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ABSTRACT

Introduction Recent preclinical studies have discovered
unique synergism between radiotherapy and immune
checkpoint inhibitors, which has already brought
significant survival benefit in lung cancer. In locally
advanced rectal cancer (LARC), neoadjuvant radiotherapy
plus immune checkpoint inhibitors have also achieved
surprisingly high pathological complete response (pCR)
rates even in proficient mismatch-repair patients. As
existing researches are all phase 2, single-cohort trials,
we aim to conduct a randomised, controlled trial to further
clarify the efficacy and safety of this novel combination
therapy.

Methods and analysis Eligible patients with LARC are
randomised to three arms (two experiment arms, one
control arm). Patients in all arms receive long-course
radiotherapy plus concurrent capecitabine as neoadjuvant
therapy, as well as radical surgery. Distinguishingly,
patients in arm 1 also receive anti-PD-1 (Programmed
Death 1) treatment starting at Day 8 of radiation
(concurrent plan), and patients in arm 2 receive anti-PD-1
treatment starting 2 weeks after completion of radiation
(sequential plan). Tislelizumab (anti-PD-1) is scheduled to
be administered at 200 mg each time for three consecutive
times, with 3-week intervals. Randomisation is stratified
by different participating centres, with a block size of

6. The primary endpoint is pCR rate, and secondary
endpoints include neoadjuvant-treatment-related adverse
event rate, as well as disease-free and overall survival
rates at 2, 3 and 5 years postoperation. Data will be
analysed with an intention-to-treat approach.

Ethics and dissemination This protocol has been
approved by the institutional ethical committee of Beijing
Friendship Hospital (the primary centre) with an identifying

STRENGTHS AND LIMITATIONS OF THIS STUDY

= As a phase 2 clinical trial, this study integrated me-
ticulous power and sample size calculation to com-
pare the pathological complete response (pCR) rates
between the two experiment arms (radiation plus
Programmed Death-1 blockade followed by radical
surgery) with the control arm (radiation followed by
radical surgery), respectively.

= Each patient to be included has a chance of 2/3 to
enter the experiment arms.

= The primary endpoint of this study is pCR rate,
therefore long-term survival results will not be re-
ported in the initial paper.

serial number of 2022-P2-050-01. Before publication to
peer-reviewed journals, data of this research will be stored
in a specially developed clinical trial database.

Trial registration number NCT05245474.

BACKGROUND

Among all newly diagnosed rectal cancer
cases in China, 64.7% are locally advanced
(clinically staged II/IIT)." For these patients,
the application of neoadjuvant chemoradia-
tion before TME (total mesorectal excision)
surgery cannot only increase sphincter-
preserving rate and RO resection rate, but
also reduce local recurrence rate.’ However,
current pathological complete response
(pCR) rate, b-year OS (overall survival)
rate and 10-year OS rate of neoadjuvant

BM)

Pang K, et al. BMJ Open 2023;13:6069499. doi:10.1136/bmjopen-2022-069499 1


http://bmjopen.bmj.com/
http://orcid.org/0000-0002-5991-1728
http://orcid.org/0000-0001-5741-0076
http://orcid.org/0000-0002-2586-1443
http://orcid.org/0000-0002-8415-7587
http://orcid.org/0000-0002-4718-6821
http://dx.doi.org/10.1136/bmjopen-2022-069499
http://dx.doi.org/10.1136/bmjopen-2022-069499
http://dx.doi.org/10.1136/bmjopen-2022-069499
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2022-069499&domain=pdf&date_stamp=2023-09-12
NCT05245474

Open access

Radiotherapy

Enhanced T, NK cell infiltration

Tumor cells pyroptosis

Figure 1
killer; PD-1, programmed death 1.

chemoradiation in locally advanced rectal cancer is
merely 11%~15%, 76% and 59.6%, respectively.”™

Unlike the direct cytotoxic effect of radiation and
chemotherapeutic agents, immune checkpoint inhibi-
tion (ICI) unleashes the power of cytotoxic T lympho-
cytes to control tumour.® Currently, MSI-H (microsatellite
instability high) status has been widely accepted as the
most prominent biomarker to predict positive ICI effi-
cacy.”? Yet in rectal cancers, only 2% are MSI-H/dMMR
(deficient mismatch repair),” ' precluding the majority
of patients from ICI benefit. Nevertheless, recent basic
researches indicated that radiotherapy has significant
synergism effect with ICI (hypothetical mechanism
summarised in figure 1)."" And the clinical efficacy and
safety of combining radiotherapy and ICI in the neoadju-
vant setting of locally advanced rectal cancer (LARC) has
been explored by several pioneering teams with phase 2,
single arm trials, namely: the Chinese NCT04231552 trial,
the Lebanese AVERECTAL trial, the Italian AVANA trial,
the Japanese VOLTAGE trial, the Chinese NCRT-PD-1-
LARC trial (our team), reporting encouraging pCR rates
of 48%, 38%, 23%, 33% and 50%, respectively, as well as
acceptable safety profile.'* ™

To obtain higher-level evidence, we hereby launched a
phase II, multicentre, open-label, three-arm, randomised
controlled trial to further clarify the efficacy and safety of
neoadjuvant radiotherapy plus anti-PD-1 (Programmed
Death 1) immunotherapy (tislelizumab”) in LARC.

METHODS AND ANALYSIS

Study objectives and endpoints

The primary endpoint of this study is rate of pCR, with
the objective being to compare pCR rate between two
experiment arms and the control arm, respectively.
Secondary endpoints include: NAR score (Neoadjuvant
Rectal Score),'® 2-year OS rate, 2-year DFS (disease-free
survival) rate, 3-year OS rate, 3-year DFS rate, 5-year OS
rate, 5-year DFS rate, median OS time, median DFS time,
RO resection rate, sphincter preserving rate, nearly pCR

Sustained tumor cell pyroptosis
and T, NK cell infiltration

Balance between CD8'T cell
function and exhaustion

o ) ey

Balance breaker:
Immnune
checkpoint
blockade

Hypothetical mechanism of tumour regression induced by radiotherapy combined with PD-1 blockade. NK, natural

rate, objective response rate, immune-related adverse
event rate, Grade 3+ immune-related adverse event rate,
neoadjuvant-treatment-related adverse event rate, Grade
3+ neoadjuvant-treatment-related adverse event rate,
clinical complete response (cCR) rate, incidence rate
of surgical complications, incidence rate of Grade 3+
surgical complications, quality of life score.'

Study design and registration

This study is a phase 2, multicentre, open-label,
randomised, controlled trial consisting of two experi-
ment arms and one control arm, which will be conducted
in eight academic hospitals in Beijing, China (names of
the study sites can be found on ClinicalTrials.gov).

Patient eligibility

Inclusion criteria

1. Aged 18~75.

2. ECOG (Eastern Cooperative Oncology Group) score

0~2.

3. Biopsy diagnosed rectal adenocarcinoma, distal mar-

gin within 10 cm to anal verge.

4. No distant metastasis, staged II/III (T4b excluded)

by MRI.

5. Maximum diameter of rectal cancer lesion >210mm
according to baseline CT or MRI diagnosis (ie, a ‘mea-
surable lesion’ as per Response Evaluation Criteria in
Solid Tumors V.1.1).

. Willing and able to comply with study protocol.

. Consent to the use of blood and tissue specimens for

study.

8. No history of previous antitumour treatment (eg, ra-
diation, chemo, immuno, bio, herbal).

9. No disorders/diseases of immune system (eg, system-
ic lupus erythematosus, rheumatoid arthritis, systemic
vasculitis, scleroderma, pemphigus, dermatomyositis,
mixed connective tissue disease, autoimmune hae-
molytic anaemia, hyperthyroidism/hypothyroidism,
ulcerative colitis, autoimmune haemolytic anaemia,
HIV infection).

N O
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10. No significant dysfunction of major viscera (eg, heart,
lung, liver, kidney).

11. No jaundice or gastrointestinal obstruction.

12. No acute/on going infection.

13. No significant irregularities in blood routine test and
biochemical test results, particular requirements in-
clude: neutrophils >1.5x10°/L, HGB (Hemoglobin)
>80g/L, platelet ZIOOxlOg/L, serum creatinine
<1.5xULN (upper limit of normal), total bilirubin
<1.5x ULN, ALT (alanine transaminase) and AST
(aspartate transaminase) <2.5xULN.

14. No social or mental disorder.

15. For women of childbearing age, a negative result of
serological pregnancy test is required, and effective
contraception measures from inclusion till 60 days af-
ter the last dose of study drug is required.

Exclusion criteria

1. Multiple cancers, or with concomitant malignant tu-
mours besides rectal cancer.

2. Having received any anticancer treatment (surgery,
drugs, etc) in the past 5 years.

3. History of recent major surgery.

4. With conditions that affects the absorption of capecit-
abine via gastrointestinal tract (eg, inability to swal-
low, nausea, vomiting, chronic diarrhoea).

5. With uncontrolled, severe, concomitant diseases of

any sort.

. Allergic to any of the ingredients under study.

. Estimated survival period <5 years due to any reason.

8. Preparing for or having previously received organ or
bone marrow transplantation.

9. Having received immunosuppressive or systemic hor-
mone therapy for immunosuppressive purposes with-
in I month prior to inclusion.

10. For patients with history of disorder of central ner-
vous system, investigator discretion is required as to
whether the clinical severity prevents the signing of
informed consent or affects the patient’s oral medi-
cation compliance.

N O

11. With other conditions/issues that may affect the
study results or cause the study treatment to be termi-
nated halfway (eg, alcoholism, drug misuse).

12. Pregnant or lactating women, or women intending
on conception during treatment period.

Protocol treatments

Experiment arm 1

Patients will receive long-course chemoradiation (long-
course radiotherapy plus capecitabine tablets) concur-
rently combined with tislelizumab (200 mgx3 times,
3-week interval), as well as radical surgery. The first dose
of tislelizumab will be given on Day 8 of radiation, with
radical surgery planned 8~12 weeks after completion of
radiotherapy (figures 2 and 3).

Experiment arm 2

Patients will receive long-course chemoradiation (long-
course radiotherapy plus capecitabine tablets) sequen-
tially combined with tislelizumab (200 mgx3 times,
3-week interval), as well as radical surgery. The first dose
of tislelizumab will be given 2 weeks after completion of
radiotherapy, with radical surgery planned 8~12 weeks
after completion of radiotherapy (figures 2 and 3).

Control arm

Patients will receive long-course chemoradiation only
(long-course radiotherapy plus capecitabine tablets, with
no neoadjuvant immune therapy). Radical surgery will be
performed 6~12 weeks after completion of radiotherapy

(figures 2 and 3).

Specifications
Radiotherapy: total dosage 45~50.4 Gy, 25~28 fractions,
5days/week, duration 5~5.5 weeks.

Capecitabine tablets: 825 mg/ m? orally, two times per
day, 5days/week (synchronous with radiotherapy), dura-
tion b weeks.

Tislelizumab: 200 mg (fixed dosage) ivgtt (intravenously
guttae), one time every 3 weeks. In both experiment

Long course chemoradiation (45~50.4Gy/25~28

8~12 weeks Radical

—>
fractions, plus concurrent capecitabine) surgery
- 1 week } 3 weeks } 3 weeks ——|
Tislelizumab Tislelizumab Tislelizumab
(200mg, ivgtt) (200mg, ivgtt) (200mg, ivgtt)
Mid-low LARC i - ~ .
patients potentiall Consent, Screen, Inclusion Long course chemoradiation (45~50.4Gy/25~28 |2 weeks A 3 weeks 3 weeks 0~4 weeks | Radical
. P . . v - fractions, plus concurrent capecitabine) iy g = surgery
suitable for inclusion 1:1:1 Randomization Tislel Tislelizamab el

(200mg, ivgtt) (200mg, ivgtt) (200mg, ivgtt)

Long course chemoradiation (45~50.4Gy/25~28
fractions, plus concurrent capecitabine)

6~12 weeks Radical

surgery

Figure 2 Study flowchart. LARC, locally advanced rectal cancer; ivgtt, intravenously guttae.
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Screening/Baseline Neoadjuvant treatment
Time - Pre-operative Post-operative
-14~8 days 71 days Radiotherapy PD1 blockades P (Within 1 week)
i (Within 1 week after completion) (Before and after, within 1 week)
Quality of life score v
Blood routine v v v v
R
Biochemical v A v v v
Lab N
a Thyroid function v D v
tests
(0}
HIV v M
|
Tumor markers v z v \ v
E
Chest CT v v
Abdominal and pelvic CT v v
Rectal MRI v v
Colonoscopy V (with MMR diagnosis) V (optional)

Figure 3 Patient work-up during treatment period. MMR, mismatch-repair; PD1, programmed death 1.

groups, patients are designated to receive three times
of tislelizumab treatments (200mg each time, 3-week
interval) before surgery. However, if a serious adverse
event (Common Terminology Criteria for Adverse Events
Grade 3 or above) occurred after any one of the three
times of immunological treatments, the residue doses
will be cancelled and the patient will wait for the initially
designed time window to receive radical surgery.

Adjuvant therapy: all included patients will receive
none, capecitabine only or CAPOX therapy based on
their baseline tumour staging.

Consent, randomisation and blinding

As a multicentre study, patient consent and enrolment
is conducted at outpatient or ward of our eight study
sites by attending surgeons. Our randomisation proce-
dure adopted a ‘center-stratified, block randomization’
approach, with a block size of 6. The randomisation proce-
dure is performed by an external CRO (clinical research
organisation) company using a specially designed online
system (https://www.larc-crt-pd1l.com/user/login),
with the allocation sequence being computer-generated
random numbers from CRO company, which is concealed
from all clinical staff or researchers. As an open-label trial,
the surgeons, patients and coordinating researchers will
not be blinded for the allocated treatment, for the fact
that treatment schedules of different arms are distinct
and easily recognisable.

Criteria of tumour response and adverse events

Tumour response and adverse events will be closely
followed-up and recorded by specially assigned personnel
from each study site.

Tumour response

Responses to neoadjuvant therapy of all arms are
performed in accordance with RECIST V.1.1 criteria.”
This assessment is performed when patients have finished
preoperative rectal MRI examinations. Notably, for

patients achieving cCR, surgery will still be recommended
unless patients insist on a non-surgical approach.

Toxicity

Adverse reactions to neoadjuvant treatments (including
immune-related adverse reactions) are strictly recorded
and graded according to CTCAE V.5.0 criteria. The time
window for this evaluation ranges from the start of radia-
tion to perioperative phase.

Surgical complication

Surgical complications (within 30 days after operation)
are strictly recorded and graded according to Clavien-
Dindo criteria.

Sample size

Calculation of sample size

As a parallel group, superiority trial, sample size calcula-

tion is performed with the TEST FOR TWO PROPOR-

TION function of PASS software (V.21.0.3), with the

parameters set as follows:

1. p=0.4 (assuming the pCR rate of both experiment
arms to be 40%, considering current evidences).

2. p,=0.16 (assuming the pCR rate of control arms to be
16%, considering the actual pCR rates of participating
centres).

3. 0=0.05 (two-sided).

4. B=0.2.

5. Drop-out rate=0.15.

On calculation, each arm requires 62 patients, totalling

186 patients.

Reasons for mid-way sample size expansion

In our initial sample size calculation, we assumed p, to
be 0.10 based on the regular pCR rate of chemoradia-
tion in the primary centre (Beijing Friendship Hospital).
However, after the first routine multicentre investigator
meeting, where the regular pCR rate of the control group
was discussed, consensus was reached that 0.16 is more

4
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Time after surgery
3 months 6 months 1year 1.5 year 2 years 3 years 4 years 5 years

Iltems
Survival status v v ) v v v ) v
Quiality of life score v v v v v v

Blood routine v
Lab Biochemical v
e Thyroid function v

Tumor markers ) v v v v v v v
Tumor evaluation (CT or MRI) v v v v v v v v
Adverse events v v v v v v v v
Accompanying drugs \ v v v v v v v
Accompanying treatments v v v v v v v v

Figure 4 Follow-up plan.

representative as the pCR rate of the control group.21
Therefore, we revised the protocol and changed p, from
0.10 to 0.16.

Along with Py WE also revised the value of o,  and
drop-out rate: o, was revised from 0.05 (one-sided) to 0.05
(two-sided) to reduce false positive rate; B was revised
from 0.1 to 0.2 for the fact that setting power to 0.8 was
a common practice, and a power of 0.9 was unnecessary;
drop-out rate was revised from 0.20 to 0.15 for the fact
that the primary endpoint of this study (pCR rate) is a
short-term endpoint, a drop-out rate of 0.20 (as in those
studies with 3-year or b-year endpoints) was considered
highly unlikely.

After recalculation, sample size was expanded from 120
to 186. Revision of study protocol and update of online
registry information are completed on 10 May 2023, while
enrolment is still ongoing.

Postoperative follow-up

Postoperative follow-up period starts on operation day
and ends till 5 years postoperation, by specially assigned
personnel of each study site. Time points of follow-up
include: 3 months, 6 months, 1year, 1.5 years, 2 years, 3
years, 4 years, b years. Primary items of follow-up include:
survival status, quality of life score, blood routine test
and biochemical test, tumour biomarkers, radiological
tumour assessment, adverse events, accompanying drugs/
treatments (figure 4).

Trial status and study timeline

This trial was conceived and designed in February 2022.
Enrolment started on 1 April 2022, and is scheduled
to close by June 2023. Revision of protocol started on
1 March 2023 and was completed on 10 May 2023 to
expand sample size from 120 to 186. Current protocol
version and date: V.4.0, 10 May 2023. Analysis of short-
term endpoints (including the sole primary endpoint
pCR rate) will be completed before December 2023.
Analysis of long-term follow-up results will be completed
roughly around 2029.

Data management

A trial-specific database has been developed and vali-
dated based on standard operating procedures at the
Clinical Trial Center of Beijing Friendship Hospital. The
database (https://www.larc-crt-pdl.com/user/login) has
been integrated into a general information technology
infrastructure with a firewall and backup system. Patient
de-identified data are digitalised from paper CRF (case
report forms) into the database by an external CRO
company. Changes made to the originally input data
will be documented and audited by a data monitoring
committee composing of staff from all eight study sites,
which is independent from the sponsor. The committee
will conduct periodical checks for completeness and plau-
sibility of the input data. All participating centres will be
closely monitored to ensure data quality. The database
is accessible only to the principal investigator, specific
members of the research team and the data monitoring
committee.

Plans and methodology for statistical analysis

As a phase 2 trial, we set no plans for an interim analysis.
In the final analysis, an intention-to-treat approach will be
adopted. When describing statistical data, count variables
will be described as rate, measurement variables will be
described as mean with 95% CI. When comparing data of
two or more groups, % test will be adopted for count data
and t-test for measurement data. The Kaplan-Meier method
will be applied to generate a survival curve, where a log-rank
test will be adopted for comparisons between groups. Level
of statistical significance is defined as p<0.05.

Ethics

This protocol has been approved by the institutional
ethical committee of Beijing Friendship Hospital (the
primarycentre) with an identifying serial number of
2022-P2-050-01. Any amendments to the protocol will
be updated on ClinicalTrials.gov. Clinical investigators’
trial conduct will be audited by the ethical committee
of each study site through compulsory briefing sessions
once every 6 months. Patients having suffered from
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adverse reactions of Grade 3 or above due to neoadjuvant
treatment will be compensated by our clinical insurance
agreement with Ping An Insurance (Group) Company of
China. Before publication, data of this research will be
stored in a specially developed clinical trial database.

Patient and public involvement
Patients or the public were not involved in the design, or
conduct, or reporting, or dissemination plans of our research.

Role of study sponsor and funder

This is an investigator-initiated clinical trial. The study
sponsor and funder, BeiGene, have no role in study
design, data management, report writing or publication
decision-making, nor will they have any authority over any
of these activities.

Dissemination

Results of the primary endpoint (pCR rate) aswell as other
short-term endpoints will be published in peerreviewed
journals focusing on the immunological treatment of
solid tumours. Results at 3 and 5 years will be published
separately. The final manuscripts will be drafted by the
first author of this protocol, and the authorship of the
final manuscripts will depend on investigators’ actual
contribution to the trial. Trial participants will not be
informed on the results.

Author affiliations

'General Surgery, Capital Medical University Affiliated Beijing Friendship Hospital,
Beijing, Beijing, China

“National Institute on Drug Dependence and Beijing Key Laboratory of Drug
Dependence, Peking University, Beijing, Beijing, China

*Radiotherapy and Radiation Oncology, Capital Medical University Affiliated Beijing
Friendship Hospital, Beijing, Beijing, China

“Statistics and Methodology, Capital Medical University Affiliated Beijing Friendship
Hospital, Beijing, Beijing, China

5Radiology, Capital Medical University Affiliated Beijing Friendship Hospital, Beijing,
Beijing, China

SClinical Pathology, Capital Medical University Affiliated Beijing Friendship Hospital,
Beijing, Beijing, China

"Gastrointestinal Surgery, Beijing Hospital, Beijing, Beijing, China

8General Surgery, Peking Union Medical College Hospital, Beijing, Beijing, China
%Gastrointestinal Surgery, Peking University People's Hospital, Beijing, Beijing, China
'0General Surgery, Peking University First Hospital, Beijing, Beijing, China
"General Surgery, Xuanwu Hospital Capital Medical University, Beijing, Beijing,
China

"2General Surgery, Beijing Chao-Yang Hospital Capital Medical University, Beijing,
Beijing, China

Contributors Conception and draft: KP. Methodology: YY, DT, NZ, SC, SL, JG, PZ,
HW, YK, JZ, GC, WD, ZB, LJ, GW, DZ, YW, JZ, BW, GL, YX, ZG, YY, XW, AL, J-GH.
Review: HY. Supervision: Y-CY. Resources: ZZ.

Funding This work was supported by Ministry of Science and Technology of the
People's Republic of China (2015BAI13B09), BeiGene Ltd., and Beijing Postdoctoral
Research Foundation (2023-2Z-038).

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not applicable.
Provenance and peer review Not commissioned; externally peer reviewed.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which

permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs

Kai Pang http://orcid.org/0000-0002-5991-1728

Jiale Gao http://orcid.org/0000-0001-5741-0076
Yuanyuan Kong http://orcid.org/0000-0002-2586-1443
Zhidong Gao http://orcid.org/0000-0002-8415-7587
Zhongtao Zhang http://orcid.org/0000-0002-4718-6821

REFERENCES

1 ShiJ-F, Wang L, Ran J-C, et al. Clinical characteristics, medical
service utilization, and expenditure for colorectal cancer in China,
2005 to 2014: overall design and results from a multicenter
retrospective epidemiologic survey. Cancer 2021;127:1880-93.

2 Provenzale D, Gupta S, Ahnen DJ, et al. Genetic/familial high-risk
assessment: colorectal version 1.2016, NCCN clinical practice
guidelines in oncology. J Natl Compr Canc Netw 2016;14:1010-30.

3 Gérard J-P, Conroy T, Bonnetain F, et al. Preoperative radiotherapy
with or without concurrent fluorouracil and leucovorin in T3-4 rectal
cancers: results of FFCD 9203. J Clin Oncol 2006;24:4620-5.

4 Sauer R, Becker H, Hohenberger W, et al. Preoperative versus
postoperative chemoradiotherapy for rectal cancer. N Engl J Med
2004;351:1731-40.

5 Sauer R, Liersch T, Merkel S, et al. Preoperative versus postoperative
chemoradiotherapy for locally advanced rectal cancer: results of the
German CAO/ARO/AIO-94 randomized phase lll trial after a median
follow-up of 11 years. J Clin Oncol 2012;30:1926-33.

6 Boussiotis VA. Molecular and biochemical aspects of the PD-1
checkpoint pathway. N Engl J Med 2016;375:1767-78.

7 Litchfield K, Reading JL, Puttick C, et al. Meta-analysis of tumor- and
T cell-intrinsic mechanisms of sensitization to checkpoint inhibition.
Cell 2021;184:596-614.

8 Shum B, Larkin J, Turajlic S. Predictive biomarkers for response to
immune checkpoint inhibition. Semin Cancer Biol 2022;79:4-17.

9 Loree JM, Wang Y, Syed MA, et al. Clinical and functional
characterization of atypical KRAS/NRAS mutations in metastatic
colorectal cancer. Clin Cancer Res 2021;27:4587-98.

10 Yamauchi M, Lochhead P, Morikawa T, et al. Colorectal cancer: a tale
of two sides or a continuum Gut 2012;61:794-7.

11 Kordbacheh T, Honeychurch J, Blackhall F, et al. Radiotherapy
and anti-PD-1/PD-L1 combinations in lung cancer: building better
translational research platforms. Ann Oncol 2018;29:301-10.

12 Lin Z, Cai M, Zhang P, et al. Phase ll, single-arm trial of preoperative
short-course radiotherapy followed by chemotherapy and
camrelizumab in locally advanced Rectal cancer. J Immunother
Cancer 2021;9:e003554.

13 Shamseddine A, Zeidan YH, El Husseini Z, et al. Efficacy and safety-
in analysis of short-course radiation followed by mFOLFOX-6 plus
avelumab for locally advanced rectal adenocarcinoma. Radiat Oncol
2020;15:233.

14 Salvatore L, Bensi M, Corallo S, et al. Phase Il study of preoperative
chemoradiotherapy plus avelumab in patients with locally advanced
rectal cancer: the AVANA study. Ann Oncol 2021;32:S223.

15 Bando H, Tsukada Y, Inamori K, et al. Preoperative
chemoradiotherapy plus nivolumab before surgery in patients
with microsatellite stable and microsatellite instability-high locally
advanced rectal cancer. Clin Cancer Res 2022;28:1136-46.

16 Gao J, Zhang X, Yang Z, et al. Interim result of phase I, prospective,
single-arm trial of long-course chemoradiotherapy combined with
concurrent tislelizumab in locally advanced rectal cancer. Front
Oncol 2023;13:1057947.

17 Lee A, Keam SJ. Tislelizumab: first approval. Drugs 2020;80:617-24.

18 Glynne-Jones R, Glynne-Jones S. The concept and use of the
neoadjuvant rectal score as a composite endpoint in rectal cancer.
Lancet Oncol 2021;22:e314-26.

19 Giesinger JM, Kieffer JM, Fayers PM, et al. Replication and validation
of higher order models demonstrated that a summary score for the
EORTC QLQ-C30 is robust. J Clin Epidemiol 2016;69:79-88.

20 Eisenhauer EA, Therasse P, Bogaerts J, et al. New response
evaluation criteria in solid tumours: revised RECIST guideline (version
1.1). Eur J Cancer 2009;45:228-47.

21 Maas M, Nelemans PJ, Valentini V, et al. Long-term outcome in
patients with a pathological complete response after chemoradiation
for rectal cancer: a pooled analysis of individual patient data. Lancet
Oncol 2010;11:835-44.

6

Pang K, et al. BMJ Open 2023;13:€069499. doi:10.1136/bmjopen-2022-069499


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-5991-1728
http://orcid.org/0000-0001-5741-0076
http://orcid.org/0000-0002-2586-1443
http://orcid.org/0000-0002-8415-7587
http://orcid.org/0000-0002-4718-6821
http://dx.doi.org/10.1002/cncr.33445
http://dx.doi.org/10.6004/jnccn.2016.0108
http://dx.doi.org/10.1200/JCO.2006.06.7629
http://dx.doi.org/10.1056/NEJMoa040694
http://dx.doi.org/10.1200/JCO.2011.40.1836
http://dx.doi.org/10.1056/NEJMra1514296
http://dx.doi.org/10.1016/j.cell.2021.01.002
http://dx.doi.org/10.1016/j.semcancer.2021.03.036
http://dx.doi.org/10.1158/1078-0432.CCR-21-0180
http://dx.doi.org/10.1136/gutjnl-2012-302014
http://dx.doi.org/10.1093/annonc/mdx790
http://dx.doi.org/10.1136/jitc-2021-003554
http://dx.doi.org/10.1136/jitc-2021-003554
http://dx.doi.org/10.1186/s13014-020-01673-6
http://dx.doi.org/10.1016/j.annonc.2021.05.016
http://dx.doi.org/10.1158/1078-0432.CCR-21-3213
http://dx.doi.org/10.3389/fonc.2023.1057947
http://dx.doi.org/10.3389/fonc.2023.1057947
http://dx.doi.org/10.1007/s40265-020-01286-z
http://dx.doi.org/10.1016/S1470-2045(21)00053-X
http://dx.doi.org/10.1016/j.jclinepi.2015.08.007
http://dx.doi.org/10.1016/j.ejca.2008.10.026
http://dx.doi.org/10.1016/S1470-2045(10)70172-8
http://dx.doi.org/10.1016/S1470-2045(10)70172-8

	Long-­course chemoradiation plus concurrent/sequential PD-­1 blockade as neoadjuvant treatment for MMR-­status-­unscreened locally advanced rectal cancer: protocol of a multicentre, phase 2, randomised controlled trial (the POLAR-­STAR trial)
	Abstract
	Background﻿﻿
	Methods and analysis
	Study objectives and endpoints
	Study design and registration
	Patient eligibility
	Inclusion criteria
	Exclusion criteria

	Protocol treatments
	Experiment arm 1
	Experiment arm 2
	Control arm

	Specifications
	Consent, randomisation and blinding
	Criteria of tumour response and adverse events
	Tumour response
	Toxicity
	Surgical complication
	Sample size
	Calculation of sample size

	Reasons for mid-way sample size expansion
	Postoperative follow-up
	Trial status and study timeline
	Data management
	Plans and methodology for statistical analysis
	Ethics
	Patient and public involvement
	Role of study sponsor and funder
	Dissemination

	References


