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Safety and effectiveness of pembrolizumab combined with
paclitaxel and cisplatin as neoadjuvant therapy followed by
surgery for locally advanced resectable (stage Ill) esophageal
squamous cell carcinoma: a study protocol for a prospective,
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Background: Esophageal squamous cell carcinoma (ESCC) is one of the most refractory malignant
tumors. Esophageal cancer (EC) is a malignant tumor with a high incidence worldwide, and over 50% of EC
cases occur in China. Under the National Comprehensive Cancer Network (NCCN) guidelines, concurrent
chemoradiotherapy is the only standard neoadjuvant treatment for locally advanced ESCC. In the first-line
treatment of advanced ESCC, the efficacy of immune checkpoint inhibitors (ICIs) combined with systemic
chemotherapy is significantly better than that of chemotherapy alone. Paclitaxel and cisplatin (TP), as one
of the neoadjuvant chemotherapy regimens for locally advanced ESCC, have been widely used in China in
recent years. ICIs combined with TP as neoadjuvant therapy seems promising.

Methods: This is an open-label, single-arm, single-center, phase-II trial. Locally advanced resectable
(stage III) ESCC patients who have not undergone previous systemic treatments will be enrolled in this
study. All the subjects will intravenously receive 3 cycles of pembrolizumab (200 mg) on day 1, paclitaxel
(135 mg/m”) on day 2, and cisplatin (20 mg/m’) on days 2—4, every 3 weeks. After an efficacy evaluation, the
subjects will undergo Da Vinci robot-assisted radical resection. If the postoperative pathologic results do not
reveal a complete response, pembrolizumab will be administrated for at least 6 cycles as an adjuvant therapy
with the same usage as before. The primary endpoints are the major pathological response and safety. The
secondary endpoints include the objective response rate (ORR), overall survival (OS), disease-free survival
(DEFS), the RO resection rate, and perioperative complications. The exploratory endpoint is to examine the
correlation between related biomarkers and tumor responses to this neoadjuvant treatment regimen.
Discussion: This trial is the first enrolled study to evaluate the safety and efficacy of pembrolizumab
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combined with TP as neoadjuvant therapy for locally advanced ESCC. Currently, under the NCCN

guidelines, neoadjuvant chemoradiotherapy (nCRT) is the only recommended treatment for locally advanced

ESCC. This phase-II study will provide preliminary evidence of the efficacy of pembrolizumab combined

with TP as novel neoadjuvant therapy for patients with locally advanced ESCC.
Trial Registration: Clinicaltrials.gov (Identifier: NCT04389177).
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Introduction

Esophageal cancer (EC) is a malignant tumor with a high
incidence worldwide, and more than 50% of EC cases occur
in China (1). In 2015, there were 477,900 new cases of EC
in China (2). Esophageal squamous cell carcinoma (ESCC)
only accounts for 30-40% of EC cases in the West, but
accounts for about 95% of EC cases in China (3). EC in
China has distinct clinicopathological characteristics to EC
in the West.

The NCCN guidelines and the Chinese Society of
Clinical Oncology (CSCO) guidelines both recommend
nCRT as the standard neoadjuvant treatment for locally
advanced ESCC. Neoadjuvant chemotherapy (nCT) is also
recommended by Chinese and Japanese guidelines. The
CROSS (4) and NEOCRTECS5010 (5) studies established
neoadjuvant chemoradiotherapy (nCRT), which has a high
pathological complete response (pCR) rate of more than
40%, as the standard treatment for locally advanced ESCC;
however, the long-term outcomes of ESCC patients are
still not satisfactory. The 5-year overall survival (OS) rate
of patients treated with nCRT followed by surgery is about
50%, and the incidence of locoregional or distant metastasis
is also high (6). Additionally, it is likely that radiotherapy
would increase the operative difficulties, and perioperative
complications, such as radiation pneumonia and esophageal
fistulas, would lead to a further decline in the quality of life
of patients and a worse prognosis. Thus, a novel mode of
neoadjuvant therapy that not only improves tumor response
and survival but also has a reduced impact on surgery and
good safety needs to be further established.

Pembrolizumab, a checkpoint inhibitor that targets
programmed death-1 (PD-1), has been proven to have
efficacy in the treatment of advanced ESCC (7-9). The
Keynote-590 study (10) recommended that pembrolizumab
combined with chemotherapy [5-fluorouracil and cisplatin
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(FP)] be used as the standard first-line treatment for
advanced or metastatic ESCC. However, the question
arises: if pembrolizumab continues to be used as a
neoadjuvant treatment before surgery, what effect will
it achieve? Paclitaxel-based chemotherapy has obvious
advantages in the treatment of ESCC patients (11,12), and
is already widely used in clinics in China. Taken together,
pembrolizumab combined with TP appear to be a very
promising therapeutic modality for ESCC.

At present, there is no biomarker for predicting the
efficacy of pembrolizumab combined with chemotherapy,
and the programmed death-ligand 1 (PD-L1) expression
[Combined Positive Score (CPS)] can not accurately predict
the efficacy of immunotherapy for ESCC.

Thus, we designed the Keystone-001 study and plan to
recruit 50 subjects with locally advanced (stage III) ESCC to
explore the efficacy and safety of pembrolizumab combined
with TP as a neoadjuvant therapy followed by surgery.
Additionally, PD-L1 expression (CPS), microsatellite
instability (MSI), peripheral blood T cell subsets, and
tumor-infiltrating lymphocytes (TILs) as potential
biomarkers to predict the efficacy of the novel therapy.

Methods
Study design

Keystone-001 is a prospective, single-arm, single-center,
open-label, phase-II study. The total number of recruits is 50
cases. Estimated Primary Completion Date: May 15, 2022;
Estimated Study Completion Date: December 31, 2024

The study protocol was approved by the Ethics
Committee of Tianjin Medical University Cancer Institute
and Hospital (Nos. E2020101 and E2020566). All the
subjects will participate in the current clinical trial on a
voluntary basis and will sign the informed consent form.
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The present clinical trial conforms to the Good Clinical
Practice (GCP) released by SFDA (Sino Food and Drug

Administration), and the relevant laws and regulations.

Inclusion and exclusion criteria

Patients who have been histologically confirmed to have
locally advanced ESCC (¢ T3N1MO, ¢T1-3N2MO, and
stage III) with a performance status score of 0 to 1 on the
Eastern Cooperative Oncology Group Performance Status
(ECOG PS) and proper organ function will be eligible to
participate in this trial. The main exclusion criteria are
previous chemo-, immune- or radiation therapy. The full
inclusion and exclusion criteria are shown in 7izble 1.

Objectives

Primary objectives
The primary objective of this study is to evaluate the safety
and major pathologic response (MPR) of neoadjuvant
therapy (pembrolizumab plus TP) in patients with locally
advanced ESCC who have not undergone any previous
systemic treatments.

Secondary objectives

The secondary objectives of this study are the pCR,
objective response rate (ORR), disease-free survival (DFS),
OS, RO resection rate, and lymph-node derating rate
for pembrolizumab combined with TP chemotherapy
in patients with locally advanced ESCC who have not
undergone any previous systemic treatments. The safety
evaluation will include the median cycles of the neoadjuvant
therapy, any adverse events (AEs) related to neoadjuvant
therapy, and perioperative complications. The quality
of life and nutritional status of patients will be assessed
using questionnaires [i.e., the EORTC QLQ (European
Organization for Research and Treatment of Cancer
quality of life)-C30, EORTC QLQ-OESI18, and PG-SGA
(Patient-Generated Subjective Global Assessment)].

Safety assessment results mainly refer to AEs related to
neoadjuvant therapy, including rash, pruritus, leukopenia,
thrombocytopenia, nausea, vomiting, diarrhea, and whether
it affects surgical treatment. Efficacy evaluation outcomes
includes MPR, pCR, ORR, DFS, OS, RO resection rate,
and lymph-node derating rate.

Exploratory objectives
The exploratory purpose of this study is to further
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identify the predictive biomarkers related to the efficacy
of neoadjuvant therapy. The following patient parameters
are considered potential predictive biomarkers, and their
correlations with tumor responses will be explored:

(I)  In the tumor issues: the expression of PD-L1 (CPS
score), MSI, and the number of TILs;

(II) In the peripheral blood: T cell subsets [the absolute
counts of cluster of differentiation (CD) 3, CD4,
and CD8], the tumor markers, Epidermal Growth
Factor (EGF), Platelet-Derived Growth Factor BB
(PDGF-BB), Brain Derived Neurotrophic Factor
(BDNF), Macrophage Inflammatory Protein-1 Beta
(MIP-1B), Interleukin-8 (IL-8), and Macrophage
Migration Inhibitory Factor (MIF).

Baseline evaluation

The baseline status assessment will be carried out within
2 weeks of the first treatment. At this stage, specific
information about each tumor will be collected to provide
a baseline level. The related procedures include testing for
tumor markers [squamous cell carcinoma antigen (SCC)],
imaging evaluations [via computed tomography (CT)],
and PD-L1 protein expression levels (CPS scores), MSI,
circulating tumor cells, the number of TILs, the absolute
counts of CD3, CD4, and CD8 T cells, the diversity of
TCR, the cloning of TCR in tumor tissues, and the levels
of EGF, PDGF-BB, BDNF, MIP-18, IL-8, and MIF.

Treatment and follow-up

After successfully completing the screening phase and
confirming patient eligibility, the treatment will begin. On
day 1, a fixed dose of 200 mg of pembrolizumab will be
administered via an intravenous drip. Pembrolizumab will be
administered every 3 weeks for a total of 3 cycles. The last
infusion will occur in week 7. Neoadjuvant chemotherapy will
start on day 2. Paclitaxel (135 mg/m®) will be administered on
day 2 via an intravenous drip, 1 time/3 weeks, for a total of
3 cycles, and cisplatin (20 mg/m®) will be administered on
days 2—4 via an intravenous drip, 1 time/3 weeks, for a total
of 3 cycles (see Table 2).

The imaging will be performed to provide a baseline
before the start of treatment, and will be repeated after
the completion of neoadjuvant treatment and before
the da Vinci radical resection of EC is completed to
rule out progression or systemic disease. If systemic
disease is detected, the radical resection of EC will not
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Table 1 Inclusion and exclusion criteria

Criteria Details

Inclusion The subjects will:
Sign the informed consent form before enroliment;
Be aged 18-70 years old, and be male or female;

Have potentially resectable cT3N1MO or cT1-3N2MO as per the Eighth Edition [2016] of the TNM Staging Manual for
Esophageal Squamous Cell Carcinoma developed by the American Joint Committee on Cancer (AJCC);

Have an ECOG performance score of 0-1;

Be eligible for RO resection before treatment;

Demonstrate adequate organ function; all screening laboratory tests will be performed within 10 days of treatment
initiation;

Have a negative urine or serum pregnancy within 72 hours before receiving the first dose of study medication if they

are a female subject with childbearing potential. If the urine test is positive or cannot be confirmed as negative, a serum
pregnancy test will be required;

Be willing to provide tissue from a newly obtained core or excisional biopsy of a tumor lesion through repeated biopsies.
“Newly obtained” is defined as a specimen obtained up to 4 weeks (28 days) before the initiation of treatment on Day 1.
Subjects for whom newly obtained samples cannot be provided (e.g., as newly obtained sample is inaccessible or due to
subject safety concerns) may submit an archived specimen, but only with the agreement of the sponsor;

Be expected to survive >12 months;
Have measurable and evaluable lesions according to the RECIST version 1.1 (v1.1);

Join the clinical study on a completely voluntary basis, demonstrate good adherence, and cooperate with the follow-up
assessments for safety and survival

Exclusion The subjects will not:

Have undergone any previous therapy (e.g., an operation, radiotherapy, immunotherapy, or chemotherapy) for esophageal
cancer;

Be ineligible or have a contraindication for esophagectomy;

Have a history of other anti-PD-1/PD-L1 therapies, or have a known history of an allergy to macromolecular protein
preparations or any component of PD-1;

Have a diagnosis of immunodeficiency or have received chronic systemic steroid therapy (in doses >10 mg daily of a
prednisone equivalent) or any other form of immunosuppressive therapy within 7 days before the first dose of the study
drug;

Have an active autoimmune disease that required systemic treatment in the past 2 years (e.g., the use of disease-
modifying agents, corticosteroids, or immunosuppressive drugs);

Have poorly controlled cardiac symptoms or cardiac diseases;

Have a history or evidence of pulmonary fibrosis, interstitial pneumonia, pneumoconiosis, radiation pneumonitis, drug-
related pneumonia, or severely impaired lung function

ECOG, Eastern Cooperative Oncology Group; PD-1, programmed death-1; PD-L1, programmed death ligand-1.

Table 2 Medical treatment of the patients

Drug Dose Administration frequency Administration pathway Treatment cycle
Pembrolizumab 200 mg Once every 3 weeks Intravenous injection Day 1 of each cycle
Paclitaxel 135 mg/m® Once every 3 weeks Intravenous injection Day 2 of each cycle
Cisplatin 80 mg/m® Once every 3 weeks Intravenous injection Day 2-4 of each cycle
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be performed for the purpose of curing the patient.
The surgery will be performed within 11 to 13 weeks,
4-6 weeks after completion of neoadjuvant therapy and
will include EC resection and standardized lymph node
dissection (McKeown esophagectomy). The procedure
for standard lymph node dissection is precisely defined
in the Standard Operation Procedure (SOP), and will
include the upper mediastinal lymph nodes, intrathoracic
paraesophageal lymph nodes, and abdominal lymph nodes.
If the postoperative pathological results do not indicate a
complete pathological response, the patient will continue to
be given pembrolizumab, at the same dosage and schedule
as before the operation.

The follow-up period will start after all the treatments
have ended and will last for 3 years. A schematic outline of
the treatment plan is shown in Figure 1.

The follow-up is based on National Comprehensive
Cancer Network (NCCN) guidelines. After the completion
of the radical EC surgery and discharge from hospital, visits
will be conducted every 3 months to assess survival status,
the laboratory test results, AEs, and the ECOG score, and
perform ultrasounds of the neck and upper abdomen, and
CT scans of the chest, abdomen, and pelvis. Quality of life
and nutritional status will be assessed using questionnaires
(i.e., the EORTC QLQ-C30, EORTC QLQ-OESI8, and
PG-SGA) before and after the neoadjuvant therapy and every
3 months after surgery. Figure 2 shows a detailed flow chart
of the minimum evaluation during the treatment process.

Outcome measures

Clinical efficacy assessment
The following indicators are necessary to evaluate clinical
efficacy:
(I) MPR: MPR is defined as <10% of the residual
viable tumor at the time of resection.
(II) ORR: according to RECIST 1.1, the efficacy
evaluation can be divided into complete response
(CR), partial response (PR), stable disease (SD),
and disease progression (PD). In this trial, ORR
= CR + PR, and DCR = CR + PR + SD. The size
of the lesion (based on the imaging and physical
evaluations) will be used to compare the results,
and the accuracy checks will be performed in the
same way throughout the trial. The ORR and DCR
with 95% confidence intervals will be calculated.
() Survival outcome: DFS is defined as the time from
the start of treatment to the first confirmation of PD
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or cancer-related death. The overall survival (OS) is
from the beginning of treatment until the death of the
patient. A Kaplan-Meier analysis will be conducted to
estimate and determine the DFS and OS.

(IV) The RO resection rate is defined as the percentage
of successful RO resections.

Pharmacodynamic analysis

Fisher’s exact test will be used to analyze the correlations
between the ORR and the potential pharmacodynamic
parameters (e.g., PD-L1 expression, TIL number,
TCR clones in TIL, peripheral blood T cell subsets,
and peripheral blood TCR diversity). When there is
a correlation between the tumor response frequency
distribution graph and the level of biomarkers, a curve will
be drawn. A Cox proportional hazard regression analysis
will be conducted to study the relationship between the
tumor responses and biomarkers.

Safety assessment

In the safety assessment, any grade of AE and any serious
AEs (SAEs) during treatment will be observed and
recorded. We will also assess the laboratory analysis results,
ECG results, physical examination results, and Performance
Status (PS) scores. AEs will be classified according to The
National Cancer- Institute Common Terminology Criteria
for Adverse Events (NCI-CTCAE) 5.0. The researchers
will be responsible for implementing appropriate measures
for any AEs and determining the causal relationship
between the AEs and experimental drugs.

AEs

Details of AEs will be collected throughout the study
period (treatment and follow-up). Details of all SAEs will
be collected from the beginning of the screening period
until the postoperative period. The AEs of interest include
immune-mediated events, pneumonia, diarrhea/colitis,
hepatitis, nephritis/renal insufficiency, rash, and endocrine
events (e.g., adrenal insufficiency, hypothyroidism/
thyroiditis, and hyperthyroidism). In addition to the
evaluation of all AEs through NCI-CTCAE 5.0, details
of any AEs related to surgery will be collected, including
perioperative complications (e.g., anastomotic leakage,
blood loss, lung infection, cardiovascular events, and fever).

Statistical analysis

This trial is a single-arm trial, and is not a randomized
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Inclusion criteria Exclusion criteria

Y

Eligible subjects

Y

Informed consent
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Eligible subjects who participate on

Y

Pembrolizumab. 200 mg, D1

135mg/m?, D1; cisplatin 80 mg/m®, D2-D4

; paclitaxel

Q3w,

Y

3 cycles

Efficacy evaluation and preoperation evaluation

Y

Da Vinci robotic surgery

Y

According to postoperative pathological results

Y

Pathologic complete response (pCR)

A

Follow up for safety and survival

Figure 1 Study flowchart.

clinical trial. The ESCC clinical trial for which OS is the
primary endpoint will take 5 years or more to complete,
which limits innovation. Survival alternatives, such as
pathological responses to neoadjuvant therapy, may increase

Not pCR

\

Pembrolizumab 200 mg, D1, q3w, at least 6 cycles

Y

Follow up for safety and survival

the efficiency of the trial and accelerate our progress.
After neoadjuvant treatment, <10% of the remaining
surviving tumors, referred to here as the MPR, will meet
the surrogate standard. This is due to the effects of the
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Figure 2 The therapeutic strategy for the enrolled patients.

treatment and reflects the benefits of the treatment for
survival. In a clinical trial examining the efficacy of nCRT
in the treatment of clinical stages I-1II EC, 42 of the 94
patients scheduled for resection showed MPR. In this study,
the threshold of the MPR rate has been set to 45%, and the
expected value to 65%, as pembrolizumab combined with
TP chemotherapy will be administered in 3 doses before
surgery. When the alpha error is 0.05 and the power is 0.8,
the number of patients required is 45. If a loss to follow-up
rate of 10% is set in this study, the total number of patients
recruited should be limited to 50. Patients who cannot
undergo surgery will be considered non-MPR.

Fisher’s precise test was used to analyze the correlation
between MPR and these potential pharmacodynamic
parameters such as the number of TILs, T cell subsets,
EGE, PDGF-BB, BDNF, MIP-18, IL-8, and MIF. When
correlations exist, frequency distributions of tumor
responses and curves of biomarker levels are depicted.
Cox proportional hazards regression analysis was used to
investigate the relationship between tumor response and
biomarkers, respectively.

Discussion

To our knowledge, this is the first enrolled study to explore
the efficacy and safety of pembrolizumab combined with TP
as a neoadjuvant treatment for locally advanced resectable
ESCC.

In China, >50% of patients have locally advanced ESCC
at the time of first diagnosis, and surgery is the main
treatment choice for resectable ESCC (2). Unfortunately,
most patients develop metastasis or recurrence within
3 years of surgery, and the 5-year survival rate is only
20.6-34.0% (2). The poor prognosis of surgery alone
for locally advanced ESCC has prompted doctors to
explore various and comprehensive therapeutic modalities
to improve survival. However, research has shown that
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postoperative adjuvant chemotherapy or radiotherapy has
failed to improve the prognosis of patients with ESCC
(13,14). Thus, more attention needs to be paid to the use of
neoadjuvant therapy in treating ESCC.

The NCCN guidelines and the Chinese Society of
Clinical Oncology (CSCO) guidelines both recommend
nCRT followed by esophagectomy as the standard
treatment for locally advanced ESCC, which has a pCR
rate of over 40% (4,5). However, improved pCR rate in
nCRT did not provide a more significant long-term survival
advantage than in nCT. Further, due to the superimposition
of radiotherapy and chemotherapy toxicities, the difficulty
of surgery and surgical complications increase as patients’
compliance decrease, all of which restrict its widespread
clinical application. Conversely, neoadjuvant chemotherapy
(nCT) has many advantages, such as good tolerance, high
compliance, and high surgical safety, which can significantly
reduce patients’ risk of death (15). The tumor response
rate of nCT is lower than that of nCRT, but there is no
significant difference between nCRT and nCT in terms
of OS, PFS, and recurrence patterns. Both Japanese and
Chinese guidelines recommend “nCT+ surgery” as the
treatment for locally advanced ESCC. Thus, there is a need
to establish a novel and effective treatment model that not
only has a higher pCR rate, but also has a reduced impact
on surgical resection and improves long-term survival.

The KEYNOTE-028 (7) and KEYNOTE-180 (8) studies
confirmed that pembrolizumab has good safety and feasibility
in the treatment of heavily pretreated ESCC patients. The
phase-III KEYNOTE-181 study (9) found that advanced
EC patients treated with pembrolizumab had a higher ORR
(16.7% vs. 7.4%) and lower treatment-related AEs than
those of standard second-line chemotherapy. As the first
large, multi-center, randomized phase-III study to compare
the efficacy of immunotherapy plus chemotherapy and
chemotherapy only in a first-line setting for unresectable,
locally advanced or metastatic EC or Siewert type I gastro-
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esophageal junction cancer, the KEYNOTE-590 (10) study
demonstrated that pembrolizumab plus chemotherapy
offered significant and clinically meaningful improvements
in terms of OS, PFS, and the ORR compared to the placebo
plus chemotherapy treatment, and the duration of response
(DOR) of pembrolizumab plus chemotherapy also far
exceeded that of standard chemotherapy. Further, according
to the subgroup analysis, Asian ESCC patients could
achieve more survival benefits than the global population.
At present, pembrolizumab is the only immune checkpoint
inhibitor (ICI) approved by both the American Food and
Drug Administration and the National Medical Products
Administration, and is recommended by both the NCCN
guidelines and CSCO guidelines as the first- and second-
line treatment of ESCC. Based on the good efficacy and
safety of pembrolizumab, its application and exploration in
neoadjuvant therapy for locally advanced ESCC have great
prospects.

Given that immunotherapy combined with nCRT is
very likely to increase the surgical difficulties (e.g., tissue
adhesion, and edema) and perioperative complications (e.g.,
respiratory insufficiency or even failure caused by immune-
related and radiation pneumonitis), some studies are being
conducted that combine ICIs and chemotherapy alone,
such as the NICE study and NIC-ESCC2019 study. So,
the questions arise: Compared to “nCRT + surgery”, how
effective is “pembrolizumab + nCT + surgery?” What is its
impact on perioperative complications? To date, no research
appears to have been conducted to address these questions.

Currently, TP is still the standard treatment for
advanced ESCC at most centers, and has an effective rate
of 19-58%, and a 5-year survival rate of 5.9-12% (16).
Paclitaxel is an active agent against EC, and it has been
shown to be a potent immunotherapy sensitizer (17,18).
In 2013, a phase-II clinical study (19) for the treatment of
ESCC was conducted in Japan, which showed that the pCR
rate reached 17%, the ORR was 64.3%, and the 2-year
DFS and OS were 74.5% and 88.0%, respectively. These
results provided evidence of the superiority of paclitaxel in
the treatment of ESCC. It was then listed as the standard
first-line treatment in a variety of guidelines. Thus, our
study adopted the TP chemotherapy regimen widely used
clinically in China as the nCT regimen.

Based on previous evidence, the addition of
pembrolizumab to TP chemotherapy in ESCC has
promising efficacy and acceptable toxicity, which supports
the design of a this single-center, prospective, phase-
IT clinical study (Keystone-001). The trial is expected to
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initially prove the feasibility of pembrolizumab combined
with TP as a neoadjuvant therapy in the treatment of locally
advanced ESCC, which should provide a basis for further
research.
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