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prospective, single-arm,
two-cohort, phase II trial
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For patients with locally recurrent rectal cancer (LRRC), the response rate to

chemoradiotherapy is 40%–50%. Additionally, only approximately 40%–50% of

patients with recurrent rectal cancer are able to undergo R0 resection. Recent

studies in locally advanced rectal cancer (LARC) have shown promising

synergistic effects when combining immunotherapy (PD-1/PD-L1 antibodies)

with neoadjuvant chemoradiotherapy (nCRT). Therefore, incorporating

immunotherapy into the treatment regimen for LRRC patients has the

potential to further improve response rates and prognosis. To investigate this,

the TORCH-R trial was conducted. This prospective, single-arm, two-cohort,

phase II trial focuses on the use of hypofractionated radiotherapy,

chemotherapy, and immunotherapy in LRRC patients without or with

oligometastases. The trial will include two cohorts: cohort A consists of rectal

cancer patients who are treatment-naive for local recurrence, and cohort B

includes patients with progressive disease after first-line chemotherapy. Cohort

A and cohort B patients will receive 25–40 Gy/5 Fx irradiation or 15–30 Gy/5 Fx

reirradiation for pelvic recurrence, respectively. Subsequently, they will undergo

18 weeks of chemotherapy, toripalimab, and stereotactic ablative radiotherapy

(SABR) for all metastatic lesions between chemoimmunotherapy cycles.

Decisions regarding follow-up of complete response (CR), radical surgery,

sustained treatment of non-resection, or exiting the trial are made by a

multidisciplinary team (MDT). The primary endpoint of this study is the local

objective response rate (ORR). The secondary endpoints include the extrapelvic

response rate, duration of response, local recurrence R0 resection rate,
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progression-free survival (PFS), overall survival (OS), and safety and tolerability.

Notably, this trial represents the first clinical exploration of inducing

hypofractionated radiotherapy, chemotherapy, and immunotherapy in

LRRC patients.

Clinical trial registration: https://clinicaltrials.gov/study/NCT05628038,

identifier NCT05628038.
KEYWORDS

locally recurrent rectal cancer, immunotherapy, hypofractionated radiotherapy,
chemotherapy, SAbR
Introduction

The introduction of total mesorectal excision (TME) and the

advancement of adjuvant and neoadjuvant treatments have greatly

reduced the occurrence of locoregional recurrence in rectal cancer.

However, even with these improvements, a small percentage of

patients (4%–10%) still experience pelvic recurrence, with or

without extrapelvic metastases, particularly in cases where

standard initial treatment was not received (1–3). Pelvic

recurrence can lead to substantial morbidity, causing severe local

symptoms such as pelvic pain, bleeding, and obstruction (4, 5).

The complete resection of a recurrent tumor, known as R0

resection, is the most important prognostic factor that significantly

influences survival (6, 7). Achieving R0 resection is crucial, as it

leads to 5-year survival rates ranging from 43% to 57%. On the

other hand, patients who undergo non-curative resections or

receive only palliative treatments do not survive beyond 5 years

(8, 9). However, achieving R0 resection can be challenging due to

the destruction of anatomical structures in the pelvic cavity and

pelvic wall, as well as the invasive nature of recurrent tumors into

adjacent tissues. As a result, only approximately 40%–50% of

patients with locally recurrent rectal cancer (LRRC) are suitable

candidates for surgery with curative intent, and the surgical

procedure itself can be quite complex (10, 11).

To improve the rate of R0 resections in patients with LRRC,

preoperative chemo(re)radiotherapy is recommended (12). In this

treatment approach, radiation therapy is delivered with a

cumulative dose of 45–50 Gy in 25 fractions of 1.8–2 Gy [known

as long-course radiotherapy (LCRT)] or reirradiation using

hyperfractionated doses of 30–39 Gy (1.2–1.5 Gy twice daily with

a minimum 6-h interval) (13). In a phase II trial conducted at our

center, we reported an overall local response rate of 46.5% and

cumulative overall survival rates of 80.1% and 36.5% at 1 and 3

years, respectively, after concurrent chemoradiation in 71 patients

diagnosed with recurrent rectal cancer who had not previously

received pelvic irradiation (14). Another study revealed an objective

response rate of 40% after chemoradiation in patients with

recurrent rectal cancer who had not undergone prior

chemoradiotherapy (15). For recurrent rectal cancer patients who

had previously received pelvic irradiation, the overall local response
02
rate after hyperfractionated radiotherapy was reported to be

approximately 40%–50% in various studies (16, 17). Despite

achieving good local responses through radiation or reirradiation

in recurrent rectal cancer, long-term local control and survival

outcomes remain poor.

In recent years, immunotherapy has made significant progress

in the treatment of various types of cancers and has emerged as a

promising anticancer therapy. Specifically, for patients with

microsatellite instability-high (MSI-H) tumors, immunotherapy

has shown remarkable efficacy. MSI-H tumors are characterized

by a higher tumor mutation burden (TMB) and increased

infiltration of tumor-infiltrating lymphocytes (TILs), making

them naturally more responsive to immunotherapy (18, 19).

However, it is important to note that dMMR/MSI-H tumors

account for less than 5% of colorectal tumors, while the majority,

over 95%, are classified as microsatellite stable (MSS) tumors. MSS

tumors, unfortunately, do not exhibit the same level of sensitivity to

immunotherapy alone.

Preclinical studies have provided evidence that radiotherapy

can enhance the effectiveness of immunotherapy in cancer

treatment (20–25). In recent years, several clinical studies have

explored the combination of neoadjuvant chemoradiotherapy

(nCRT) with immunotherapy in patients with microsatellite

stable (MSS) locally advanced rectal cancer (LARC), and

preliminary results have shown promise.

One approach involves combining LCRT, typically delivered at

a dose of 50 Gy over 25 fractions, with sensitization using

chemotherapy drugs like 5-FU or capecitabine, along with

immunotherapy. This combination has demonstrated complete

response rates ranging from 30% to 50% in LARC patients (26–

32). Studies have also investigated the combination of

hypofractionated short-course radiotherapy (SCRT), delivered at a

dose of 25 Gy over 5 fractions, with immunotherapy in LARC

patients. This approach has shown advantages and achieved a

complete response rate of approximately 50% (33–36).

Hypofractionated SCRT has been found to have less impact on

peripheral blood lymphocytes, thereby promoting the immune

system’s antitumor response (37). It inhibits the recruitment of

myeloid-derived suppressor cells (MDSCs) into tumors, decreases

the expression of PD-L1 on the tumor surface, and achieves a
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superior tumor growth inhibition rate compared to conventional

fractionation (38). Furthermore, the local response observed in

these studies serves as an indicator of successful induction of

systemic antitumor immunity and the elimination of

micrometastases, particularly in the era of immunotherapy (39).

We have designed this study, known as TORCH-R, to evaluate

the safety and efficacy of combining hypofractionated (re)

irradiation, chemotherapy, and toripalimab in patients with

LRRC. In this article, we present the study protocol for TORCH-

R, offering a comprehensive description of the trial.
Methods

Study design

Our study is a prospective, single-arm, two-cohort, phase II

clinical trial aimed at evaluating the effectiveness of combining (re)

irradiation, chemotherapy, and immunotherapy in patients with

LRRC, regardless of the presence or absence of oligometastases. For

pelvic recurrence, patients will receive either 25–35 Gy/5 Fx

irradiation or 15–30 Gy/5 Fx reirradiation if they had previous

pelvic radiation. Additionally, patients will undergo 18 weeks of

toripalimab and chemotherapy. Stereotactic ablative radiotherapy

(SABR) will be administered for all metastatic lesions during the

periods between chemoimmunotherapy cycles. A multidisciplinary

team (MDT) will then determine the subsequent management plan,

which may involve follow-up for complete response (CR), radical

surgery, sustained treatment without resection, or exit from the

trial. For a visual representation of the study algorithm, please refer

to Figure 1.
Patient and public involvement

There will be no involvement of patients or the public in the

design, recruitment, assessment, and conduct of this study. The

results of the study will be disseminated through peer-reviewed

scientific journals and conference presentations, rather than being

specifically notified to individual patients.
Frontiers in Oncology 03
Key eligibility criteria

Eligible patients should present histologically or cytologically or

MRI/enhanced CT confirmed pelvic recurrence without or with

oligometastases. In addition, these patients are required to have an

Eastern Cooperative Oncology Group performance status (ECOG

PS) of 0 to 1, normal organ function, no history of active

autoimmune disease, and no history of immune checkpoint

inhibitor (ICI). Please refer to Table 1 for a comprehensive list of

the key inclusion and exclusion criteria.
Screening

Patients will undergo a thorough screening process within 2

weeks prior to treatment in order to assess their tolerance. During

this period, comprehensive information on potentially eligible

patients will be diligently collected and recorded. The screening

process will include several important steps such as obtaining

written informed consent, collecting demographic information

and medical history, conducting a physical examination,

evaluating the ECOG PS score and vital signs, performing clinical

testing (chemistry, hematology, and coagulation), assessing liver

and kidney function, and conducting cardiac analyses. Tumor

information will be obtained through imaging evaluations using

computed tomography (CT), magnetic resonance imaging (MRI),

or positron emission tomography/CT. Finally, the patient’s

eligibility will be determined by reviewing the inclusion and

exclusion criteria, leading to a final judgment.
Interventions

Locally recurrent site radiotherapy
RT will be delivered using a linear accelerator that utilized 6-

MV photons. Each patient will undergo a planning CT scan in the

treatment position, and IMRT planning is employed based on the

imaging from the planning CT. To determine the gross tumor

volume (GTV), a combination of physical examination, CT, MRI,

and/or PET-CT findings are taken into account.
FIGURE 1

Flowchart of the TORCH-R study.LRRC, locally recurrence rectal cancer; ChT, chemotherapy; SABR, stereotactic ablative radiation; MDT,
multidisciplinary team.
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For pelvic radiation-naive patients, the clinical target volume

(CTV) comprises the GTV, internal iliac, pre-sacral, and peri-rectal

nodal regions, external iliac nodal region (if positive external iliac

lymph nodes are present), and inguinal nodal region (if positive

inguinal nodes are present). In cases where available, the RTOG

anorectal contouring atlas is followed to generate the CTV. A

symmetrical margin of 5 mm is applied around the CTV to

generate the planning target volume (PTV). Additionally, a

PTVBOOST is generated by expanding the GTV symmetrically

by 1 cm. The PTV receives a dose of 25 Gy in 5 treatment fractions,

with a concomitant PTVBOOST dose of 30–40 Gy in 5 fractions

based on organ-at-risk constraints.

For patients with a history of previous pelvic radiation, the PTV

is generated with a symmetrical margin of 10 mm around the GTV.

The RT dose for the PTV is 15–30 Gy in 5 treatment fractions,

considering organ-at-risk constraints.

Organ-at-risk constraint calculation.

Five-fraction constraints (no previous radiotherapy):

Small bowel V35 ≤ 0.5 mL and V25≤ 1 0 mL, Large bowel/

rectum V32 ≤ 0.5 mL, Bladder V38 ≤ 0.5 mL, Femoral head V30 ≤

10 mL, Lumbosacral plexus V32 ≤ 0.5 mL and V30 ≤ 5 mL.

Five-fraction constraints (previous pelvic radiotherapy history):

Previous radiation therapy plan and dose volume histogram will

be reviewed for relevant dose metrics. OARs delineated include

small and large bowel, bladder, femoral head, and lumbosacral
Frontiers in Oncology 04
plexus.

Re-irradiation constraint = EQD21 – (EQD22 � (1 − TRF))

EQD21 = D1(d1 +  
a
b
)=(2 +  

a
b
)

EQD22 = D2(d2 +  
a
b
)=(2 +  

a
b
)

TRF =  0:15�   years post-radiotherapy

where D1 is the relevant national UK SABR constraints (d1 per

fraction constraint), D2 is the previous radiotherapy dose (d2 per

fraction previous dose), and TRF is the tissue recovery factor

(40, 41).

Oligometastases radiotherapy
For patients with oligometastases, defined as distant metastatic

lesions being no more than 5 and involving no more than 3 organ

sites, stereotactic ablative radiotherapy (SABR) will be performed

on all metastasis sites. The GTV for each lesion will be defined as

the visible tumor on CT and/or MRI imaging ± PET, and no

additional margin will be added for microscopic disease spread (i.e.,

clinical target volume [CTV] = GTV). A PTV margin of 3–5 mm

will be added depending on the site of disease and immobilization:
TABLE 1 Key eligibility criteria for this trial.

Inclusion criteria Exclusion criteria

•Aged 18-75
•ECOG performance status 0–1.
•Histologically or cytologically or MRI/enhanced CT-confirmed pelvic
recurrence. According to RECIST 1.1, there is at least one measurable pelvic
lesion.
•Distant metastatic lesions are no more than five and no more than three
metastatic organs.
•No prior radiotherapy within 6 months.
•Previous chemotherapy. Patients Group Cohort A: participants with pelvic
recurrence who have not previously been treated with first-line chemotherapy.
Cohort B: patients with disease progression or new lesions after first-line
chemotherapy.
•Has an investigator-determined life expectancy of at least 24 weeks.
•Demonstrate adequate organ function (bone marrow, liver, kidney, and
clotting function) within 7 days before the first administration without using
blood products or hematopoietic stimulating factors.
•Non-pregnant or lactating patients. Effective contraceptive methods should be
used during the study and within 6 months of the last administration.
•Fully informed and willing to provide written informed consent for the trial.

•Neutrophil< 1.5×109/L, PLT< 100×109/L (PLT< 80×109/L in patients with liver
metastasis), or Hb< 90 g/L.
•TBIL > 1.5 ULN, or TBIL > 2.5 ULN in patients with liver metastasis.
•AST or ALT > 2.5 ULN, or ALT and/or AST > 5 ULN in patients with liver
metastasis.
•Cr > 1.5 ULN, or creatinine clearance< 50 mL/min (calculated according to
Cockcroft Gault formula).
•APTT > 1.5 ULN, PT > 1.5 ULN (subject to the normal value of the clinical trial
research center).
•Serious electrolyte abnormalities.
•Urinary protein ≥ 2+, or 24-h urine protein ≥1.0 g/24 h.
•Uncontrolled hypertension: SBP >140 mmHg or DBP > 90 mmHg.
•A history of arterial thrombosis or deep vein thrombosis within 6 months; a
history of bleeding or evidence of bleeding tendency within 2 months.
•A history of heart disease within 6 months.
• Uncontrolled malignant pleural effusion, ascites, or pericardial effusion.
•History of checkpoint inhibitor therapy.
•The presence of a clinically detectable second primary malignancy, or history of
other malignancies within 5 years.
• A history of liver disease including, but not limited to, HBV infection or HBV
DNA positive (≥1×104/mL), HCV infection or HCV DNA positive (≥1×103/mL),
and liver cirrhosis.
•Pregnant or lactating women or women who may be pregnant have a positive
pregnancy test before the first medication, or the female participants themselves and
their partners who were unwilling to implement strict contraception during the
study period.
•The investigator considers that the subject is not suitable to participate in this
clinical study due to any clinical or laboratory abnormalities or compliance
problems.
• Serious mental abnormalities.
• The diameter of brain metastasis is greater than 3 cm or the total volume is
greater than 30 cc.
• Clinical or radiological evidence of spinal cord compression, or tumors within
3 mm of the spinal cord on MRI.
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3-mmmargins should be used for spinal stereotactic treatments and

brain tumors, and 5 mm for other sites.

Each lesion will be treated with 5 fractions and all doses will be

prescribed to the periphery of the PTV. Five-fraction regimens

based on organ-at-risk constraints will be delivered daily, with a

dose range of 35–50 Gy/5 Fx. SABR will be delivered between

chemoimmunotherapy cycles, and NO systemic therapy agents are

allowed during the period commencing 2 weeks prior to radiation

and lasting until 1 week after the last fraction.

Organ at risk doses

OAR doses, as shown in Tables 2, 3, must not exceed the

specified limits. If achieving the desired PTV coverage would result

in exceeding the OAR doses, priority should be given to

compromising the PTV coverage. It is important to contour all

OARs within 5 cm of the PTV (42).

Chemotherapy
Patients (cohort A) will receive CAPOX, FOLFIRI, or

mFOLFOX6 chemotherapy based on previous adverse reactions

to chemotherapy agents and at the discretion of the oncologist.

Patients (cohort B) will receive CAPOX, FOLFIRI, mFOLFOX6,

mXELIRI, irinotecan and raltitrexed, or oxaliplatin and raltitrexed

chemotherapy based on the first-line chemotherapy and previous

adverse reactions to chemotherapy agents and at the discretion of

the oncologist.

Treatment details will be as follows:
Fron
CAPOX: Capecitabine: 1,000 mg/m2 twice daily d1–14 q3w,

Oxaliplatin: 130 mg/m2 d1 q3w.

FOLFIRI: irinotecan 180 mg/m2 on day 1 intravenously, folinic

acid 400 mg/m2 on day 1, 5FU 400 mg/m2 intravenously on

day 1, and 5 FU 2,400 mg/m2 continuous intravenous

infusion on days 1 and 2.

mFOLFOX6: oxaliplatin 85 mg/m2 in 2 h on day 1

intravenously, folinic acid 400 mg/m2 on day 1, 5FU 400

mg/m2 intravenously on day 1, and 5FU 2,400 mg/m2

continuous intravenous infusion on days 1 and 2.

mXELIRI: irinotecan 200 mg/m2 intravenously on day 1 plus

oral capecitabine 800 mg/m2 twice daily on days 1–14,

repeated every 21 days.

Irinotecan and raltitrexed: irinotecan (200 mg/m2) and

raltitrexed (3 mg/m2) were given intravenously on day 1.

Cycles were repeated every 3 weeks.

Oxaliplatin and raltitrexed: oxaliplatin (130 mg/m2) and

raltitrexed (3 mg/m2) were given intravenously on day 1.

Cycles were repeated every 3 weeks.
After completing the (re)irradiation and 18 weeks of

chemoimmunotherapy, the evaluation of patients will be

discussed during the MDT meeting at our center. The purpose of

this discussion is to determine whether the patients are suitable

candidates for surgical resection. For patients who are not eligible

for resection, long-term treatment will be continued. In cases where
tiers in Oncology 05
TABLE 2 Dose constraints for serial structures.

Structure Volume 5
Fraction

Optic pathway D0.03cc 25

D0.2cc 23

Cochlea D0.03cc 22

Brainstem D0.03cc 31

D0.5cc 23

Spinal Cord D0.03cc 28

D0.35cc 22

Cauda equina or sacral plexus D0.03cc 31.5

D5cc 30

Esophagus D0.03cc 35

D5cc 19.5

Brachial plexus D0.03cc 32.5

D3cc 27

Heart D0.03cc 38

D15cc 32

Great vessels D0.03cc 53

D10cc 47

Trachea and large bronchi (mainstem, bronchus
intermedius)

D0.03cc 40

D4cc —

D5cc 32

Chest wall or rib D0.03cc 57

D5cc 45

Skin D0.03cc 38.5

D10cc 36.5

Stomach D0.03cc 35

D10cc 26.5

Bile duct D0.03cc 41

Duodenum D0.03cc 26

D5cc 18.5

D10cc 14.5

Jejunum or ileum D0.03cc 32

D30cc 20

Colon D0.03cc 40

D20cc 28.5

Rectum D0.03cc 55

D3.5cc 50

D20cc 32.5

Ureter D0.03cc 45

(Continued)
fr
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there is progressive response to the treatment, an exit strategy will

be recommended. It is important to note that follow-up will be

implemented specifically for patients who achieve a complete

response (CR).
Follow-up

Patients will undergo tumor assessment at baseline, with

subsequent assessments scheduled every 9 weeks (± 7 days) for

the first 12 months following treatment initiation. After this initial

period, follow-up appointments will be scheduled every 3 months

for a minimum of 2 years. Subsequently, follow-ups will be

conducted every 6 months from the third to the fifth year.

Finally, patients will have follow-up examinations once every 12

months for the rest of their lives. These follow-up examinations will

encompass pelvic MRI/CT, abdominal MRI/CT, chest CT, and may

include FDG-PET imaging as deemed necessary. Additionally,

laboratory analysis of tumor markers in the blood will

be performed.
Outcome measures

The primary endpoint of the study is the local objective

response rate, which is defined as the proportion of patients

demonstrating a confirmed complete or partial response in the

pelvic region according to RECIST 1.1 criteria and as assessed by

the investigator. Secondary endpoints include the extrapelvic

objective response rate, which measures the proportion of

patients with confirmed complete or partial responses outside the

pelvic region based on RECIST 1.1 criteria. Another secondary

endpoint is the R0 resection rate, which determines the proportion

of patients who achieve an R0 resection of pelvic recurrent tumors

following therapy. In addition, the duration of response is evaluated
Frontiers in Oncology 06
as the time elapsed from the first documented pelvic objective

response to either pelvic or extrapelvic disease progression in

patients with confirmed response. Progression-free survival

measures the time from the start of treatment until disease

progression, with censoring at the last follow-up or death. Overall

survival is defined as the time from the start of treatment until death

from any cause, with censoring at the last follow-up. Finally, the

safety and tolerability of the treatment are also assessed.
Safety assessment

Safety evaluation during the TORCH-R trial will involve

observation and documentation of adverse events (AEs) and

serious AEs of any grade according to NCI-CTCAE 5.0. The

assessment will incorporate various elements, including

observat ions dur ing treatment , l abora tory ana lyses ,

electrocardiography, physical examinations, and ECOG PS scores.

It will be the responsibility of investigators to carefully measure and

document any AEs that occur, as well as determining the causal

relationship between the observed AEs and the study drugs being

administered. By conducting thorough safety evaluations, we aim to

ensure the wellbeing of trial participants and identify any potential

risks associated with the treatment regimen. This information will

contribute to a comprehensive understanding of the safety profile of

combining hypofractionated radiotherapy, chemotherapy, and

toripalimab for LRRC.
Statistical analysis

In this study, we will utilize SPSS 22.0 software for statistical

analysis. For quantitative data that satisfy the requirements of

normal distribution, we will express it as mean ± standard

deviation. In cases where the data do not meet the normal

distribution requirements, we will use median as a measure.

Qualitative data will be presented as percentages (%), and a

confidence level of 95% will be employed to calculate confidential

intervals. To estimate the 95% confidence intervals of the objective

response rate and R0 resection rate, we will utilize the Clopper–

Pearson method. The median duration of response, progression-

free survival, and overall survival will be calculated using the

Kaplan–Meier method. To estimate their respective 95%

confidence intervals, we will employ the Brookmeyer–Crowley

method. All statistical tests conducted will be two-sided, and a

significance level of p< 0.05 will indicate that the observed

differences were statistically significant.
Sample size calculation

In cohort A, we have a reference local ORR of 45% (P0) and

assume that our treatment group can achieve an ORR of 65% (P1).

We will use a two-sided test with a significance level of a = 0.05. The

null hypothesis (H0) is that the local ORR of our treatment group is

not better than the reference (P1 − P0 ≤ 0), while the alternative
TABLE 2 Continued

Structure Volume 5
Fraction

Bladder D0.03cc 38

D15cc 20

Penile bulb D3cc 30

Femoral heads D10cc 30
D0.03cc = maximum dose in Gy allowable to the hottest 0.03 cc; other D values are used in the
same way.
TABLE 3 Dose constraints for parallel structures.

Structure Volume 5 Fraction

Lung (combined right and left, subtract
GTVs)

1,500 cc 12.5

Liver 700 cc 21

Kidney cortex (combined left and right) 200 cc 18
For example, for lung, meaning that there must be 1,500 cc of lung receiving 12.5 Gy or less.
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hypothesis (H1) is that the local ORR of our treatment group can be

increased by 20% compared to the reference (P1 − P0 = 20%). To

achieve a test efficiency of 80%, 48 patients need to be enrolled.

Assuming a 10% dropout rate, a total of 53 patients are needed.

In cohort B, we have a reference local ORR of 20% (P0) and

assume that our treatment group can achieve an ORR of 40% (P1). We

will also use a two-sided test with a significance level of a = 0.05. The

null hypothesis (H0) is that the local ORR of our treatment group is not

better than the reference (P1 − P0 ≤ 0), while the alternative hypothesis

(H1) is that the local ORR of our treatment group can be increased by

20% compared to the reference (P1 − P0 = 20%). To achieve a test

efficiency of 80%, 36 patients need to be enrolled. Assuming a 10%

dropout rate, a total of 40 patients are needed.
Discussion

The optimal treatment for recurrent rectal cancer has not been

established, although chemo(re)radiotherapy has been

recommended before the widespread use of immunotherapy (43).

With the success of immunotherapy in MSI-H CRC (44–46), more

studies have explored the potential benefits of immunotherapy in

MSS LARC. The TORCH study has provided some experience in

combining neoadjuvant SCRT and immunotherapy for LARC. This

combination therapy has shown potential to improve the rate of

complete response and is well tolerated by patients (35, 36). Based

on this background, the TORCH-R study aims to evaluate the safety

and efficacy of immunotherapy plus chemo(re)radiotherapy for

LRRC. The study aims to further improve the local response rate

of pelvic recurrence tumor and overall prognosis for patients

with LRRC.

Recent data have shown promising results for the synergy of

immunotherapy with CRT in controlling or eradicating rectal

cancer. Although these clinical trials have small sample sizes and

are in phase II, their preliminary findings are encouraging. For

example, the Japanese VOLTAGE-A study performed LCRT

followed by five cycles of nivolumab and found that 30% reached

pCR and 8% reached near-pCR, while one patient achieved cCR and

underwent the W&W strategy in MSS patients (26). The NRG-

GI002 trial used eight cycles of FOLFOX followed by LCRT

(concurrent with capecitabine and pembrolizumab) and showed

that the pCR+cCR rates were 44% (31). The Averectal trial used

SCRT followed by six cycles of mFOLFOX6 and avelumab, resulting

in a 37.5% pCR rate and 30% of patients achieving near-pCR (TRG

1) (34). Another Chinese study used SCRT followed by two cycles of

XELOX and camrelizumab, with a 46% pCR rate in MSS patients

(36). While the VOLTAGE-A study had grade 3–4 immune-related

toxicities in 7.7% of patients, no grade 3–4 immune-related adverse

effects were observed in the two SCRT studies. These studies suggest

that combining immunotherapy with preoperative CRT can result

in good tumor downstaging and tolerability in LRRC.

It is crucial to consider the fraction of radiation when realizing

the full potential of immunotherapy-radiotherapy regimens. The
Frontiers in Oncology 07
evidence presented suggests that SCRT combined with

immunotherapy may have superior pCR rates and lower toxicity

compared to LCRT. Preclinical studies investigating different dose

and fraction regimens have concluded that larger doses per fraction

are associated with optimal immune stimulation effect (47, 48).

Hypofractionated radiation doses induce DNA damage more

effectively than lower doses, leading to greater formation of

micronuclei and cytoplasmic leakage of DNA, resulting in the

production of more IFN-I in the radiated tumor cell (49).

Additionally, hypofractionated radiotherapy can inhibit the

recruitment of myeloid-derived suppressor cells (MDSCs) to

tumors and achieve better tumor growth inhibition than

conventional fractionation in mice (38). Therefore, a combination

model of hypofractionated radiotherapy (25–35 Gy/5 Fx for

radiation-naive patients and 15–30 Gy/5 Fx for patients with

pelvic radiation history), chemotherapy, and immunotherapy was

adopted to investigate whether adding immunotherapy to the CRT

approach could lead to an improved response rate and prognosis in

LRRC patients.

It has been observed that approximately 50% of rectal cancer

recurrences have synchronous metastatic disease at the time of

diagnosis, and 30%–42% develop metachronous metastatic disease

after resection (50, 51). In patients with metastatic disease, high-

dose hypofractionated radiation, such as SABR, has been widely

used for curative or palliative purposes. SABR not only effectively

destroys tumor cells directly, but it may also stimulate anti-tumor

vaccine in situ to prime the immune system (52). However, only a

few studies have described the occurrence of the abscopal effect,

where tumor-specific T cells target cancer cells at metastatic sites

outside the radiation fields (52, 53). This rare occurrence suggests

that radiation in one tumor lesion is insufficient to overcome pre-

existing suppression or tolerance of anti-tumor immune responses.

In order to maximize the immune stimulation induced by radiation

and enhance the efficacy of immunotherapy, all metastasis sites will

receive SABR in this study. This approach aims to not only directly

destroy tumor cells but also trigger a systemic immune response

against the cancer. By treating the metastatic sites with SABR, we

hope to achieve better control of the disease and potentially improve

patient outcomes.

Indeed, there is a need for standardized treatment strategies and

improved outcomes for LRRC. Based on our preliminary study

results in LARC, it suggests that combining preoperative

immunotherapy with traditional treatment methods like

chemoradiotherapy (CRT) can result in good efficacy. To address

this, the TORCH-R clinical trial has been initiated. Its objective is to

investigate whether adding immunotherapy to CRT can lead to

improved overall response rate (ORR), R0 resection rate (complete

tumor removal), better tolerance to treatment, and, ultimately, a

better prognosis for LRRC patients. The aim is to evaluate the

potential benefits of integrating immunotherapy into the current

treatment approach for LRRC. This trial represents an important

step forward in exploring novel therapeutic strategies to enhance

outcomes in LRRC patients.
frontiersin.org

https://doi.org/10.3389/fonc.2023.1304767
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Wan et al. 10.3389/fonc.2023.1304767
Data availability statement

The original contributions presented in the study are included

in the article/supplementary material. Further inquiries can be

directed to the corresponding author.
Ethics statement

The studies involving humans were approved by Ethics

Committee of Fudan University Shanghai Cancer Center. The

studies were conducted in accordance with the local legislation

and institutional requirements. The participants provided their

written informed consent to participate in this study.
Author contributions

JW: Writing – original draft, Writing – review & editing. RW:

Writing – original draft, Writing – review & editing. MF: Writing –

original draft, Writing – review & editing. LS: Writing – original

draft, Writing – review & editing. HZ: Writing – review & editing.

YW: Investigation, Resources, Writing – review & editing. YQW:

Investigation, Resources, Writing – review & editing. SZ:

Investigation, Resources, Writing – review & editing. YC:

Investigation, Resources, Writing – review & editing. FX:

Investigation, Resources, Writing – review & editing. ZZ: Writing

– review & editing.
Funding

The author(s) declare financial support was received for the

research, authorship, and/or publication of this article. This study

was supported by TopAlliance IIT Funding (grant number JS001-
Frontiers in Oncology 08
ISS-CO401). The founder did not have any role in the design of the

study and will not have any role in the collection, analysis, and

interpretation of data or in writing the manuscript. This study was

also supported by the National Key R&D Program of China

(2022YFC2503700 and 2022YFC2503702), the National Natural

Science Foundation of China (82002905 and 82003229), the

Shanghai Sailing Plan (20YF1408300), and the Key Clinical

Specialty Project of Shanghai.
Acknowledgments

We thank all participating patients and their advisors involved

in this study. We also thank the patients and their family members.

We would like to thank Shanghai Junshi Biomedical Technology

Co., Ltd. for providing free Toripalimab and having purchased

liability insurance for clinical trial subjects.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
References
1. Sagar PM, Pemberton JH. Surgical management of locally recurrent rectal cancer.
Br J Surg (1996) 83(3):293–304. doi: 10.1002/bjs.1800830305
2. Keller DS, Berho M, Perez RO, Wexner SD, Chand M. The multidisciplinary

management of rectal cancer. Nat Rev Gastroenterol Hepatol (2020) 17(7):414–29.
doi: 10.1038/s41575-020-0275-y

3. Wasmuth HH, Gachabayov M, Bokey L, Fingerhut A, Orangio GR, Remzi FH,
et al. Statistical, clinical, methodological evaluation of local recurrence following
transanal total mesorectal excision for rectal cancer: A systematic review. Dis Colon
Rectum (2021) 64(7):899–914. doi: 10.1097/DCR.0000000000002110

4. Camilleri-Brennan J, Steele RJ. The impact of recurrent rectal cancer on quality of
life. Eur J Surg Oncol (2001) 27(4):349–53. doi: 10.1053/ejso.2001.1115

5. Rokan Z, Simillis C, Kontovounisios C, Moran BJ, Tekkis P, Brown G. Systematic
review of classification systems for locally recurrent rectal cancer. BJS Open (2021) 5(3):
zrab024. doi: 10.1093/bjsopen/zrab024

6. Westberg K, Palmer G, Hjern F, Nordenvall C, Johansson H, Holm T, et al.
Population-based study of factors predicting treatment intention in patients with
locally recurrent rectal cancer. Br J Surg (2017) 104(13):1866–73. doi: 10.1002/
bjs.10645

7. PelvEx C. Factors affecting outcomes following pelvic exenteration for locally
recurrent rectal cancer. Br J Surg (2018) 105(6):650–7. doi: 10.1002/bjs.10734
8. Westberg K, Palmer G, Hjern F, Johansson H, Holm T, Martling A. Management
and prognosis of locally recurrent rectal cancer - A national population-based study.
Eur J Surg Oncol (2018) 44(1):100–7. doi: 10.1016/j.ejso.2017.11.013

9. Palmer G, Martling A, Cedermark B, Holm T. A population-based study on the
management and outcome in patients with locally recurrent rectal cancer. Ann Surg
Oncol (2007) 14(2):447–54. doi: 10.1245/s10434-006-9256-9

10. Mahvi DA, Liu R, Grinstaff MW, Colson YL, Raut CP. Local cancer recurrence:
the realities, challenges, and opportunities for new therapies. CA Cancer J Clin (2018)
68(6):488–505. doi: 10.3322/caac.21498

11. Tanis PJ, Doeksen A, van Lanschot JJ. Intentionally curative treatment of locally
recurrent rectal cancer: a systematic review. Can J Surg (2013) 56(2):135–44.
doi: 10.1503/cjs.025911

12. Dresen. RC, Gosens. MJ, Martijn. H, Nieuwenhuijzen. GA, Creemers. G-J,
Daniels-Gooszen. AW, et al. Radical resection after IORT-containing multimodality
treatment is the most important determinant for outcome in patients treated for locally
recurrent rectal cancer. Ann Surg Oncol (2008) 15(7):1937–47. doi: 10.1245/s10434-
008-9896-z

13. Guren MG, Undseth C, Rekstad BL, Braendengen M, Dueland S, Spindler KL,
et al. Reirradiation of locally recurrent rectal cancer: a systematic review. Radiother
Oncol (2014) 113(2):151–7. doi: 10.1016/j.radonc.2014.11.021
frontiersin.org

https://doi.org/10.1002/bjs.1800830305
https://doi.org/10.1038/s41575-020-0275-y
https://doi.org/10.1097/DCR.0000000000002110
https://doi.org/10.1053/ejso.2001.1115
https://doi.org/10.1093/bjsopen/zrab024
https://doi.org/10.1002/bjs.10645
https://doi.org/10.1002/bjs.10645
https://doi.org/10.1002/bjs.10734
https://doi.org/10.1016/j.ejso.2017.11.013
https://doi.org/10.1245/s10434-006-9256-9
https://doi.org/10.3322/caac.21498
https://doi.org/10.1503/cjs.025911
https://doi.org/10.1245/s10434-008-9896-z
https://doi.org/10.1245/s10434-008-9896-z
https://doi.org/10.1016/j.radonc.2014.11.021
https://doi.org/10.3389/fonc.2023.1304767
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Wan et al. 10.3389/fonc.2023.1304767
14. Cai G, Zhu J, Palmer JD, Xu Y, Hu W, Gu W, et al. CAPIRI-IMRT: a phase II
study of concurrent capecitabine and irinotecan with intensity-modulated radiation
therapy for the treatment of recurrent rectal cancer. Radiat Oncol (2015) 10:57.
doi: 10.1186/s13014-015-0360-5
15. Yu SK, Bhangu A, Tait DM, Tekkis P, Wotherspoon A, Brown G.

Chemoradiotherapy response in recurrent rectal cancer. Cancer Med (2014) 3
(1):111–7. doi: 10.1002/cam4.169
16. Valentini V, Morganti AG, Gambacorta MA, Mohiuddin M, Doglietto GB, Coco

C, et al. Preoperative hyperfractionated chemoradiation for locally recurrent rectal
cancer in patients previously irradiated to the pelvis: A multicentric phase II study. Int J
Radiat Oncol Biol Phys (2006) 64(4):1129–39. doi: 10.1016/j.ijrobp.2005.09.017
17. Cai G, Zhu J, Hu W, Zhang Z. Accelerated hyperfractionated intensity-

modulated radiotherapy for recurrent/unresectable rectal cancer in patients with
previous pelvic irradiation: results of a phase II study. Radiat Oncol (2014) 9:278.
doi: 10.1186/s13014-014-0278-3
18. Le. DT, Durham. JN, Smith. KN, Wang. H, Bartlett. BR, Aulakh. LK, et al.

Mismatch repair deficiency predicts response of solid tumors to PD-1 blockade. Science
(2017) 357(6349):409. doi: 10.1126/science.aan6733

19. Michael-Robinson. JM, Biemer-Hüttmann. A-E, Purdie. DM, Walsh. MD,
Simms. LA, Biden. KG, et al. Tumour infiltrating lymphocytes and apoptosis are
independent features in colorectal cancer stratified according to microsatellite
instability status. Gut (2001) 48(3):360–6. doi: 10.1136/gut.48.3.360

20. Lugade AA, Moran JP, Gerber SA, Rose RC, Frelinger JG, Lord EM. Local
radiation therapy of B16 melanoma tumors increases the generation of tumor antigen-
specific effector cells that traffic to the tumor. J Immunol (2005) 174(12):7516–23.
doi: 10.4049/jimmunol.174.12.7516

21. Twyman-Saint Victor C, Rech AJ, Maity A, Rengan R, Pauken KE, Stelekati E,
et al. Radiation and dual checkpoint blockade activate non-redundant immune
mechanisms in cancer. Nature (2015) 520(7547):373–7. doi: 10.1038/nature14292

22. Dovedi SJ, Illidge TM. The antitumor immune response generated by
fractionated radiation therapy may be limited by tumor cell adaptive resistance and
can be circumvented by PD-L1 blockade. Oncoimmunology (2015) 4(7):e1016709.
doi: 10.1080/2162402X.2015.1016709

23. Dovedi SJ, Adlard AL, Lipowska-Bhalla G, Mckenna C, Jones S, Cheadle EJ, et al.
Acquired resistance to fractionated radiotherapy can be overcome by concurrent PD-
L1 blockade. Cancer Res (2014) 74(19):5458–68. doi: 10.1158/0008-5472

24. Postow MA, Callahan MK, Barker CA, Yamada Y, Yuan J, Kitano S, et al.
Immunologic correlates of the abscopal effect in a patient with melanoma. N Engl J Med
(2012) 366(10):925–31. doi: 10.1056/NEJMoa1112824

25. Brix N, Tiefenthaller A, Anders H, Belka C, Lauber K. Abscopal, immunological
effects of radiotherapy: Narrowing the gap between clinical and preclinical experiences.
Immunol Rev (2017) 280(1):249–79. doi: 10.1111/imr.12573

26. Bando H, Tsukada Y, Inamori K, Togashi Y, Koyama S, Kotani D, 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(6):1136–46. doi: 10.1158/1078-0432.Ccr-21-3213

27. George. TJ, Yothers. G, Jacobs. SA, Finley. GG, Wade. JL, Lima. CMSPR, et al.
Phase II study of durvalumab following neoadjuvant chemoRT in stage II-IV rectal
cancer: NSABP FR-2. J Clin Oncol (2019) 37(15_suppl). doi: 10.1200/
JCO.2019.37.15_suppl.TPS3620

28. Barbera MA, Corbelli J, Papiani G, Grassi E, Tamberi S. A phase II study of
capecitabine plus concomitant radiation therapy followed by durvalumab (MEDI4736)
as preoperative treatment in rectal cancer: PANDORA study. Ann Oncol (2019) 30
(5_suppl):v249. doi: 10.1093/annonc/mdz246.140

29. Salvatore L, Bensi M, Corallo S, Bergamo F, Pellegrini I, Rasola C, et al. Phase II
study of preoperative chemoradiotherapy plus avelumab in patients with locally
advanced rectal cancer: The AVANA study. Ann Oncol (2021) 32(5_suppl):S223.
doi: 10.1093/annonc/mdz246.139

30. Carrasco J, Schrder D, Sinapi I, Cuyper AD, Beniuga G, Delmarcelle S, et al. A
phase Ib/II study to evaluate safety and efficacy of atezolizumab combined with radio-
chemotherapy in a preoperative setting for patients with localized rectal cancer. Ann
Oncol (2021) 32(5_suppl):S537. doi: 10.1016/j.annonc.2021.08.919

31. Rahma OE, Yothers G, Hong TS, Russell MM, You YN, Parker W, et al. Use of
total neoadjuvant therapy for locally advanced rectal cancer initial results from the
pembrolizumab arm of a phase 2 randomized clinical trial. JAMA Oncol (2021) 7
(8):1225–30. doi: 10.1001/jamaoncol.2021.1683

32. WU A, Li Y, Ji D, Zhang L, Zhang X, Cai Y, et al. PKUCH 04 trial: Total
neoadjuvant chemoradiation combined with neoadjuvant PD-1 blockade for pMMR/
MSS locally advanced middle to low rectal cancer. J Clin Oncol (2022) 40
(16_suppl):3609. doi: 10.1200/JCO.2022.40.16_suppl.3609

33. Lin Z, Cai M, Zhang P, Li G, Liu T, Li X, et al. single-arm trial of preoperative
short-course radiotherapy followed by chemotherapy and camrelizumab in locally
advanced rectal cancer. J Immunother Cancer (2021) 9(11):e003554. doi: 10.1136/jitc-
2021-003554

34. Ali S, Zeidan YH, Ziad EH, Malek K, Monita AD, Rim T, et al. Efficacy and
safety-in analysis of short-course radiation followed by mFOLFOX-6 plus avelumab for
Frontiers in Oncology 09
locally advanced rectal adenocarcinoma. Radiat Oncol (2020) 15(1):233. doi: 10.1186/
s13014-020-01673-6

35. Wang Y, Shen L, Wan J, Zhang H, Wu R, Wang J, et al. Short-course
radiotherapy combined with CAPOX and Toripalimab for the total neoadjuvant
therapy of locally advanced rectal cancer: a randomized, prospective, multicentre,
double-arm, phase II trial (TORCH). BMC Cancer (2022) 22(1):274. doi: 10.1186/
s12885-022-09348-z

36. Wang Y, Xia F, Shen L, Wan J, Zhang H, Wu R, et al. Short-course radiotherapy
combined with CAPOX and toripalimab for the total neoadjuvant therapy of locally
advanced rectal cancer: Preliminary findings from a randomized, prospective,
multicenter, double-arm, phase II trial (TORCH). J Clin Oncol (2022) 40(16_suppl):
e15602. doi: 10.1200/JCO.2022.40.16_suppl.e15602

37. Crocenzi T, Cottam B, Newell P, Wolf RF, Hansen PD, Hammill C, et al. A
hypofractionated radiation regimen avoids the lymphopenia associated with
neoadjuvant chemoradiation therapy of borderline resectable and locally advanced
pancreatic adenocarcinoma. J Immunother Cancer (2016) 4:45. doi: 10.1186/s40425-
016-0149-6

38. Lan J, Li R, Yin LM, Deng L, Gui J, Chen BQ, et al. Targeting myeloid-derived
suppressor cells and programmed death ligand 1 confers therapeutic advantage of
ablative hypofractionated radiation therapy compared with conventional fractionated
radiation therapy. Int J Radiat Oncol Biol Phys (2018) 101(1):74–87. doi: 10.1016/
j.ijrobp.2018.01.071

39. Provencio-Pulla M, Spicer J, Taube JM, Martin C, Spigel DR, Wang CL, et al.
Neoadjuvant nivolumab (NIVO) plus platinum-doublet chemotherapy (chemo) versus
chemo for resectable (IB-IIIA) non-small cell lung cancer (NSCLC): Association of
pathological regression with event-free survival (EFS) in CheckMate 816. J Clin Oncol
(2022) 40(17_suppl):LBA8511. doi: 10.1200/JCO.2022.40.17_suppl.LBA8511

40. Hanna GG, Murray L, Patel R, Jain S, Aitken KL, Franks KN, et al. UK consensus
on normal tissue dose constraints for stereotactic radiotherapy. Clin Oncol (R Coll
Radiol) (2018) 30(1):5–14. doi: 10.1016/j.clon.2017.09.007

41. Robinson M, O'Cathail S, Duffton A, Aitken K, Muirhead R. Potential for
isotoxic re-irradiation stereotactic ablative body radiotherapy in locally recurrent rectal
cancer. Clin Oncol (R Coll Radiol) (2022) 34(9):571–7. doi: 10.1016/j.clon.2022.04.007

42. Palma DA, Olson R, Harrow S, Correa RJM, Schneiders F, Haasbeek CJA, et al.
Stereotactic ablative radiotherapy for the comprehensive treatment of 4-10
oligometastatic tumors (SABR-COMET-10): study protocol for a randomized phase
III trial. BMC Cancer (2019) 19(1):816. doi: 10.1186/s12885-019-5977-6

43. Nordkamp S, van Rees JM, van den Berg K, Mens DM, Creemers DMJ, Peulen
HMU, et al. Locally recurrent rectal cancer: oncological outcomes of neoadjuvant
chemoradiotherapy with or without induction chemotherapy. Brit J Surg (2023) 110:
znad214. doi: 10.1093/bjs/znad214

44. Andre T, Shiu KK, Kim TW, Jensen BV, Jensen LH, Punt C, et al.
Pembrolizumab in microsatellite-instability-high advanced colorectal cancer. N Engl
J Med (2020) 383(23):2207–18. doi: 10.1056/NEJMoa2017699

45. Overman MJ, McDermott R, Leach JL, Lonardi S, Lenz HJ, Morse MA, et al.
Nivolumab in patients with metastatic DNA mismatch repair-deficient or
microsatellite instability-high colorectal cancer (CheckMate 142): an open-label,
multicentre, phase 2 study. Lancet Oncol (2017) 18(9):1182–91. doi: 10.1016/S1470-
2045(17)30422-9

46. Chalabi M, Fanchi LF, Dijkstra KK, Van den Berg JG, Aalbers AG, Sikorska K,
et al. Neoadjuvant immunotherapy leads to pathological responses in MMR-proficient
and MMR-deficient early-stage colon cancers. Nat Med (2020) 26(4):566–76.
doi: 10.1038/s41591-020-0805-8

47. Dewan MZ, Galloway AE, Kawashima N, Dewyngaert JK, Babb JS, Formenti SC,
et al. Fractionated but Not Single-Dose Radiotherapy Induces an Immune-Mediated
Abscopal Effect when Combined with Anti-CTLA-4 Antibody. Clin Cancer Res (2009)
15(17):5379–88. doi: 10.1158/1078-0432.CCR-09-0265

48. Deng L, Liang H, Burnette B, Beckett M, Darga T, Weichselbaum RR, et al.
Irradiation and anti-PD-L1 treatment synergistically promote antitumor immunity in
mice. J Clin Invest (2014) 124(2):687–95. doi: 10.1172/JCI67313

49. Harding SM, Benci JL, Irianto J, Discher DE, Minn AJ, Greenberg RA. Mitotic
progression following DNA damage enables pattern recognition within micronuclei.
Nature (2017) 548(7668):466–70. doi: 10.1038/nature23470

50. van den Brink M, Stiggelbout AM, van den Hout WB, Kievit J, Klein Kranenbarg
E, Marijnen CA, et al. Clinical nature and prognosis of locally recurrent rectal cancer
after total mesorectal excision with or without preoperative radiotherapy. J Clin Oncol
(2004) 22(19):3958–64. doi: 10.1200/JCO.2004.01.023

51. Heriot AG, Tekkis PP, Darzi A, Mackay J. Surgery for local recurrence of rectal
cancer. Colorectal Dis (2006) 8(9):733–47. doi: 10.1111/j.1463-1318.2006.01018.x

52. Crittenden M, Kohrt H, Levy R, Jones J, Camphausen K, Dicker A, et al. Current
clinical trials testing combinations of immunotherapy and radiation. Semin Radiat
Oncol (2015) 25(1):54–64. doi: 10.1016/j.semradonc.2014.07.003

53. Schaue D, Comin-Anduix B, Ribas A, Zhang L, Goodglick L, Sayre JW, et al. T-
cell responses to survivin in cancer patients undergoing radiation therapy. Clin Cancer
Res (2008) 14(15):4883–90. doi: 10.1158/1078-0432.CCR-07-4462
frontiersin.org

https://doi.org/10.1186/s13014-015-0360-5
https://doi.org/10.1002/cam4.169
https://doi.org/10.1016/j.ijrobp.2005.09.017
https://doi.org/10.1186/s13014-014-0278-3
https://doi.org/10.1126/science.aan6733
https://doi.org/10.1136/gut.48.3.360
https://doi.org/10.4049/jimmunol.174.12.7516
https://doi.org/10.1038/nature14292
https://doi.org/10.1080/2162402X.2015.1016709
https://doi.org/10.1158/0008-5472
https://doi.org/10.1056/NEJMoa1112824
https://doi.org/10.1111/imr.12573
https://doi.org/10.1158/1078-0432.Ccr-21-3213
https://doi.org/10.1200/JCO.2019.37.15_suppl.TPS3620
https://doi.org/10.1200/JCO.2019.37.15_suppl.TPS3620
https://doi.org/10.1093/annonc/mdz246.140
https://doi.org/10.1093/annonc/mdz246.139
https://doi.org/10.1016/j.annonc.2021.08.919
https://doi.org/10.1001/jamaoncol.2021.1683
https://doi.org/10.1200/JCO.2022.40.16_suppl.3609
https://doi.org/10.1136/jitc-2021-003554
https://doi.org/10.1136/jitc-2021-003554
https://doi.org/10.1186/s13014-020-01673-6
https://doi.org/10.1186/s13014-020-01673-6
https://doi.org/10.1186/s12885-022-09348-z
https://doi.org/10.1186/s12885-022-09348-z
https://doi.org/10.1200/JCO.2022.40.16_suppl.e15602
https://doi.org/10.1186/s40425-016-0149-6
https://doi.org/10.1186/s40425-016-0149-6
https://doi.org/10.1016/j.ijrobp.2018.01.071
https://doi.org/10.1016/j.ijrobp.2018.01.071
https://doi.org/10.1200/JCO.2022.40.17_suppl.LBA8511
https://doi.org/10.1016/j.clon.2017.09.007
https://doi.org/10.1016/j.clon.2022.04.007
https://doi.org/10.1186/s12885-019-5977-6
https://doi.org/10.1093/bjs/znad214
https://doi.org/10.1056/NEJMoa2017699
https://doi.org/10.1016/S1470-2045(17)30422-9
https://doi.org/10.1016/S1470-2045(17)30422-9
https://doi.org/10.1038/s41591-020-0805-8
https://doi.org/10.1158/1078-0432.CCR-09-0265
https://doi.org/10.1172/JCI67313
https://doi.org/10.1038/nature23470
https://doi.org/10.1200/JCO.2004.01.023
https://doi.org/10.1111/j.1463-1318.2006.01018.x
https://doi.org/10.1016/j.semradonc.2014.07.003
https://doi.org/10.1158/1078-0432.CCR-07-4462
https://doi.org/10.3389/fonc.2023.1304767
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	TORCH-R trial protocol: hypofractionated radiotherapy combined with chemotherapy and toripalimab for locally recurrent rectal cancer: a prospective, single-arm, two-cohort, phase II trial
	Introduction
	Methods
	Study design
	Patient and public involvement
	Key eligibility criteria
	Screening
	Interventions
	Locally recurrent site radiotherapy
	Oligometastases radiotherapy
	Organ at risk doses

	Chemotherapy

	Follow-up
	Outcome measures
	Safety assessment
	Statistical analysis
	Sample size calculation

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


