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Immune checkpoint inhibitors have revolutionized the management of mismatch repair-deficient (MMR-

D)/microsatellite instability-high (MSI-H) gastrointestinal cancers, particularly colorectal cancer. Cancers with the

MMR-D/MSI-H genotype often carry a higher tumor mutation burden with frameshift alterations, leading to

increased mutation-associated neoantigen (MANA) generation. The dramatic response seen with immune

checkpoint inhibitors (ICIs), which are orchestrated by MANA-primed effector T cells, resulted in the rapid

development of these novel therapeutics within the landscape of MSI-H gastrointestinal cancers.
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1. Neoadjuvant Immunotherapy for Patients with dMMR/MSI-
H Rectal Cancer

The standard therapies for locally advanced rectal cancer remain surgery, chemoradiation, and systemic

chemotherapy. The current literature supports that dMMR/MSI-H rectal cancer is inherently resistant to

fluoropyrimidine, leading to unfavorable survival outcomes . Notably, surgical resection and/or radiotherapy

carries a significant risk for ostomy creation, fecal incontinence, and/or urinary and sexual dysfunction .

Therefore, over the last few decades, investigators have focused on a total neoadjuvant approach in locally

advanced rectal cancer treatment to provide organ preservation and improve long-term prognosis . Early

studies with total neoadjuvant trials showed that patients with rectal cancer harboring MMR-D undergoing induction

chemotherapy might experience disease progression, while this was not noted for patients with MSS disease .

Therefore, it has become evident that a total neoadjuvant approach with induction chemotherapy may not be the

ideal therapeutic approach for patients with MMR-D/MSI-H rectal cancer.

ICI therapies have been approved for patients with metastatic dMMR/MSI-H CRC as first-line therapies with

durable responses . Fluoropyrimidine resistance seen with MSI-H biology and the breakthrough efficacy of ICI

therapy in the metastatic setting led to many clinical trials to evaluate the neoadjuvant role of these agents for

patients with locally advanced dMMR/MSI-H rectal cancer. Cercek et al. conducted a single-institution phase II trial

with dostarlimab monotherapy, an anti-PD1 monoclonal antibody, in locally advanced stage II or III dMMR/MSI-H

rectal cancer . 

The sequential use of ICIs with chemoradiation was also investigated in several studies. Bando et al. investigated

neoadjuvant nivolumab plus chemoradiotherapy in patients with locally advanced dMMR/MSI-H and pMMR/MSS
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rectal cancer . Three of five dMMR/MSI-H rectal cancer patients achieved pathologic CR (60%). Perhaps it is

important to note that radiation may directly affect the effectiveness of tumor-infiltrating lymphocytes, which are key

immune cells to mediate ICI response. A phase II VOLTAGE-A trial evaluated the use of five cycles of nivolumab

after chemoradiation in locally advanced dMMR/MSI-H and pMMR/MSS rectal cancer . At the time of the

preliminary results of this trial, 5 patients with MSI-H rectal cancer were enrolled, and pathologic CR was noted to

be 60% (3/5). None of the patients with MSI-H rectal cancer had recurrent disease. Currently, the ECOG-ACRIN

phase II trial (EA2201) is actively investigating whether neoadjuvant nivolumab plus ipilimumab and short-course

radiation in locally advanced dMMR/MSI-H rectal cancer would result in increased pCR rates (NCT04751370).

However, this study has been modified due to the highly promising outcomes of dostarlimab monotherapy, and

patients will undergo interim evaluation following immunotherapy induction therapy, and patients who achieve

complete clinical response will undergo a watch-and-wait approach without a short course of radiation. Another

phase I study investigating pembrolizumab in combination with conventional chemoradiation with capecitabine is

actively recruiting (NCT04357587). The accumulating evidence suggests a majority of patients with MSI-H rectal

cancer may not need chemoradiation, and long-term adverse complications of pelvic radiation should be

considered when investigating ICI therapy in this setting.

2. Neoadjuvant Immunotherapy for Patients with dMMR/MSI-
H Colon Cancer

Similar to rectal cancer, studies have investigated the role of immune checkpoint inhibitor therapy as neoadjuvant

therapy for patients with MSI-H colon cancer. The NICHE study pioneered the use of neoadjuvant ICI therapy for

stage I (10%), II (10%), and III (80%) dMMR/MSI-H colon cancer . The study investigated neoadjuvant

nivolumab (anti-PD-1 antibody) plus ipilimumab (anti-CTLA-4 antibody) in resectable colon cancer patients with

either dMMR/MSI-H or pMMR/MSS. Patients received two doses of 3 mg/kg nivolumab and a single dose of 1

mg/kg ipilimumab. All patients with dMMR/MSI-H colon cancer (32/32) achieved a pathologic response, and among

those, 97% (31/32) of them had a major pathologic response (less than 10% viable tumor), and 22/32 (69%) of

them achieved complete pathologic response after a median follow-up time of 25 months. The nivolumab plus

ipilimumab combination was safe, feasible, and well tolerated. Subsequently, the NICHE-2 study evaluated the

nivolumab plus ipilimumab combination in a larger cohort of 107 nonmetastatic dMMR/MSI-H colon cancer patients

. A major pathologic response was observed in 102 patients (95%); among those, 72 patients had pathological

CR (67%), indicating a deep pathological response with neoadjuvant immunotherapy. At a median follow-up of 13

months, none of the patients had disease recurrence. Immune-related severe adverse events (grade 3 or 4) were

seen in only three patients (3%). The PICC study, a phase II trial, is currently investigating neoadjuvant toripalimab

(anti-PD1 monoclonal antibody) with or without celecoxib in 34 patients with locally advanced dMMR/MSI-H colon

cancer . The patients were treated for up to 6 months, followed by surgery. Early results showed that pathologic

CR rates were 88% and 65% with the toripalimab plus celecoxib and toripalimab-only groups, respectively. At a

median follow-up of 14.9 months, all patients were alive and disease-free, consistent with a highly effective

approach with neoadjuvant immunotherapy.
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Zhou et al. published a meta-analysis of neoadjuvant immunotherapy for nonmetastatic CRC. Among 113 cases

with nonmetastatic dMMR/MSI-H CRC, the pathologic CR and major pathologic response were 63.9% and 80.3%,

respectively . Another phase II study is currently evaluating neoadjuvant tislelizumab (anti-PD1 antibody) in

locally advanced dMMR/MSI-H CRC (NCT05116085). Early results reported that all patients (18/18, 100%)

achieved significant regression. Five patients with locally advanced dMMR/MSI-H colon cancer had confirmed

pathologic CR after surgery . The NEOPRISM-CRC trial is also currently investigating pembrolizumab in

patients with dMMR/MSI-H CRC or high TMB (≥20 mutations per megabase) .

Although promising clinical effects of neoadjuvant immunotherapy in locally advanced dMMR/MSI-H CRC have

been reported, there are no controlled clinical trials to compare adjuvant ICI therapy with the neoadjuvant approach

. In the ATOMIC trial, patients with MSI-H stage III colon cancer were randomized into chemotherapy vs.

chemoimmunotherapy with atezolizumab and FOLFOX to evaluate the additive role of immune checkpoint therapy

in the adjuvant setting. However, atezolizumab was not investigated as a monotherapy in this study, and whether

these patients even need chemotherapy will not be answered in this clinical trial. More studies comparing

neoadjuvant and adjuvant immune checkpoint inhibitor therapies should be investigated to better define the role of

neoadjuvant immunotherapy for locally advanced colon cancer.

3. Neoadjuvant Immunotherapy for Patients with dMMR/MSI-
H CRC and Distant Metastasis

The effectiveness of ICI therapy for advanced-stage CRC has been well established; however, little is known about

the depth of pathologic response for those undergoing metastasectomy or cytoreductive surgery. Jin and

colleagues conducted a retrospective controlled study with 75 dMMR/MSI-H metastatic CRC patients . Among

them, 16 patients had metastasectomy of liver lesions. Six patients received adjuvant pembrolizumab. The median

overall survival (OS) was significantly higher among the dMMR/MSI-H metastasectomy group compared with those

who did not undergo metastasectomy (82 mo vs. 13.9 mo, retrospectively). Also, it was evident that patients with

dMMR/MSI-H metastatic CRC had a greater benefit from metastasectomy compared with the pMMR/MSS group

(median OS: 82 mo vs. 69.9 mo, retrospectively). However, this study did not include patients with neoadjuvant ICI

therapy; therefore, the role of ICI therapy remains unclear for patients with resectable liver metastasis yet should

be considered, given the deep and durable responses seen with ICIs. Whether pathological response impacts the

long-term outcomes and whether metastasectomy is even needed in this population warrant future studies.

Notably, several case series and reports of CRC patients with MSI-H CRC with peritoneal metastasis have shown

promising results with ICI therapy. In a case series of patients with MSI-H CRC with peritoneal carcinomatosis,

eight patients underwent cytoreductive surgery after induction ICI therapy, and notably, seven out of eight patients

(87%) achieved complete pathological response . This dramatic pathologic response was also noted in other

case reports. Tonello et al. reported a patient with Lynch Syndrome who was treated with nivolumab 240 mg every

two weeks. After two years of stable disease with ICI therapy, the patient underwent cytoreductive surgery (CRS),

which showed a complete pathologic response . After nine months of follow-up, no disease recurrence was

noted. In another case report, the authors discussed the case of a 46-year-old patient with MSI-H CRC with
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peritoneal carcinomatosis without a history of Lynch presented who was treated with pembrolizumab monotherapy.

The patient achieved a complete pathological response confirmed via tissue samples obtained during the

cytoreductive surgery . These results, although limited, indicate that deep pathological responses can be seen

among patients with MSI-H CRC and peritoneal carcinomatosis. Further large-scale studies are needed for

tailoring surgical strategies, including colorectal resection, metastasectomy, debulking, HIPEC, and/or the watch-

and-wait approach for patients with dMMR/MSI-H metastatic CRC in the immunotherapy era.

4. Neoadjuvant Immunotherapy for Patients with dMMR/MSI-
H Gastric and Esophagogastric Junction Cancers

Over the past few decades, research has been directed towards integrating systemic treatments for locally

advanced gastric and GEJ cancers to achieve better survival outcomes and increase the R0 surgical resection

rates . The current standard of care for patients with locally advanced gastric cancer consists of

neoadjuvant chemotherapy or surgical resection followed by adjuvant chemotherapy . The MAGIC trial

showed a 79% R0 resection rate for neoadjuvant chemotherapy in locally advanced gastric and GEJ cancers .

Despite this, the pathologic response association with OS was suboptimal, with approximately 10% pathologic CR.

A meta-analysis of four randomized clinical trials evaluated the prognostic value of MSI in gastric cancer patients

. The authors reported that dMMR/MSI-H was associated with better OS and disease-free survival (DFS) at five

years. However, patients with gastric cancer with dMMR/MSI-H had worse outcomes when treated with

perioperative chemotherapy . Furthermore, neoadjuvant chemotherapy led to an increased incidence of

complications related to surgery .

The dMMR/MSI-H phenotype is seen in approximately 5–10% of gastric and GEJ cancers . As noted in

several studies, dMMR/MSI-H is associated with a decreased benefit from fluoropyrimidine-based chemotherapy

with respect to OS and DFS . In Checkmate 649, MSI-H was the most important predictor of response to

chemoimmunotherapy, consistent with the observations seen among patients with MSI-H CRC . Due to these

facts, studies have investigated ICI therapy as a neoadjuvant treatment. In a randomized, open-label, phase II trial

(DANTE), Al-Batran et al. reported improved pathologic CR by adding atezolizumab to neoadjuvant platinum and

fluoropyrimidine-based chemotherapy in patients with resectable GEJ cancer, particularly those with MSI-H

disease . In the phase II NEONIPIGA trial, Andre et al. evaluated a neoadjuvant nivolumab plus ipilimumab

combination in locally advanced dMMR/MSI-H gastric or GEJ cancer patients . In the study, 50% (16 patients)

had gastric cancer, and the other half had GEJ cancer. Patients received nivolumab 240 mg once every two weeks

for six cycles and ipilimumab 1 mg/kg once every six weeks for two cycles, followed by surgery and adjuvant

nivolumab 480 mg once every four weeks for nine cycles. Three patients had a complete CR and did not have

surgery. All 29 patients who underwent surgery had R0 resection, and 58.6% (17 patients) had pathologic CR. At

12 months of median follow-up, 93.7% (30 patients) were alive without recurrence. The nivolumab plus ipilimumab

combination treatment was well tolerated, with grade ≥3 immune-related adverse events of 25%. Currently, a

multicenter, phase II INFINITY trial (NCT04817826) is investigating the efficacy and safety of a neoadjuvant

tremelimumab plus durvalumab combination in dMMR/MSI-H gastric or GEJ cancer patients . In the first cohort
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of this trial, 15 patients were evaluated after a single dose of tremelimumab and three doses of durvalumab once

every four weeks, followed by surgery. The pathologic CR was 60% (9/15), and the major complete pathologic

response was 80%, indicating that deep pathological response may offer a path for a potential nonoperative

approach for patients with MSI-H gastric and GEJ cancers. Grade ≥3 immune-related adverse events were

observed in three patients; all responded well to high-dose steroids .

In a meta-analysis, Li et al. assessed 21 prospective phase I/II studies comprising 687 patients with locally

advanced gastric or GEJ cancer treated with neoadjuvant ICI therapy . They reported that dMMR/MSI-H was

associated with improved pathological CR and major pathologic response rates than pMMR/MSS when patients

are treated with ICI therapy. Despite their heterogeneity, the results suggest that ICI-based neoadjuvant treatment

is safe and feasible and produces superior pathologic responses for patients with the dMMR/MSI-H phenotype.
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