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ABSTRACT

Objective: The safety and feasibility of preoperative pembrolizumab combined
with chemoradiotherapy (PPCT) for resectable esophageal squamous cell carci-
noma have been confirmed by the prior Preoperative Anti-PD-1 Antibody combined
with Chemoradiotherapy for Locally Advanced Squmous Cell Carcinoma of Esoph-
ageus (PALACE)-1 trial. Potential therapeutic benefit was also observed with a path-
ologic complete response rate of 55.6% after PPCT. We will conduct the
multicenter single-arm PALACE-2 study to investigate the efficacy and to further
confirm the safety of PPCT (ClinicalTrials.gov ID: NCT04435197).

Methods: A total of 143 patients with previously untreated, locally advanced, and
surgically resectable esophageal squamous cell carcinoma (T2 through T4a, N0
through Nþ, M0) will be enrolled in PALACE-2. Main exclusion criteria are autoim-
mune disease, interstitial lung disease, ongoing immunosuppressive therapy, and
having received chemotherapy, radiotherapy, target therapy, or immune therapy
for this or any other malignancies. Positive programmed cell death ligand 1 expres-
sion is not mandatory for enrollment. Patients will receive PPCT, which includes
concurrent pembrolizumab (200 mg on day 1 and day 22), carboplatin (area under
the curve ¼ 2, once a week for 5 weeks), nab-paclitaxel (50 mg/m2, once a week for
5 weeks), and radiotherapy (23 fractions of 1.8 Gy, 5 fractions a week). Esophagec-
tomy will be performed within 4 to 6 weeks after the completion of PPCT.

Results: The primary end point is the rate of pathologic complete response. Sec-
ondary outcome measures are 3-year disease-free survival rate, 3-year overall sur-
vival rate, R0 resection rate, and adverse events during neoadjuvant and
perioperative periods.

Conclusions: PPCT was preliminarily demonstrated to be safe, feasible, and to
provide potential therapeutic benefits by the PALACE-1 trial. The subsequent multi-
center PALACE-2 study will investigate the efficacy and further confirm the safety
of PPCT for locally advanced, resectable esophageal squamous cell carcinoma.
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This multicenter single-arm
PALACE-2 trial will evaluate the
efficacy and safety of preopera-
tive pembrolizumab with che-
moradiotherapy for locally
advanced esophageal squamous
cell carcinoma.
PERSPECTIVE
Preoperative immunotherapy with concurrent
chemoradiotherapy was preliminarily demon-
strated to be safe, feasible, and provide potential
therapeutic benefits for locally advanced, resect-
able esophageal squamous cell carcinoma by
the PALACE-1 trial. This subsequent multicenter
single-arm PALACE-2 trial will evaluate the effi-
cacy and further confirm the safety of this newly
developed neoadjuvant regimen.
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Abbreviations and Acronyms
AEs ¼ adverse events
CROSS ¼ Chemoradiotherapy for Oesophageal

Cancer Followed by Surgery Study
CT ¼ computed tomography
ESCC ¼ esophageal squamous cell carcinoma
ICI ¼ immune checkpoint inhibitor
nCRT ¼ neoadjuvant chemoradiotherapy
OS ¼ overall survival
PALACE ¼ Preoperative Anti-PD-1 Antibody

combined with Chemoradiotherapy for
Locally Advanced Squmous Cell
Carcinoma of Esophageus

pCR ¼ pathologic complete response
PD-1 ¼ programmed cell death protein 1
PD-L1 ¼ programmed cell death ligand 1
PET-CT ¼ positron emission tomography-

computed tomography
PPCT ¼ preoperative pembrolizumab combined

with chemoradiotherapy

Thoracic: Esophageal Cancer Zheng et al
Video clip is available online.
To view the AATS Annual Meeting Webcast, see the
URL next to the webcast thumbnail.
Esophageal cancer is the seventh most common malignancy
around the world.1 In the Asian population, more than 90%
of the diagnosed esophageal cancers are esophageal squa-
mous cell carcinoma (ESCC).2 Given the difficulties of
early screening, nearly half of patients are diagnosed as hav-
ing locally advanced disease, and neoadjuvant chemoradio-
therapy (nCRT) followed by surgery has been introduced as
the recommended treatment. According to the Chemoradio-
therapy for Oesophageal Cancer Followed by Surgery
Study (CROSS) trial, 29% of patients achieved pathologic
complete response (pCR) after nCRT, with a substantially
improved median overall survival (OS) of 48.6 months.3,4

However, the 5-year OS rate was about 47%, and 49% of
patients developed either local-regional recurrence or
distant metastasis even after nCRT.3 For those patients
who respond poorly to nCRT, a more effective treatment
strategy is required for further improvement of survival.

By enhancing the antitumor activity of T cells, immuno-
therapy is currently considered a promising treatment for
various types of malignancies, including esophageal cancer.
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Given the overall high level of tumor mutation burden and
the high rate of positive programmed cell death ligand 1
(PD-L1) expression,5-9 ESCC patients are expected to
experience an inspiring clinical benefit after immunotherapy
targeting programmed cell death protein 1 (PD-1)/PD-L1
checkpoints.10-12

Awidely used immune checkpoint inhibitor (ICI) target-
ing PD-1, pembrolizumab has been confirmed to be effec-
tive in the treatment of advanced esophageal cancer.
According to the Phase 2 trial KEYNOTE-180, pembrolizu-
mab monotherapy was proven to be safe and effective for
heavily pretreated ESCC, with an objective response rate
of 14.3%.13 The further Phase 3 randomized controlled trial
KEYNOTE-181 compared pembrolizumab with chemo-
therapy as second-line treatment for advanced/metastatic
esophageal cancer. For patients with combined positive
score (the ratio of the number of all PD-L1 expressing cells
to the number of all tumor cells) �10 in esophageal tumor,
OS was significantly prolonged after pembrolizumab treat-
ment (9.3 vs 6.7 months; P¼ .0074). The response rate was
also improved together with a lower frequency of adverse
events (AEs).14

Immunotherapy is a promising treatment for advanced
ESCC. Meanwhile, preclinical studies have also proven
the synergy between ICI and chemoradiotherapy.15,16

Therefore, it is reasonable to evaluate the addition of
immunotherapy to the neoadjuvant regimen for locally
advanced disease. There are several ongoing prospective
clinical trials that focus mainly on the combination of
immunotherapy and neoadjuvant chemotherapy/nCRT
for esophageal cancer. In the recently completed Preoper-
ative Anti-PD-1 Antibody combined with Chemoradio-
therapy for Locally Advanced Squmous Cell Carcinoma
of Esophageus (PALACE)-1 trial (ClinicalTrials.gov ID:
NCT03792347), we investigated the safety and feasibility
of preoperative pembrolizumab combined with chemora-
diotherapy (PPCT) followed by surgery in treating locally
advanced ESCC. Twenty patients were enrolled, and 18
underwent surgery. PPCT was shown to be safe and
feasible and induced a pCR in 55.6% of resected
specimens.17

The results of PALACE-1 study justify a further clinical
trial. Therefore, we designed and conducted a subsequent
multicenter single-arm PALACE-2 trial to investigate the
efficacy and to further confirm the safety of PPCT
(ClinicalTrials.gov ID: NCT04435197).

MATERIALS AND METHODS
Study Design

The PALACE-2 study is a prospective, multicenter, single-arm clinical

trial. Five high-volume medical centers in China are participating in this

study (Ruijin hospital, Shanghai Jiao Tong University School of Medicine;

the First Affiliated Hospital, Zhejiang University School of Medicine; the

First Affiliated Hospital of Xiamen University; the First Affiliated Hospital

of FujianMedical University; and the First Affiliated Hospital of Nanchang

http://ClinicalTrials.gov
http://ClinicalTrials.gov
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University). This study was initiated during August 2020. With an esti-

mated inclusion period of about 3 years, the primary end point is antici-

pated to be achieved in June 2023. The general study design was

presented in Video 1.

Eligibility Criteria
Patients with histologically conformed, locally advanced, and surgically

resectable ESCC will be enrolled in this study. Positive PD-L1 expression

is not mandatory for enrollment. The detailed inclusion criteria are:

� Histologically confirmed ESCC, with a clinical stage of cT2 though T4a,

N0 through N3, M0;

� Age ranging from 18 to 75 years;

� Eastern Cooperative Oncology Group performance status score of 0 to 1;

and

� Patients approve and sign the informed consent.

The exclusion criteria are as follows:

� Patients with active autoimmune diseases or history of autoimmune dis-

eases;

� Patients who need systemic treatment with either corticosteroids or other

immunosuppressive drugs;

� Patients with symptomatic interstitial pulmonary disease;

� Patients who are allergic to drugs used in the trial;

� Pregnant or lactating women;

� Patients of childbearing age who are not willing to use contraceptive

measures;

� Patients who have previously received targeted therapy, immunotherapy,

chemotherapy, or radiotherapy for this or any other prior malignancies; and

� Underlyingmedical conditions that, in the investigator’s opinion, will in-

crease the risk of medication use or obscure the interpretation of toxicity

and AEs.
Baseline Evaluation
Before enrollment and initiation of neoadjuvant treatment, baseline

evaluation will be arranged for each patient to stage the disease and to

exclude distant metastasis and any other excluding factors. The evaluation

includes physical examination, upper gastrointestinal endoscopy with tu-

mor biopsy (if not previously examined), endoscopic ultrasonography,

contrast-enhanced chest computed tomography (CT), positron emission

tomography-computed tomography (PET-CT), routine blood test, echocar-

diography, pulmonary function, and electrocardiogram. Ultrasonography

with fine-needle aspiration will be performed for any suspected cervical

lymph node metastasis.
VIDEO 1. The presentation of professor Hecheng Li for the American As-

sociation for Thoracic Surgery 101st Annual Meeting. Video available at:

https://www.jtcvs.org/article/S2666-2736(21)00422-8/fulltext.
Neoadjuvant Treatment
Preoperative treatment is composed of chemotherapy, radiotherapy, and

immunotherapy (Figure 1). Neoadjuvant chemoradiotherapy will be given

according to the CROSS regimen.3 Chemotherapy includes carboplatin

(area under the curve of 2 mg/mL/min) and nab-paclitaxel (50 mg/m2)

intravenously, once a week for 5 weeks (on day 1, 8, 15, 22, and 29 of

the neoadjuvant treatment period). Concurrent radiotherapy will be given

by means of external-beam radiation. The total radiation dose is 41.4 Gy,

which will be given by 23 fractions, 5 fractions per week, with 1.8 Gy

for each fraction. Pembrolizumab (ICI targeting PD-1) will be given

concurrently on day 1 and 22 of the neoadjuvant therapy at a dose of

200 mg. For patients weighing<50 kg, pembrolizumab will be given at

a dose of 100 mg.

For chemoradiotherapy-related AEs occurred during the neoadjuvant

period, clinical observation, dose modification, suspension of the chemo-

therapy or radiotherapy, and symptomatic treatment can be applied accord-

ing to the type and severity of the AEs and based on multidisciplinary

discussion. When facing immune-related AEs, dose modification of pem-

brolizumab is not recommended.

After the completion of PPCT, physical examination, routine blood test,

contrast-enhanced chest CT, PET-CT, echocardiography, pulmonary func-

tion, and electrocardiogram will be undertaken to reevaluate the disease

and exclude cases with any surgical contraindications.

Surgery
Each patient will undergo an open or minimally invasive esophagec-

tomy (video-assisted or robotic-assisted esophagectomy), with 2-field or

3-field lymphadenectomy. Surgery should be arranged 4 to 6 weeks after

completion of PPCT. For tumors located in the upper third of the esoph-

agus, McKeown esophagectomy will be performed, whereas for middle

and lower third located tumors, Ivor Lewis esophagectomy will be

performed.

Pathological and Radiological Evaluation
Each resected specimen will be evaluated by 2 pathologists indepen-

dently. Pathological reports should describe tumor size, extent of tumor in-

vasion, overall and positive lymph nodes dissected, resection margin, grade

of differentiation, and grade of tumor regression. Pathological stage will be

determined according to the American Joint Committee on Cancer criteria

for esophageal carcinoma (eighth edition).18 R0 resection is predefined as a

tumor-free resection margin. To evaluate and grade the response of esoph-

ageal tumor to PPCT, the extent of residual disease will be divided into 4

categories: grade I, no sign of residual carcinoma; grade II,<10% vital re-

sidual tumor cell; grade III, 11% to 50%; grade IV,>50%.3,19 Major path-

ologic response is predefined as no more than 10% of residual viable tumor

cells in primary lesions.20,21

During radiological evaluation of esophageal tumor, thickening of the

esophageal wall observed in chest CT examination will be recorded as

T3, and direct involvement of adjacent organs will be recorded as T4.22

The status of complete metabolic response will be used for radiological

evaluation, which is predefined as maximum standardized uptake value

<4 for esophageal tumor with no nodal uptake according to PET-CT after

PPCT.17,23 In case of doubt regarding clinical staging of esophageal cancer,

multidisciplinary discussion will be recommended.

Follow-up
The postoperative follow-up should be arranged in accordance with the

National Comprehensive Cancer Network guideline for esophageal can-

cer.24 Follow-up visits will be scheduled at 1, 6, 12, 18, 24, 30, 36, 48,

and 60 months after surgery. When patients are facing suspected local

recurrence or distance metastasis, additional visit will be scheduled, and

contrast-enhanced chest CT, PET-CT, and/or upper gastrointestinal endos-

copy will be performed.
JTCVS Open c Volume 9, Number C 295
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FIGURE 1. Flowchart of the Preoperative Anti-PD-1Antibody combinedwith Chemoradiotherapy for Locally Advanced SqumousCell Carcinoma of Esoph-

ageus-2 trial. ESCC, Esophageal squamous cell carcinoma; AUC, area under the curve; PET-CT, positron emission tomography-computed tomography.
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Study End Point
The primary study parameter of PALACE-2 trial is the pCR rate.

pCR is defined as the absence of any signs of cancer in resected tissue

samples examined by pathologists. The secondary study parameters

include:

� Three-year disease-free survival rate;

� Three-year OS rate;

� R0 resection rate, defined as the percentage of patients who undergo sur-

gery and achieve a tumor-free resection margin; and

� Rate of AEs during neoadjuvant therapy and perioperative period. AEs

will be evaluated and recorded according to the National Cancer Institute

Common Terminology Criteria for Adverse Events (version 4.0).
Statistical Analysis
According to a review of current literature, the pCR rate after neoadju-

vant chemoradiotherapy for locally advanced ESCC in Asian population

was expected to be 43.2%.25 Meanwhile, the pCR rate after PPCT was

assumed to be 56%, based on the short-term results of our prior

PALACE-1 trial.17 With a power of 80%, a sample size of 130 will be

required to detect a difference in pCR rate between PPCTand chemoradio-

therapy at a significance level of 5%. To allow for a 10% of dropout cases,

the sample size was increased to 143 in this PALACE-2 trial.

Data analysis will comply with the intention-to-treat principle. Sub-

groups will be defined according to pathological and radiological
296 JTCVS Open c March 2022
responses, baseline characteristics, long-term survival, and PD-L1 expres-

sion status. Data will be recorded and collected via standardized case report

form and will be analyzed centrally.

DISCUSSION
This PALACE-2 study is a prospective, multicenter,

single-arm clinical trial investigating the combination of neo-
adjuvant immunotherapy and concurrent chemoradiotherapy
followed by esophagectomy for locally advanced ESCC,
which has been studied preliminarily by the PALACE-1 trial.
A graphical representation that summarizes the method and
the study end points is shown in Figure 2. By conducting
this trial, we aim to provide evidence concerning the efficacy
and safety of this novel therapeutic strategy. If the results are
promising, a further multicenter, randomized controlled trial
(PALACE-3 trial) will be conducted, comparing PPCT with
conventional nCRT.

Emerging preclinical studies have demonstrated the
synergistic effects between immunotherapy and chemo-
therapy/radiotherapy.15,16,26 Conventional chemotherapy
could induce DNA damage in cancer cells, which was
reported to consequently enhance the presentation of
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tumor-associated antigen and recruitment of antigen pre-
senting cells.27,28 Chemotherapy could also result in the
destruction of original immune cells, and the subsequent
homeostatic T cell reconstruction, which helps to reshape
the immune response of T cells to malignancies.26 In addi-
tion, the restoration of immunosurveillance by chemo-
therapy has also been reported, and potential mechanisms
have been revealed.29 Radiation has also been reported to
modulate antitumor immune response, by upregulating ma-
jor histocompatibility complex class I expression,30

enhancing tumor infiltration of lymphocytes,31,32
modulating the expression of immune checkpoints.33 Based
on these findings, we anticipate an improved short-term ef-
ficacy and long-term survival after the combination therapy
of pembrolizumab and chemoradiotherapy in the PALACE-
2 trial.
In this PALACE-2 trial, only patients with ESCC will be

included. According to the CROSS trial, ESCC was associ-
ated with a significantly higher pCR rate after nCRT (49%
for squamous cell carcinoma vs 23% for adenocarcinoma;
P¼ .008) and a far better long-term survival than adenocar-
cinoma.3,4 ESCC patients also seemed to benefit more from
JTCVS Open c Volume 9, Number C 297
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immunotherapy than adenocarcinoma patients. In the Phase
3 KEYNOTE-181 study, the median OS after pembrolizu-
mab was 8.2 months for patients with ESCC and 7.1 months
for all patients.14 These results were consistent with those
from the KEYNOTE-180 study. Taken together, ESCC is
expected to have a better response after PPCTand therefore
was set as the study population. However, the lack of an
adenocarcinoma group still makes application of the results
limited.

PD-L1 expression status is among the most promising
immune biomarkers and has been used as a selection crite-
rion for immunotherapy in the clinical management of
advanced/metastatic esophageal cancer.24 However, we do
not employ PD-L1 expression among the inclusion criteria
in this PALACE-2 trial. Previous studies have demonstrated
that chemotherapy and radiotherapy potentially upregulate
immune checkpoints including PD-L1.33-35 Hence, the
PD-L1 status could be modulated during concurrent chemo-
radiotherapy and immunotherapy, which makes it a less
persuasive biomarker than ICI monotherapy. Although a
high PD-L1 expression was demonstrated to be correlated
with a better prognosis after immunotherapy, PD-L1 nega-
tive ESCC could also benefit from ICI.13 Furthermore, the
prior PALACE-1 trial also demonstrated the random distri-
bution of positive and negative PD-L1 expression in either
pCR or non-pCR patients (30% of patients with pCR and
63% without pCR had positive PD-L1 expression).17

We recently completed a prospective, single-arm clinical
trial (ie, PALACE-1) to preliminarily investigate the safety
and feasibility of neoadjuvant pembrolizumab with concur-
rent chemoradiotherapy.17 Twenty patients with locally
advanced ESCC were enrolled and given PPCT followed
by esophagectomy. Of these patients, 19 received complete
neoadjuvant treatment and 18 underwent surgery. PPCT
was shown to be safe and feasible, with potential improve-
ment for patient survival. Grade III and higher-grade AEs
during neoadjuvant treatment were observed in 65% of pa-
tients. No treatment-related delay of surgery was observed.
The pCR rate after PPCT reached 55.6%. Based on these
results, we designed and initiated this multicenter
PALACE-2 trial, to investigate the efficacy and to further
confirm the safety of PPCT. Currently, several prospective
clinical trials are also being conducted to investigate the
application of neoadjuvant immunotherapy for locally
advanced ESCC (eg, ClinicalTrials.gov IDs: NCT04644
250, NCT04006041, NCT04225364, NCT04437212,
NCT04625543, NCT03985670, NCT04229459, and
NCT04460066). Most of these studies are Phase 1 or Phase
2 trials with limited sample size, which mainly aim to
explore novel neoadjuvant combination regimens with ICI
and chemotherapy or chemoradiotherapy. Notably, a Phase
3, multicenter, randomized clinical trial (ie, MA-EC-II-004
study) is being conducted in approximately 20 Chinese hos-
pitals to investigate the neoadjuvant immunotherapy
298 JTCVS Open c March 2022
(camrelizumab) combined with chemotherapy for locally
advanced ESCC. The future combination of results from
PALACE-2 and other ongoing clinical trials is important
to better reveal the significance of preoperative immuno-
therapy for ESCC.
Webcast
You can watch a Webcast of this AATS meeting presenta-
tion by going to: https://aats.blob.core.windows.net/
media/21%20AM/AM21_TH06/AM21_TH06_8.mp4.
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