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This phase Il clinical trial aimed to evaluate the efficacy and safety of neoadjuvant long-course
chemoradiotherapy combined with sintilimab in mismatch repair-proficient (oMMR)/microsatellite-
stable (MSS) locally advanced rectal cancer (LARC) patients with a PD-L1 tumor proportion score
(TPS) 21% or combined positive score (CPS) >1. The primary endpoint was pathological complete
response (pCR), and safety was assessed. This trial was registered on ClinicalTrials.gov (identifying
number: NCT04833387) with the registration date of April 4, 2021. Although the target pCR rate was
not fully achieved, a notable improvement was observed, with 7/20 (35.0%) patients achieving pCRin
the intention-to-treat analysis. A trend toward higher pCR rates was observed in patients with PD-L1
CPS =5 than in those with CPS <5 (50.0% vs. 27.3%, P = 0.311). Treatment-related adverse events
occurred in 12 patients (60.0%), with no grade 4 events. Biomarker analysis revealed that higher CD3
(P <0.001) and CD8 (P = 0.018) expression, along with lower TIM-3 (P = 0.017) expression in the

stroma, was associated with higher pCR rates.

The conventional treatment for patients with locally advanced rectal cancer
(stages T3, T4, or N+) is neoadjuvant chemoradiotherapy (CRT) followed
by total mesorectal excision (TME) surgery, according to the National
Comprehensive Cancer Network (NCCN) and the European Society of
Medical Oncology (ESMO) guidelines at the time this trial was planned"”.
However, only 15-20% of patients can achieve pathological complete
response (pCR), which is insufficient for meeting the needs of treatment and
organ preservation’. As a result, researchers have explored innovative
treatment modalities, such as total neoadjuvant chemoradiotherapy (TNT),
to reduce the occurrence of distant metastasis and increase the likelihood of
organ preservation. In the UNICANCER-PRODIGE 23 trial, 3-year dis-
ease-free survival was significantly better in the TNT group than in the
conventional neoadjuvant chemoradiotherapy group (76% vs. 69%,

P=0.034)". In addition, the STELLAR study demonstrated both better
3-year overall survival (86.5% vs. 75.1%; P = 0.033) and higher total rate of
PCR and sustained cCR (21.8% vs. 12.3%, P =0.002) in the TNT group,
which consisted of short-course radiotherapy (5 Gy x 5) followed by four
cycles of CAPOX and postoperative chemotherapy consisting of two cycles
of CAPOX, than in the CRT group’. Total neoadjuvant therapy (TNT) has
gradually gained widespread acceptance and has become one of the stan-
dard treatment approaches in this field. More effective treatment models are
currently being explored to improve patient short-term and long-term
outcomes.

Recently, immune checkpoint inhibitors (ICIs) have been proven to be
highly effective for treating colorectal cancers (CRCs) with mismatch repair
deficiency (AMMR)/high microsatellite instability (MSI-H), especially for
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rectal cancer®’. A phase II trial conducted by Cercek et al. evaluating the
antitumor activity of PD-1 inhibitors for dMMR rectal cancer revealed that
all 12 patients enrolled achieved a complete clinical response and were
successfully managed with a watch-and-wait approach’. Similar results were
observed in the trial by Chen et al. and in our previous study”’. However,
most CRCs are characterized as proficient mismatch repair (pMMR)/
microsatellite-stable (MSS) tumors and generally exhibit resistance to
immunotherapy alone. This resistance is attributed primarily to insufficient
lymphocytic infiltration within the tumor microenvironment''. Therefore,
regulating this microenvironment might be a potential strategy to reverse
immunotherapy resistance and enhance the efficacy in pMMR/MSS LARC
patients.

Preclinical data have demonstrated that radiotherapy can reverse
immunotherapy resistance by modulating the immunogenicity of tumor
cells, enhancing antigen-specific CD8+ T-cell responses, and increasing
PD-L1 expression on tumor and immune cells within the tumor
microenvironment'""°. Recent trials, such as the PANDORA, AVER-
ECTAL, AVANA, and VOLTAGE-A trials, have demonstrated that com-
binations of CRT and PD-1 inhibitors could offer promising clinical benefits
with a manageable safety profile in patients with pMMR/MSS rectal
cancer'®"™. In these studies also performed biomarker analyses using pre-
CRT biopsy samples were also performed to identify optimal candidates for
treatment. Exploratory analysis in a phase II trial by Zhang et al. revealed
that, although not statistically significant, patients with higher PD-L1 tumor
proportion scores (TPSs) were more likely to achieve pCR (66.7% vs. 45.0%,
P =0.242)". A similar result was observed in the VOLTAGE-A study, with a
PCR rate of 75% in patients with a PD-L1 TPS > 1%, with 17% in those with
a TPS<1%'°. In addition to PD-L1 expression on tumor cells, PD-L1
expression in other cells within the tumor microenvironment is also an
important biomarker for predicting response to immunotherapy’'. The PD-
L1 combined positive score (CPS) has been validated as a predictive bio-
marker in various cancers, including lung cancer and gastric cancer’”.
Although research on CPS in colorectal cancer is limited, it still represents a
promising potential biomarker™. Based on these findings, we hypothesized
that pMMR/MSS LARC patients with PD-L1 TPSs > 1% or CPSs > 1 are
likely to benefit from CRT and PD-1 inhibitors.

In this study, we aimed to perform a prospective, single-arm, single-
center, phase II trial to evaluate the clinical efficacy and safety of long-course
CRT followed by the PD-1 inhibitor sintilimab in patients with PD-L1
TPS21% or CPS=>1 pMMR/MSS LARC. Additionally, we explored
potential biomarkers that could predict treatment response.

Results
Baseline information
From March 3, 2021, to November 11,2022, a total of 88 patients underwent
PD-L1 TPS and CPS assessments, 33 (37.5%) of whom met the criteria of
PD-L1TPS > 1% (n=9) or PD-L1 CPS > 1 (n = 33). Among the 33 screened
patients, 13 were excluded due to unwillingness to participate. Ultimately, 20
patients were enrolled in the study. During the treatment period, all the
patients completed standard CRT (50.4 Gy with 825 mg/m’ capecitabine
twice daily for 5 weeks), followed by three cycles of 200 mg sintilimab for
3 weeks (Fig. 1). No patient received additional treatment or discontinuation
Baseline characteristics are presented in Table 1. The median age of the
cohort was 56.5 years (IQR 47.5-66.0), and 4 (20.0%) patients were female.
The majority had T3 disease (65.0%) and positive nodal disease (70.0%).
Additionally, 55.0% of patients exhibited extramural vascular invasion
(EMVI), and 70.0% had involvement of the mesorectal fascia (MRF).
Twelve (60%) tumors were located within <5 ¢cm from the anal verge.

Efficacy

A total of twenty patients were included in the efficacy analysis (Fig. 2A). A
partial response was observed in 10 (50.0%) patients, with a median time to
response of 6.0 weeks (IQR 5.2-12.8) from the first dose of sintilimab. The
median time to response from the end of CRT was 10.1 weeks (IQR
8.8-12.2). Stable disease was observed in 7 (35.0%) patients. No cases of

progressive disease were reported. cCR was observed in 3 (15.0%) patients,
all of whom underwent surgery. Compared with the clinical stage before
treatment, 7 (35.0%) patients had T downstaging and 8 (40.0%) had N
downstaging (Fig. 2A).

Nineteen patients underwent surgery for the primary tumor
(Table 2). Although not achieving cCR, another patient opted for organ
preservation and declined surgery. At the time of manuscript sub-
mission (28 Mar 2025), this patient had not experienced local (primary
tumor) progression or distant metastasis. Among those who received
surgery, 18 patients received radical surgery, and another patient
received transanal local resection. Among the patients who received
radical surgery, 17 patients underwent anterior rectal resection (12 via
laparoscopic surgery and 5 via robotic surgery), and one patient
underwent laparoscopic abdominoperineal resection. The median
interval from the completion of preoperative CRT to surgery was 12.0
weeks (IQR: 10.0-13.2), and that from the last dose of sintilimab to
surgery was 4.4 weeks (IQR: 3.2-5.6) (Fig. 2B). The median degree of
pathological regression was —90% (IQR —100 to —80). In the
intention-to-treat analysis, a pCR was observed in 7/20 patients
(35.0%) (Fig. 3). In the per-protocol analysis, the pCR rate was 36.8%
(7/19) of the patients. Post hoc analysis revealed a trend toward higher
pCRrates in patients witha PD-L1 CPS > 5 than in those witha CPS < 5
(50% vs. 27.3%, P=0.311).

The median follow-up time from surgery to the data cutoff date
(January 26, 2025) was 29.8 (IQR 21.0-32.8) months. At the time of data
cutoff, the 1-year and 2-year DFS rates were 95.0% (95% CI, 84.6%-100.0%),
with 1-year and 2-year OS rates of 100%. One DFS event was reported, in
which a patient developed peritoneal metastasis and retroperitoneal lymph
node metastasis 5 months after surgery.

Safety

Treatment-related adverse events of any grade occurred in 12 of the 20
patients (60.0%) (Table 3). The most common adverse events included
lymphopenia (35.0%), hypothyroidism (10.0%), diarrhea (10.0%), and
neutropenia (10.0%). Both diarrhea and neutropenia occurred during the
CRT phase. Two patients experienced grade 3 adverse events (lymphopenia
and diarrhea). No grade 4 events related to radiochemotherapy or sintilimab
were observed.

Postoperative complications occurred in two patients. One patient
(5.3%) experienced distal anastomotic stenosis and underwent endoscopic
anastomotomy. The other patient experienced incomplete paralytic ileus
and recovered after one week of conservative management. No additional
surgery-related complications were reported at either 30 or 90 days fol-
lowing surgery.

Results of biomarker analysis

Multiplex immunohistochemistry analysis was carried out in 19 patients
who underwent surgery for the primary tumor (Fig. 4A-D). The patients
were divided into two groups according to response (pCR, n = 7) and non-
response (non-pCR, n=12). This exploratory biomarker analysis was
conducted using samples obtained from primary tumors before treatment.
The analysis revealed that higher CD3 (P <0.001) and CD8 (P =0.018)
expression, or lower TIM-3 expression (P=0.017) in the stroma, was
associated with a higher pCR rate (Fig. 4E-G). No significant associations
were found between the pCR rate and the expression levels of SETDBI1,
LAG-3, IDO, B7H4, B7H3, and VISTA in either tumor or stroma (Sup-
plementary Fig. 1).

Discussion

To our knowledge, this is the first reported biomarker-directed prospective
trial of neoadjuvant CRT followed by single-agent PD-1 inhibitors in
PMMR/MSS LRAC patients. Although this study did not meet the primary
endpoint, mainly owing to the limited sample size, our results showed that
PD-L1 TPS > 1% or CPS = 1 may help identify patients who benefit from
neoadjuvant long-course CRT followed by sintilimab. Furthermore, we
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88 patients screened for eligibility
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55 PD-L1 TPS<1% or PD-L1 CPS<1% Radiotherpy + Capecitabine Sintilimab
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25 fractions twice daily
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20 patients screened for eligibility
(1) rectal cancer with pMMR and/or MSS Week10-12 19 received radical surgery
(2) locally advanced disease (cT3/4 or N+) and pathological response
(3) tumor inferior margin of <12 cm from the anal verge l assessment
(4) TPS21% or CPS21%

Patients wish

}

1 not received radical surgery

Pre-treatment tumor tissues obtained
from endoscopic biopsy
for multiplex immunohistochemistry

Fig. 1 | Study the flow diagram.

identified several potential biomarkers that could also assist in selecting
suitable patients for this treatment regimen.

Characteristic n (%) Although immunotherapy has traditionally been ineffective in treating
PMMR/MSS CRCs, preclinical studies have suggested that radiotherapy can

Table 1 | Baseline patient characteristics (n = 20)

Age, median (IQR) 56.5 (47.5-66.0) : uge
s reverse resistance to PD-1/PD-L1 blockade™™. Our study demonstrated
ex that the combination of long-course CRT followed by PD-1 inhibitors is a
Male 16(80.0) promising and feasible strategy. The efficacy of the combination of radio-
Female 4(20.0) therapy and chemotherapy with immunotherapy was also confirmed by the
ECOG performance status TORCH, Union, and POLARSTAR trials” . Previous studies have shown
] 160 that total neoadjuvant chemoradiotherapy could considerably improve the

: PCR rate. On this basis, can combined immunotherapy further enhance the

0 19950 response? This result was also reported in a recent STELLER II study™. The
Clinical tumor stage PCR rate in the TNT combined with immunotherapy group was 45.5%,
T2 2(10.0) whereas it was 25.0% in the TNT-alone group (P =0.002). However, the
T3 13 (65.0) efficacy of each approach, whether long-course or short-course radio-
= 5250 therapy, concurrent/sequential PD-1 blockade, TNT, or chemor-

adiotherapy alone, warrants further investigation and direct comparison in
future studies. Furthermore, whether biomarkers can be used to stratify
NO 6(30.0) patients and improve therapeutic efficacy remains to be explored.

N+ 14 (70.0) The post-hoc analysis of previous clinical studies revealed that PD-L1
expression was significantly associated with the response to immunother-
apy; however, its application in decision-making remains unclear. There-

Clinical nodal stage

Extramural vascular invasion

POSitiYe 3150 fore, in the present study, we selected pMMR/MSS LARC patients with PD-
Negative 18 L1 TPSs > 1% or CPSs > 1 and treated them with long-course CRT followed
Mesorectal fascia by PD-1 inhibitors. Our data revealed a pCR rate of 35.0% among these
Positive 6 (30.0) patients, with the pCR rate nearly doubling compared with that following
Negative 14.(70.0) conventional long-course CRT. Although the trial did not meet its primary

endpoint, the observed pCR rate was still higher than that reported in some

Distance from primary tumor to anal verge (cm) studies using concurrent long-course CRT plus PD-1 inhibitors as the

<5 12 (60.0) neoadjuvant approach. The VOLTAGE-A study reported a 30% pCR rate
5-10 8 (40.0) among patients receiving treatment with neoadjuvant long-course CRT and
PD-L1 expression, TPS five subsequent cycles of nivolumab'®. The AVANA study reported a 23%
PCR rate after treatment with neoadjuvant long-course CRT with capeci-
>1% 3(15.0) . . .
tabine and avelumab starting on Day 1. Although cross-study comparisons
<1% 1785.0) should be performed with caution, our data suggest that a PD-L1 TPS > 1%
PD-L1 expression, CPS or CPS 21 has the potential to be used to identify patients who are more
>1% 20 (0.0) likely to benefit from CRT followed by sintilimab’".
1% 0(0.0) The expression of PD-L1 on tumor and immune cells has emerged as a

critical factor in predicting the efficacy of PD-1 inhibitors across various

Baseline CEA level types of cancers. In non-small cell lung cancer (NSCLC), the KEYNOTE-

et g il 100 042 study has demonstrated that patients with a high PD-L1 TPS in their
Abnormal (=5 ng/mL) 10(50.0) tumors tend to have better responses to pembrolizumab than those with a
Data are median (IQR) or n (%) low PD-L1 TPS™. This has led to the use of PD-L1 immunohistochemistry
ECOG Eastern Cooperative Oncology Group, TPS tumor cell proportion score, CPS combined as a standard diagnostic tool to guide treatment decisions in patients with

positive score, CEA, carcinoembryonic antigen

NSCLC. Like PD-L1 expression on tumor cells, PD-L1 expression on
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Fig. 2 | Tumor response of the patients assessed in this study. A Waterfall plot of radiological change in maximum tumor diameter from baseline. B Swimmer plot of the

patients receiving CRT and sintilimab in this cohort.

Table 2 | Characteristics of patients undergoing
surgery (n=19)

Characteristic n (%)

12.0 (10.0-13.2)

The end of CRT to surgery (weeks)

pT stage
TO 7(36.8)
T2 4(21.1)
T3 8 (42.1)
°pN stage
NO 12 (66.6)
N1 5(27.8)
N2 1(5.6)
TRG
TRG O 7(36.8)
TRG 1 3(15.8)
TRG 2 9 (47.4)

Data are median (IQR) or n (%)

“Patient 15 received local excision without nodal dissection.

TRG tumor regression grade, TRG 0 indicates complete regression, with no viable tumor cells
remaining in the specimens, TRG 1 indicates near-complete regression with a single or small
number of tumor cells, TRG 2 indicates moderate regression with residual cancer outgrown by
fibrosis, TRG 3 indicates minimal or no regression.

immune cells also impacts the efficacy of immunotherapy as it induces
immune tolerance. In our study, post-hoc analysis revealed a trend toward a
higher pCR rate in patients with a PD-L1 CPS>5 than in those with a
CPS <5 (42.9% vs. 27.3%, P = 0.311), although the difference did not reach
statistical significance due to sample size limitations. A previous study by
Llosa et al. also supported this observation, showing that MSS metastatic
CRC patients with high PD-L1 and PD-1 expression on CD8+ T cells had a
tumor immune environment akin to that of IMMR/MSI-H patients, sug-
gesting that these patients benefit from pembrolizumab treatment™. Further
research is necessary to clarify the role of PD-L1 in guiding immunotherapy
for pPMMR/MSS LARC patients™.

The combination of CRT with PD-1 inhibitors was well tolerated, with
100% of patients completing all prescribed regimens. Only one patient
experienced a grade 3 adverse event (diarrhea), which was attributed pri-
marily to CRT. Compared with other trials, such as PANDORA and

VOLTAGE-A, which combined immunotherapy with chemotherapy fol-
lowing radiotherapy, our study revealed a lower overall incidence of adverse
events and better patient tolerance. This may be attributable to the fewer cycles
of PD-1 inhibitors and the absence of combined chemotherapy with PD-1
inhibitors following CRT. Guided by PD-L1 expression, this approach may
improve pCR rates while reducing treatment duration and adverse events.

We performed multiple immunofluorescence analyses using pre-
treatment biopsy samples to identify biological markers associated with
tumor immunogenicity. Our findings suggest that patients with high
expression levels of CD3 and CD8 or low expression levels of TIM3 in the
stroma are more likely to benefit from this neoadjuvant strategy. This
finding was echoed by the VOLTAGE-A study, which reported a promising
PCR rate of 78% in patients with a high (=2.5) CD8/eTreg ratio in TILs.
Notably, patients with both positive PD-L1 expression and a high CD8/
eTreg ratio presented the highest pCR rate (100%; 5/5)"°. As PD-LI
expression is associated with tumor cell immunogenicity and CD8 is related
to immune cell potential, the association of PD-L1 expression with CD8
expression might be a better predictive factor than PD-L1 expression alone.
Additionally, TIM-3, a member of the TIM gene family, plays a crucial role
in immune tolerance by negatively regulating immune cells such as CD8+
T cells or CD4+ Thl cells”™ . Elevated expression of TIM-3 in gastric
cancer, oral squamous cell carcinoma, and ovarian cancer has been asso-
ciated with a poor prognosis™ ™. Similarly, our data revealed increased
expression of TIM-3 in non-pCR patients, suggesting that the addition of a
TIM-3 inhibitor might help overcome resistance to the combined treatment
with CRT and PD-1 inhibitors. Given the exploratory nature of this analysis
and the small sample size, these findings should be interpreted with caution.

This trial represents an important step forward in exploring potential
biomarkers for identifying patients who are sensitive to the combination of
CRT with PD-1 inhibitors among pMMR/MSS LARC patients. However,
several limitations in our study should be discussed in our study. First, this
was a nonrandomized, single-arm, phase II study with a relatively small
sample size. Moreover, this study did not meet the primary endpoint, mainly
because of the limited sample size. Another possible reason is the complexity
of the tumor microenvironment (TME) and the heterogeneous expression
of PD-L1, which varies among cell types and fluctuates over time and in
response to treatment. To further confirm the value of PD-L1 expression in
predicting the efficacy of the combination of CRT with PD-1 inhibitors,
large randomized trials in patients with high PD-L1 expression are needed.
Finally, sintilimab is currently approved only in China, and the clinical data
presented are based on a Chinese cohort. The results require further vali-
dation through international, multicenter studies.
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Fig. 3 | Evolution of endoscopic and radiographic
response in representative patients treated with
sintilimab. The results of T2-weighted MRI of the
rectum, endoscopic evaluations, and pathological
results for two representative patients pre- and post-
treatment are shown. A (Patient 4) shows a stable
disease on endoscopic and imaging evaluations after
treatment. B (Patient 5) shows an endoscopic
complete response and a near-complete response on
T2-weighted rectal MRI after treatment. Red arrows
identify the tumor at each time point.

A Patient 4

Pre-treatment

Post-treatment |

B Patient 5

Pre-treatment

Post-treatment

Pathological result

In conclusion, although the target pCR rate was not fully achieved, we
found that a PD-L1 TPS > 1% or CPS =1 has the potential to be used to
screen pMMR/MSS LARC patients who benefit from neoadjuvant CRT
followed by sintilimab. These findings emphasize the importance of preci-
sion medicine in pMMR/MSS LARC patients. Further prospective, ran-
domized, controlled, multicenter studies are necessary to confirm the
benefit of CRT combined with immunotherapy and the value of PD-L1 in
predicting treatment efficacy. Moreover, the expression of CD3, CD8, and
TIM-3 has the potential to be used in conjunction with PD-L1 expression as
a diagnostic tool to guide treatment decisions.

Methods

Ethics statement

This trial was approved by the Ethics Committee of Sun Yat-sen University
Cancer Center (No. B2019-092-Y02). All included patients provided written
informed consent. This trial was performed in accordance with the prin-
ciples of the Declaration of Helsinki and the International Council for
Harmonization Good Clinical Practice guidelines. As a phase 2 trial
experimenting on a commercially available drug (sintilimab), and the study
drug is free for trial patients. In addition, our trial-specific commercial
insurance covered all patients using the experimental drug.

Trial oversight

The protocol of this study was drafted by the first authors, is provided in the
Supplementary Information. This trial was registered on ClinicalTrials.gov
(identifying number: NCT04833387) with the registration date of April 4,

2021. As an investigator-initiated study, no funders participated in trial
design, data collection, data analysis, data interpretation, or writing of the
report. The study drug (sintilimab) was provided by Innovent Biologics. All
authors had full access to the study data and vouch for its accuracy and
completeness. The corresponding author had final responsibility for the
decision to submit for publication.

Study design and participants

This study was a prospective, single-arm, open-label, phase II trial. The main
inclusion criteria were as follows: histologically confirmed rectal cancer with
PMMR and/or MSS status, locally advanced disease (cT3/4 or N+ for rectal
cancer), tumors located within 12 cm of the anal verge, and tumors char-
acterized as PD-L1 TPS = 1% or CPS > 1. For all staging, the American Joint
Committee on Cancer, eighth edition, was used. Eligible patients were also
required to be aged between 18 and 75 years and have an Eastern Coop-
erative Oncology Group performance score of 0-1, without severe hema-
tologic, cardiac, pulmonary, hepatic, or renal functional abnormalities or
immunodeficiency diseases. The key exclusion criteria included receiving
prior anticancer treatment, metastatic disease, relapsed disease, and tumor-
related complications requiring emergency surgery. The full list of inclusion
and exclusion criteria is provided in the protocol (see Supplementary file).

Procedure

All eligible patients first received a baseline assessment, including infor-
mation on demographics, medical history, disease characteristics before
enrollment, a systematic physical examination, and relevant laboratory and
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Table 3 | Highest Adverse events grade in patient (n = 20)

System Grade 1-2,n (%) Grade 3-4,n (%) Grade-any, n (%)
Constitutional

Fatigue 1(5.0) 0 1(5.0)
Skin & mucosa

Rash 1(5.0) 0 1(5.0)
Respiratory

Cough 1(5.0) 0 1.0
Gastrointestinal

Abdominal pain 1 (5.0) 0 1(5.0)

Vomiting 1(5.0) 0 1(.0)

Diarrhoea 1(5.0) 1(5.0) 2(10.0)
Increased aminotransferase
Endocrinological

Hypothyroidism 2 (10.0) 0 2(10.0

Neurological

Headache 1(5.0) 0 1(5.0)
Others

Atrial flutter 1(5.0) 0 1(5.0)

Neutropenia 2(10.0 0 2(10.0)

Lymphopenia 6 (30.0) 1(5.0) 7 (35.0)

imaging tests (chest computed tomography (CT), liver magnetic resonance
imaging (MRI), and abdominal and pelvic CT or MRI).

All the tissue samples were obtained by using standard endoscopic
biopsy forceps before treatment. Paraffin-embedded biopsy samples were
stained with hematoxylin and eosin (H&E) and reviewed for each case.
Moreover, a representative paraffin-embedded slide was selected for
immunohistochemistry (IHC) analysis of PD-L1 expression.

After completion of the baseline assessment and PD-L1 expression
evaluation, eligible patients received a standard CRT (50.4 Gy with 825 mg/
m’ capecitabine twice daily for 5 weeks) followed by three cycles of 200 mg
sintilimab every 3 weeks. Surgery was performed at 9-11 weeks after the end
of CRT according to the principles of total mesorectal excision. Minimally
invasive (laparoscopic and robotic) surgery was preferred. Low anterior
resection was performed for middle and low rectal cancers with distal
margins of more than 1 cm, and abdominoperineal resection was conducted
by a surgeon for extremely low tumors. A trained pathologist (YHL)
assessed all resected tumors for pathological regression using the 4-tier
system recommended by the National Comprehensive Cancer Network
(NCCN) guidelines”. For patients who achieved cCR, W&W were
recommended after communication with the patient. The criteria for cCR
were as follows: (1) no visible mass or only a small scar/erythematous ulcer/
smooth narrowing on endoscopy, with negative biopsy; (2) no visible resi-
dual tumor on MRI, with no restricted diffusion on T2-weighted imaging
and lymph nodes <5 mm; and (3) no palpable tumor or stiffness of rectal
wall on digital the rectal examination.

For patients who underwent surgery, regular surveillance was done
every 3 months in the first 2 years and every 6 months over the next 3-5
years. At each follow-up visit, a physical examination, imaging examination
(CT or MRI), colonoscopy, and any laboratory monitoring were performed,
as clinically indicated. For patients who underwent the watch-and-wait
approach after achieving a clinical complete response, colonoscopy and
radiological examination were performed every 3 months in the first 2 years
and were repeated every 6 months over the next 3-5 years.

Adverse events were monitored and documented throughout treatment
until 90 days after the last dose of sintilimab and were evaluated according to
the Common Terminology Criteria for Adverse Events (CTCAE, version
5.0). Postoperative complications were recorded for 30 and 90 days after
surgery and scored according to the Clavien-Dindo classification™.

PD-L1 expression upon immunohistochemistry analysis

IHC for PD-L1 was performed, and PD-L1 scoring was conducted by a
trained technician and coauthor (RYS), following the manufacturer’s
standard protocol. IHC for PD-L1 was performed using the PD-L1 IHC
22C3 pharmDx kit on the Autostainer Link 48 platform (Agilent
Technologies, Cat# AS480) following the manufacturer’s protocol. The
sections were incubated with the primary antibody at 4 °C overnight,
followed by labeling with horseradish peroxidase (HRP) and chromogen
development. Phosphate-buffered saline (PBS) was used in place of the
primary antibody as a negative control. PD-L1 expression was evaluated
across the entire tissue section, with scoring performed on all viable
tumor cells present. Moreover, in accordance with established guidelines,
only slides containing at least 100 viable tumor cells were considered
adequate for PD-L1 assessment. The PD-L1 TPS was the percentage of
tumor cells positive for PD-L1. The PD-L1 CPS was the number of PD-
L1-positive cells (tumor cells, lymphocytes, macrophages) divided by the
total number of tumor cells and multiplied by 100. PD-L1 positivity was
defined as membranous staining at any intensity. All the IHC-stained
samples from patients with melanoma were evaluated independently by
two experienced pathologists. For slides with discrepant scores, the final
score was determined after a review of the slides and discussion by the
two pathologists.

Outcomes

The primary endpoint of this trial was the rate of pCR, defined as the absence
of cancer cells in both the resected rectum and all sampled regional lymph
nodes. The secondary endpoints included the rate of cCR, pathological
tumor regression grade (TRG), and treatment-related toxicity. The tumor
regression grade after preoperative treatment was evaluated semiquantita-
tively according to the National Comprehensive Cancer Network
guidelines''. Additional secondary endpoints included 3-year disease-free
survival (DFS, defined as the time from surgical intervention to (local or
distant) disease relapse or death from any cause) and 3-year overall survival
(OS, defined as the time from enrollment to death from any cause).

Evaluation of immunohistochemistry

An exploratory biomarker study was also conducted using samples obtained
from patients before treatment. Formalin-fixed paraffin-embedded tumor
tissue sections were also examined by multiplex immunohistochemistry
analysis of SETDB1*, CD3*, LAG-3*, CD8*, IDOY, B7H4*, B7H3",
VISTA”, and TIM3’'. Multiplex immunohistochemistry was performed
using an Opal Manual kit (TSA-RM-82758, Panovue, China) according to
the manufacturer’s protocol. All analyses were centrally and independently
performed by two pathologists who were blinded to the clinical outcomes.

Statistical analysis

Several studies have reported that the pCR rate after long-course CRT
ranges from 15% to 20%*". For our study, we selected the median value of
18% as the baseline pCR rate. Previous studies have suggested that com-
bining radiotherapy with PD-1 inhibitors can increase the pCR rate in
patients with pMMR/MSS locally advanced rectal cancer, with reported
rates ranging from 30% to 40%'*"”. Among these, patients with high PD-L1
expression are likely to achieve even higher pCR rates, with rates reaching
70%'*". However, this increase is relatively large and should be treated with
caution. Therefore, we expected that the regimen of CRT followed by sin-
tilimab could increase the pCR rate from 18% to 45%. A sample size of 18
patients was required to provide at least 80% power to detect this estimated
improvement in a one-sided chi-square test with a significance level of 2.5%
and an estimated 5% dropout rate, resulting in a total sample size of 20
patients planned for this study.

Categorical variables are presented as counts and percentages (n [%]),
whereas continuous variables are presented as medians and interquartile
ranges (IQRs). Associations between categorical variables were assessed
using the chi-square test or Fisher’s exact test. Differences between groups in
the exploratory biomarker analysis were tested using the Wilcoxon rank-
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Fig. 4 | Multiplex immunohistochemistry analysis of biomarker expression. A-D Representative SETDB1, CD3, LAG-3, CD8, IDO, B7H4, B7H3, VISTA, and
TIM3 staining of pretreatment specimens of patient 11 (Response) and patient 9 (No response). Scale bars, 100 um. E-G Box plot of CD3, CD8, and TIM3.

sum test or Student’s t-test, depending on the outcome normality assess-
ment. Statistical analyses were performed using R software (version 4.2.1;
http://www.r-project.org/). A two-sided P < 0.05 was considered statistically
significant.

Data availability

The datasets generated and/or analysed during the current study are
available at the Research Data Deposit public platform at www.researchdata.
org.cn.
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