25,26]. Among alternative checkpoints,
two have been shown to be attractive and promising tar-
gets for cancer immunotherapy [27,28]. T-cell immuno-
globulin and mucin-domain containing-3 (TIM-3) is an
immunosuppressive protein that enhances tolerance and
inhibits anti-tumor immunity [29-31]. TIM-3 is expressed
by various immune cells and upregulated in various
cancers [32]. B7 homolog 3 protein (B7-H3) is another
checkpoint that is frequently upregulated in many malig-
nant tumors and participates in tumor microenvironment
shaping and development [28,33].

In addition to the potentially predictive value for
targeted immunotherapies, the prognostic significance
of immune checkpoints has gained attention lately.
This study was designed to investigate the preva-
lence and prognostic significance of B7-H3 and
TIM-3 expression, their correlation with PD-L1
expression, and association with clinical parameters
in GEA.

Materials and methods

Case selection

The study was conducted with the approval from the
institutional review board at Women’s Hospital, School
of Medicine, Zhejiang University, PR China. A total of
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58 cases of GEA accessioned between January 2014 and
December 2021 were selected, all of which were also
included in our previous study of PD-L1 and HER2
expression in GEA [34]. Patients’ clinicopathological
information including age, clinical stage, follow-up, and
clinical outcome were extracted from the electronic clini-
cal information system database of Women’s Hospital.
H&E-stained slides were reviewed by two gynecologic
pathologists (YS and FZ) in a blinded fashion and the
pathologic diagnosis was confirmed. All tumors were
classified according to the 2020 WHO Classification of
Female Genital Tumors [34].

Immunohistochemistry

Immunohistochemistry was performed on whole tissue
sections of formalin-fixed, paraffin-embedded tumor
tissue according to the previously published protocol [35].
Positively charged slides with tissue sections cut at
4-pm thickness were dried in an oven for 1 h at
56-60 °C. Deparaffinization, rehydration, and target
retrieval were performed in a three-in-one procedure,
per the manufacturer’s instructions, by fully submerg-
ing the slides in preheated (65 °C) EnVision™ FLEX
Target Retrieval Solution at high pH (9.0) (Dako/
Agilent, Santa Clara, CA, USA) for B7-H3, TIM-3,
and CDS8, and incubating slides at 97 °C for 20 min.
After incubation, the slides were removed from the
solution and immediately immersed in room tempera-
ture wash buffer for 5 min. Afterwards, the slides were
placed in the Autostainer Link 48 platform (Dako/
Agilent) and FLEX peroxidase blocking was
performed for 5 min, and then incubated with primary
antibodies. The following primary antibodies and dilu-
tions were used: monoclonal rabbit B7-H3 (clone
DI9M2L, 1:150 dilution, Cell Signaling Technology,
Danvers, MA, USA), monoclonal rabbit TIM-3 (clone
D5DSR, 1:100 dilution, Cell Signaling Technology),
and monoclonal mouse CD8 (clone C8/144B, RTU,
Dako/Agilent). Incubation time with primary antibody
was 60 min for B7-H3 and, 35 min for TIM-3, and
20 min for CD8. Subsequently, all slides were rinsed
in wash buffer for 5 min, and then incubated with the
EnVision™ FLEX HRP visualization reagent for
30 min at room temperature. After rinsing in wash
buffer for 5 min, the enzymatic conversion of the
subsequently added 3,3’-diaminobenzidine (DAB)
tetrahydrochloride chromogen was performed for
10 min at room temperature. Slides were subsequently
counterstained for 5 min with hematoxylin (Link, Dako/
Agilent), and finally mounted using nonaqueous perma-
nent mounting media.
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Assessment of B7-H3 and TIM-3 expression

As there are no established criteria for assessment of
B7-H3 or TIM-3, the same scoring systems and posi-
tivity thresholds as FDA-approved methods for PD-L1
assessment were used in other solid tumors [12] and
recently in endometrial serous carcinoma [35].

Two scoring methods, tumor proportion score (TPS)
and combined positive score (CPS), were used in the
current study. TPS was calculated as the percentage of
tumor cells with membranous B7-H3 or TIM-3 expres-
sion. CPS was calculated as the number of B7-H3 or
TIM-3-staining cells (tumor cells, lymphocytes, and mac-
rophages) divided by the total number of viable tumor
cells, multiplied by 100 and truncated to 100 if >100.
Both scores ranged from O to 100. For both markers, a
cutoff score 21% for TPS and 21 for CPS were used to
define positivity and additional cutoffs (e.g. 10 and 20)
were used to further analyze the significance of marker
expression. In the CPS system, for scoring of mononuclear
immune cells (lymphocytes and macrophages), only intra-
tumoral and peritumoral (within one %20 field from the
tumor nest edge) immune cells were enumerated. Stromal
immune cells distant from the tumor were excluded.

Image analysis and calculation of CD8+ tumor
infiltrating lymphocyte density

Whole slide images of CD8 immunostained slides
were generated for image analysis by Aperio
ScanScope AT Turbo Scanner (Leica Biosystems,
Heidelberg, Germany). Quantification of total tumor
area and percentage of positive staining cells was
performed using the open source QuPath software
(v0.3.2) (https://qupath.github.io). Areas for quantifica-
tion were annotated using QuPath analysis tools. The
percentage of CDS8 staining was determined using
the color-deconvolution tool. CD8+ tumor infiltrating
lymphocyte (TIL) density was calculated as total
CD8+ cells divided by the area comprising the
intratumor and areas in direct contact with the tumor
periphery (mm?). CD8+ TIL density was dichoto-
mized into two groups (low and high) based on the
optimal cutoff value obtained through consideration of
tumor recurrence using receiver operating characteris-
tic (ROC) curve analysis. The optimal cutoff value
was obtained using the Youden index, which maxi-
mizes the vertical distance from the reference line.

Statistical analysis

Two-tailed chi square tests were used to determine the
association between categorical variables, such as
correlation of CD8+ TIL density groups with
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expression of different immune checkpoints. Cohen’s
Kappa (k) was used to measure the agreement between
different immune checkpoints. Overall survival
(OS) was defined as the time interval from the date of
pathological diagnosis to the date of death from any
cause or last follow-up, and recurrence-free survival
(RFS) was the time interval from the date of surgery
to the date of the first recurrence. Survival curves were
plotted by the Kaplan—-Meier method, and log-rank
tests were used to compare OS and RFS among vari-
ous patient groups. Univariate and multivariate Cox
regression models were used to identify significant
predictors associated with clinical outcomes. To avoid
statistical bias caused by insufficient sample size, only
variables with a p value less than 0.2 in the univariate
model were included in the multivariate analysis.
GraphPad Prism 9.0 software (San Diego, CA, USA)
was used for survival analysis, while other statistical
analyses were performed using IBM SPSS 25.0
(Armonk, NY, USA) software, and all p values <0.05
were considered statistically significant.

Ethics approval and consent to participate

This study was approved by the ethics committee of
the Zhejiang University School of Medicine Women’s
Hospital IRB-20230238-R).

Results

Patient characteristics

A total of 58 cases of GEA were included in the current
study, including 51 hysterectomies, 3 cone excisions, and
4 loop electrosurgical excision procedure excisions.
Among the 58 patients, 56 were clinically staged using
the International Federation of Gynecology and Obstetrics
(FIGO) 2018 system [36] based on available histologic
and radiological information. Fifty-seven of 58 patients
had complete follow-up information available. The
median age was 46.5 years, ranging from 25 to 77 years.
Fifty-one hysterectomy specimens were available for ana-
lyzing pathological risk factors, including deep stromal
invasion, lymphovascular invasion (LVI), and lymph
node metastasis (LNM). FIGO stage I-IIA tumors were
considered low-stage tumors, and FIGO stage IIB-IV
tumors were considered as advanced stage tumors. More
than 50% stromal invasion of the full thickness of cervix
was considered as deep stromal invasion. Patient demo-
graphics, pathologic diagnoses, clinical stage, and follow-
up information are summarized in Table 1.
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Table 1. Clinicopathological information of GEA patients

Age (years) Median 46.5, range 25-77
Clinicopathological parameter n %
Stage (FIGO)

I-11A 36 62.1

11B-IV 20 34.5

NA 2 3.4
Deep stromal invasion

Yes 43 74.1

No 8 13.8

NA 7 12.1
Lymph node metastasis

Yes 19 328

No 32 55.2

NA 7 12.1
Lymphovascular invasion

Yes 25 43.1

No 26 44.8

NA 7 12.1
Radiotherapy/chemotherapy

Yes 50 86.2

No 7 12.1

NA 1 1.7

NA, not available.

B7-H3 and TIM-3 expression in GEA and their
association with clinicopathological parameters

In GEA cases, B7-H3 was expressed exclusively in tumor
cells, and showed predominantly patchy and occasionally
diffuse distribution. When cutoff >1% (by TPS) was used,
48.3% (28/58) cases were B7-H3 positive, of which
17 were ‘1-10%’, 6 were ‘10-20%’, and 5 were ‘>20%’.
TIM-3 was expressed predominantly on the surface of
immune cells, and focally of tumor cells. The spatial
distribution was predominantly patchy, focal, or
multifocal with accentuation at the tumor edge and
tumor-stroma interface. When cutoff >1% (by TPS)
was used, 17.2% (10/58) cases were TIM-3 positive,
all of which were ‘1-10%’. When cutoff >1 (by CPS)
was used, 70.7% (41/58) cases were TIM-3 positive,
23 were ‘1-10°, 14 were ‘10-20’, and 4 were ‘>20’.
Representative images of the expression of B7-H3
and TIM-3 are shown in Figure 1A.

The association between the expression of B7-H3
and TIM-3, and patients’ clinicopathological parame-
ters are shown in supplementary material, Table S1.
As illustrated in Figure 2A, TIM-3 positivity (by CPS)
was associated with increased risk of deep stromal
invasion (p < 0.0001). As illustrated in Figure 2B,
B7-H3 positivity (by TPS) and TIM-3 positivity
(by TPS) were associated with an increased risk of
LNM (p = 0.012 and p = 0.043, respectively). B7-H3
positivity (by TPS) was associated with increased risk
of LVI (p = 0.036) (Figure 2C).
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In addition, we investigated the association among
the expression of B7-H3, TIM-3, and PD-L1. Data for
PD-L1 expression were derived from our previous
study [34], with 37.9% (22/58) of cases being positive
by TPS and 75.9% (44/58) of cases being positive by
CPS. Patterns of expression of the three markers are
presented in a case matrix in Figure 1B. Regarding the
concordance between the three immune checkpoints,
when using TPS, 81.8% (18/22) of PD-L1 positive
cases were also positive for B7-H3 or TIM-3, while
36% (13/36) of PD-L1 negative cases were positive
for B7-H3 or TIM-3. When using CPS, 88.6% (39/44)
of PD-L1 positive cases were also positive for B7-H3
or TIM-3, while 50% (7/14) of PD-L1 negative cases
were positive for B7-H3 or TIM-3. Overall, 60.3%
(35/58) of GEAs were positive for at least one of the
three checkpoints when TPS was used, while 87.9%
(51/58) of GEAs positive for at least one of the three
checkpoints when CPS was used. All pairwise associa-
tions were then formally investigated among the three
observations by x statistics. Moderate positive associa-
tion was found between PD-L1 positivity (by TPS) and
B7-H3 positivity (by TPS) (x = 0.444, p = 0.001), and
between PD-L1 positivity (by CPS) and TIM-3 positivity
(by CPS) (x =0.430, p=0.003). PD-L1 positivity
(by CPS) and B7-H3 positivity (by TPS) had fair posi-
tive association (x = 0.255, p =0.021). Correlation
between B7-H3, TIM-3, and PD-L1 positivity in GEA is
summarized in Table 2.

Correlation of immune checkpoint expression with
CD8+ TIL density

As illustrated in Figure 3A, the density of CD8+ TILs
varied among tumors (median 195 cells/mm?, range
39-1,236 cells/mm?). Based on TIL density and the
optimal cutoff value determined by ROC curve analysis,
tumors were divided into CD8+ low (<262 cells/mm?)
and CD8+ high (2262 cells/mm?) groups.

The CD8+ high group accounted for 41.4% (24/58)
of all GEA cases (Figure 3C), while CD8+ low group
accounted for 58.6% (34/58). The percentage of the
expression of three markers in CD8+ low or high
groups is presented in Figure 3D. Using TPS, PD-L1
positivity was significantly higher in CD8+ high
GEAs than in CD8+ low GEAs (62.5% versus 20.6%,
p = 0.001). Similarly, using CPS, PD-L1 positivity
was significantly higher in CD8+ high GEAs than in
CD8+ low GEAs (91.7% versus 64.7%, p = 0.018).
Regardless of scoring system, no significant difference
in the expression of B7-H3 (using TPS: p = 0.198) or
TIM-3 (using TPS: p = 0.798; using CPS: p = 0.076)
was found between CD8+ low and high groups.

J Pathol Clin Res 2024; 10: e345
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Figure 1. (A) Examples of B7-H3 and TIM-3 expression in GEA by immunohistochemistry. B7-H3 was expressed exclusively in tumor
cells, and TIM-3 was expressed predominantly on the surface of immune cells and focally of tumor cells. (B) B7-H3, TIM-3, and PD-L1
expression in individual cases according to a raw score group arranged in a case matrix. The results were evaluated using TPS and CPS.
The color coding scheme is depicted at the bottom. The data for PD-L1 expression were derived from our previous study [34].
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Figure 2. Correlation between B7-H3 and TIM-3 expression with clinicopathologic parameters: (A) deep stromal invasion; (B) LNM;
and (C) LVL.

B7-H3 and TIM-3 expression negatively correlates
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diagnosed with recurrent/later metastatic tumors,
Complete follow-up information was available for  and 15 patients (26.3%) had died of the disease.
57 patients with a median follow-up period of 25 months ~ As illustrated in Figure 4 and Table 3, patients
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Table 2. Correlation between B7-H3, TIM-3, and PD-L1 in GEA
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B7-H3 (TPS) TIM-3 (TPS) TIM-3 (CPS) PD-L1 (TPS)
Variables Negative Positive Negative Positive Negative Positive Negative Positive
TIM-3 (TPS) p = 0.245, k = 0.153
Negative 27 21
Positive 3 7
TIM-3 (CPS) p=0.064, x =0.218 p = 0.063, k = 0.159
Negative 12 5 17 0
Positive 18 23 31 10
PD-L1 (TPS) p = 0.001% xk = 0.444 p = 0.221, k = 0.181 p = 0.146, k = 0.154
Negative 25 1 32 4 13 23
Positive 5 17 16 6 4 18
PD-L1 (CPS) p=0.021, k = 0.255 p = 0.458, k = 0.073 p = 0.003%, k = 0.430 p = 0.001% xk = 0.326
Negative 1 3 13 1 9 8 14 0
Positive 19 25 35 9 5 36 22 22
*p < 0.05.
A CD8+ Low CD8+ High C
g : CD8+ TILs
0000000000 =@ Low 58.6%
CDSIHC 0000000000 = High 414%
0000000000
0000000000
0000000000
B 0000000000
0000000000
0000000000
A . 0000000000
nnotation 0000000000
Total=58
D B7-H3 (TPS) TIM-3 (TPS) TIM-3 (CPS) PD-L1(TPS) PD-L1CPS)
p =0.001 p=0.018
100%= — ] — — —
& 90%- . 1% | é §
8 s0% 3] |« = Al .
5 0% [F] |2 s 5 2
% 2| e = 3 iti
2 60%- [ =l 2 Q s [ Positive
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o d% | = g e L
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Figure 3. CD8+ TIL density and its correlation with B7-H3, TIM-3, and PD-L1 expression. (A) CD8 IHC and (B) corresponding image annotation
of CD8+ TILs using the Aperio image analysis tool: CD8+ lymphocytes are annotated in red; other unstained cells are in blue. (C) Case

percentage matrix arranged according to CD8-+ TIL density. (D) Correlation

with B7-H3 positive tumors (by TPS) had signifi-
cantly worse RFS and OS (p=0.004 and
p = 0.003, respectively). Similarly, patients with
TIM-3 positive tumors (by TPS) also had significantly
worse RFS and OS (p=0.009 and p = 0.007,
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of CD8+ TIL density with B7-H3, TIM-3, and PD-L1 expression.

respectively). In contrast, patients with TIM-3 positive
tumors (by CPS) showed significantly worse RFS
(p =0.017) and no significant difference in OS
(p = 0.110). As the expression of B7-H3 and TIM-3
in the majority of cases was low (TPS: 1-10% or

J Pathol Clin Res 2024; 10: e345
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Figure 4. Survival analysis of B7-H3, TIM-3, and CD8+ TIL density. (A,B) Kaplan-Meier curves of RFS and OS for patients with B7-H3
positivity in tumor cells (red) and B7-H3 negativity in tumor cells (blue): (A) RFS; (B) 0S. (C,D) Kaplan-Meier curves of RFS and 0S for
patients with TIM-3 positivity (red) and TIM-3 negativity (blue) using TPS (cutoff 1%): (C) RFS; (D) 0S. (E,F) Kaplan-Meier curves of RFS
and OS for patients with TIM-3 positivity (red) and TIM-3 negativity (blue) using CPS (cutoff 1): (E) RFS; (F) OS. (G,H), Kaplan-Meier
curves of RFS and QS for patients in the low CD8+ TIL density group (red) and the high CD8+ TIL density group (blue): (G) RFS; (H) OS.

Table 3. Correlation of pathological risk factors with outcome in GEA

Events Median Median
Variable Category (n) RFS (months) HR 95% Cl pvalue  OS (months) HR 9500 Cl p value
B7-H3 (TPS) Positive 28 19.00 3.080 1.358 to 6.984 0.004* 46.00 4.486 1.581 to 12.720 0.003
Negative 29 90.00 Undefined
TIM-3 (TPS) Positive 10 12.00 2992  0.877 to 10.200 0.009* 46.00 3.832 0.786 to 18.680 0.007*
Negative 47 77.00 90.00
TIM-3 (CPS) Positive 40 46.00 2.663 1.195 to 5.936 0.017* 48.00 2.288 0.828 to 6.323 0.110
Negative 17 77.00 Undefined
CD8 Low 33 77.00 1.402  0.602 to 3.267 0.392 90.00 0.878 0.306 to 2.514 0.804
High 24 48.00 48.00
DSI Positive 43 46.00 4.536 1.493 to 13.780 0.100 48.00 —1.000 to —1.000 0.101
Negative 8 Undefined Undefined
LNM Positive 19 15.00 3.103 1.218 to 7.905 0.008* 46.00 2.440 0.753 to 7.904 0.112
Negative 32 Undefined Undefined
LVI Positive 26 19.00 3.350 1.374 to 8.164 0.006" 46.00 4.960 1.543 to 15.940 0.005
Negative 25 90.00 90.00
Age <46.5 20 Undefined 2207 0991 to 4917 0.055 Undefined 1.641 0.599 to 4.536 0.337
>46.5 37 19.00 90
Clinical stage  High 20 17.00 2.765 1.151 to 6.641 0.010* 46.00 2.132 0.693 to 6.558 0.139
Low 36 77.00 Undefined
Clinical stage low: FIGO I-Ila; clinical stage high: FIGO Ilb-IV.
DSI, deep stromal invasion; HR, hazard ratio.
*p < 0.05.
CPS: 1-10), we were not able to perform statistical ~ TIM-3 by TPS and CPS respectively). B7-H3

analysis between ‘low’ and ‘high’ expression groups
by other cutoff points (e.g. TPS: 10% or 20%; CPS:
10 or 20).

As shown in supplementary material, Table S2,
B7-H3 (by TPS) and TIM-3 (by TPS or CPS) were
associated with worse RFS in univariate analysis
(p = 0.007 for B7-H3; p = 0.013 and p = 0.025 for
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(by TPS) and TIM-3 (by TPS) were also associated
with worse OS in univariate analysis (p = 0.008 and
p = 0.013 respectively). Moreover, univariate analysis
also showed that poorer RFS correlated with other
known prognostic factors such as advanced stage
(p = 0.014), LNM (p = 0.012), and LVI (p = 0.011).
LVI correlated with poorer OS in patients with GEA
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(p = 0.014). Variables with p < 0.2 in the univariate
analysis were then evaluated in multivariate analysis
using stepwise selection. As shown in supplementary
material, Table S3, age 246.5 years (p = 0.024) and
TIM-3 positivity by CPS (p = 0.043) were associated
with worse RFS in the final Cox multivariate analysis,
while advanced stage was found to be associated with
worse OS (p = 0.039). In contrast, CD8+ TIL density
demonstrated no prognostic significance in either
univariant or multivariant analysis.

Discussion

The purpose of this study was to investigate the
expression of B7-H3 and TIM-3 in a large cohort of
GEA, their prognostic value, and association with
PD-L1, CD8+ TILs, and prognostic clinical parame-
ters. We found high prevalence of B7-H3 and TIM-3
expression in GEA. B7-H3 was exclusively expressed
by tumor cells, while TIM-3 was predominantly
expressed by immune cells. The expression of three
checkpoints (B7-H3, TIM-3, and PD-L.1) was incom-
pletely overlapping. Unlike PD-L1 expression, the
expression of B7-H3 and TIM-3 was not associated
with CD8+ TIL density. Furthermore, the expression
of B7-H3 and TIM-3 was associated with more
aggressive clinical behavior and worse prognosis.
B7-H3 is a member of the B7 family of cell surface
molecules, which can inhibit the activation and func-
tion of T-cells [37], and serves as a negative regulator
in T-cell-mediated immune responses to convey pro-
tection of tumor cells from immune attack [38]. TIM-3
plays a key role in inhibiting Th1l responses and the
production of cytokines such as tumor necrosis factor
and interferon-y [39]. B7-H3 and TIM-3 expression in
solid tumors is predominantly associated with worse
prognosis in various cancers [40-42]. Only few studies
have investigated the prevalence of B7-H3 and TIM-3
expression and their prognostic significance in cervical
cancers. Huang et al studied 108 cervical cancers
[including 98 squamous cell carcinomas (SCCs) and
10 ECA] and found B7-H3 expression in 72% of cases
and its inverse association with OS [43]. Han et al
investigated 100 cervical SCC and found B7-H3
expression in 62% cases and its inverse association
with disease-free survival [44]. Li et al studied
90 cervical SCC and reported B7-H3 expression in
72% cases and strong expression was associated
with worse prognosis [45]. The above three studies used
H-score (or a range 39-1,236 cells/mm?® modified ver-
sion of it) to evaluate B7-H3 positivity. Zhang et al
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reported B7-H3 expression in 552 cervical cancers
(including 406 SCCs and 146 ECA), in which
TPS > 5% cutoff was used to define B7-H3 positiv-
ity [46]. In this study, B7-H3 positivity was found in
36% SCC and 21.2% ECA. In addition, B7-H3
expression was associated with worse recurrence-free
and overall survival. In their cohort of 673 cervical
cancers (including 491 SCCs and 115 ECA), with
TPS > 5% cutoff for positivity, Zong et al found
B7-H3 expression in 62.8% cases and failed to dem-
onstrate its prognostic significance [47]. In their study
of 50 cervical clear cell carcinomas, another rare type
of HPVI ECA, Zong et al reported B7-H3 expression
in 16% cases (TPS >5% positivity cutoff) [48].
Although there were variations in reported prevalence
of B7-H3 expression among these studies, likely due
to the difference in methodology and variation in
included tumor types, high prevalence and association
with worse prognosis were found in the majority of
the reports. In our study, we found B7-H3 expression
was 48.3% by TPS and TIM-3 expression was 17.2%
by TPS and 70.7% by CPS. We could not directly
compare our results to those of prior studies on cervi-
cal carcinoma, however, because of the difference in
methodologies and histologic tumor types.

Our data show that the distribution of the expression
of three checkpoints shows some, but incomplete,
overlap. Moderate positive association (x = 0.444 and
p = 0.001) was found between PD-L1 and B7-H3 pos-
itivity (by TPS), and between PD-L1 and TIM-3 posi-
tivity (by CPS) (x =0.430 and p = 0.003). PD-L1
positivity (by CPS) and B7-H3 positivity (by TPS)
had fair positive association (x = 0.255, p = 0.021).
While the majority of PD-L1 positive GEAs were also
positive for B7-H3 or TIM-3, a significant proportion
of PD-Ll-negative GEAs were also positive for
B7-H3 or TIM-3. This observation may have signifi-
cant clinical implications in that (1) B7-H3 and TIM-3
may be promising therapeutic targets in PD-L1 nega-
tive tumors, or in PD-L1 positive tumors that develop
resistance to anti-PD-L1 inhibitor; (2) combination of
ICIs may have a synergistic anti-tumor effect and
potentially decrease the likelihood of developing resis-
tance to single ICI treatment. An increasing number of
drugs targeting TIM-3 are currently being developed,
such as, for example, MBG453, TQB2618, Sym023,
and AZD7789. These drugs are also being clinically
tested for their efficacy and safety, both individually
and in combination with PD-1/PD-L1 antibody thera-
pies, across various advanced solid tumors. A phase
I/Ib clinical trial evaluating the efficacy of sabatolimab
(MBGA453) either as a monotherapy or in combinat-
ion with spartalizumab (an anti-PD-1 antibody) in
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patients with various advanced solid tumors has
demonstrated favorable tolerability and preliminary
signs of anti-tumor activity when these two drugs are used
in combination [49]. Clinical trials of TIM-3 targeted ther-
apies in a variety of solid tumors are currently under-
way with great momentum; however, specific clinical
trials for cervical cancer have not yet been conducted
[50-52]. More importantly, future clinical trials that
are multicenter, well designed, and have large sample
size are needed to explore the efficacy and safety of
TIM-3 targeted therapies in cervical cancer, particu-
larly in patients with gastric-type  cervical
adenocarcinoma.

Increased CD8+ T-cell infiltration is generally con-
sidered as an independent positive prognostic indicator
in solid tumors [53]. Additionally, tumors may
develop various strategies to evade anti-tumor immune
surveillance, including the increased expression of
immune checkpoints. A parallel increase in CD8+
TILs and PD-L.1 expression has been observed in vari-
ous solid tumor types [54,55] including Miillerian can-
cers such as ovarian cancer [56,57], endometrial
cancers [35,58,59], and cervical cancers [60,61]. A
similar parallel increase between CD8+ TILs and
PD-L1 expression in GEAs was found in the current
study, suggesting the upregulation of PD-L1 as an
adaptive immune resistance mechanism developed by
tumor cells to avert destruction by TILs [62,63].
Conversely, no significant association with CD8+
TILs was found for the B7-H3 or TIM-3 expression in
GEA. Our previous studies have demonstrated the fre-
quent PD-L1 expression in ECA with PD-L1 being a
negative prognostic marker, suggestive of the predic-
tive and prognostic role of PD-L1 in this tumor group
[34,64]. Unlike PD-L1, studies on TIM-3 and B7-H3
expression in cervical cancers are limited and mainly
focused on SCC or unselected cohorts of cervical
cancer [44-47,65,66]. The results of these studies
demonstrated predominantly negative association
between survival and the expression of TIM-3 and
B7-H3. Information regarding TIM-3 and B7-H3 in
ECA, especially in GEA, is largely lacking. In this study,
we found that B7-H3 and TIM-3 are independent nega-
tive prognostic markers associated with more aggressive
behavior and worse survival in GEAs.

In summary, our results show that the expression of
B7-H3 and TIM-3 in GEAs is frequent. Both B7-H3
and TIM-3 are independent negative prognostic
markers in GEAs. Our data provide insight into the
complexity of the tumor microenvironment and sug-
gest that B7-H3 and TIM-3 may be potential therapeu-
tic targets in GEA. Our study cohort was relatively
small due to the rarity of this entity. As a future
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direction, investigation of these markers on larger, poten-
tially multicenter patient cohorts would be needed
to validate our findings. As none of the patients
included in this study received any anti-PD-L1 inhibitor
treatment, it would be of interest to investigate the
expression of B7-H3 and TIM-3 in post-anti-PD-L1
treated tumors, especially in tumors with resistance to
treatment.
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