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Background: Neoadjuvant immunotherapy has demonstrated satisfactory

efficacy for high microsatellite instability/mismatch repair deficiency (dMMR/

MSI-H) in locally advanced colorectal cancer (LACRC). This study aims to

evaluate the safety and short-term efficacy of neoadjuvant immunotherapy for

patients with LACRC.

Methods: We retrospectively analyzed patients with dMMR/MSI-H LACRC who

received neoadjuvant immunotherapy at two Chinese medical centers. The

primary outcome of the study was the pathological complete response (pCR)

rate, while secondary endpoints included survival status, perioperative outcomes

and safety profile.

Results: A total of 26 patients were included in the analysis, with a median age of

58 years (range: 33–78 years). All patients underwent radical surgery after

completing neoadjuvant immunotherapy. All patients achieved R0 resection,

and the pCR rate was 92.3% (24/26). Furthermore, all patients experienced

downstaging (100%). Eight patients (30.8%) experienced immune-related

adverse events (IRAEs), and five patients (19.2%) developed postoperative

complications. The median follow-up duration was 19.0 months (range: 4.0-

41.0 months). No patients died during the follow-up period, and no local

recurrence or distant metastasis was observed.

Conclusion: Neoadjuvant immunotherapy appears to be a safe and effective

treatment for patients with dMMR/MSI-H LACRC, offering a feasible and

acceptable therapeutic regimen before surgery.
KEYWORDS

locally advanced colorectal cancer, immunotherapy, neoadjuvant therapy,
microsatellite instability, pathological complete response
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Introduction

Colorectal cancer (CRC) is one of the most common and fatal

malignant tumors globally, ranking second in incidence in China (1).

The majority of patients are diagnosed at advanced or late stages,

leading to poor treatment outcomes and prognosis. Locally advanced

colorectal cancer (LACRC) refers to CRC at clinical stages II or III

(i.e., cT3-4N0 or any T, N+) (2). In recent years, advances in

standardized surgery and the development of neoadjuvant therapies

have significantly improved the survival outcomes of LACRC

patients. Neoadjuvant therapy can downstage tumors, increase the

rate of R0 resection, reduce local recurrence, and allow some patients

to achieve clinical complete response (cCR) or even pathological

complete response (pCR) (3, 4). In cases of metastasis, chemotherapy

remains the primary treatment modality. CRC is primarily caused by

genomic instability resulting from the accumulation of oncogene

mutations or tumor suppressor gene inactivation. Approximately

10%-15% of sporadic CRC cases exhibit mismatch repair deficiency

(dMMR) or high microsatellite instability (MSI-H) (5). In 2015, the

KEYNOTE-016 study (NCT01876511) demonstrated that dMMR/

MSI-H metastatic CRC (mCRC) patients significantly benefit from

programmed cell death protein-1 (PD-1) inhibitors, marking the

onset of the immunotherapy era for CRC (6).

Currently, immunotherapy is recommended by guidelines as

the first-line treatment for dMMR/MSI-H mCRC. However,

dMMR/MSI-H CRC accounts for only 5% of stage IV CRC cases,

limiting the patient population eligible for immunotherapy. This

proportion increases to up to 15% in stage II and III patients (7).

Consequently, recent efforts have focused on expanding the eligible

population for immunotherapy. For dMMR/MSI-H LACRC,

several completed or ongoing clinical trials have investigated the

efficacy of neoadjuvant immunotherapy, either as monotherapy or

in combination with chemoradiotherapy (8, 9). Some of these trials,

such as the NICHE study, have yielded promising results, including

a pathological response rate exceeding 95%, a pCR rate of 69%, and

a 13-month recurrence-free survival (RFS) rate of 100% (10).

These findings have increased confidence in the potential of

immunotherapy for CRC. However, current guidelines do not

explicitly recommend immunotherapy as a preoperative

treatment for LACRC, and related clinical studies are still

ongoing. The efficacy and safety of neoadjuvant immunotherapy,

including its impact on surgical difficulty and potential

complications, remain key concerns in clinical practice.

Therefore, this retrospective study aims to evaluate the safety and

short-term efficacy of neoadjuvant immunotherapy in patients with

LACRC, providing valuable guidance and reference for clinical

decision-making.
Methods

Patient selection

This retrospective study was approved by the Ethics Committees

of Zhejiang Cancer Hospital and Cancer Hospital, Chinese Academy
Frontiers in Immunology 02
of Medical Sciences. Due to the retrospective nature of the study,

informed consent was waived. We retrospectively collected data from

patients diagnosed with CRC who received preoperative PD-1/

programmed death-ligand 1 (PD-L1) blockade (envafolimab,

tislelizumab, sintilimab, pembrolizumab and nivolumab)

immunotherapy, with or without chemotherapy, at the two

hospitals between January 2019 and January 2025. All patients

underwent pretreatment clinical staging through standardized

imaging protocols including chest-abdomen-pelvis computed

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

positronemission tomography (PET). The inclusion criteria were:

(1) pathologically confirmed rectal adenocarcinoma; (2) colon or

high rectal cancer (≥10 cm from the anus) at clinical stage II or III; (3)

dMMR/MSI-H status; and (4) an Eastern Cooperative Oncology

Group (ECOG) performance status of 0 or 1. The exclusion criteria

included: (1) patients under the age of 18; (2) a history of prior

immunotherapy or immune diseases; and (3) patients who did not

undergo surgical treatment.
Data collection and follow-up

Demographic, operative, and clinical data were collected for

analysis. Patients were monitored every 3 months for the first 2

years post-surgery and every 6 months thereafter for up to 5 years.

Follow-up assessments included laboratory tests, imaging

examinations, and colonoscopy. Overall survival (OS) was defined

as the time from the date of surgery to death from any cause.

Disease-free survival (DFS) was defined as the time from surgery to

disease recurrence or death from any cause.
Pathological evaluation

All resected tumor specimens were sent for pathological

examination by senior pathologists. Pathological staging was

performed according to the neoadjuvant pathological staging

(ypTNM) system as per the eighth edition of the American Joint

Committee on Cancer (AJCC) (11). R0 resection was defined as

resection with a microscopic negative margin. The pCR was defined

as the complete disappearance of tumor tissue, with no residual

tumor cells found in the tumor tissue or lymph nodes following

surgery. Major pathological response (MPR) was defined as the

presence of residual tumor ≤10% after assessment of the primary

lesion (12).
Efficacy and safety assessment

Response to treatment was systematically assessed by chest-

abdomen-pelvis CT, MRI, serum carcinoembryonic antigen (CEA),

endoscopy, and selective biopsy of any residual mass or scar.

Regional lymph nodes were defined as metastatic if they

demonstrated either a short-axis diameter >10 mm with round

morphology, or a short-axis diameter of 5–9 mm meeting at least
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two of the following criteria: round shape, irregular borders, or

heterogeneous signal intensity on CT/MRI, with PET imaging

utilized for further evaluation in diagnostically challenging cases.

Tumor response was evaluated after every 2 to 3 cycles of anti–PD-

1/PD-L1 immunotherapy according to the revised RECIST

guidelines (version 1.1) (13). Tumor regression grading (TRG)

assessment was performed using the 8th edition of the AJCC

guidelines, which classifies tumor regression into four grades,

with lower grades indicating more pronounced tumor regression

(11). Treatment-related adverse events (TRAEs) were graded

according to the Common Terminology Criteria for Adverse

Events (CTCAE, version 5.0). Among these, immune-related

adverse events (IRAEs) were specifically recorded. Postoperative

complications were classified using the Clavien-Dindo

classification (14).
Statistical analysis

Categorical variables were expressed as frequencies

(percentages). Continuous variables were presented as median

values with ranges. Survival analysis was performed using the

Kaplan-Meier method. All statistical analyses and figure

generation were conducted using R software (Version 4.1.2).
Results

Patient characteristics

A total of 26 patients were enrolled based on the inclusion and

exclusion criteria. The median age of the patients was 58 years

(range: 33–78 years). Of these, 8 patients were diagnosed at clinical

stage II, while 18 were at clinical stage III. Twelve patients had

clinical T3 tumors, and 14 had clinical T4 tumors. Eight patients

were at clinical N0 stage, and 18 were at clinical N+ stage. Seven

patients had family histories of Lynch syndrome. All patients were

confirmed to have dMMR through immunohistochemistry (IHC).

Some patients had their microsatellite instability (MSI) status

assessed via PCR and next-generation sequencing (NGS).

Seventeen patients received PD-1/PD-L1 blockade monotherapy

as neoadjuvant therapy, and 9 patients received a combination of

PD-1/PD-L1 blockade and chemotherapy. Detailed characteristics

are presented in Tables 1, 2.
Efficacy of neoadjuvant immunotherapy

All patients underwent radical surgery after completing

neoadjuvant immunotherapy. Among patients with clinical T4b

stage, some required additional partial organ resections based on

intraoperative findings (Table 2). The median interval between the

end of treatment and surgery was 6 weeks (range: 3–13 weeks). The

median operative time was 138minutes (range: 85–260 minutes), and

the median postoperative hospital stay was 6 days (range: 4–20 days).
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According to postoperative pathological diagnoses, all patients

achieved R0 resection. The efficacy evaluation of neoadjuvant

immunotherapy is presented in Figure 1. The pCR rate was 92.3%

(24/26), and theMPR rate was 96.2% (25/26). Regarding preoperative

clinical staging (T and N staging), all patients experienced

downstaging (26/26, 100%). All patients continued immunotherapy

after surgery. For those who achieved pCR, treatment was maintained

for one year, whereas for non-pCR patients, immunotherapy was

extended to two years. The median follow-up duration was 19.0

months (range: 4.0-41.0 months). No patients died during the follow-

up period, and no local recurrence or distant metastasis was observed.

The 3-year OS rate and DFS rate were both 100%.
Safety and feasibility

During immunotherapy, 8 patients (30.8%) experienced IRAEs.

The most common adverse events were rash (7.7%), gastrointestinal

reactions (7.7%), hypothyroidism (3.8%), adrenocortical

insufficiency, myocarditis, and elevated aminotransferase levels

(3.8%). Among the patients who developed IRAEs, 26.9% (7/26)
TABLE 1 Patient baseline characteristics (N=26).

Characteristic n (%)

Age, median (range), years 58 (33-78)

Sex

Male 17 (65.4)

Female 9 (34.6)

ECOG performance status score

0 21 (80.8)

1 5 (19.2)

Clinical T stage

T3 13 (46.2)

T4 13 (53.8)

Clinical N stage

N0 8 (30.8)

N+ 18 (69.2)

Tumor site

Colon 24 (92.3)

Rectum 2 (7.7)

Lynch syndrome

Yes 7 (26.9)

No 19 (73.1)

Mismatch repair status

MLH1 or PMS2 deficient, or both 16 (61.5)

MSH2 or MSH6 deficient, or both 10 (38.5)
ECOG, Eastern Cooperative Oncology Group.
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TABLE 2 Details of the 26 patients with neoadjuvant ICB therapy.

Tumor location Clinical TNM Invaded organ Courses of Neoadjuvant Tumor
response

Surgery Pathological
stage TRG

MPR CME ypT0N1 1

PR CME+partial cystectomy ypT3N0 2

pCR CME ypT0N0 0

pCR CME ypT0N0 0

pCR
CME+partial small
bowel resection ypT0N0 0

pCR CME ypT0N0 0

pCR CME ypT0N0 0

pCR CME ypT0N0 0

pCR PME ypT0N0 0

pCR CME ypT0N0 0

pCR CME ypT0N0 0

pCR CME ypT0N0 0

pCR CME ypT0N0 0

pCR CME ypT0N0 0

pCR CME ypT0N0 0

pCR CME ypT0N0 0

pCR CME ypT0N0 0

pCR CME ypT0N0 0

pCR CME ypT0N0 0

pCR CME ypT0N0 0

pCR CME ypT0N0 0

pCR CME ypT0N0 0

pCR CME ypT0N0 0

pCR PME ypT0N0 0

pCR CME ypT0N0 0

pCR CME ypT0N0 0

nse; CME, complete mesocolic excision; PME: partial mesorectal excision.
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Patient Sex Age stage ICB ICB chemotheropy

1 Male 60 Colon cT4bN1M0 Adjacent colon Envafolimab 8 NA

2 Female 78 Colon cT4bN1M0 Bladder Tislelizumab 1 NA

3 Male 47 Colon cT4aN1M0 NA Sintilimab 3 NA

4 Male 58 Colon cT4aN0M0 NA Pembrolizumab 3 NA

5 Male 66
Colon

cT4bN0M0
Small intestine

Tislelizumab 3 NA

6 Female 69 Colon cT3N0M0 NA Tislelizumab 3 NA

7 Male 49 Colon cT4aN0M0 NA Tislelizumab 3 NA

8 Female 37 Colon cT4aN1M0 NA Pembrolizumab 6 NA

9 Male 74 Rectum cT3N0M0 NA Envafolimab 2 XELOX × 2

10 Female 41 Colon cT3N2M0 NA Tislelizumab 6 XELOX × 6

11 Male 37 Colon cT3N0M0 NA Nivolumab 6 XELOX × 2 Pre ICB

12 Female 58 Colon cT3N2M0 NA Envafolimab 4 NA

13 Male 46 Colon cT3N2M0 NA Sintilimab 2 XELOX × 1 Pre ICB

14 Male 74 Colon cT3N2M0 NA Sintilimab 7 XELOX × 3 Pre ICB

15 Female 43 Colon cT4aN2M0 NA Tislelizumab 4 NA

16 Male 61 Colon cT4N1M0 NA Tislelizumab 3 NA

17 Male 37 Colon cT4aN1M0 NA Tislelizumab 4 XELOX × 4

18 Female 47 Colon cT4bN1M0 Bladder Envafolimab 2 XELOX × 2

19 Female 70 Colon cT4aN1M0 NA Tislelizumab 2 NA

20 Male 49 Colon cT3N0M0 NA Pembrolizumab 5 NA

21 Male 33 Colon cT3N1M0 NA Envafolimab 4 NA

22 Female 75 Colon cT3N1M0 NA Tislelizumab 4 NA

23 Male 64 Colon cT4bN1M0 Ureter Sintilimab 4 FOLFOX × 4

24 Male 60 Rectum cT3N1M0 NA Sintilimab 2 FOLFOX × 2

25 Male 60 Colon cT4aN1M0 NA Envafolimab 8 NA

26 Male 52 Colon cT3N0M0 NA Envafolimab 9 NA

ICB, immune checkpoint blockade; TRG, tumor regression grade; NA, not available; MPR, major pathological response; PR, partial response; pCR, pathological complete respo
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experienced grade I–II adverse events, while 3.8% (1/26) had grade

III–IV events. Patient 2 developed a grade III IRAE after the first

cycle of ICB treatment, which resulted in the immediate

discontinuation of the treatment. None of these patients

underwent surgery earlier than planned. Five patients developed

postoperative complications, as detailed in Table 3. The overall

complication rate was 19.2% (5/26). All patients with postoperative

complications were discharged after conservative treatment without

requiring secondary surgery, and no perioperative deaths occurred.
Discussion

In this study, we evaluated the safety and efficacy of neoadjuvant

immunotherapy in patients with dMMR/MSI-H LACRC across two

centers. Neoadjuvant radiotherapy or chemoradiotherapy is the

standard treatment for locally advanced rectal cancer (LARC)

located less than 10 cm from the anal verge. We excluded

patients with mid to low rectal cancer to avoid the confounding

effects of radiotherapy. Our findings indicate that neoadjuvant

immunotherapy is both safe and effective, representing a

promising strategy for treating dMMR/MSI-H LACRC.

Given the promising results of immunotherapy in dMMR/MSI-H

mCRC, there has been increasing interest in expanding its use to

preoperative treatment for locally advanced or even early-stage CRC,

potentially benefiting a broader patient population. The NICHE-1

study enrolled 20 patients with dMMR/MSI-H non-metastatic colon

cancer who received two cycles of neoadjuvant immunotherapy prior

to surgery, resulting in a pCR in 12 patients (60%) (15). The larger

NICHE-2 study involved 111 patients with dMMR/MSI-H non-

metastatic colon cancer who also received two cycles of neoadjuvant

immunotherapy, leading to a pCR in 75 patients (67.6%). With a
Frontiers in Immunology 05
median follow-up of 26 months, no patients experienced tumor

recurrence or metastasis (10). In another study by Cercek et al., 12

patients with stage II and III dMMR/MSI-H rectal cancer who

received PD-1 inhibitor therapy every 3 weeks for 6 months

achieved a 100% cCR during follow-up (9). Similarly, the PICC

study included 34 dMMR/MSI-H LACRC patients, divided into two

groups: one group received PD-1 inhibitors combined with celecoxib,

achieving a pCR rate of 88% (15/17), while the other group received

PD-1 inhibitors alone, achieving a pCR rate of 65% (11/17) (8). In our

study, the pCR rate after neoadjuvant immunotherapy in MSI-H

LACRC patients was as high as 92.3% (24/26). For patients who did
FIGURE 1

Waterfall plot of efficacy evaluation of neoadjuvant immunotherapy in dMMR/MSI-H LACRC. (MPR, major pathological response; PR, partial
response; pCR, pathological complete response).
TABLE 3 Adverse events.

Adverse Events Grade I-II (%) Grade III-IV (%)

Immuno-related (n = 26)

Rash 2 (7.7) 0 (0)

Hypothyroidism 0 (0) 1 (3.8)

Adrenocortical insufficiency 1 (3.8) 0 (0)

Myocarditis 1 (3.8) 0 (0)

Increased aminotransferase 1 (3.8) 0 (0)

Gastrointestinal reaction 2 (7.7) 0 (0)

Surgery-related (n = 26)

Anastomotic leak 1 (3.8) 0 (0)

Obstruction/Ileus 2 (7.7) 0 (0)

Infection 1 (3.8) 0 (0)

Bleeding 1 (3.8) 0 (0)
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not achieve pCR, substantial tumor regression was observed, likely

related to a high tumor burden and the relatively short treatment

cycles. These findings collectively demonstrate that neoadjuvant

immunotherapy can yield satisfactory results in resectable dMMR/

MSI-H CRC.

Currently, the selection of patients who may benefit from

immunotherapy relies on testing for MSI or dMMR status prior

to treatment. However, not all dMMR/MSI-H CRC patients

respond to immunotherapy. In the CheckMate study, 13% of

dMMR/MSI-H mCRC patients were resistant to PD-1 inhibitors

(16). Furthermore, most CRC patients are not dMMR/MSI-H, and

using MSI status as the sole selection criterion excludes a large

portion of patients who may not benefit from immunotherapy.

Thus, more precise and reliable biomarkers are needed to identify

patients who will respond to treatment. Tumor mutational burden

(TMB) is one such biomarker. TMB, which measures the number of

somatic mutations in a tumor, has been shown to correlate with

neoantigen production and immunogenicity, enhancing the efficacy

of immunotherapy in microsatellite-stable (MSS) CRC (17–19).

Another promising biomarker is POLE/POLD1. POLE mutations,

which affect DNA replication and repair, can lead to hypermutated,

microsatellite-stable CRCs that share immune characteristics with

dMMR/MSI-H tumors (20, 21). In this study, not all patients

underwent NGS, and thus, the status of POLE/POLD1 mutations

remains unknown for these patients. Patients with POLE-mutated

CRCs have shown responses to immune checkpoint inhibitors

(ICIs) in case reports (22). The 2024 NCCN guidelines now

recommend genetic testing for POLE/OLD1 mutations in

patients, emphasizing the importance of screening even MSS

patients for potential immunotherapy benefit (23).

While immunotherapy has demonstrated encouraging results,

its safety profile remains a subject of concern, particularly regarding

IRAEs. The mechanisms underlying IRAEs are not fully

understood, but they can affect multiple organs, with the skin,

gastrointestinal tract, liver, and endocrine system being the most

commonly affected (24, 25). In the KEYNOTE-177 study targeting

dMMR/MSI-H mCRC, 31% of patients in the pembrolizumab

group experienced IRAEs, with 9% of these being grade III or IV,

including colitis and hepatitis (26). This may be associated with

factors including high tumor burden, extended immunotherapy

duration, and poor patient performance status. Emerging safety

profiles from neoadjuvant immunotherapy trials have also been

increasingly reported in recent years. In the NICHE-1 study, 23

patients (13%) experienced grade I-II IRAEs, while 5 patients (13%)

developed grade III-IV IRAEs (15). Moreover, in a neoadjuvant PD-

1 inhibitor study for LARC, IRAEs occurred in 53% of patients

(9/17), with only one grade III IRAE observed (6%) (27). Although

our study observed an overall incidence of IRAEs of 30.8%, with

only one patient (3.8%) experiencing a grade III IRAE, which

suggests that the safety profile appears acceptable, further

research is required to fully elucidate these findings.

A key concern with neoadjuvant immunotherapy is its potential

impact on surgery and perioperative safety. IRAEs may delay surgery
Frontiers in Immunology 06
or lead to tissue edema, fibrosis, and increased bleeding at the surgical

site, thereby complicating surgery and increasing the risk of

postoperative complications (28). In the NICHE study, 20% of

patients undergoing colon resection experienced grade III surgical

complications, including a 10% anastomotic leak rate, which may

have been influenced by the combined use of PD-1 and Cytotoxic T-

lymphocyte antigen 4 (CTLA-4) inhibitors (15). In our study, all

patients underwent radical R0 resection, and no significant increase

in surgical time or blood loss was observed. The overall postoperative

complication rate was 19.2%, which is consistent with the range seen

in conventional colorectal cancer surgeries (10%-37%) (29). No

significant increase in anastomotic leaks was noted, and there were

no perioperative deaths. These results suggest that neoadjuvant

immunotherapy does not significantly increase surgical risks or

postoperative complications. However, careful perioperative

management, thorough preoperative assessments, and meticulous

surgical procedures are crucial for optimal outcomes.

Our study has several limitations. First, its retrospective nature

and small sample size introduce inherent bias. Second, patients in

this study received various PD-1/PD-L1 inhibitors and were treated

across different therapeutic cycles, with some also undergoing

chemotherapy. This diversity in treatment regimens complicates

the interpretation of our findings. Lastly, this study was conducted

in a Chinese population, and the findings may not be universally

applicable. Future large-scale, more standardized multicenter

studies with extended follow-up are needed to better confirm the

clinical benefits of neoadjuvant immunotherapy for LACRC.
Conclusion

Neoadjuvant immunotherapy appears to be a safe and effective

treatment for patients with dMMR/MSI-H LACRC, offering a

feasible and acceptable therapeutic regimen before surgery.

However, large-scale prospective studies are required to further

confirm these findings.
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