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Abstract. — OBJECTIVE: The aim of this
study was to investigate the clinical efficacy and
associated adverse reactions of Programmed
Death Receptor-1 (PD-1)/PD-L1 inhibitors in the
management of patients with advanced esopha-
geal squamous cell carcinoma (ESCC).

PATIENTS AND METHODS: In this retro-
spective study, 54 patients with advanced ES-
CC treated with PD-1/PD-L1 inhibitors in our
hospital from January 2021 to January 2023
were identified as the research subjects. Us-
ing propensity score matching at a 1:1 ratio, pa-
tients only receiving chemotherapy were recruit-
ed as controls. The clinical effectiveness of PD-
1/PD-L1 was evaluated by comparing the ob-
jective response rate (ORR) and disease con-
trol rate (DCR). Progression-free survival (PFS)
and overall survival (OS) were analyzed for treat-
ment outcome assessments. Adverse events
(AEs) between the two groups were recorded
and compared.

RESULTS: Patients treated with PD-1/PD-L1
inhibitors had a higher rate of ORR (33.33%) and
disease control (85.19%), compared to controls
with an objective response rate of 20.37% and a
disease control rate of 59.26%. The two groups
showed similar ORR results, while the incorpo-
ration of PD-1/PD-L1 inhibitors resulted in sig-
nificantly increased DCR when compared to the
controls. The median OS was 22 months (95%
Cl: 1,629 months) for the control group and 31
months (95% CI: 28NA) for the study group, sug-
gesting OS benefits offered by PD-1/PD-L1 inhib-
itor treatment (HR=0.479, 95% CI: 0.284, 0.809).
The median PFS was 15 months (95% CI: 1,223
months) for the control group and 23 months
(95% CI: 1,926) for the study group, indicating
more PFS benefits provided by PD-1/PD-L1 in-
hibitors (HR=0.662, 95% CI: 0.436, 1.005). Ad-
verse events and their severity were record-
ed during patient follow-up, and no grade 5 ad-
verse events were reported in either group. The
incidence of grade 3 or higher adverse events
between the two groups was similar, while PD-
1/PD-L1 inhibitors appeared to significantly re-
duce the incidence of gastrointestinal reactions
in patients.

CONCLUSIONS: PD-1/PD-L1 inhibitors inte-
grated with chemotherapy provide significant
benefits in the management of patients with
advanced ESCC without increasing adverse
events.
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Introduction

Esophageal cancer (EC) is the seventh most
common malignancy and the sixth leading cause
of cancer death globally. As a primary histologi-
cal subtype of EC, esophageal squamous cell car-
cinoma (ESCC) accounts for 90% of all EC cases
in China'. Esophageal cancer is mostly managed
through surgical resection, radiotherapy, chemo-
therapy, and immune therapy, and esophagecto-
my stands as the treatment of choice. However,
the prognosis of patients remains poor despite
surgical resection with curative intent, with a
S-year survival following esophagectomy of only
20-40%?. Patients with locally advanced EC are
exposed to a high risk of recurrence and metasta-
sis after mere surgical interventions, which only
achieve an RO resection of 50%°.

Immune escape of tumors is a critical pro-
cess during tumor survival and progression.
Programmed death receptor-1 (PD-1) is a cru-
cial immune inhibitory molecule, which can be
specifically bound by PD-1 inhibitors, resulting
in a relieved immune suppression regulation on
T lymphocytes, to restore their abilities of tu-
mor cell killing*. PD-L1 inhibitors can preempt
the binding of the PD-L1 on tumor cells to the
PD-1 on lymphocytes by proactively binding
to the PD-L1 on tumor cells, thus restoring the
immune function of the body and eliminating
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tumor cells®. Immune therapy based on PD-1/
PD-L1 has become the new standard treatment
for second-line therapy in the advanced ES-
CC®. Neoadjuvant therapy with PD-1/PD-L1
has shown’® excellent efficacy and good toler-
ability in various cancers such as lung cancer,
melanoma, and colorectal cancer. It has been
reported’ that PD-1 inhibitors provide a new
viable alternative for the second-line treat-
ment in advanced ESCC, and the integration
of PD-1 inhibitors with chemotherapy also
demonstrates'® significant benefits in first-line
treatment.

This study investigates the clinical efficacy
and associated adverse reactions of PD-1/PD-L1
inhibitors in treating patients with advanced ES-
CC.

Patients and Methods

Participants

This study is a retrospective analysis of the
treatment methods, and clinical outcomes of un-
resectable advanced ESCC patients admitted to
our hospital from January 2020 to January 2023.
A total of 54 patients treated with a combina-
tion of synchronous chemotherapy and PD-1/
PD-L1 inhibitor therapy were included in the
study group. Patients treated with chemotherapy
matched 1:1 using propensity score matching,
served as the controls.

Inclusion and Exclusion Criteria

Inclusion criteria

(1) Age between 18 and 80 years, regardless of
gender.

(2) Pathologically confirmed ESCC.

(3) At least one measurable lesion based on the
Response Evaluation Criteria In Solid Tumors
(RECIST vL.1).

(4) Primary tumor is unresectable.

(5) No prior treatment with radiotherapy, chemo-
therapy, immunotherapy, targeted therapy, or
anti-angiogenic therapy.

(6) ECOG performance status (PS) score of 0-1.

(7) Expected survival time of more than 6
months.

Exclusion criteria

(1) Unable to undergo immunotherapy or chemo-
therapy due to poor overall condition.

(2) Immunodeficiency or autoimmune diseases.

(3) Abnormal liver or kidney function or organic
damage to other organs.

(4) Concomitant other malignancies.

(5) Incomplete clinical data or lack of follow-up
information.

Treatment Protocol

The control group received chemotherapy.
For patients in relatively good condition, plat-
inum-based chemotherapy combined with pa-
clitaxel was administered every 21 days as one
treatment cycle. For patients with poor health
status, single-agent chemotherapy with pacli-
taxel, platinum, or tegafur-gimeracil-oteracil was
adopted, with a specific regimen of paclitaxel
+ platinum/paclitaxel/tegafur-gimeracil-oteracil
every 21 days. The study group, on the basis
of chemotherapy, integrated PD-1/PD-L1 inhibi-
tor immunotherapy, including camrelizumab and
sintilimab, with a treatment cycle of every 21
days. The dosage was determined based on the
patient’s body surface area. Specifically, it in-
cluded paclitaxel + platinum-based agents/pacli-
taxel/tegafur-gimeracil-oteracil + camrelizumab/
sintilimab, administered every 21 days.

In case of chemotherapy-related adverse re-
actions such as pain, vomiting, or severe mu-
cositis, corticosteroid therapy was administered
accordingly based on the clinical judgment of the
physician. The specific medication plan was 5 mg
of dexamethasone administered intravenously on
the first day of chemotherapy.

Clinical Efficacy

All patients underwent CT scans to assess treat-
ment efficacy every two treatment cycles. The
RECIST" 1.1 was used to evaluate disease pro-
gression through radiographic assessment. The
RECIST 1.1 criteria involve comparing the sum of
the longest diameters of the target lesions (SLD) in
radiographic images taken after treatment to as-
sess the presence or absence of non-target lesions
and to determine treatment efficacy. The efficacy
was classified as complete response (CR), partial
response (PR), stable disease (SD), or progressive
disease (PD). CR indicates the disappearance of all
target lesions, and any pathological lymph nodes
must have a short axis of less than 10 mm. PR
indicates that the SLD is reduced by less than 30%
compared to the baseline. PD indicates an increase
in the SLD by at least 30%, with an absolute in-
crease of at least 5 mm or the appearance of any
new tumor lesions. SD indicates that neither PR
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nor PD criteria were met. For patients evaluated
with CR, PR, and SD, the original treatment reg-
imen was continued, while for patients evaluated
with PD, alternative regimens were considered for
continuation of treatment. The best ORR and DCR
of patients were recorded'.

Outcome Measures

All patients were followed up until September
30, 2023, and the follow-up time, progression-free
survival (PFS), overall survival (OS), objective
response rate (ORR), disease control rate (DCR),
and adverse events (AEs) were recorded. PFS re-
fers to the time from the start of treatment to dis-
ease progression. OS refers to the time from the
start of treatment to death for any reason. ORR
refers to the proportion of patients who achieved
CR and PR among all patients. DCR refers to the
proportion of patients who achieved CR, PR, and
SD among all patients. AEs were assessed using
the Common Terminology Criteria for Adverse
Events (CTCAE) version 5.0, a common grading
system for adverse reactions in cancer treatment
and served as an important indicator for evalu-
ating the safety of neoadjuvant treatment. AEs
include bone marrow suppression, leukopenia,
neutropenia, anemia, fatigue, thrombocytopenia,
gastrointestinal reactions, skin toxicity, and liv-
er and kidney function damage. When patients
experienced severe treatment-related adverse
events, the current treatment regimen was discon-
tinued, and complications were properly treated.

Statistical Analysis

Statistical analysis was conducted using SPSS
24.0 software (IBM Corp., Armonk, NY, USA),
and figures were generated using the R language.
Continuous variables were expressed as mean
+ standard deviation (+s), and the independent
samples z-test was used for inter-group compar-
ison. Categorical variables were expressed as
percentages (%), and the Chi-square test was
used to compare differences between groups.
Kaplan-Meier curves were used to evaluate pa-
tient PFS and OS. All tests were two-tailed, and
a significance level of 0=0.05 was used as the
threshold for determining statistical significance.

Results
Baseline Patient Profiles

In the control group, the average age was
62.36+12.05 years, BMI was 22.96+5.33, with

14 male and 40 female patients. ECOG scores
were 1 in 33 cases and 2 in 21 cases. Endoscopic
classifications identified 32 cases of protruding
type, 14 cases of ulcerative type, and 8 cases
of stenotic type. TNM staging consisted of 11
cases of stage III, 20 cases of stage [Va, and 23
cases of stage IVb. There were 10 cases in the
cervical segment and 44 cases in the thoracic
segment. In the study group, the average age
was 64.19£14.23 years, BMI was 24.05£5.83,
with 16 male and 38 female patients. ECOG
scores were | in 39 cases and 2 in 15 cases.
Endoscopic classifications included 38 cases of
protruding type, 11 cases of ulcerative type, and
5 cases of stenotic type. TNM staging consisted
of 9 cases of stage I1I, 17 cases of stage [Va, and
28 cases of stage IVb. There were 17 cases in
the cervical segment and 37 cases in the thoracic
segment. The two groups were well-balanced in
terms of basic characteristics, indicating compa-
rability (p>0.05), as presented in Table I.

Clinical Efficacy

All patients underwent CT examination to assess
treatment outcomes after every two cycles of treat-
ment, and the best clinical efficacy was recorded.
In the control group, there were 11 cases of PR,
21 cases of SD, and 22 cases of PD. The ORR was
20.37% (11/54), and the DCR was 59.26% (32/54). In
the study group, there were 18 cases of PR, 28 cases
of SD, and 8 cases of PD. The ORR was 33.33%
(18/54), and the DCR was 85.19% (46/54). The
two groups showed similar ORR results, while the
incorporation of PD-1/PD-L1 inhibitors resulted in
significantly increased DCR when compared to the
controls (p<0.05), as shown in Table II.

Survival Analysis

The shortest follow-up time was 2 months, the
longest was 36 months, and the median follow-up
time was 22 months. Kaplan-Meier analysis
showed that the median OS was 22 months (95%
CI: 1629 months) for the control group and 31
months (95% CI: 28NA) for the study group, sug-
gesting a strong association between PD-1/PD-L1
inhibitor treatment and improved OS (HR=0.479,
95% CI: 0.284, 0.809), as depicted in Figure 1.
Kaplan-Meier analysis demonstrated that the me-
dian PFS was 15 months (95% CI: 1,223 months)
for the control group and 23 months (95% CI:
1,926) for the study group, indicating that PD-1/
PD-LI1 inhibitor treatment provided more PFS
benefits (HR=0.662, 95% CI: 0.436, 1.005), as
illustrated in Figure 2.
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Table I. Baseline patient profiles.

Factors Control group Study group t/y? P
N 54 54
Age (x+£ s, years old) 62.36 + 12.05 64.19 + 14.23 0.721 0.472
BMI (x+ s, kg/m?) 22.96 +5.33 24.05+5.83 1.075 0.313
Gender (Male/Female) 0.185 0.667
Male 14 16
Female 40 38
ECOG 1.500 0.221
0 33 39
1 21 15
Endoscopic classification 1.567 0.457
Protruding type 32 38
Ulcerative type 14 11
Stenotic type 8 5
TNM stage 0.933 0.627
I 11 9
IVa 20 17
IVb 23 28
Location 2.420 0.120
Cervical segment 10 17
Thoracic segment 44 37

Body mass index (BMI), Electrocorticography (ECOG).

Adverse Event Analysis

The most common adverse reactions were
gastrointestinal symptoms, including nausea and
constipation. The two groups reported 11 cases of
grade 3 or above adverse events (p>0.05), which
significantly improved after symptomatic treat-
ment. No grade 5 adverse events were reported
in either group. The use of PD-1/PD-L1 inhibitors
appeared to significantly reduce the incidence of
gastrointestinal reactions in patients (Table III).

Discussion

With population aging and changes in lifestyle,
the incidence of ESCC has presented a rising

Table Il. Clinical efficacy (n).

Control Study
group group a P
N 54 54
CR 0 0
PR 11 18
SD 21 28
PD 22 8
ORR 11 18 2.310 0.129
DCR 32 46 9.046 0.003

Complete response (CR), partial response (PR), stable
disease (SD), progressive disease (PD), objective response
rate (ORR), disease control rate (DCR).
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trend"®. Esophageal squamous cell carcinoma fea-
tures a poor global prognosis, with a 5-year sur-
vival recorded of 19% in the United States, 12.4%
in Europe, and 20.9% in China'*. Currently, the
standard treatment for advanced ESCC is che-
motherapy that involves platinum-based agents,
5-fluorouracil, and taxanes. However, the treat-
ment outcomes following chemotherapy remain
poor, with an ORR of 35-62%, a PFS of 2.5-6.2
months, and an OS of 7.6-11.1 months'®.

Elevated levels of multiple immune check-
points are significantly correlated with the epi-
thelial-mesenchymal transition status of ESCC
patients and are one of the markers of tumor
metastasis'®. PD-1/PD-L1 are critical immune
checkpoint molecules that cause immune escape
of tumor cells. Leone et al'” reported that immune
checkpoint inhibitors have consistent benefits in
reducing the risk of death in ESCC patients,
depending on the PD-1 combined positive score
status. Blocking PD-1/PD-L1 can re-activate the
cytotoxic T cells to eliminate tumor cells and
is of clinical significance in immunotherapy®.
For advanced ESCC patients with objective re-
mission or stable disease >6 months, B cells in
the tumor microenvironment were significantly
associated with longer PFS and OS". Existing
research has identified a negative correlation be-
tween over-expression of PD-L1 and ESCC sur-
vival. Akutsu et al*® showed that the concentra-
tion of PD-L1 in peripheral blood of patients with
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Figure 1. Kaplan-Meier curve for overall survival.

advanced ESCC was higher, indicating that the
increase in PD-L1 concentration indicated the
progression and survival rate of ESCC patients.
The expression of PD-L1 in ESCC and adjacent
immune cells is under 50% and is strongly asso-
ciated with tumor stage, lymphatic metastasis,
and distant metastasis?'.

In the present study, PD-1/PD-LI inhibitors,
camrelizumab and sintilimab, achieved an ORR
of 33.33% and a DCR of 85.19%, as compared
to the highest ORR of 20.37% and DCR of
59.26% in the controls. The two groups showed
similar ORR results, while the incorporation of
PD-1/PD-L1 inhibitors resulted in significantly
increased DCR when compared to the controls.
A meta-analysis® including 5 RCT with a total of
2,962 advanced ESCC patients showed that com-
pared with the chemotherapy group, the ORR,
and DCR of advanced ESCC patients in the im-
munochemotherapy based on PD-1/PD-L1 group
were increased by 2.05 times and 1.54 times,

respectively. Another meta-analysis®, including
16 RCTs with a total of 9,304 advanced ESCC
patients, showed that compared with chemother-
apy, patients treated with PD-1/PD-L1 inhibitors
had significantly improved OS, but there was
no significant improvement in PFS. Moreover,
a meta-analysis** of 17 phases 2/3 randomized
controlled trials, with 12,312 patients, suggested
that for males, Asians, and those with esophageal
primary, PD-L1 positive tumors, and squamous
cell carcinoma, immune checkpoint inhibitors
improve OS without significantly increasing the
side effects. Taken together, there was a strong
association between PD-1/PD-L1 inhibitor treat-
ment and more benefits in OS and PFS.
Camrelizumab is a novel PD-1/PD-L1 inhib-
itor developed in China and has been employed
in the management of various malignancies,
such as refractory classical Hodgkin lymphoma
and gastric or gastroesophageal junction adeno-
carcinoma*-*, The research found that camreli-
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Figure 2. Kaplan-Meier curve for progression-free survival.

Table Ill. Comparison of adverse events.

Control group Study group
(n = 54) (n = 54)

GI (all/Gr 3,4)

Diarrhea 17/1 72
Constipation 26/3 11/5
Nausea 23/3 1511
Vomiting 13/0 7/0
Skin rash (all/Gr 3,4) 22/2 11/1
Mucositis (all/Gr 3,4) 24/1 23/0
Pneumonitis (all/Gr 3,4) 10/0 9/1
Hepatitis (all/Gr 3,4) 4/0 3/0
AKI (all/Gr 3,4) 5/0 6/1
Endocrine (all/Gr 3,4) 0/0 2/0
Leukopenia (all/Gr 3.,4) 16/1 12/0
Anemia (all/Gr 3,4) 22/2 18/0
Thrombocytopenia 131 5/0
(all/Gr 3.4)

Fatigue (all/Gr 3,4) 14/0 13/0

Acute kidney injury (AKI).
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zumab, used for neoadjuvant chemotherapy, has
achieved an ORR of 90.5%, a DCR of 100%, an
RO resection of 100%, and a pathological com-
plete response (pCR) of 25% in 20 patients with
locally advanced ESCC after esophagectomy.
Sintilimab is a PD-L1 inhibitor. In the ORI-
ENT-15 study?, sintilimab integrated with che-
motherapy provided significant overall survival
benefits for patients irrespective of the expres-
sion levels of PD-L1, with a mOS of 16.7 months
vs. a mOS of 12.5% obtained in the placebo
group. KEYNOTE-590% provided a basis for
the use of PD-1/PD-LI inhibitors in advanced
esophageal cancers. Its mid-term analysis re-
sults revealed that pembrolizumab, in addition
to chemotherapy, resulted in a prolongation in
OS of more than 5 months for ESCC patients
with PD-L1 combined positive score (CPS)>10,
and the overall survival for the overall ESCC
population was extended by nearly 3 months.
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Gastrointestinal reactions were the most com-
mon adverse events, followed by leukopenia, ane-
mia, and thrombocytopenia. It has been report-
ed” that in advanced ESCC Asian patients from
RATIONALE-302 (NCT03430843), compared
with the single-agent chemotherapies (paclitaxel,
docetaxel, or irinotecan) group, the symptoms of
gastroesophageal reflux in the tislelizumab group
were improved at week 12 after treatment. Fur-
thermore, compared with patients treated with
investigator-selected chemotherapy, the fatigue
symptoms and physical function of patients with
advanced or metastatic ESCC treated with tisleli-
zumab were maintained after 12 weeks of treat-
ment®. Similarly, in this study, compared with
patients receiving chemotherapy alone, patients
given PD-1/PD-LI inhibitors with chemotherapy
had significantly reduced gastrointestinal adverse
reactions such as nausea, vomiting, and diarrhea.
This study corroborated that patients with ad-
vanced ESCC have a good tolerance to immuno-
therapy regimens.

Although the results of this study are encour-
aging, the following limitations should be taken
into account. First, the sample is small, with only
54 ESCC patients. However, despite the small
number of patients, our findings are consistent
with previous reports on the effectiveness of PD-
1/PD-L inhibitors in the treatment of ESCC. Sec-
ondly, this study only provided PD-1/PD-L in-
hibitors and the effectiveness of ESCC treatment,
but there was no investigation of the mechanism.

Conclusions

PD-1/PD-L1 inhibitors integrated with chemo-
therapy provide significant benefits in the man-
agement of patients with advanced ESCC without
increasing adverse events. In future studies, we
should conduct a multicenter study including
more samples to explore the effectiveness of PD-
1/PD-L inhibitors on ESCC patients and their
exact mechanism.
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