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Background: Neoadjuvant administration of immune checkpoint inhibitors (ICIs) combined with chemotherapy demonstrated
promising efficacy and manageable safety in locally advanced esophageal squamous cell carcinoma (ESCC). This prospective,
single-arm, phase 2 study evaluated the efficacy and safety of neoadjuvant therapy with camrelizumab plus paclitaxel and nedaplatin
for 2–4 cycles in ESCC.
Methods: Patients with locally advanced stage IIa–IIIb ESCC were enrolled in the study and received camrelizumab (200 mg),
paclitaxel (155 mg/m2), and nedaplatin (80 mg/m2) intravenously on day one every 3 weeks. Patients underwent surgery after 2–4
cycles of treatment. The primary endpoint was the pathological complete response (pCR) rate. Secondary endpoints included the
major pathological response (MPR) rate, R0 resection rate, tumor regression, objective response rate (ORR), and disease-free
survival (DFS). Programmed cell death 1 ligand 1 (PD-L1) expression in tumor tissues was measured and quantified using
immunohistochemistry staining and combined positive score (CPS), respectively.
Results: In total, 75 patients were enrolled and received neoadjuvant treatment. Of them, 45 (60%) received two cycles, 18 (24%)
received three cycles, and 10 patients (13.3%) received four cycles of neoadjuvant therapy. Ultimately, 62 patients (82.7%)
underwent surgery. The patients achieved a pCR of 27.4% (95%CI: 16.9–40.2), anMPR of 45.2% (95%CI: 33.1–59.2), and anORR
of 48.4% (95%CI: 35.5–61.4); all patients had an R0 resection. T andN downstaging occurred in 39 (62.9%) and 19 (30.6%) patients
Moreover, patients with CPS ≥10 tended to have enhanced ORR, pCR, and MPR compared to those with CPS <10. Treatment-
related adverse events (TRAEs) of grade 1–2 occurred in 59 (78.7%) patients, grade 3 TRAEs in four (5.3%), and one patient (1.3%)
experienced a grade 4 TRAE.
Conclusions: Neoadjuvant camrelizumab combined with chemotherapy showed promising efficacy in locally advanced ESCC,
with a manageable safety profile, when administered flexibly in two to four cycles.
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Introduction

Esophageal cancer (EC) is one of the major health concerns,
ranking seventh in cancer incidence and sixth in cancer-related
mortality worldwide[1]. Males are more likely to develop EC than
females, with a two-fold to three-fold increase in incidence and
mortality[1]. EC consists of two main histological subtypes: eso-
phageal adenocarcinoma (EAC) and esophageal squamous cell
carcinoma (ESCC). ESCC constitutes 90% of EC cases in parts of
Asia and sub-Saharan Africa[1,2]. More than half of the EC-
associated morbidity occurs in China, making it the highest dis-
ease burden in the country[2]. In China, risk factors for ESCCmay
include but are not limited to age, sex, drinking, smoking, and
dietary habits such as the consumption of very hot liquids and
food, as well as pickled or salted vegetables[3].

The randomized phase 3 CROSS andNEOCRTEC5010 trials,
which enrolled patients with clinical stage IIb–IIIa resectable
locally advanced ESCC, demonstrated that neoadjuvant che-
moradiotherapy improved overall survival (OS) compared to
surgery alone[4–7]. The phase 3 randomized OEO2 trial showed
neoadjuvant chemotherapy prolonged survival in patients with
resectable EC without increased severe toxicity compared to
surgery alone[8]. Additionally, the JCOG9907 trial with clinical
stage II or III revealed that neoadjuvant chemotherapy resulted in
longer OS, which was superior to adjuvant chemotherapy[9].
Although neoadjuvant chemoradiotherapy or chemotherapy led
to improved survival, the prognosis for ESCC patients is still
unsatisfactory, underscoring the need for further research and
development of new treatment modalities to improve clinical
outcomes.

Chemotherapy drugs can enhance the immunogenicity of the
tumor microenvironment (TME) to amplify tumor-specific T cell
responses by inducing immunogenic cell death, upregulating
antigen presentation, and stimulating the release of damage-
associated molecular patterns[10]. Additionally, chemotherapy
drugs can reduce immunosuppression in the TME by targeting
immunosuppressive cells such as regulatory T (Treg) cells and
myeloid-derived suppressor cells (MDSCs)[10]. Furthermore,
immune checkpoint inhibitors combined with chemotherapy led
to superior survival compared to chemotherapy and are recom-
mended as the standard of care as the first-line therapy for
ESCC[11–13].

The impressive efficacy of the first-line combination therapy of
immunotherapy and chemotherapy in advanced ESCC has sti-
mulated interest in exploring their potential in the neoadjuvant
setting. Multiple clinical trials have been conducted to evaluate
the efficacy and safety of neoadjuvant programmed cell death 1
(PD-1) antibodies in combination with chemotherapy for
resectable ESCC. These studies reported pathological complete
response (pCR) rates ranging from 20 to 50% (some pCR defi-
nitions exclude lymph nodes) and major pathological response
(MPR) rates ranging from 42 to 72%. However, limited data are
available on long-term clinical outcomes such as OS and pro-
gression-free survival (PFS). Most studies included fewer than 50
patients with resectable ESCC[14–19]. Moreover, determining the
optimal duration of neoadjuvant therapy is challenging, con-
sidering each patient’s variable physical conditions and com-
pliance. Therefore, tailoring neoadjuvant therapy cycles to
individual patient conditions is a valuable area of exploration.

Camrelizumab is a humanized monoclonal antibody that
binds to PD-1. Several clinical trials showed the therapeutic

benefit of camrelizumab plus chemotherapy in the first-line set-
ting for advanced or metastatic ESCC[13] and in the neoadjuvant
setting for locally advanced ESCC[20–22]. Moreover, the
CMISG1701 trial and JCOG 1109 NExT trial showed that
chemoradiotherapy did not significantly prolongOS compared to
neoadjuvant chemotherapy[23,24]. Therefore, this phase 2 study
employed a flexible neoadjuvant regimen of two to four cycles,
combining chemotherapy and camrelizumab, considering indi-
vidual patient differences in physical condition, response to
neoadjuvant therapy, and surgical compliance. The study aimed
to evaluate the efficacy of this regimen by assessing pathological
response, radiographic response, and its safety profile.

Methods

Study design

The study was designed as a prospective, open-label, single-arm,
phase 2 trial and involved neoadjuvant treatment with camreli-
zumab in combination with chemotherapy for patients with
locally advanced resectable ESCC. Recruitment started from
2 June 2020, to 1 July 2022. The study adhered to the Declaration
of Helsinki as well as the Good Clinical Practice Guidelines. The
study protocol was approved by the ethics committee, and all
patients provided written informed consent before participating
in the study. The work has been reported in line with the
strengthening the reporting of cohort, cross-sectional and case–
control studies in surgery (STROCSS) criteria[25] (Supplemental
Digital Content 1, http://links.lww.com/JS9/B506).

Participants

Eligible patients, aged between 18 and 70 years, were diagnosed
with locally advanced stage IIa–IIIb ESCC according to the AJCC
8th edition TNM staging system. Enrolled patients possessed an
Eastern Cooperative Oncology Group (ECOG) performance
status of 0-1, had measurable lesions based on the Response
Evaluation Criteria in Solid Tumors (RECIST) 1.1, had sufficient
organ function, and were anticipated to survive beyond three
months. Patients were excluded if they had active, suspected, or
known autoimmune diseases.Moreover, those with previously or
concurrently other malignancies (excluding properly treated
nonmelanoma skin cancer, carcinoma in situ of the cervix, and
papillary carcinoma of the thyroid) or any other factors that may
impact the participant’s safety or the compliance of the trial, were
also excluded.

Procedures

The study utilized a neoadjuvant combination treatment con-
sisting of camrelizumab at a dose of 200 mg, paclitaxel at a dose
of 155mg/m2, and nedaplatin at a dose of 80mg/m2. Participants

HIGHLIGHTS

• A phase 2 study of neoadjuvant chemoimmunotherapy for
locally advanced ESCC (n= 75).

• This study employed a flexible regimen with 2–4 cycles of
neoadjuvant therapy.

• The pCR and MPR rates were 27.4 and 45.2%, respec-
tively, with manageable safety.
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received all the agents via intravenous infusion on the first day,
every 3 weeks. The combination therapy was administered for
2–4 cycles, and tumor response assessments were conducted after
2nd cycle of neoadjuvant treatment and before surgery according
to the RECIST 1.1 criteria. After patients were treated for at least
two neoadjuvant therapy cycles, the investigators decided whe-
ther to proceed with surgical operation while considering the
patient’s wishes. Adverse events (AEs) were monitored for
90 days following the final dose of drug administration or until
30 days after surgery. AEs were assessed using the National
Cancer Institute Common Terminology Criteria for Adverse
Events (NCI-CTCAE version 5.0). Patients received adjuvant
therapy based on the investigators’ judgment.

Outcomes

pCR was adopted as the primary endpoint, and the second end-
points comprised MPR, R0 resection rate, tumor regression,
objective response rate (ORR), disease control rate (DCR), and
disease-free survival (DFS). pCRwas referred to as the absence of
residual tumor cells in the primary tumor and lymph nodes. The
presence of 10% or fewer residual tumor cells in the primary
tumor and lymph nodes was considered MPR. DFS was defined
as the time between the surgery and local or distant recurrence or
death from any cause, whichever occurred first. The four-tier
College of American Pathologists grading system was used to
assess the tumor regression.

Immunohistochemistry

The expression of PD-L1 was detected by immunohistochemistry
(IHC) in ESCC specimens. All esophageal tumor tissues were
fixed in formalin with 10% neutral buffer, embedded in paraffin,
and sliced into 4-micron serial sections. The ready-to-use PD-L1
antibody was purchased from AmoyDx Company (Xiamen,
China). According to the manufacturer’s instructions, the high-
pressure repaired samples were incubated with antibodies over-
night at 4°C. Visualization with DAB staining indicated the
membrane localization and expression levels of PD-L1 in the
intratumoral cells, and nuclei were counterstained using
Haematoxylin. A combined positive score (CPS) was adopted to
quantify PD-L1 expression levels[26]. CPS, varying from 1 to 100,
was defined as a percent score [(the sum of PD-L1-positive sur-
viving tumor cells and immune cells (lymphocytes and macro-
phages)/surviving tumor cells] in the sample. Two pathologists
blinded to patients’ information evaluated and scored the PD-L1
stainings under a 20× objective lens. ESCC samples with CPS
≥ 1 were considered PD-L1 positive, while those with CPS <1
were negative[27]. Tumors with CPS ≥ 10, as determined by PD-
L1 IHC 22C3 pharmDx (Agilent Technologies), have been
approved to aid in screening ESCC patients eligible for pem-
brolizumab, which was supported by the phase III KEYNOTE-
181 study[28]. Therefore, patients were also divided into CPS <10
and CPS ≥10 groups.

Statistical analysis

Statistically, a minimum of 56 patients were required to detect an
increase in pCR from 20 to 40% with a power of 90% at a one-
sided significance level of 2.5%, using an exact binomial test. If
presuming a dropout rate of 20%, 70 patients should be enrolled.
For continuous variables, the median and range were calculated.

For categorical variables, the number and percentage of patients
in each category were calculated. The 95% CI was calculated
using the Clopper–Pearson method. Exploratory subgroup ana-
lyses of pathological and radiographic responses were performed
based on the following baseline characteristics (unplanned):
ECOG performance status (0 vs 1), smoking history (yes vs no),
drinking history (yes vs no), tumor location (middle vs lower),
clinical T stage (T2 vs T3), clinical N stage (N0 vs N1), and
clinical stage (II vs III). Pearson’s correlation coefficient was used
to determine correlations between radiological response and
tumor regression. Statistical analyses were performed using the
Statistical Analysis System (SAS) 9.2 version. We set the level of
statistical significance at 5% without further notification.

Results

Patient characteristics

In total, 75 patients were included in this study and received
neoadjuvant treatment. Most of these patients were male
(97.3%) and had an ECOG performance status of 0 (70.7%).
Most patients presentedwith clinically staged T3 tumors (73.3%)

Table 1
Baseline characteristics.

Patients (n= 75)

Age (years)
Median (range) 62 (48, 74)

Sex, n (%)
Male 73 (97.3)
Female 2 (2.7)

ECOG performance status, n (%)
0 53 (70.7)
1 22 (29.3%)

Smoking, n (%)
Never 34 (45.3)
Former or current 41 (54.7)

Drinking, n (%)
Never 32 (42.7)
Former or current 43 (57.3)

Tumor location, n (%)
Upper 4 (5.3)
Middle 30 (40)
Lower 41 (54.7)

Clinical T stage, n (%)
T2 20 (26.7)
T3 55 (73.3)

Clinical N stage, n (%)
N0 29 (38.7)
N1 35 (46.7)
N2 11 (14.6)

Clinical stage (AJCC, 8th edition), n (%)
II 37 (49.3)
III 38 (50.7)

Tumor length, mm
Median (range) 50 (9.13, 130)

PD-L1 CPS expression, n (%)
CPS <1 25 (33.3)
CPS ≥ 1 36 (48.0)
CPS <10 41 (54.7)
CPS ≥ 10 20 (26.7)
Unknown 14 (18.7)
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and lymph node metastasis (61.3%). Furthermore, more than
half of the patients reported a smoking and drinking history, and
their tumors were located in the lower esophagus. Tumor samples
from 61 patients were assessed for PD-L1 expression. Twenty-
five patients (33.3%) had a CPS <1, while CPS ≥1 was observed
in 36 patients (48%) (Table 1).

Completion of treatment

Of the 45 patients who received two cycles of neoadjuvant
treatment, 40 underwent surgery, while the remaining five dis-
continued due to withdrawal of informed consent (n=4) or death
from multiple organ failure (n= 1). Eighteen patients finished
three cycles of neoadjuvant treatment; among them, 15 patients

received surgery, and three withdrew consent. Six of the 10
patients achieving four cycles of neoadjuvant therapy underwent
surgery; besides, one patient had a surgical operation outside the
trial center, and four withdrew from the trial. Additionally, one
patient underwent surgery after one cycle of neoadjuvant treat-
ment at his request. In total, 62 (82.7%) of the 75 enrolled
patients were subjected to surgical resections (Fig. 1).

Radiographic response and pathological response

Among 75 patients, the ORR was 48.4% (95% CI: 35.5–61.4),
and the DCR was 98.4% (Table 2). After one cycle of neoadju-
vant treatment in line with RECIST 1.1 criteria, one patient
achieved stable disease (SD). Out of 40 patients who received two
cycles of treatment, nine (22.5%), thirteen (32.5%), and eighteen
(45%) achieved complete response (CR), partial response (PR),
and SD, respectively. In terms of the fifteen patients who received
three cycles, one (6.7%) achieved CR, five (33.3%) achieved PR,
eight (53.3%) achieved SD, and one (6.7%) experienced pro-
gressive disease (PD). Among six patients who received four
cycles, two (33.3%) and four (66.7%) achieved CR and SD,
respectively. A waterfall plot was used to show the best radio-
graphic responses of ESCC patients (Fig. 2A).

Among 62 patients who underwent surgery, the pCR rate was
27.4% (95%CI: 16.9–40.2), and theMPR rate was 45.2% (95%
CI: 33.1–59.2) (Table 2). In addition, 17 patients (27.4%) had
pCR, including 12 patients (30%) after two cycles, three (20%)
after three cycles, and two (33.3%) after four cycles of treatment.
Furthermore, 19 (47.5%), seven (46.7%), and two (33.3%)
achieved MPR. Detailed tumor regression results are shown in a
waterfall plot (Fig. 2B), including the cycle of neoadjuvant ther-
apy, PD-L1 CPS score, radiographic response, and clinical stage
(cT, ypT, cN, and ypN). Thirty-nine patients (62.9%) achieved T
downstaging, and 19 (30.6%) achieved N downstaging, with 21
(33.9%) showing pathological T0 and 34 (54.8%) reaching N0.

In addition, there were no significant differences in ORR, pCR,
andMPRbetween subgroups based on ECOGperformance status (0

Figure 1. Study flowchart.

Table 2
Radiographic response and pathological response.

The first
cycle
(n= 1)

The second
cycle
(n= 40)

The third
cycle
(n= 15)

The fourth
cycle
(n= 6) Total

Radiographic response, n (%)
Complete response 0 9 (22.5) 1 (6.7) 2 (33.3) 12 (19.4)
Partial response 0 13 (32.5) 5 (33.3) 0 18 (29)
Stable disease 1 (100) 18 (45) 8 (53.3) 4 (66.7) 31 (50)
Progressive disease 0 0 1 (6.7) 0 1 (1.6)
Objective response 0 22 (55) 6 (40) 2 (33.3) 30 (48.4)
Disease control 1 (100) 40 (100) 14 (93.3) 6 (100) 61 (98.4)

Pathological response, n (%)
pCR 0 12 (30) 3 (20) 2 (33.3) 17 (27.4)
MPR 0 19 (47.5) 7 (46.7) 2 (33.3) 28 (45.2)
TRG 0 0 12 (30) 3 (20) 2 (33.3) 17 (27.4)
TRG 1 0 6 (15) 5 (33.3) 0 11 (17.7)
TRG 2 1 (100) 12 (30) 5 (33.3) 1 (16.7) 19 (30.6)
TRG 3 0 10 (25) 2 (13.3) 2 (33.3) 14 (22.6)

As one patient who received four cycles of neoadjuvant treatment underwent surgery outside the trial
center, the results of the pathological assessment were not obtained.
pCR, pathological complete response; MPR, major pathological response; TRG, tumor regression
grade, assessed by the four-tier College of American Pathologists grading system.
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vs 1), smoking history (yes vs no), drinking history (yes vs no), tumor
location (middle vs lower), clinical T stage (T2 vs T3), clinical N stage
(N0 vs N1), and clinical stage (II vs III) (Supplementary Table 1,
Supplemental Digital Content 2, http://links.lww.com/JS9/B507).

Correlation analysis showed that pathological tumor regres-
sion was positively correlated with the reduction in lesion longest
diameter (LLD) and short diameter of the largest lesion (SDL)
(both P<0.05, Fig. 3A, B). Furthermore, the reduction in LLD
was positively correlated with the decrease in SDL (P<0.05)
(Fig. 3C).

PD-L1 expression and clinical responses

Among patients who underwent surgery, 17 had PD-L1 CPS <1,
and 35 had PD-L1 CPS ≥ 1. ESCC patients with PD-L1 CPS <1
group had an ORR of 52.9%, a pCR of 23.5%, and an MPR of
47.1%. In the PD-L1 CPS ≥ 1 group, the ORR was 51.4%, pCR
was 25.7%, andMPRwas 40%.Moreover, when the PD-L1CPS
cutoff value of 10was applied, ORR, pCR, andMPRwere higher
in CPS ≥ 10 than in CPS<10 groups, but a statistically significant
difference was not achieved between the two groups with the

A

B

Figure 2. Radiographic response and pathological response for patients who underwent surgery. A Waterfall plot of best radiographic response by RECIST 1.1 in
62 patients, B Waterfall plot of pathological tumor regression in 61 patients. As one patient who received four cycles of neoadjuvant treatment underwent surgery
outside the trial center, the results of the pathological assessment were not obtained. CR, complete response; PR, partial response; SD, stable disease; PD,
progressive disease. NAT, neoadjuvant therapy.
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χ2test (Fig. 4, Supplementary Table 1, Supplemental Digital
Content 2, http://links.lww.com/JS9/B507). Representative radi-
ological response images from five patients with PD-L1 CPS
scores of 0, <1, 30, 40, and 55 were presented in Figure 5.
Patients A–C achieved PR, while patients D–E achieved SD.
Patient A achieved MPR, whereas patients B–E had viable tumor
cell proportions of 31, 13, 15, and 47%, respectively. These
results warrant further validation by studies including more
participants and endpoints (e.g. event-free survival, DFS,
and OS).

Surgery outcomes

Among 62 patients who underwent surgery, the median interval
between the last neoadjuvant treatment and a surgical operation
was 39.5 days (range 28–118). Twenty-one (33.9%) patients
underwent robotic surgery, 40 (64.5%) received laparoscopic
surgery, and one (1.6%) had thoracotomy. All patients had R0
resection. The median operation time was 362.5 min (range
180–567), and the median postoperative hospital stay was
10 days (range 6–41). Postoperative complications were observed
in 29 patients (46.8%), including 19 cases of atelectasis (30.6%),

Figure 3. Correlation between radiographic response related parameters and pathological tumor regression. A LLD reduction was positively correlated with
pathological tumor regression (P=0.018). B SDL reduction was positively correlatedwith pathological tumor regression (P= 0.026). C LLD reduction was positively
correlated with SDL reduction (P=0.0025). LLD, lesion longest diameter; SDL, short diameter of the largest.
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15 cases of pneumonia (24.2%), and 15 cases of pleural effusion
(24.2%) (Supplementary Table 2, Supplemental Digital Content
2, http://links.lww.com/JS9/B507).

Safety

Among 75 patients, 59 (78.7%) experienced grade 1–2 treat-
ment-related adverse events (TRAEs), four (5.3%) suffered from
grade 3 TRAEs, and one (1.3%) was subjected to a grade 4
TRAE. The most frequent grade 1–2 TRAEs were alopecia
(49.3%), reactive cutaneous capillary endothelial proliferation
(46.7%), and asthenia (40%). The most common grade 3 TRAEs
were anemia (5.3%) and thrombocytopenia (2.7%) (Table 3).
Tragically, one patient died due to multiple organ failure after
receiving two cycles of neoadjuvant treatment, and one died due
to respiratory failure after surgery.

Discussion

This phase 2 trial aimed to assess the efficacy and safety of
neoadjuvant camrelizumab combined with chemotherapy for
locally advanced ESCC, with patients having the option to receive
2–4 cycles of treatment. The study revealed that 27.4% of
patients achieved a pCR (ypT0N0), while 45.2% achieved an
MPR.We did not meet the primary endpoint of this study, having
expected an increase in the pCR rate from 20 to 40%; however,
the pCR rate was higher than that reported in other neoadjuvant
chemotherapy studies, where rates of 4 and 3.8% were
observed[8,29]. Furthermore, the safety profile of the treatment
was manageable. These findings suggest that 2–4 cycles of
neoadjuvant camrelizumab combined with chemotherapy are
feasible in clinical practice.

Neoadjuvant chemoimmunotherapy studies for locally
advanced ESCC typically involve two cycles of treatment. One
study using sintilimab combined with paclitaxel and liposomal
carboplatin reported a pCR (ypT0) of 22.2% and an MPR of
44.4%[14]. In contrast, other studies reported a ypT0N0 of
31.4% with camrelizumab combined with nab-paclitaxel and
cisplatin (NIC-ESCC2019 study) and a ypT0N0 of 29.1 and an
MPR of 49.1% with toripalimab combined with albumin-bound
(nab) paclitaxel and S-1[16,19]. Additionally, two studies using
three cycles of neoadjuvant chemoimmunotherapy, one using

pembrolizumab in combination with traditional two-drug che-
motherapy (PEN-ICE study) and the other using tislelizumab
together with carboplatin and nab-paclitaxel, reported ypT0
rates of 46.2 and 50%, and MPR rates of 69.2 and 72%,
respectively[15,17]. In a study of four cycles of socazolimab com-
bined with nab-paclitaxel and cisplatin, 41.4 and 69.0% of
patients achieved ypT0N0 and MPR, respectively[18]. A longer
duration of neoadjuvant therapy seems to improve pathological
response. However, in this study, patients who received two,
three, and four cycles of neoadjuvant treatment had pCR rates of
30% (12/40), 20% (3/15), and 33.3% (2/6), respectively, while
theMPR rates were 47.5% (19/40), 46.7% (7/15), and 33.3% (2/
6). Given that these analyses were conducted on small sample
sizes, further investigation is needed to determine whether longer
durations of neoadjuvant therapy lead to better pathological
responses while considering patients’ ability to tolerate the
treatment.

In the middle of 2020, Kojima demonstrated that while used as
second-line therapy, pembrolizumab was superior to che-
motherapy in prolonging OS in patients with advanced EC hav-
ing PD-L1 CPS ≥10 in a randomized phase III KEYNOTE-181
study[28]. Moreover, PD-L1 IHC 22C3 pharmDx is approved by
the FDA to identify patients suitable for pembrolizumab mono-
therapy or combination therapies for several types of cancer,
including nonsmall cell lung cancer (NSCLC), head and neck
squamous cell carcinoma (HNSCC), triple-negative breast cancer
(TNBC), and ESCC[30]. On the contrary, the ESCORT study
demonstrated that as second-line therapy, camrelizumab con-
ferred a survival benefit in advanced or metastatic ESCC patients
compared to chemotherapy, irrespective of PD-L1 expression[31].
Herein, we also attempted to determine the association between
PD-L1 expression and clinical responses (i.e. ORR, pCR, and
MPR). We observed no significant differences in pCR and MPR
between the PD-L1 CPS <1 and PD-L1 CPS ≥ 1 groups.
Interestingly, pCR and MPR were numerically higher in the
group with PD-L1 CPS ≥10 than in the group with PD-L1 CPS
<10. Our findings align with several studies performed in locally
advanced ESCC with PD-1 inhibitors plus chemotherapy used as
neoadjuvant treatment[17,20,21]. For instance, Liu and colleagues
demonstrated that there was no significant association between
PD-L1 expression levels and pCR in a study of 60 ESCC patients
administrated with camrelizumab and chemotherapy (nab-

A B C

Figure 4.Analyses of (A) the objective response rate, (B) major pathological response (MPR) and (C) pathological complete response (pCR) for subgroups based on
PD-L1 expression. CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease.

Yang et al. International Journal of Surgery (2024) International Journal of Surgery

1436

http://links.lww.com/JS9/B507


A

B

C

D

E

Figure 5. Representative cases. Patient A, with a PD-L1 CPS score of 40, achieved partial response (PR) after three cycles of neoadjuvant therapy and eventually
reached major pathological response (MPR). Patient B, with a PD-L1 CPS score of 30, achieved PR after 2 cycles of neoadjuvant therapy, with 31% viable tumor
cells remaining. Patient C, with a PD-L1 CPS score of 55, achieved PR after 2 cycles of neoadjuvant therapy, with 13% viable tumor cells remaining. Patient D (PD-
L1 CPS score of <1) achieved stable disease (SD) after 2 cycles of neoadjuvant therapy, with a residue of 15% viable tumor cells. Patient E (PD-L1 CPS score of 0)
achieved SD after 2 cycles of neoadjuvant therapy, with 47% viable tumor cell residue.
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paclitaxel and carboplatin)[21]. Yang et al.[20] reported similar
results with the same neoadjuvant regimes in ESCC patients
(n=23). Recently, Yan et al.[17] also detected no significant
association between clinical responses and a combination of
tislelizumab and chemotherapy in neoadjuvant therapy for
resectable ESCC (n= 45). Several reasons may help to explain
why our study failed to verify the predictive value of PD-L1 CPS
scoring on clinical response in ESCC. First, we used different PD-
1 antibodies from other studies. Second, the III KEYNOTE-181
study concluded based on OS instead of ORR, pCR, and
MPR[28]. Therefore, we will continue to follow-up with the
patients and use OS as the primary endpoint when possible.
Third, compared to sample sizes over 600 in the phase III
KEYNOTE-181 study[28], the number of patients in the current
study is relatively few, and more patients should be enrolled to
increase the statistical power. Fourth, unlike the enrollment of
advanced EC patients in the KEYNOTE-181 study in which
pembrolizumab was used as second-line therapy[28], the PD-1
inhibitor and chemotherapy were used as neoadjuvant treatment
in local resectable ESCC. Overall, no definitive biomarkers are
currently available for accurately predicting pathological

response for locally resectable patients treated with a neoadju-
vant PD-1 inhibitor and chemotherapy. Extensive, larger-scale
studies are required urgently to address this crucial question.

Toxicity was a notable concern during the study, and the
toxicity profile was consistent with the known effects of camre-
lizumab combined with chemotherapy, with no new signals
observed[16,20,21]. In this study, most patients (78.7%) experi-
enced grade 1-2 TRAEs, while 5.3 and 3.3% experienced grades
3 and 4 TRAEs, respectively. Among patients treated with cam-
relizumab plus nab-paclitaxel and cisplatin, 75% had any grade
TRAEs, and 10.7%had grade 3 TRAEs[16]. For patients receiving
camrelizumab plus nab-paclitaxel and carboplatin, 96.7%
experienced TRAEs, and 56.7% had grade 3 or worse TRAEs[21].
This TRAE incidence was higher than that observed in the present
study, possibly due to the more intensive treatment received by
patients in that study. Nab-paclitaxel was given at a dose of
100 mg/m2 on days 1, 8, and 15 during each cycle[21], while
patients in this study received paclitaxel via intravenous infusion
at a dose of 155 mg/m2 on day 1 in each cycle. Furthermore, the
surgical profile, including intraoperative blood loss and median
postoperative hospital stay, was consistent with previous
neoadjuvant camrelizumab combined with chemotherapy
studies[16,20,21]. However, pulmonary complications were more
frequently observed in this study, with one patient dying of
respiratory failure. Similar pulmonary complications were
reported in two other neoadjuvant chemoimmunotherapy stu-
dies, including one patient who died of pneumonia and another
who died of acute respiratory failure[15,21]. These findings high-
light the need for a more cautious assessment of the risk of pul-
monary complications during treatment and more careful
monitoring and immediate management of such complications.

This study had some limitations that should be considered
when interpreting its findings. First, the single-arm design of the
study did not include a control group, which limits the ability to
make comparisons with standard treatment options. Second,
although the study included more patients than previous pub-
lications regarding administrating neoadjuvant chemoimmu-
notherapy to local resectable ESCC patients, the small sample size
may impact the study’s statistical power and the generalizability
of the results. Although this study did not reach its primary
endpoint, the pCR rate was comparable to other studies of
neoadjuvant chemoimmunotherapy. Third, a limitation of this
clinical study was the over-representation of male patients. While
it is well-established that ~70% of EC cases occur in men, the
over-representation of male patients in this study may also be
attributed to the higher incidence of males with EC in our study
center. Fourth, OS was not predefined as an endpoint, although it
is a crucial measure of neoadjuvant therapy efficacy. Finally, the
long-term outcomes of DFS and OS will require further follow-
up.

In conclusion, the administration of neoadjuvant che-
moimmunotherapy in clinical practice should consider several
factors, including treatment response and the patient’s physical
condition. The results of this single-arm phase 2 study suggest
that 2–4 cycles of neoadjuvant camrelizumab combined with
paclitaxel and nedaplatin were effective and had a manageable
safety profile for locally advanced ESCC. This study suggests that
the duration of neoadjuvant therapy may be personalized based
on individual patient characteristics in clinical practice. These
findings may provide valuable insights for optimizing neoadju-
vant chemoimmunotherapy in managing locally advanced ESCC.

Table 3
Treatment-related adverse events.

Treatment-related adverse events, n (%) Grades 1–2 Grade 3 Grade 4

Any adverse events 59 (78.7) 4 (5.3) 1 (1.3)
Alopecia 37 (49.3) 0 0
Reactive cutaneous capillary endothelial
proliferation

35 (46.7) 0 0

Fatigue 30 (40) 0 0
Anorexia 25 (33.3) 0 0
Arthritis 25 (33.3) 0 0
Nausea 22 (29.3) 0 0
Myalgia 22 (29.3) 0 0
Pruritus 22 (29.3) 0 0
Vomiting 15 (20) 0 0
Peripheral sensory nerve disorders 12 (16) 0 0
Increased γ-glutamyl transpeptidase 13 (17.3) 0 0
Anemia 13 (17.3) 4 (5.3) 0
Decreased platelet count 7 (9.3) 2 (2.7) 0
Alanine aminotransferase increased 10 (13.3) 1 (1.3) 0
Diarrhea 8 (10.7) 0 0
Insomnia 8 (10.7) 0 0
Rash 8 (10.7) 0 0
Aspartate aminotransferase increased 9 (12) 1 (1.3) 0
Thyroid dysfunction 13 (17.3) 0 0
Headache 7 (9.3) 0 0
Dizziness 6 (8) 0 0
Hyperbilirubinemia 12 (16) 1 (1.3) 0
Lactate dehydrogenase (LDH)/ Alkaline
phosphatase (AKP) increased

5 (6.7) 0 0

Dyspepsia 5 (6.7) 0 0
Decreased white blood cell count 4 (5.3) 0 0
Decreased lymphocyte count 4 (5.3) 0 0
Constipation 3 (4%) 0 0
Decreased neutrophil count 2 (2.7) 0 1 (1.3)
Abdominal pain 2 (2.7) 0 0
Fever 2 (2.7) 0 0
Abdominal distension 1 (1.3) 0 0
Edema 1 (1.3) 0 0
Hypertension 1 (1.3) 0 0
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