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Background: In China, platinum-based doublet chemotherapy is the standard treatment for patients who
have unresectable stage III non-small cell lung cancer (NSCLC), administered with radiotherapy on either
a concurrent or sequential basis. However, NSCLC patients who undergo this treatment can expect poor
median progression-free survival (PFS) of around 8–10 months and a dismal 5-year overall survival (OS) rate
of about 15%. In the recent PACIFIC trial, durvalumab was demonstrated to hold significant clinical benefit
for patients with locally advanced/unresectable NSCLC who experienced no disease progression after
definitive concurrent chemoradiotherapy (cCRT). CS1001 is the first full-length, fully human immunoglobin
G4 (IgG4) monoclonal antibody (mAb) that targets programmed death ligand-1 (PD-L1) created through
the OMT transgenic rat platform. The phase Ia/Ib study indicated CS1001 was well tolerated and exhibited
anti-tumor potential with a range of tumors. GEMSTONE-301 is a phase III randomized, double-blind,
study to explore the efficacy and safety of CS1001 compared with a placebo as consolidation therapy for
stage III unresectable NSCLC patients.
Methods: In this trial, eligible patients will be randomized to receive CS1001 1,200 mg or placebo, every
3 weeks (Q3W). The primary endpoint will be investigator-assessed PFS, based on the Response Evaluation
Criteria in Solid Tumors (RECIST) v1.1. The secondary endpoints will include OS, PFS assessment based
on Blinded Independent Center Review (BICR), objective response rate (ORR), other efficacy measurements,
safety, and tolerability.
Discussion: This phase III trial will determine the efficacy and safety of CS1001 as consolidation therapy
in patients with locally advanced/unresectable (stage III) NSCLC who did not have disease progression after
prior concurrent/sequential chemoradiotherapy (cCRT or sCRT), and is the first phase III trial on an antiPD-L1 mAb initiated in China for this indication.
Protocol version: Version 3.0/September 12, 2019.
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Introduction
Lung cancer is the most common type of cancer in China.
Data published by the National Tumor Registry (1) revealed
that in 2015, there were 733,300 new cases of lung cancer
in China (509,300 males and 224,000 females), accounting
for 17.01% of all new cases, with 610,200 attributed deaths,
comprising 21.68% of cancer-related mortality. About 15%
of all lung cancer patients have already reached the locally
advanced stage by the time they are diagnosed (2) and the
5-year survival rate is a meagre 10–15% (3).
C o n c u r r e n t c h e m o r a d i o t h e r a p y ( c C RT ) h a s
predominantly been used around the world as the combined
modality therapy for unresectable non-small cell lung cancer
(NSCLC) patients with stage III disease. Meanwhile, in
China, platinum-based doublet chemotherapy administered
on a concurrent or sequential basis with radiotherapy are
the main combined treatment modalities. Despite improved
overall survival (OS) stemming from treatment modalities
being optimized, the disease inevitably progresses in the
majority of patients, who can expect progression-free
survival (PFS) of approximately 8–10 months (4-13).
Immune checkpoints are a group of immunosuppressive
molecules. Their physical function is to modulate immune
reaction, regulating its intensity and extent to prevent
normal cells from damage or injury. This feature is often
exploited by tumor cells to avoid the attack by immune
cells. Clinically validated immune checkpoints include
cytotoxic T-lymphocyte-associated protein 4 (CTLA-4)
and PD-1/PD-L1; of the two, PD-1/PD-L1 has greater
clinical potential owing to its favorable safety and broader
indication range.
The expression of PD-L1, which is the main ligand of
T-cell inhibitory receptor PD-1, mainly takes place on
the surface of tumor cells and antigen-presenting cells.
PD-L1 expressed on tumor cells binds with PD-1 on T
cells, triggering a signaling cascade that inhibits T cell
proliferation and cytokine secretion by activated T cells,
lowers the activity of T cells, and decreases the killing of
tumor cells by T cells. Drugs that block PD-1 and PD-L1
from interacting together may restore T cell activity and its
ability to kill tumor cells.
CS1001 is the first full-length, fully humanized PD-
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L1-targeted immunoglobin G4 (IgG4) mAb developed
through the OMT transgenic rat platform. It specifically
binds to PD-L1, blocking its ligation with PD-1. A phase
Ia/Ib study (NCT03312842) carried out an evaluation
of the safety, tolerability, pharmacokinetics (PK), and
preliminary antitumor activity of CS1001 in patients who
had multiple types of solid tumors or lymphomas In the
phase Ia portion, CS1001 administered at 5 doses [3 mg/kg,
10 mg/kg, 20 mg/kg, 1,200 mg and 40 mg/kg, every 3 week
(Q3W)] was demonstrated to be safe and well tolerated,
entailing no dose-limiting toxicity or related serious adverse
events (SAEs). The pharmacokinetic profile of CS1001 at
1,200 mg resembles that of atezolizumab, a marketed drug
with a similar mechanism. CS1001 1,200 mg fixed-dose
administered intravenously Q3W was recommended as
the phase II dose (RP2D) based on safety, PK, antitumor
activity, and other data.
The data from phase Ib monotherapy reported that
59 (80.0%) patients experienced CS1001-related adverse
events (AEs). Of these patients, 11 (15.1%) had Grade
3–5 CS1001-related AEs, and 7 (9.6%) patients had
SAEs related to CS1001 as of 1 July 2019, indicating
CS1001 to be well tolerated. CS1001 monotherapy in
microsatellite instability-high or deficient mismatch repair
(MSI-H/dMMR) solid tumors reported objective response
rate (ORR) of 38.1% in 21 patients, while CS1001 in
combination with chemotherapy reported ORR of 77.8%
and 62.1% in esophageal squamous cell carcinoma (ESCC)
and gastric and gastro-esophageal junction carcinoma (GC/
GEJ), respectively. Together with other phase Ib studies,
these data indicate promising antitumor activity in a range
of solid tumors.
GEMSTONE-301 was initiated on the basis of the
safety and antitumor potential CS1001 had demonstrated
in the phase I study. It is a phase III, randomized, doubleblind study (NCT03728556) to assess the efficacy and safety
of CS1001 as a consolidation therapy for Chinese patients
with unresectable NSCLC who have stage III disease after
undergoing concurrent or sequential chemoradiotherapy.
We present the following article in accordance with the
SPIRIT reporting checklist (available at http://dx.doi.
org/10.21037/tlcr-20-608).
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Table 1 Key inclusion and exclusion criteria
Inclusion criteria



≥18 years of age



ECOG PS of 0 or 1



Diagnosis of locally advanced/unresectable stage III NSCLC confirmed by histology or cytology



Has received ≥2 cycles of platinum-containing chemotherapy



does not have disease progression following concurrent/sequential chemoradiotherapy



The first dose of the study treatment needs to be received in the 1–42 days (including day 42) following concurrent/sequential
chemoradiotherapy



Adequate organ and marrow function

Exclusion criteria



Mixed small cell and non-small cell lung cancer histology



Disease progression after concurrent/sequential chemoradiotherapy



Any major surgery within the 28 days preceding the initial dose of the study treatment



Any prior treatment with antibodies/drugs that target T-cell co-regulatory proteins (immune checkpoints, including PD-1, PD-L1,
CTLA4, TIM3, and LAG3, etc.)



Current involvement with another clinical study or utilization of any investigational drug in the 28 days preceding the first dose of
investigational product in this trial



Current active or prior history of autoimmune disease that will probably relapse



Immunodeficiency disease or currently receiving systemic corticosteroid treatment



An additional malignancy detected during the 5 years preceding the initial dose of investigational product



Pneumonitis ≥ Grade 2 caused by chemoradiotherapy



Active phase of chronic hepatitis B or with active hepatitis C

ECOG PS, Eastern Cooperative Oncology Group performance status; NSCLC, non-small cell lung cancer; PD-1, programmed death
receptor-1; PD-L1, programmed death ligand-1; CTLA-4, cytotoxic T-lymphocyte-associated protein 4; TIM3, T-cell immunoglobulin mucin
3; LAG-3, lymphocyte-activation gene 3.

Methods
The study protocol and informed consent documents were
approved by the ethical committees of the participating
institutions, and informed consent was obtained from all
patients. All procedures performed in this study will be in
accordance with the Declaration of Helsinki.
Patients
All patients in the GEMSTONE-301 study must have
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histologically confirmed diagnosis of locally advanced/
unresectable stage III NSCLC with no disease progression
after chemoradiotherapy delivered concurrently/
sequentially. Patients with epidermal growth factor receptor
(EGFR) mutation, anaplastic lymphoma kinase (ALK)
translocation, or c-ros pro-oncogene 1-receptor tyrosine
kinase (ROS1) translocation are excluded. The criteria for
inclusion and exclusion are summarized in Table 1. Patients
for the GEMSTONE-301 study are presently being
recruited at 37 trial sites in China with a target sample size
of 402. Written informed consent must be obtained from all
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Pre-Screening
(Optional)

Screening

Patients
• ECOG PS of 0 or 1
• Locally advanced/
unresectable Stage III
NSCLC
• Does not have disease
progression following
concurrent/sequential
chemoradiotherapy

Randomization

2011

Treatment Phase

Follow-up Phase

CS1001 1200 mg, Q3W,
up to 24 months

Randomize
N=402

Safety
follow-up

Survival
follow-up

Placebo, Q3W,
up to 24 months

Figure 1 Study design. ECOG PS, Eastern Cooperative Oncology Group performance status; NSCLC, non-small cell lung cancer; Q3W,
every 3 weeks

patients before the commencement of any activities related
to the trial.
Study design and treatment
Figure 1 summarizes the GEMSTONE-301 study design.
This is a phase III, randomized, double-blind, placebocontrolled, multicenter study. Eligible patients are
randomized at 2:1 by stratified block randomization method
into either the CS1001 group or placebo group. The
stratification factors for randomization are ECOG status
(0 versus 1), chemoradiotherapy (concurrent versus
sequential) and total radiotherapy dose (<60 versus ≥60 Gy).
In the treatment phase, patients will receive CS1001
1200 mg or placebo intravenous infusion Q3W (21±3 days),
with the first dose administered in the 42 days after
concurrent/sequential chemoradiotherapy has ended. The
investigational product is in liquid form for injection with
specifications of 90 mg/3 mL/vial and 600 mg/20 mL/vial
(provided by CStone Pharmaceuticals). The total dose
will be diluted with 250 mL of sterile normal saline (0.9%
sodium chloride solution) and infused over a period of
60 minutes. Treatment will continue until disease
progression is confirmed, intolerable AEs occur, informed
consent is withdrawn, the patient is lost to follow-up, death,
or the study ends (depending on which happens first), and
will last for 24 months at most.
The follow-up phase will include safety follow-up and
survival follow-up. The safety follow-up phase will continue
for 90 days after the last dose of the investigational product.
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Survival will be assessed by telephone follow-up visit or field
visit every 12 weeks from the last dose of the investigational
product until death or end of trial.
Safety, anti-CS1001 antibody, and efficacy will be
monitored throughout the course of the entire trial. Safety
assessment will be performed at each site visit. The severity,
time of AE and causality with the investigational product
will be evaluated. Tumor evaluation will be conducted and
evaluated based on RECIST v1.1. The baseline tumor
assessment will be performed after chemoradiotherapy
and within the 28 days preceding the initial dose of study
treatment. The tumor will be assessed every 9 weeks in the
first year after the initial dose and every 12 weeks thereafter
until the disease progresses, the patient dies, or the study
ends, whichever comes first.
Study objectives
Table 2 summarizes the study’s objectives. The central
objective is to investigate the efficacy of CS1001 in terms of
investigator-assessed PFS compared to placebo. Secondary
objectives include comparing OS, PFS assessed by BICR,
safety, and other efficacy measurements between the
CS1001 and placebo groups.
Statistics
The efficacy population will include all randomized patients
(intent-to-treat, ITT), grouped according to their allocated
treatment. Safety assessments will be carried out in all
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Table 2 Study objectives
Primary objective

PFS assessed by investigator

Secondary objectives

OS, PFS assessed by BICR, ORR, DoR, and TTDM
Safety and tolerability
Pharmacokinetics (PK) and immunogenicity of CS1001

Exploratory objectives

Correlation between PD-L1 expression with CS1001 Correlation between TMB level with CS1001

PFS, progression-free survival; OS, overall survival; BICR, Blinded Independent Center Review; ORR, objective response rate; DoR,
duration of response; TTDM, time to death/distant metastasis; PD-L1, programmed death ligand-1; TMB, tumor mutation burden.

randomized patients who received at least 1 dose of any
study drug, grouped by allocated treatment. A comparison
of PFS and OS between treatment groups will be performed
through a two-sided log-rank test with a significance
level of 5%, with the same stratification factors used for
randomization. A stratified Cox regression model will be
used for estimating the efficacy in risk ratio, and event rates
over time will be estimated within each treatment group
using Kaplan-Meier method.
Interim analysis will be performed. Safety and efficacy
data will be periodically reviewed by an independent
data monitoring committee (iDMC), which will make
recommendations according to pre-set criteria.
Discussion
Radiotherapy could enhance inflammatory reaction,
facilitate antigen presentation and help to convert “cold”
tumors into “hot” tumors; this might be the mechanism
that lies behind its synergic effect with immunotherapy (14).
Both preclinical evidence and clinical hints indicate
that anti-PD-(L)1 mAb may offer clinical benefit after
chemoradiotherapy.
A phase III trial, “PACIFIC”, conducted by AstraZeneca,
investigated durvalumab, an anti-PD-L1 mAb, as
consolidation treatment for locally advanced/unresectable
NSCLC patients with stage III disease who did not have
disease progression after cCRT, and reported statistically
significant and clinically meaningful improvement of
durvalumab compared with placebo not only in PFS
[stratified hazard ratio for disease progression or death,
0.51; 95% confidence interval (CI), 0.41 to 0.63], but also
in OS (stratified hazard ratio for death, 0.68; 99.73% CI,
0.47 to 0.997; P=0.0025) (15). A retrospective analysis of
KEYNOTE-001 in patients with NSCLC also confirmed
the synergic effect of pembrolizumab, an anti-PD-1
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antibody with radiotherapy (16). In 97 patients who
received pembrolizumab, 42 had previously received
radiotherapy (radiotherapy group), while 55 had never
received radiotherapy (non-radiotherapy group). Those
who had undergone radiotherapy to treat NSCLC achieved
significantly longer PFS with pembrolizumab than those
who had not received radiotherapy, which suggests that the
combination of radiotherapy and anti-PD-1 antibody for
the treatment of advanced NSCLC is acceptably safe and
holds promise.
CS1001 has been demonstrated to be well tolerated in
the phase Ia/Ib study, with promising antitumor activity in
multiple solid tumor types, either when received alone or
when combined with chemotherapy. This evidence supports
the initiation of GEMSTONE-301 for the evaluation of
the CS1001’s efficacy and safety in a larger Chinese patient
population who have unresectable stage III NSCLC. After
chemoradiotherapy, these patients have a 5-year survival
rate of only 10–15%, which reflects a desperate unmet need
for more treatment alternatives for this group, to improve
OS and PFS (17).
The target population of the GEMSTONE-301 study
includes patients who did not have disease progression after
cCRT or sCRT. Compared to the PACIFIC trial, which
only enrolled patients treated with cCRT, the design is
optimized to take into account that the overall utilization of
concurrent CRT is generally lower in China than that in the
US (78%) and Western Europe (53%) (18). In China, the
proportion of sequential CRT utilization varies widely, from
as low as 20–30% in most hospitals to as high as 80–90% in
a small minority. As such, the utilization of sequential CRT
represents an important combination modality in China.
This phenomenon might be attributed to multiple factors,
such as the inherent idea that sCRT may be more suitable
for frail patients who are less tolerant of cCRT. Also, the
lack of multidisciplinary treatment in certain areas and
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hospitals leads to great diversity in patient treatment flows
and schedules, which further results in the limited utilization
of cCRT. Whether NSCLC patients who receive sCRT
could benefit from immunotherapy will be evaluated for the
first time in GEMSTONE-301. Considering the different
long-term survival benefit between the concurrent or
sequential delivery of chemotherapy with radiotherapy (17),
whether a patient has received sCRT or cCRT has been set
as a stratification factor.
In the PACIFIC study, durvalumab treatment as
consolidation therapy following CRT continued for
1 year (12). The CheckMate 153 study is a randomized
study to evaluate the efficacy of continuous treatment
vs. 1-year fixed duration of Nivolumab treatment for
NSCLC patients. Those who were treated continuously
with Nivolumab experienced vastly improved PFS and
OS compared with those who stopped after 1 year (19).
Given these previous findings, the recommended treatment
duration of GEMSTONE-301 is set at 2 years and it could
be prolonged if patients continue to show clinical benefits,
as determined by the investigators. This design enables
the optimization of CS1001 treatment length for curative
purposes, and could potentially bring more clinical benefits
for patients.
The correlation between EGFR mutation and the
efficacy of anti-PD-L1 antibody (hazard ratio for disease
progression or death) in NSCLC patients has been
retrospectively analyzed in the PACIFIC trial (12). Patients
with positive EGFR mutations exhibited a higher hazard
ratio (0.76; 95% CI, of 0.35–1.64) than EGFR negative
patients (0.47; 95% CI, 0.36–0.60), which indicated that
the patients with EGFR mutations benefited less from antiPD-L1 antibody treatment compared with those of wild
type. The PACIFIC trial enrolled mostly non-Asian (~75%),
with EGFR-mutant patients accounting for 6% of the total
patients enrolled in the trial (the EGFR mutation status
of 26.6% patients was unknown). Since Chinese NSCLC
adenocarcinoma patients typically carry a higher EGFR
mutation rate (38.3%) compared with Western populations
(14–21%) (20), it is thus medically reasonable to exclude the
EGFR-mutant population from the study to support the
benefit for patients.
In conclusion, GEMSTONE-301 is the first phase
III trial in China to evaluate an anti-PD-L1 mAb as
consolidation therapy for unresectable stage III NSCLC
that does not have disease progression following
chemoradiotherapy. It will provide robust evidence of
ability of chemoradiotherapy to enhance antitumor immune
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response and offer valuable insight into the potential
role of CS1001 in patients with Stage III NSCLC. Most
importantly, for the first time, it will generate clinical data
on how anti-PD-L1 mAb works in patients who receive
definitive sequential chemoradiotherapy.
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