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Abstract: Objective: This study aimed to explore the efficacy of neoadjuvant chemotherapy plus programmed
death-1 (PD-1) inhibitor camrelizumab for the treatment of locally advanced esophageal cancer. Methods: This was
a retrospective analysis. 87 patients with locally advanced esophageal cancer were included who received neoadju-
vant chemotherapy plus immunotherapy between June 2018 and April 2021 in our oncology department. The post-
operative clinical outcomes and varying expressions of PD-1 were evaluated in all enrolled patients. Results: The
post-treatment disease control rate (DCR) was 83.91%, and the objective response rate (ORR) was 59.77%. Cancer
tissues were categorized based on PD-1 expression into PD-1 negative (39 cases) and PD-1 positive (33 cases), with
a PD-1 positive rate of 45.83%. Patients with PD-1-positive tumors exhibited a significantly higher ORR compared
to those with PD-1-negative tumors, although DCRs did not differ significantly between the groups. The 12-month
progression-free survival rate was significantly higher in PD-1-positive patients. In contrast, no significant difference
was found in the 12-month overall survival rate between the two groups. The incidence of grade Il adverse events
was 10.34%, and no grade IV or higher adverse events were observed. Conclusion: In patients with locally advanced
esophageal cancer, neoadjuvant chemotherapy plus immunotherapy demonstrates good efficacy and safety, espe-
cially for PD-1-positive patients, and significantly improves prognosis.
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Introduction

Esophageal cancer is a common malignant tu-
mor of the gastrointestinal tract, with high inva-
siveness and lethality, and its main histologic
subtypes include esophageal adenocarcinoma
and squamous carcinoma [1, 2]. Approximately
half a million people worldwide are diagnosed
with esophageal cancer each year, and it ranks
eighth in global tumor incidence and sixth in
mortality [3, 4]. Locally advanced esophageal
cancer is defined as stage Ilb to llic esophageal
cancer that invades regional lymph nodes (N1-
3) without distant metastasis [5]. It is partially
resectable, but the postoperative outcome is
poor due to its predisposition to local infiltra-
tion and the difficulty of complete resection of
the tumor lesions [6]. Research has shown th-
at the 5-year survival rate of patients with lo-
cally advanced esophageal cancer after surgi-
cal treatment is only 20.64%-34%, and most

patients develop metastases or local recur-
rence within 3 years after surgery [7].

Neoadjuvant chemotherapy has transformed
the treatment landscape by shrinking tumors
preoperatively, thereby rendering inoperable
cancers treatable [8], and significantly enhanc-
ing survival by eradicating metastatic cells [9].
Furthermore, immunotherapy, particularly ag-
ents targeting programmed death-1 (PD-1), has
become a cornerstone of both adjuvant post-
operative therapy and first-line treatment for
advanced cases of esophageal and esophago-
gastric junction cancer [10]. In recent years,
regulators of gastrointestinal tumors, such as
epigenetic modifications, have gradually recei-
ved recognition, but little has been reported on
the biologic functions and mechanisms of N
6-methyladenosine (m6BA) in malignant tumors.
A recent study has shown that the efficacy of
anti-PD-1 therapy in colorectal cancer can be
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enhanced by inhibiting m6A methyltransferase.
Research has demonstrated that immunother-
apy plus chemotherapy can provide better sur-
vival benefit than chemotherapy alone for pa-
tients receiving first-line treatment for esopha-
geal cancer [11]. A phase | trial found that cam-
relizumab demonstrated good antitumor activi-
ty and manageable adverse effects in patients
with recurrent or metastatic esophageal squa-
mous carcinoma who were refractory to che-
motherapy, achieving an objective efficiency of
33.3% and a median progression-free survival
(PFS) of 3.6 months [12]. However, data on neo-
adjuvant chemotherapy plus immunotherapy in
patients with locally advanced esophageal can-
cer, particularly in the context of data from
China, remain scarce.

The current study was performed to explore
the efficacy of neoadjuvant chemotherapy plus
PD-1 inhibitor camrelizumab for the treatment
of locally advanced esophageal cancer. In addi-
tion, patients with different PD-1 expressions
were compared.

Materials and methods
Ethical review

The study was approved by the Ethics Com-
mittee of the First Affiliated Hospital of USTC,
and all procedures were in accordance with the
Helsinki Declaration on Ethical Guidelines for
Clinical Research [13]. Signed informed con-
sent was obtained from all patients before
enroliment.

Study population

We selected 87 patients with locally advanced
esophageal cancer who received neoadjuvant
chemotherapy plus immunotherapy between
January 2017 and January 2020 in the oncolo-
gy department of the First Affiliated Hospital of
USTC were collected for this retrospective anal-
ysis. The inclusion criteria were as follows: 1)
Patients aged 18-80 years, with complete med-
ical data including PD-1 expression and follow-
up data; 2) Patients with locally advanced
esophageal cancer confirmed by histologic or
cytologic examination (AJCC 8th) [14]; 3) Pa-
tients who received surgery and met the indi-
cations of neoadjuvant chemotherapy plus
immunotherapy, including: Karnofsky Perfor-
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mance Status (KPS) score of at least 80
points, suggesting adequate physical condition
to undergo surgery and handle potential risks
associated with anesthesia and surgical com-
plications [15]; patients who completed the
treatment regimen and subsequent assess-
ments, including PD-1 expression analysis. The
exclusion criteria were as follows: 1) Patients
with other malignant tumors or known distant
metastases; 2) Patients who were pregnant or
breastfeeding; 3) Patients with a history of
recurrence after surgical treatment or previous
immunotherapy; 4) Patients with severe insuf-
ficiency of organs, such as heart, brain, liver, or
kidney; 5) Patients suffering from immune or
hematologic disorders; 6) Women and men
with reproductive potential who were expecting
to conceive or father children.

Treatment interventions

All participants received the same treatment
including neoadjuvant chemotherapy and surgi-
cal intervention.

Neoadjuvant chemotherapy: patients received
25 mg/m? of vinorelbine through intravenous
injection on days 1 and 8 of a 21-day cycle, 75
mg/m? cisplatin through intravenous infusion
on day 1 of a 21-day cycle (or 25 mg/m? of cis-
platin through intravenous infusion on days 1-4
of a 21-day cycle), and 200 mg/d of camreli-
zumab on day 1 of a 21-day cycle through in-
travenous injection. A total of 2 cycles of neo-
adjuvant chemotherapy were administered.
The patient’s vital sighs were monitored under
close observation during dosing and 5 mg of
tropisetron was administered through intrave-
nous infusion to prevent gastrointestinal reac-
tions. The treatment was discontinued if dis-
ease progression or unacceptable toxicity oc-
curred.

Surgical interventions: Radical esophagectomy
for esophageal cancer was performed 4-6
weeks after the chemotherapy, and the proce-
dure was selected according to individual cir-
cumstances, including McKeown or Ivor Lewis
esophagectomy with bilateral OD lymph node
dissection and total mediastinal lymph node
dissection. After surgical resection, the PD-1
expression of cancer tissues was determined
by immunohistochemistry.
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Detection of PD-1 expression level and follow-
up data

Immunohistochemical staining was conducted
to determine PD-1 expression in tumor tissue.
Tissue samples were fixed in 4% neutral formal-
dehyde solution, embedded in paraffin, and
sectioned. After deparaffinization, endogenous
peroxidase activity was blocked, and antigen
retrieval was performed under high pressure.
Sections were incubated with a primary anti-
body for 1 hour at room temperature, followed
by a secondary antibody for 30 min. Color
development was achieved using DAB and
monitored microscopically. Hematoxylin was
applied for counterstaining. Sections were de-
hydrated and mounted. PD-1 expression was
evaluated using a mouse anti-human monoclo-
nal antibody (Catalog: MAB-0734, Fuzhou Mai-
xin Biotechnology Development Co.). Positive
staining in cytoplasm and cell membrane indi-
cated PD-1 positivity. Each section was divided
into quadrants for counting positive cells under
high magpnification, and the average positive
expression rate of each quadrant was calculat-
ed separately to obtain the PD-1 positive ex-
pression rate of the tumor. PD-1 positivity was
defined as > 5% positive cells, based on estab-
lished literature [15]. Appropriate negative and
positive controls were included in each batch of
immunohistochemistry.

The patients were followed up until April 2023,
with data on PFS and overall survival (0OS) col-
lected through telephone and outpatient reex-
amination. PFS was defined as the time from
treatment initiation to tumor progression or
death (any cause), and OS was defined as the
time from the treatment initiation to death (any
cause).

Outcome measures

Adverse reactions were recorded within 1
month after surgery, and all treatment-related
adverse events (AEs) were defined and grad-
ed according to the National Cancer Insti-
tute Common Terminology Criteria for Adverse
Events (CTCAE) [16]. In terms of efficacy, all
patients were evaluated by imaging 6 weeks
after the surgery, and responses were classi-
fied as complete remission (CR), partial remis-
sion (PR), stable disease (SD), and progressed
disease (PD). Objective remission rate (ORR) =
CR + PR, and disease control rate (DCR) = CR +
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PR + SD. In addition, patients were observed
for their postoperative OS and PFS. The base-
line data were compared between PD-1 posi-
tive and negative groups.

Statistical analysis

Survival analyses, including median overall sur-
vival, progression-free survival, and duration of
response, were performed using the Kaplan-
Meier method. A stratified Cox proportional
hazards regression model was constructed to
estimate hazard ratios (HRs) and 95% confi-
dence interval (Cl). Survival curves were plotted
using the survival package in R. Categorical
data were presented as frequencies and per-
centages (n, %) and analyzed using the chi-
square test. A p-value of less than 0.05 was
considered significant for all analyses.

Results
Patient characteristics

The study included 87 participants: 56 males
and 31 females. Age range included 31 patients
aged < 60 years and 56 aged > 60 years.
Regarding tumor size, 22 patients had a maxi-
mum tumor diameter < 3 c¢cm, and 65 had a
diameter > 3 cm. By tumor node metastasis
(TNM) stage, there were 17 patients with stage
Il, 27 with stage IlIA, and 43 with stage IlIB.
Tumor locations included 14 in the cervical seg-
ment, 13 in the upper segment, 29 in the mid-
dle segment, and 31 in the lower segment.
There were 39 cases with high PD-1 expression
and 48 with low expression (Table 1).

Relationship between PD-1 and clinical data

Patients were categorized based on PD-1 sta-
tus into PD-1 negative (n=39) and PD-1 positive
(n=48) groups. There were no significant differ-
ences in clinical data between the two groups
(P > 0.05, Table 2).

Short-term clinical efficacy

Among the 87 patients, 12 achieved CR, 40
PR, 21 SD, and 14 PD, with a DCR of 83.91%
and an ORR of 59.77%. When stratified by
PD-1 expression, PD-1 negative patients had a
DCR of 81.20% and an ORR of 50.00%, while
PD-1 positive patients had a DCR of 87.18%,
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Table 1. Patient characteristics

Number

Index (n=87) %
Sex

Male 56 64.37

Female 31 35.63
Age

<60 years old 31 35.63

> 60 years old 56 64.37
Largest diameter of lesion

<3cm 22 25.29

>3cm 65 74.71
TNM stage

Stage Il 17 19.54

Stage IlIA 27 31.03

Stage 11IB 43 49.43
Origin location

Neck segment 14 16.09

Upper segment 13 14.94

Middle segment 29 33.33

Lower segment 31 35.63
PD-1 status

Positive 39 44.83

Negative 48 55.17

Note: TNM = Tumor Node Metastasis, PD-1 = Pro-
grammed death-1.

and an ORR of 71.19%. The ORR was signifi-
cantly higher in PD-1-positive patients com-
pared to PD-1-negative patients, although no
significant differences were observed in DCR
(Table 3).

A total of 72 patients were followed for more
than 12 months, during which 13 died and
36 experienced disease progression. The 12-
month OS rate was 81.94% (59/72) and the
12-month PFS rate was 50.00% (36/72).
Among the PD-1 positive patients (n=33), 3
died and 11 experienced PD, resulting in a
12-month OS rate of 90.91% (30/33) and a
12-month PFS rate of 66.67% (22/33). Among
PD-1 negative patients (n=39), 10 died and 25
experienced PD, with a 12-month OS rate of
74.36% (29/39) and a 12-month PFS rate of
35.90% (14/39). The 12-month PFS rate was
significantly higher in PD-1-positive patients,
but there was no significant difference in the
12-month OS rate between the two groups
(Table 4).
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Long-term clinical efficacy

The median follow-up for all participants was
18 months, with an interquartile range of 13 to
21 months. The median PFS was 15 months
(95% Cl: 12 to 18) and the median OS was not
calculable (NC) (95% Cl: 22 to NC) in all patients
(Figure 1).

For PD-1 positive patients, the median follow-
up was 18.5 months (interquartile range of
12.75 to 22 months), with a median PFS of 18
months (95% Cl: 15-NC) and a median OS that
was NC. For PD-1 negative patients, the medi-
an follow-up was 17.5 months (interquartile
range of 13.25 to 21 months), with a median
PFS of 12 months (95% Cl: 11 to 16), and a
median OS of 22 months (95% Cl: 20 to NC).
There was no significant difference in PFS bet-
ween the PD-1 negative and positive groups
(HR=1.992, 95% CI: 0.9148-4.336, P=0.110).
However, OS was significantly longer in PD-1-
positive patients compared to PD-1-negative
patients (HR=1.921, 95% CI: 1.132-3.260,
P=0.016). See Figures 2 and 3.

Adverse events

No grade IV or higher adverse reactions were
observed. The incidence of grade | AEs was
82.76% (72/87), grade Il AEs was 27.59%
(24/87), and grade Il AEs was 10.34% (9/87)
(Table 5).

Discussion

Neoadjuvant chemotherapy combined with im-
munotherapy yielded promising results here for
the treatment of locally advanced esophageal
cancer, achieving a DCR of 81.20% and an
ORR of 50.00%. Additionally, the 12-month OS
and PFS rates were 81.94% and 50.00%, re-
spectively. Despite advancements in multidisci-
plinary treatments such as surgery, radiothera-
py, and chemotherapy, the prognosis for esoph-
ageal cancer patients remains unsatisfactory
[17]. Neoadjuvant therapy improves the likeli-
hood of complete surgical resection (RO) by
reducing tumor volume, size, and the number
of affected lymph nodes preoperatively, and
decreases recurrence rates by targeting micro-
metastases. Immune checkpoints play a cru-
cial role by boosting the tumor-killing activity
of immune cells through mitigating the body’s
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Table 2. The relationship between PD-1 and baseline data of patients

Index Number (n=87) PD-1 Negative (n=39) PD-1 Positive (n=48) x2?value P value
Sex
Male 56 27 29 0.728 0.393
Female 31 12 19
Age
<60 years old 31 16 15 0.896 0.343
> 60 years old 56 23 33
Largest diameter of lesion
<3cm 22 8 14 0.852 0.355
>3cm 65 31 34
TNM stage
Stage Il 17 7 12
Stage IlIA 27 15 12 1.934 0.380
Stage IIIB 43 17 24
Origin location
Neck segment 14 7 7
Upper segment 13 6 7 5.519 0.137
Middle segment 29 17 12
Lower segment 31 9 22

Note: TNM = Tumor Node Metastasis, PD-1 = Programmed death-1.

Table 3. Short-term clinical efficacy

n CR PR SD PD DCR ORR

Total 87 12 40 21 14 83.91% 59.77%
PD-1 Negative 48 5 19 15 9 81.25% 50.00%

PD-1Positve 39 7 21 6 5 87.18% 71.79%
X2 0.293 4.251
P 0.588 0.039

Note: PD-1 = Programmed death-1, CR = Complete Remis-
sion, PR = Partial Remission, SD = Stable Disease, PD =
Progressed Disease, DCR = Disease Control Rate, ORR =
Objective Remission Rate.

Table 4. PFS and OS after 12 months

12 months 12 months
OS rate PFS rate
Total 72 13(18.06%) 36 (50.00%)
PD-1 Negative 39 10 (25.64%) 25 (64.10%)
PD-1 Positive 33 3 (9.09%) 11 (33.33%)
X2 3.309 6.769
P 0.069 0.009

Note: PD-1 = Programmed death-1, OS = Overall Sur-
vival, PFS = Progression-free survival.

inhibitory effects on them. Recently, therapies
involving immune checkpoint inhibitors have
emerged as a focus of research in the treat-
ment of solid tumors, achieving significant
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breakthroughs in esophageal cancer [18].
These inhibitors are now approved for use in
first-line, second-line, and postoperative adju-
vant therapy in esophageal cancer. However,
the specific benefits of neoadjuvant immuno-
therapy in esophageal cancer remain less
explored [19].

Adding immunotherapy to neoadjuvant chemo-
therapy and surgery has proven effective to
enhance tumor removal and patient survival in
locally advanced esophageal cancer. However,
surgical RO resection rates remain suboptimal,
and many patients still experience a recurrence
pattern predominantly characterized by distant
metastases. A study by Shapiro et al. suggest-
ed that this pattern of recurrence may be at-
tributed to an insufficient intensity of systemic
therapy [20]. Therefore, integrating systemic
immunotherapy may improve outcomes follow-
ing traditional neoadjuvant therapy, which is
often plagued by high rates of distant meta-
stases. The KEYNOTE-590 study, a pioneering
phase Il clinical trial of first-line immunothera-
py for locally advanced or metastatic esopha-
geal cancer, reported an ORR of 45% in pa-
tients receiving a combination of pembrolizum-
ab and chemotherapy [21]. These findings align
closely with those of our study. Camrelizumab,
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a high-affinity, selective 1gG4-type PD-1 mo-
noclonal antibody that targets T cells, B lym-
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24

ations across different

backgrounds.

phocytes, natural killer cells,
and dendritic cells expressing
CD4+ and CD8+, disrupts the
interaction between these im-
mune cells and cancer cells.
By blocking PD-1 mediated
T-cell immunosuppression, ca-
mrelizumab exerts significant
antitumor effects [22]. It has
been shown to improve RO
resection rate, and, when com-
bined with chemotherapy, to
significantly extend median
survival in patients with locally
advanced esophageal cancer
[22].

With growing interest in ra-
cial and ethnic disparities in
healthcare, research indicates
that different races and popu-
lations may respond different-
ly to specific treatment regi-
mens. For example, Taylor [23]
and Wright [24] discussed the
significance of racial and eth-
nic considerations in clinical
trials, highlighting findings fr-
om studies like the African-
American Heart Failure Trial
(A-HeFT), the African-American
Study of Kidney Disease and
Hypertension (AASK), and the
Antihypertensive and Lipid-
Lowering Treatment to Prevent
Heart Attack Trial (ALLHAT).
These studies underscore ex-
isting disparities within the
U.S. healthcare system and
the necessity of addressing
them. Additionally, Owusu et
al. [25] evaluated the effec-
tiveness of mixed care therapy
across different races and
ethnicities, finding it generally
effective, though with some
variation among groups. Ba-
sed on these insights, it is
imperative to undertake stud-
ies within China using real
data to better understand pos-
sible treatment response vari-
racial and ethnic
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Table 5. Occurrence of adverse events

With the growing interest in the

Grade Grade Grade Grade

prognosis of esophageal cancer
v patients, several predictive tools

Total 72 24
Decreased white blood cell count 21 7
Decreased platelet count 11 7
Anemias 14 4
Nausea and vomiting 8 2
Impaired liver function 22 11
Impaired kidney function 12 4
Hypothyroidism 14 5
Rash 11 7

©

O R, N WEFEL ON D

and models have been developed.
These tools aim to predict patient
survival and disease progression
by considering factors such as cli-
nical characteristics, biomarkers,
and immune expression, including
PD-1. In our study, we specifically
examined PD-1 expression and dis-
covered that patients with positive
PD-1 exhibited a significantly be-

o

O O O O O o o o

According to a multicenter, single-arm, phase Il
trial, the combination of camrelizumab and
chemotherapy as neoadjuvant therapy for lo-
cally advanced esophageal squamous carcino-
ma showed promising results: 91.7% of patients
completed the full 2 cycles of treatment, achiev-
ing a 98.0% RO resection rate, with 39.2% of
patients reaching pathologic complete remis-
sion of both the primary tumor and lymph
nodes, although 9.8% had complete remission
in the primary tumor but residual lesions in the
lymph nodes [26]. In our study, PD-1 expression
in resected cancer tissues was used to classify
patients into PD-1 positive and PD-1 negative
groups. PD-1 positive patients (45.83%) dem-
onstrated significantly higher 12-month PFS
rates and longer OS compared to PD-1 nega-
tive patients. Approximately 40% of esopha-
geal cancer patients exhibit PD-1 overexpres-
sion, associated with poorer OS. PD-1 inhibitors
block the upregulation of PD-1 in tumor cells,
enhancing the T cells’ ability to kill esophageal
cancer cells [27, 28]. Our findings indicate
superior efficacy in PD-1 positive patients, sug-
gesting that neoadjuvant chemotherapy com-
bined with immunotherapy yields better out-
comes for this group.

This study has several limitations. First, the fol-
low-up period was relatively short, with a medi-
an follow-up of 18 months and a maximum of
only 24 months, insufficient to ascertain the
long-term efficacy of immunotherapy in pa-
tients with locally advanced esophageal can-
cer. Second, this retrospective study lacked a
control group, which means comparisons bet-
ween the efficacy of immunotherapy and con-
ventional chemotherapy could not be made.
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tter prognosis compared to PD-1-

negative patients. If simulations
are considered in future studies, we would rec-
ommend to use predictive models based on
PD-1 expression and other relevant clinical
characteristics. By combining these data, we
can better understand the relationship between
PD-1 expression and the prognosis of esopha-
geal cancer and provide patients with more
personalized treatment recommendations.

Conclusion

In patients with locally advanced esophageal
cancer, neoadjuvant chemotherapy combined
with immunotherapy demonstrates good effi-
cacy and safety, as well as significant improve-
ment in patient prognosis, especially for PD-1-
positive patients.
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