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Abstract

Background: Anti-PD-1/PD-L1 therapeutics have been widely used in the clinic in
various tumors, including advanced esophageal cancer, showing remarkable treatment
efficacy. Factors determining the response to anti-PD-1/PD-L1 therapeutics are
numerous, including the tumor microenvironment, such as CD8+ T cells and expres-
sion of PD-1/PD-L1. Our study aimed to explore the effect of chemoimmunotherapy
on the expression of CD8+ T cells, TIM-3, and FOXP3+ in tumor, paratumor tissues,
and the expression of PD-L1, IDO, in tumor, paratumor tissues, and lymph nodes,
and analyze the correlation among these markers.

Methods: A total of 18 patients were allocated into two treatment groups: a treatment
group and a concurrent control group. A total of 38 tissue samples, 114 slides (tumor,
paratumor, and lymph node) were collected in the treatment group, and 37 tissue
samples, 111 slides (tumor, paratumor, and lymph node) were collected in the concur-
rent control group.

Results: The expression of PD-L1, CD8+, FOXP3+, TIM-3, and IDO in tumors,
paratumor tissues, but not lymph nodes, was significantly affected by chemoimmu-
notherapy. Compared with patients without chemoimmunotherapy, the expression of
CD8+ T cells, IDO, and PD-L1 was significantly decreased in tumor and paratumor
tissues after chemoimmunotherapy, while FOXP3+ expression was significantly
decreased only in tumor tissues, and TIM-3 expression was significantly decreased
only in paratumor tissues. Moreover, the correlation between these markers was also
completely altered after chemoimmunotherapy. In addition, N staging was associated
with high expression of CD8 in advanced esophageal squamous cell carcinoma in the
concurrent control group.

Conclusion: This study provides new insight into the effects of CI treatment on iso-
lated CD8+ T cell infiltration, PD-L1, IDO, FOXP3+ and TIM-3 expression as well
as their cross-talk in different tissues enabling a better understanding of the impact of
CI treatment on the immune microenvironment.
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INTRODUCTION

In China, esophageal squamous cell carcinoma (ESCC) is
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the predominant subtype and accounts for >90% of all
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esophageal cancer cases."”” As patients with ESCC are often
clinically diagnosed at the middle and advanced stages, sur-
gery alone may not be a good option. Neoadjuvant therapy
before surgery is necessary to facilitate RO resection and
reduce local recurrence.’

Chemotherapy has been widely used in preoperative
neoadjuvant therapy for esophageal cancer. However, chemo-
therapy alone has shown limited effects,*” often combined
with radiotherapy or other regimens. With the increasingly
applied immunotherapy in the treatment of esophageal cancer,
neoadjuvant chemoimmunotherapy has become a promising
treatment for patients with advanced esophageal squamous cell
carcinoma. Several studies have demonstrated that immuno-
therapy combined with chemotherapy improves the objective
response rate (ORR) and survival in multiple tumors and that
treatment-related adverse events (TRAEs) are well tolerated.®®
Chemotherapy significantly triggers the tumor microenviron-
ment regulation and achieves a synergic effect with immuno-
therapy.” However, the biomarkers of this synergic effect and
how they influenced the antitumor immune were not fully
understood.

To our knowledge, neoadjuvant chemotherapy has been
shown to increase programmed death-1-ligand 1 (PD-L1)
expression and CD8+ tumor infiltrating lymphocytes (TILs)
in ESCC,'? and a study has shown that T cell immunoglobu-
lin and mucin domain-containing protein 3 (TIM-3) expres-
sion is upregulated in response to PD-1 blockade, both
in vitro and in vivo.'' Moreover, indoleamine
2,3-dioxygenase (IDO) and interferon gamma (IFN-y) are
highly expressed after treatment with PD-1 or PD-L1 inhibi-
tors.'* In addition, previous studies have demonstrated that
these markers, alone or together, could be used to determine
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whether to deliver immunotherapy and evaluate the
response to therapy. For instance, CD8+ is currently a reli-
able biomarker for predicting anti-PD-1 drug therapy in
many tumors, although its predictive role in esophageal
squamous cell carcinoma is still unclear.'” The expression of
PD-L1 was significantly higher in responders to anti-PD1
therapy than in nonresponders.'*'> IIDO, which not only
can suppress CD8+ T cells but also enhance the activation
of regulatory cells (Treg) and myeloid-derived suppressor
cells (MDSCs), may be involved in resistance to chemother-
apy and anti-PD-1 therapy.'®!” TIM-3 has been reported to
determine the exhaustion and dysfunction of CD8+ TILs
and CD4+ by binding to galectin-9, phosphatidylserine
(PtdSer), high mobility group protein Bl (HMGB1),'*%*
and carcinoembryonic antigen cell adhesion molecule
1 (CEASAM-1). Yang et al. reported that galectin-9 pro-
motes TIM-3+ T cell apoptosis by crosslinking TIM-3,
coexpressed PD-1 attenuates Gal-9/TIM-3-induced apopto-
sis by promoting the formation of TIM-3/Gal-9/PD-1 lat-
tices.”> The above cells and molecules in the tumor
microenvironment (TME) were all interrelated, triggering
synergistic and antagonistic associations (Figure 1). There-
fore, we could not accurately predict the change in the TME
after chemoimmunotherapy (CI) using a single marker, and
a combination of these markers was needed.

Thus, we planned this study to investigate the status of
the tumor microenvironment with or without chemoimmu-
notherapy by the expression changes of CD8+, PD-L1,
IDO, TIM-3, forkhead box P3 (FOXP3+) in patients with
advanced esophageal squamous cell carcinoma. Meanwhile,
we also examined the differential expression of these
markers in diverse tissues, such as tumors, paratumors, and
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lymph nodes. In addition, we analyzed the correlation
among these markers and the correlation between these
markers and clinical characteristics.

METHODS
Patients and tissue sample collection

A total of 18 patients were allocated into two groups: a treat-
ment group and a concurrent control group. A total of 38 tis-
sue samples, 114 slides (subgroup: treatment tumor,
subgroup: treatment paratumor, and subgroup: treatment
lymph node) were collected from March 2020 to February

2022 for the treatment group; and 37 tissue samples,
111 slides (subgroup: control tumor, subgroup: control para-
tumor and subgroup: control lymph node) were collected
from March 2020 to February 2022 for the concurrent con-
trol group (Figure 2). For the treatment group, patients with
ESCC (stage IIA to IIIB) received anti-PD-1 immunother-
apy with sintilimab (200 mg every 3 weeks), cisplatin
40 mg day1-3, and paclitaxel for injection (albumin bound)
300 mg day one were collected in Jining No.1 People’s hos-
pital. The concurrent control group patients underwent sur-
gery without any preoperative treatment. Tissue samples,
including tumor, paratumor, and lymph node were collected
immediately after surgery and patients underwent surgery
4 weeks after 2-3 cycles of chemoimmunotherapy. The
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Institutional Review Board approved all protocols of Jining
No.l People’s Hospital, and all patients signed informed
consent. The study was conducted following the ethical

TABLE 1 Baseline characteristics

Patients who

Patients who received did not receive

Clinical features chemoimmunotherapy  chemoimmunotherapy
Gender

male 7 7

female 2 2

age 60—77 (mean = 66.7) 55—74 (mean = 66.6)
T stage™

TO 2 0

T1 4 2

T2 2 1

T3 1 6

T4 0 0
N stage

NO 8 5

N1 1 2

N2 0 1

N3 0 1

Tumor diameter**  20—45 (mean = 33.4) 15—33 (mean = 28.3)

*T and N stages were all pathological stages after treatment in the treatment group.
**Tumor diameter refers to the maximum transverse diameter of the tumor, which
was measured before treatment.
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FIGURE 3

guidelines stated by the Jining No.1 People’s Hospital. The
patient characteristics are shown in Table 1.

Immunohistochemistry (IHC) staining

All immunohistochemistry (IHC) staining was performed at
the Boyuan Biological Laboratory. Whole section slides of
FFPE tumor and paratumor were stained using a Dako
instrument with PD-L1 (bs-1103R, Bioss, 1:200 dilution),
IDO (13268-1-AP, Proteintech, 1:200 dilution), CD8(bs-
10699R, Bioss, 1:200 dilution), TIM-3 (bs-10699R, Bioss,
1:200 dilution) and FOXP3+ (bs-10699R, Bioss, 1:200 dilu-
tion) antibodies. Whole section slides of FFPE lymph node
were stained on a Dako instrument with PD-L1 (bs-1103R,
Bioss, 1:200 dilution), IDO (13268-1-AP, Proteintech, 1:200
dilution) antibodies. All indices including PD-L1, IDO,
TIM-3, CD8+, and FOXP3+ were stained Individually with
corresponding antibody. The final staining results of the tar-
get protein were seen as a brown color, and the nucleus was
blue-purple.

Expression density measurement

The integral topical density (IOD) and fluorescent area of
CD8, PD-L1, IDO, TIM-3, and FOXP3+ were performed
manually and averaged across three high power fields
measuring 0.055 mm in diameter (10 X 22 mm ocular,

T-tumor T-para-tumor

Spearman r=0. 659
p=0. 0002

500000

CD8 iod

N stage

CDB8 expression in different groups and tissues and the correlation of CD8 expression with N stage. (a) Representative images of CD8

(brown) and nucleus (blue) staining in one patient. CD8+ expression in control group tumor tissue (C-tumor), control group paratumor tissue (C-
paratumor) and in the treatment group tumor tissue (T-tumor), and paratumor tissue (T-paratumor). (b) Decreased CD8 expression in patients treated
preoperatively with chemoimmunotherapy (CI) as compared with patients treated preoperatively without CI in tumor (p < 0.0001) and paratumor tissues

(p = 0.0094). Each dot represents one slide. (c) Correlation analysis between the cell densities for CD8 and N stage was performed using linear regression and
correlation coefficient. CD8 IOD, CD8 integrated optical density; N stage, lymph node stage.
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FIGURE 4 The differential
expression of PD-L1 and IDO in
different groups and tissues.

(a) Representative images of PD-L1
(brown) and nucleus (blue) staining
on tumor, paratumor and lymph
node tissues in CI+ or CI- treatment
patients. (b) Representative images
of IDO (brown) and nucleus (blue)
staining on tumor, paratumor and
lymph node tissues in CI+ or CI-
treatment patients. (c) Histograms
illustrating the relationship between
PD-L1 and IDO expression and
prior treatment with
chemoimmunotherapy (CI) in
patients with ESCC, assayed across
tumor, paratumor and lymph node
(LN) tissues. CI pretreatment was
associated with lower PD-L1, IDO
expression in tumor (p < 0.0001,

P < 0.0001) and paratumor tissues
(p = 0.0079, p < 0.0001), not in LN
tissues (p = 0.1078, p = 0.0627).
(d) Heat map showing the PD-L1
and IDO protein expression in
different patients.
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400 objective). The initial field selected for each case was
chosen based on the area of the highest expression density,
after which the fields were selected based on the expres-
sion density. Whole section slides of FFPE tissues were
measured by image analysis. The area and integral topical
density (IOD) of fluorescence expression of each indicator
were recorded.

Statistical analysis

The correlation of marker expression was evaluated by Spear-
man’s correlation coefficient, and comparisons of medians
were evaluated by Kruskal-Wallis test or Friedman’s rank
test. The sample size was calculated by PASS. Data were ana-
lyzed using the statistical software SPSS 18.0 (IBM), R version
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3.5.3, and GraphPad Prism (GraphPad Software). The proba-
bility of clinical benefit from a PD-1 immune checkpoint
inhibitor based on clinicopathological variables was examined
by univariate and multivariate linear regression analyses. All
statistical analyses were two-sided, and differences were con-
sidered statistically significant at p < 0.05.

RESULTS

CD8+ T cell expression is associated with tissue
group and N stage

We investigated whether the CD8 integrated optical density
(IOD) was associated with chemoimmunotherapy and clinical
characteristics. Compared with patients without chemoimmu-
notherapy (CI), the expression of CD8+ T cells in both tumor
(p < 0.0001) and paratumor (p = 0.0094) tissues was lower in
patients with CI. However, there was no significant difference
in CD8 expression between tumor and paratumor tissues
(p > 0.05) in each respective group. Moreover, we investigated
the relationship between CD8 expression and various clinico-
pathological characteristics, including the maximum transverse
diameter of the tumor, gender, age, T, and N stages.
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FIGURE 5

The multivariate analysis results revealed that only the N
stage was significantly associated with CD8 expression in
the concurrent control group (Figure 3).

PD-L1 and IDO protein expression in different
groups and tissues

To investigate whether the expression of PD-L1 and IDO
before and after anti-PD-1 antibody treatment was changed
in patients with advanced esophageal squamous cell carci-
noma, we analyzed the expression of PD-L1 and IDO by
IHC and immunohistochemical optical density. PD-L1 and
IDO expression in tumor (p < 0.0001, p < 0.0001) and para-
tumor (p < 0.0079, p < 0.0001) tissues was associated with
the chances of experiencing CI treatment in both the treat-
ment and concurrent control groups (Figure 4). However,
lymph node tissues were similar between the two cohorts.
Compared with patients without CI, PD-L1 and IDO
expression was lower in patients with CI treatment. Within-
group comparisons, no significant differences between
tumor and paratumor tissues were found. In the concurrent
control group, PD-L1 and IDO expression were clearly
higher in tumor and paratumor tissues than in lymph node
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The differential expression of FOXP3+ in different groups. (a) Representative images of FOXP3+ staining (brown) in control group tumor

tissue (C-tumor), control group paratumor tissue (C-paratumor) and in treatment group tumor tissue (T-tumor), paratumor tissue (T-paratumor).

(b) Histograms illustrating the relationship between FOXP34- expression and prior treatment with chemoimmunotherapy (CI) in patients with ESCC,
assayed across tumor (T), and paratumor (PT) tissues. CI pretreatment (CI+) was associated with lower PD-L1 expression in tumor tissues (p = 0.0062), but
no change in paratumor tissues (p = 0.0702). (c) FOXP3+ protein expression in different patients.
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tissues. Nevertheless, in the treatment group, PD-L1 expres-
sion was significantly lower in tumor and paratumor tissues
than in lymph node tissues, while IDO expression was not a
significant difference in tumor and paratumor tissues than
in lymph node tissues. After CI treatment, PD-L1 and IDO
expression were significantly decreased in tumor and para-
tumor tissues, while it was unchanged in lymph node
tissues.

FOXP3+ protein expression in different groups
and tissues

To assess the different expression profiles of FOXP3+
between paratumor and tumor tissues, IHC experiments
and immunohistochemical optical density were conducted
on the total FOXP3+ protein obtained from samples. After
a series of CI treatments for two or three cycles, significant
decreases were observed in FOXP3+ expression in tumor
tissues of the treatment group (p = 0.0062) compared to the
concurrent control group. However, no significant varia-
tions were observed in paratumor tissues after CI treatment
between the two groups (p = 0.0702). In addition, there
were no differences between the two groups in tumor and
paratumor tissues (Figure 5).
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TIM-3 protein expression in different groups
and tissues

To examine whether TIM-3 expression significantly differed
in esophageal tumor and paratumor tissues, the effect of CI
treatment on the expression level of TIM-3 was analyzed by
IHC and immunohistochemical optical density. Compared
with patients without CI treatment, significant decreases were
observed in TIM-3 expression in paratumor tissues in
patients with CI treatment (p < 0.0001). However, no signifi-
cant variations were observed in tumor tissues after CI treat-
ment between the two groups (p = 0.7569). Moreover, the
expression of TIM-3 was not significantly different in tumor
and paratumor tissues within the two groups (Figure 6).

Correlation analyses among markers in the
concurrent control group

Correlation analyses of these markers, including PD-L1, IDO,
TIM-3, FOXP3+, and CD8 T cells, were conducted in our
study with Spearman’s correlation test and rank-sum test.

In the control group, we noted that the PD-L1 expres-
sion level in tumor tissue has significant positive correla-
tions with the expression levels of IDO (r = 0.4371 and
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FIGURE 6 The differential expression of TIM-3 in different groups. (a) Representative images of TIM-3 staining (brown) in control group tumor tissue
(C-tumor), control group paratumor tissue (C-paratumor) and in treatment group tumor tissue (T-tumor), paratumor tissue (T-para-tumor). (b) Histograms
illustrating the relationship between tim-3 expression and prior treatment with chemoimmunotherapy (CI) in patients with esophageal squamous cell
carcinoma (ESCC), assayed across tumor, paratumor tissues. CI pretreatment was associated with lower TIM-3 expression in paratumor tissues (p < 0.0001),
but no change in tumor tissues (p = 0.7569). (c) TIM-3 protein expression in different patients.
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p = 0.0236), and negative correlations with the FOXP3+
expression (r = —0.4483, p = 0.019) (Figure 7a). However,
in paratumor tissues, correlations between PD-L1 and
FOXP3+ expressions showed a high correlation of 0.5263
(p = 0.0048) (Figure 7b). No correlation was found between
the other indicators (p > 0.05). Spearman’s correlation coef-
ficient revealed a significant reverse correlation between the
expression levels of PD-L1 and FOXP3+ in tumor and para-
tumor tissues.
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Correlation analyses among markers in
treatment group

Our study indicated that by changing TME, CI treatment
modifies these markers and the correlation of these
markers. Spearman’s correlation and rank-sum tests were
conducted to provide further insight into the change.

In the tumor tissue of the treatment group, a strong pos-
itive correlation was seen between CD8+ T cells and IDO

b
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FIGURE 7 The correlation of PD-L1, FOXP3+, IDO, TIM-3, CD8 expression in nontreated esophageal squamous cell carcinoma (ESCC) patients.

(a) Correlation between the integrated optical densities of PD-L1 and FOXP3+- (a, Spearman’s R = —0.4483, p = 0.019), IDO (b, Spearman’s R = —0.4371,
p = 0.0236) in nontreated ESCC paratumor tissues of patients. (b) Correlation analysis between the integrated optical densities for PD-L1 and FOXP3+ was
performed using linear regression and correlation coefficient (Spearman’s R = 0.5263, p = 0.0048), in nontreated ESCC paratumor tissues of patients.
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FIGURE 8 Correlation among CD8, IDO and TIM-3, FOXP3+ expression in treatment group tumor tissue. (a) A high positive correlation was
observed between CD8 and IDO expression (Spearman’s R = 0.8454, p = 2.8514e-8). (b) A moderate positive correlation was observed between IDO and
FOXP3+ expression (Spearman’s R = 0.4217, p = 0.0285). (c) A high negative correlation was observed between TIM-3 and IDO expression (Spearman’s
R = —0.5854, p = 0.0013). (d) A high negative correlation was observed between TIM-3 and CD8 (Spearman’s R = —0.744, p = 0.00000864).
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expression (r = 0.8454, p = 2.8514e-8), and a weak positive
correlation was seen between FOXP3+ and IDO expression
(r = 04217, p = 0.0285). Moreover, there was a modest
inverse correlation between TIM-3 and CD8+ expression
(r = —0.5854, p = 0.0013) and a marked negative correla-
tion between TIM-3 and IDO expression (r = —0.744,
p = 0.00000864). No obvious correlation among other
markers was observed (Figure 8).

In the paratumor tissues of the treatment group, a strong
positive correlation between CD8 T cells (r = 0.5153,
p = 0.0059), FOXP3+ expression (r = 0.4911, p = 0.0093)
and IDO expression and, independently, a weak positive
correlation between TIM-3 expression level (r = 0.4303,
p = 0.0251) and IDO expression. Moreover, the TIM-3
expression level had significant positive correlations with
infiltrating levels of CD8+ T cells (r = 0.5925, p = 0.0011),
FOXP3+ expression (r = 0.653, p = 0.0002). In our study,
all biomarkers were demonstrated to have some degree of
positive correlation with each other (Figure 9).

Compared with the control group, after PD-1 inhibitor
and chemotherapy treatment, no correlation was found
between PD-L1 and other markers in the treatment group,
which indicated that by using CI treatment, PD-L1 expres-
sions were changed.

a T-Para-tumor b

treatment para-tumor group treatment para-tumor group

spearman r=0. 4911
) spearman r=0. 5153 200000 =0, 0093
96200 p=0. 0059 .
B 150000 ‘
B +
3 2005 g
] .
Q E 100000
.
.
05 . . =
50000
. L X .
P TR V. . . 0 G ee . .
0 50000 100000 150000 0 50000 100000 150000
DO iod DO iod
e tim3
treatment para-tumor group
3e+05
spearman r=0. 653 tim3
p=0. 0002

FOXP3+ iod

ido

foxp3+

20000 40000 60000 801
TIM-3 iod

cd8

DISCUSSION

Due to its heterogeneity, ESCC has inherent resistance to che-
motherapy, and its effect is not ideal, with a low effective rate
and easy drug resistance. There is a strong need to develop
new therapeutic strategies for esophageal carcinoma. As a
new method, immunotherapy has a great application prospect
in esophageal cancer, especially in esophageal squamous cell
carcinoma, and its combination with chemotherapy will pro-
duce synergistic reinforcement.”**® To further understand
the mechanism of chemotherapy combined with immuno-
therapy in vivo, we evaluated the expression changes of multi-
ple immune checkpoint molecules and cells in ESCC tumor
TME, including CD8, PD-L1, TIM-3, IDO, and FOXP3+,
compared to a control group. In attempting to provide better
functional insight into the differences between the treatment
and the control groups, we used IHC and immunohistochem-
ical optical density to verify whether prior CI treatment was
associated with broad differences in these immune checkpoint
molecules and cell expression within the tumor microenvi-
ronment (TME) or diversity in adjacent nontumor regions.
Three new findings were obtained in our study: (1) The
expression of markers such as CD8+ T cell infiltration,
PD-L1, IDO, FOXP3+, and TIM-3, were affected by CI

treatment para-tumor group treatment para-tumor group
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FIGURE 9 Correlation among CD8, IDO and TIM-3, FOXP3+ expression in treatment paratumor tissue. (a) A moderate positive correlation was
observed between IDO and CD8 (Spearman’s R = 0.5153, p = 0.0059). (b) A moderate positive correlation was observed between IDO and FOXP3+
expression (Spearman’s R = 0.4217, p = 0.0285). (c) A moderate positive correlation was observed between IDO and TIM-3 expression (Spearman’s

R = 0.4303, p = 0.0251). (d) A high positive correlation was observed between TIM-3 and CD8 expression (Spearman’s R = 0.5925, p = 0.0011). (e) A high
positive correlation was observed between TIM-3 and FOXP3+- expression (Spearman’s R = 0.635, p = 0.0002)
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treatment. (2) The expressed levels of these markers varied
significantly across individual tissues, and the difference was
especially changed after CI treatment. (3) The results of our
study indicated a correlation between these markers, which
could also be affected by CI treatment.

The tumor microenvironment comprises immune cells,
signaling molecules, and the extracellular matrix (ECM),”’
which modulates tumor growth and progression. The
expression of these immune cells and signaling molecules
can be influenced by chemotherapy or immunotherapy.
However, the effects exerted by chemoimmunotherapy in
the ESCC TME on these immune cells and signaling mole-
cules are still unclear. Given the differences in the immune
microenvironment in different tissues, the impact of CI
treatment will also not be the same in different tissue and
markers.”® Therefore, this study aimed to provide new
insight into the effects of CI treatment on isolated CD8+ T
cell infiltration, PD-L1, IDO, FOXP3+, and TIM-3
expression as well as on their cross-talk in different tissues.
Furthermore, through this, we could fully understand the
impact of CI treatment on the immune microenvironment.

Before CI treatment, the PD-L1 and IDO expression was
high in the tumor and paratumor tissues and low in the
lymph nodes. Marked differences in PD-L1 expression were
observed only between the lymph node and tumor tissues,
while apparent differences in IDO expression were observed
between tumor, paratumor tissues, and lymph nodes. After
CI treatment, our data indicate that PD-L1 and IDO expres-
sion in tumor and paratumor tissues were significantly
downregulated, and there was no differential expression in
lymph node tissues.

Expression of CD8, FOXp3+, and TIM-3 had been
observed in tumor and paratumor tissues, and no significant
differences were seen in patients in the concurrent control
group. The expression of FOXP3+ was apparently downre-
gulated in the tumor after CI treatment and not in paratu-
mor tissues, while the expression of TIM-3 was significantly
downregulated in paratumor after CI treatment and not in
tumor tissues. Moreover, the expression of CD8 was also
markedly decreased in both tumor and paratumor tissues.
Moreover, one thing that deserved special attention was that
the enhancement of CD8 expression correlated with
advanced N stages in the concurrent control group.

Previous studies have indicated that the expression of PD-
L1, CD8+ TLS or IDO, TIM-3, and IFN-r was significantly
upregulated in response to treatment with chemotherapy or
immunotherapy.'®"'> Nevertheless, the findings from this inves-
tigation of CD8+-, TLS, IDO, PD-L1, TIM-3, and FOXP3+
expression decreasing in tumor and/or paratumor tissues dis-
agree with previous research. This may be due partly to the
experimental combination therapy and different tumor types.

The correlation of these markers could be perturbed by CI
treatment. Prior to CI treatment, in tumor tissues, PD-L1
expression was negatively associated with FOXP3+- while posi-
tively associated with IDO expression. In paratumor tissues,
the expression of PD-L1 was only positively associated with
FOXP3+ expression. After CI treatment, the expression of

IDO was positively associated with CD8+, FOXP3+ expres-
sion, while TIM-3 expression was negatively associated with
CD8+, IDO expression in tumor tissues. However, in paratu-
mor tissues, IDO expression was positively associated with
CD8, FOXP3+ expression, and TIM-3 expression was also
positively associated with CD8, IDO, and FOXP3+- expression.

In our study, the correlation between PD-L1 expression
in tumor or paratumor tissues and other markers disap-
peared after chemoimmunotherapy. Compared to patients
without CI treatment, intermarker correlations excluding
PD-L1 became apparent, indicating that these markers varied
among therapies and tissues. Interestingly, our study found
that the expression of PD-L1 and IDO in lymph node tissue
did not correlate with the CI treatment, which indicated that
different tissues were not equally sensitive to CI treatment.

The current study had several limitations. Specifically,
this was a retrospective, case—control study with a small
sample size of patients. Unfortunately, none of the patients
in this study had pre-CI treatment tumor biopsies available
for analysis. Therefore, we analyzed studies with contempo-
raneous control groups. While we attempted to minimize
bias by including all patients who matched the protocol’s eli-
gibility criteria, selection bias remains possible.

In conclusion, despite these limitations, this is one of
few studies to comprehensively evaluate the influence of CI
treatment on the esophageal TME and LN in resected speci-
mens. The expression of these cells or molecules in TME,
including CD8+ TILS, IDO, PD-L1, TIM-3, and FOXP3+,
was downregulated after CI treatment. Furthermore, there
appeared to be a fundamental shift in the correlation of
these markers. CD8 showed a strong positive correlation
with IDO and a negative correlation with TIM-3 in tumor
tissues after CI treatment. These biomarkers were highly
positively correlated in nontumor tissues after CI treatment.
Moreover, N staging was associated with high expression of
CD8 in advanced esophageal squamous cell carcinoma in
the concurrent control group.
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