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Abstract
Background: Colorectal cancer (CRC) represents one of the most frequent malignancies worldwide and one 
of the leading causes of cancer-related mortality. Over the years the treatment options include radiotherapy, 
chemotherapy and surgery. Immune checkpoint inhibitors (ICIs) show favorable efficacy in microsatellite in-
stability (MSI-H) CRC, however there is no clear benefit in microsatellite-stable tumors (MSS). Since only around 
15% of colorectal cancers are MSI-H and the remaining 85% are MSS, the limited efficacy of ICIs in MSS tumors 
remains a therapeutic challenge. This narrative review aims to examine the mechanisms of therapeutic resist-
ance to ICIs in MSS CRC overall, to summarize the available clinical evidence, and to discuss possible strategies 
to enhance immunotherapy efficacy. Attention is also given to the evolving role of surgery within modern 
multifactor management including the potential interaction of immunotherapy across resectable, borderline 
resectable and metastatic disease settings. 
Methods: A narrative review was conducted using Pubmed, Scopus and Web of Science databases. The lit-
erature search included articles published up to May 2026. The following keywords were used: “microsatellite 
stable”, “colorectal cancer”, “immune checkpoint inhibitors”, “immunotherapy” and “colectomy”. Narrative reviews, 
retrospective studies, and systematic reviews in English were considered eligible for inclusion. 
Results: MSS CRC is characterized by chromosomal instability involving large-scale genomic alterations and 
is associated with a low tumor mutational burden (ΤΜΒ) and limited neoantigen formation, contributing to 
the limited efficacy of ICIs. Many molecular pathways are responsible for this condition such as Wnt/β-catenin 
pathway, Mitogen-Activated Protein Kinase (MAPK) pathway and the transforming growth factor-β (TGF-β) 
pathway. Some trials (IMblaze370, KEYNOTE-016) highlight the limited efficacy of ICIs as monotherapy in MSS 
CRC and investigate the combined treatments to overcome the resistance. Surgery remains the cornerstone 
of CRC treatment; however, a non-operative (watch-and-wait) approach may be safe alternative to surgery in 
selected patients with MSS CRC. 
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Conclusions: ICIs have changed the management of MSI-H CRC but remain ineffective as monotherapy in MSS 
CRC. Combination treatments targeting the tumor microenvironment, angiogenesis and oncogenic signaling 
pathways represent promising direction for improving immunotherapy efficacy. In this context, surgery con-
tinues to play a central role in the management of colorectal cancer. Patients with resectable disease, locally 
advanced and selected cases of metastatic diseases may benefit from this multidisciplinary approach. Beyond 
its established cytoreductive effect, surgical intervention may help modify the tumor microenvironment and 
reduce systemic immunosuppressive signaling. Surgery may also improve the responsiveness to immuno-
therapy. Future studies are needed to better define patient selection, optimal treatment choice and the role 
of multidisciplinary teams in the decision between systemic and locoregional therapies. 
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Introduction

Colorectal cancer (CRC) represents one of the most 
frequent malignancies worldwide and one of the leading 
causes of cancer-related mortality [1]. Early diagnosis of 
the disease, followed by proper treatment, offers better 
disease outcomes. However, once metastasis develops, 
overall survival decreases significantly, with reported 
rates of approximately 13.1%. Over the years, the treat-
ment options include radiotherapy, chemotherapy and 
surgery. Immunotherapy plays a significant role in the 
management of CRC modifying both innate and adaptive 
immunity enhancing the immune system against cancer 
cells. Immune checkpoint inhibitors, chimeric antigen 
receptor (CAR)-T cells, tumor-infiltrating lymphocytes 
(TILs), and oncolytic viral therapy (OVT) are the main 
tools of immunotherapy [2]. ICIs, such as monoclonal 
antibodies targeting programmed cell death-1 (PD-1) 
and its ligand-1 (PD-L1), restore antitumor T-cell function 
with inhibition of signaling pathways while cytotoxic T 
lymphocyte-associated antigen-4 (CTLA-4) has an im-
munosuppressive role. This mechanism shows favorable 
efficacy in microsatellite instability (MSI-H) CRC, however, 
there is no clear benefit in microsatellite-stable tumors 
(MSS). Since only around 15% of colorectal cancers are 
MSI-H and the remaining 85% are microsatellite stable, the 
limited efficacy of ICIs in MSS tumors remains a therapeutic 
challenge [2]. This narrative review aims to examine the 
mechanisms of therapeutic resistance to ICIs in MSS CRC 
overall, rather than focusing on a specific disease setting 
(resectable, locally advanced, and metastatic disease). 
It also summarizes the current clinical evidence and 
explores possible strategies to enhance immunotherapy 
efficacy. The combination of ICIs with chemotherapy, anti-
angiogenic agents and targeted therapies have shown 
some promising outcomes. Attention is also given to 
the evolving role of surgery within modern multifactor 

management including the potential interaction of im-
munotherapy across resectable, borderline resectable 
and metastatic disease settings. 

Methods

A narrative review was conducted using Pubmed, Sco-
pus and Web of Science databases. The literature search 
included articles published up to May 2026. The following 
keywords were used: “microsatellite stable”, “colorectal 
cancer”, “immune checkpoint inhibitors”, “immunotherapy” 
and “colectomy”. Narrative reviews, retrospective studies, 
and systematic reviews in English were considered eligible 
for inclusion. 

Results 

Mechanisms Underlying the Limited Efficacy  
of ICIs in MSS CRC (Figure 1) 

MSS CRC is characterized by chromosomal instability 
involving large-scale genomic alterations and is associated 
with a low tumor mutational burden (ΤΜΒ) and limited ne-
oantigen formation. Consequently, these tumors develop 
an immunologically “cold” tumor microenvironment that 
differs substantially from MSI-high CRC and contributes 
to the limited efficacy of ICIs. One of the mechanisms that 
explain this phenomenon is “immune exclusion” or “T-cell 
exclusion”, in which T-cells fail to effectively infiltrate the 
tumor microenvironment. This process has been linked to 
increased activity of the Wnt/β-catenin pathway, which 
appears to reduce the efficacy of ICIs. MSS tumors are 
often enriched with macrophages, which can further 
suppress adaptive antitumor immune responses. Overall, 
these observations suggest that abnormal activation of 
Wnt/β-catenin pathway seems to develop an immune-
excluded microenvironment and works as a biologic 
barrier to successful immunotherapy into multimodal 
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treatment approaches [3]. Beyond this, frequent KRAS 
and BRAF mutations in MSS CRC lead to activation of the 
MAPK pathway. This pathway has been associated with 
impaired antigen presentation and reduced T-cell infiltra-
tion, negatively affecting the responsiveness to ICIs [3]. 
Another important pathway involved in 40–50% of CRC 
cases is the TGF-β pathway [4]. The increase of TGF-β 
signaling has been linked to downregulation of T cells 
activity, suppression of antitumor immunity and inhibition 
of natural killer cells’ function. According to preclinical 
studies, it is described the hypothesis that activation of 
TGF-β pathway contributes to immune escape and re-
duced response to immunotherapy in colorectal cancer, 
especially in patients with liver metastases. Increased 
TGF-β signaling may create an immunosuppressive tumor 
microenvironment by promoting regulatory T cells, while 
reducing the activity of natural killer cells and CD4+/CD8+ 
T cells, weakening the antitumor immune response. Since 
liver metastases are often resistant to immune check-
point inhibitors, TGF-β–mediated immune suppression 
may represent an important mechanism underlying this 
resistance. Therefore, targeting the TGF-β pathway could 
improve antitumor immunity, limit metastatic spread, and 
enhance the effectiveness of immunotherapy in metastatic 
colorectal cancer [3].

Clinical Evidence of ICIs in MSS CRC 

Several studies have evaluated the efficacy of immu-
notherapy in MSS colorectal cancer (Table 1). Τhe phase 
III randomized controlled trial IMblaze370 enrolled 363 
patients with locally advanced or metastatic colorectal 
cancer (mCRC) receiving atezolizumab plus cobimetinib, 
atezolizumab monotherapy, or regorafenib. The majority 
of patients (95%) had MSS disease. The trial demonstrated 
that atezolizumab monotherapy did not have a survival 
benefit in patients with MSS CRC, highlighting the limited 
efficacy of ICIs as a single-agent strategy in this setting 
[5]. In a phase 2 clinical trial (KEYNOTE-016) D. T. Le and 
colleagues evaluated PD-1 blockade with pembrolizumab 
in mCRC. The objective responses were 40% in patients 
with mismatch repair–deficient tumors (dMMR), while 
patients with proficient mismatch repair (pMMR) CRC did 
not receive any clinical benefit. These findings identified 
the mismatch repair status as the main factor of responsive-
ness to ICIs in colorectal cancer [6]. A systematic review by 
Leping Kong et al. showed that ICIs demonstrated effective-
ness in patients with dMMR/MSI-H metastatic colorectal 
cancer. In contrast, evidence for benefit in MSS/pMMR 
colorectal cancer was still limited. It was mentioned that 
some combination strategies involving ICIs with chemo-
therapy or tyrosine kinase inhibitors showed potential 

Figure 1. Mechanisms Underlying the Limited Efficacy of ICIs in MSS CRC.
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activity, even though the reviewed studies were mostly 
small retrospective cohorts with heterogeneous results. 
The authors concluded that for validation of combination 
immunotherapy, larger prospective multicenter studies are 
needed, especially for MSS/pMMR colorectal cancer [7]. 
The Canadian Cancer Trials Group (CO.26 Study) suggest 
the combination of PD-L1 and CTLA-4 for patients with 
MSS mCRC. In this trial, 119 patients with CRC received 
durvalumab plus tremelimumab, while 61 received best 
supportive care. Patients in the treatment group achieved 
higher rates of stable disease and disease control than 
those in the other group, demonstrating a potential overall 
survival benefit in heavily pretreated patients with MSS 
CRC [8]. A different study, phase II NICHE II trial explored 
the efficacy of nivolumab+ipilimumab in early stage MSS 
CRC, as neoadjuvant therapy. The results were encourag-
ing, demonstrating major pathological response around 
26%. These findings suggest that combination of ICIs in the 
neoadjuvant setting may have an impact on MSS CRC [9]. 
Similarly, the phase II NEST-1 trial examined the safety and 
efficacy of the combination of the anti–CTLA-4 antibody 
botensilimab and the anti–PD-1 antibody balstilimab in 
patients with localized MSS CRC in the neoadjuvant set-
ting. The study demonstrated encouraging pathological 
response rates, suggesting that dual ICIs may represent 
a promising therapeutic strategy for selected patients 
with MSS disease [10]. Encouraging findings have also 
been reported in the metastatic setting. The ongoing 
phase II POCHI trial demonstrated promising preliminary 
activity of pembrolizumab in combination with CAPOX 
(capecitabine plus oxaliplatin) and bevacizumab in patients 

with MSS/pMMR mCRC with high immune infiltrate on 
primary tumor resection specimens. These results suggest 
that careful patient selection together with combination 
treatment may improve the efficacy of immunotherapy 
in MSS CRC [11]. Overall, the above trials indicate that ICIs 
as monotherapy have limited efficacy in MSS CRC. More 
recent studies, evaluating the combination of strategies 
to enhance immunotherapy resistance, have shown en-
couraging results.

Combination Strategies to Enhance 
Immunotherapy Response (Figure 2) 

The limited efficacy of ICIs as monotherapy in MSS CRC 
led the investigation to focus on developing combinations 
of treatments. The main objective was the improvement 
of tumor immunogenicity and the overcoming of immune 
resistance. Combined treatments include chemotherapy, 
anti-angiogenic agents, targeted therapies and locore-
gional treatments.

a. ICIs Combined with Chemotherapy 

Microsatellite-stable mCRC generally respond poorly 
to ICIs monotherapy for several reasons, and combined 
treatment with chemotherapy may improve their efficacy. 
First of all, these tumors have a low mutational burden, 
resulting in fewer neoantigens that can be recognized 
by the immune system. Furthermore, activation of the 
WNT/β-catenin pathway represents a common finding 
in MSS CRC and limits the infiltration of cytotoxic CD8+ T 
cells into the tumor. The tumor microenvironment is often 

Table 1. Clinical studies evaluating immunotherapy in MSS CRC.

Study Phase Setting Treatment Results

 IMblaze 370  III  Locally advanced or mCRC  Atezolizumab +- cobimetinib  
versus regorafenib.

No survival benefit with 
atezolizumab in patients with 
MSS CRC 

KEYNOTE-016  II  mCRC  Pembrolizumab  No clinical benefit in patients with 
MSS CRC 

CO.26  II  mCRC 
 

Durvalumab + Tremelimumab  Improved survival benefit in 
patients with MSS CRC 

REGONIVO  Ib  Locally advanced or mCRC  Regorafenib + Nivolumab  Promising results in patients 
with MSS CRC  

NICHE  II  Neoadjuvant setting- early 
stage MSS CRC 

Nivolumab + Ipilimumab  Major pathological response in 
26% of patients with MSS CRC 

NEST-1  II  Neoadjuvant setting-
resectable CRC 

Botensilimab+ Balstilimab  Promising results in patients 
with MSS CRC  

FFCD 1703-POCHI 
trial 
 

II  unresectable pMMR/MSS mCRC  Pembrolizumab+ capecitabine plus 
oxaliplatin (CAPOX)+  bevacizumab 

Promising results in patients 
with MSS CRC  
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dominated by immunosuppressive cells, such as regulatory 
T cells and tumor-associated macrophages, which inhibit 
effective antitumor immune responses. Finally, the high 
prevalence of liver metastases in MSS CRC may further 
reduce the effectiveness of immunotherapy [12]. Previ-
ous studies evaluating the efficacy of ICIs on pMMR/MSS 
tumors have shown limited clinical benefit on patients 
with mCRC. In the phase II AzetoTRIBE trial, Antoniotti C 
et al investigated the clinical benefit of atezolizumab an 
anti-PD-L1 agent combined with chemotherapy (FOL-
FOXIRI; fluorouracil, leucovorin, oxaliplatin, and irinotecan) 
and bevacizumab. The results were encouraging, with a 
median progression-free survival of 13.1 months in the 
group receiving atezolizumab compared with a median of 
11.5 months in the control group. These findings suggest 
that the addition of immune checkpoint inhibitor into 
chemotherapy regimens may increase the progression-
free survival in some patients with MSS mCRC [13]. Already 
from 2011 Jurjen Tel and colleagues investigated the role 
of oxaliplatin in the tumor microenvironment. They found 
that oxaliplatin increases PD-L1 expression and leads to 
decreased T-cell levels. They concluded that combining 
chemotherapy and immunotherapy could improve pa-
tients’ overall survival [14]. The above combination has 
also been explored in both preclinical and clinical studies. 

Certain cytotoxic agents, particularly 5-fluorouracil and 
oxaliplatin may increase tumor immunogenicity by pro-
moting tumor antigen release, stimulating immunogenic 
cell death and reducing immunosuppressive immune cells. 
These actions potentially improve the effectiveness of im-
munotherapy and based on this fact several clinical trials 
have investigated chemo-immunotherapy combinations 
in mCRC. The phase II NIVACOR trial is currently evaluating 
the combination of Nivolumab with FOLFOXIRI and Beva-
cizumab (Vascular Endothelial Growth Factor A (VEGF-A)) 
as first-line treatment in patients with metastatic colorectal 
cancer. This multicenter study aims to determine whether 
the combination of ICIs with an intensive chemothera-
peutic regimen can boost antitumor immune response 
and improve clinical outcomes. Patients with mCRC and 
mutation in RAS or BRAF genes received FOLFOXIRI, 
Bevacizumab, and Nivolumab. The overall response rate, 
the safety of the combination and overall survival were 
the primary and secondary outcomes. Preliminary data 
suggest that this combination is feasible and generally 
well tolerated with manageable toxicity profiles. The final 
efficacy results are awaited [15]. 

b. ICIs with Anti-Angiogenic Agents 

Vascular endothelial growth factor (VEGF) plays a 

Figure 2. Therapeutic strategies to overcome resistance to immunotherapy in MSS CRC.
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significant role in tumor angiogenesis and is often over-
expressed in colorectal cancer. Thus, it contributes to 
tumor progression and metastatic disease. VEGF, except 
its angiogenic effects, also promotes an immunosuppres-
sive tumor microenvironment by inhibiting dendritic cell 
maturation, impairing T-cell activation and promoting 
the accumulation of immunosuppressive cell popula-
tions such as regulatory T cells (Tregs), tumor-associated 
macrophages and myeloid-derived suppressor cells. A 
self-creating immunosuppressive cycle within the tumor 
microenvironment is developed. Inhibition of VEGF sign-
aling not only suppresses tumor angiogenesis but also 
restores antitumor immune responses. In conclusion, 
anti-VEGF improves the efficacy of immune checkpoint 
inhibitors. The phase Ib REGONIVO study evaluated the 
combination of regorafenib, a multikinase inhibitor tar-
geting VEGFR2, with nivolumab in patients with advanced 
colorectal and gastric cancers. In this Japanese cohort, 25 
patients with advanced or metastatic CRC (24 with MSS 
CRC and 1 with MSI-H) were treated with these regimens. 
The results were promising showing a response rate of 
about 33% among patients with MSS/pMMR metastatic 
colorectal cancer. Adverse events matched the previously 
known safety profiles of the two drugs [16]. However, 
different results were observed in a single-arm phase II 
trial from North America (NCT04127333). In this study 
by Marwan Fakih et al. a cohort of 70 patients with MSS 
mCRC was analyzed, having received the same treatment. 
The results were not encouraging with only 5 patients 
(7.1%) showing partial response and 22 patients (31.4%) 
having stable disease. This discrepancy may be explained 
by differences in patient selection. Critical analysis from 
the North American phase II study revealed that clinical 
benefit was seen in patients without liver metastases, 
while those with hepatic involvement showed minimal 
response. The overall response rate was 21% and 0% 
respectively. These findings indicate that the efficacy 
of this combination may be limited to selected patients 
without metastatic disease in liver and highlight the 
potential influence of liver metastases on responsive-
ness to immune checkpoint blockade in mCRC [17]. If 
confirmed in future studies, this hypothesis could influ-
ence the management of patients with MSS tumors and 
synchronous liver metastases. A possible therapeutic 
approach may be to prioritize hepatic metastasectomy 
while administering immunotherapy for the primary 
tumor, although further evidence is required to support 
this strategy. Finally, tumor biology and host immune 
response between Asian and Western populations may 
explain the different results of the above trials. However, 
this hypothesis requires further investigation. 

c. ICIs with Other Therapies

The MAPK pathway has been involved in regulating 
major histocompatibility complex class I (MHC-I) expres-
sion, thereby influencing antigen presentation during 
tumor development. In preclinical models of colorectal 
cancer, inhibition of the MAPK pathway through MEK 
inhibitors increases MHC-I expression and promotes intra-
tumoral infiltration of CD8 T lymphocytes. The combina-
tion of MEK inhibitors with ICIs may represent a promising 
approach in MSS CRC, considering that MAPK pathway 
activation is observed in 60% of these tumors [12,18]. 
Epidermal growth factor receptor (EGFR) inhibitors, such 
as cetuximab, could benefit patients with refractory MSS 
CRC when combined with ICIs. In the phase II AVETUXIRI 
trial, Huyghe et al. evaluated the safety and efficacy of 
avelumab, cetuximab, and irinotecan regimens in 57 
patients with refractory MSS metastatic colorectal can-
cer. Patients were treated with this triple combination 
regardless of RAS status. These patients had previously 
taken standard therapies. Although the study did not 
meet its primary efficacy endpoints, the treatment was 
generally well tolerated and showed activity in patients 
with increased T-cell infiltration. These findings show that 
this approach may offer benefits in biologically selected 
subgroups of MSS CRC [19]. Another therapeutic approach 
has been explored by Fakih et al., 2023. A nonrandomized 
study involves the following combination of nivolumab, 
ipilimumab, and regorafenib. Preclinical and clinical 
evidence confirms that dual checkpoint inhibition with 
PD-1 and CTLA-4 blockade can enhance effector T-cell 
activation and improve antitumor immune responses. 
This strategy has shown activity in several malignancies, 
including melanoma and MSI-H CRC. Regorafenib which 
approved for refractory metastatic colorectal cancer, has 
been shown to modulate the tumor immune microenvi-
ronment and may act synergistically with PD-1 inhibition. 
Consequently, the above combination demonstrates en-
couraging activity mainly in patients with MSS colorectal 
cancer without liver metastases, similar to the REGONIVO 
(regorafenib and nivolumab) study [20]. Despite encourag-
ing preliminary findings, the evidence supporting these 
immunotherapy-based combination strategies is still 
limited. Most of the available data comes from early-phase 
(phase I/II) studies, which are mainly designed to assess 
safety and initial efficacy. As a result, larger randomized 
phase III trials are needed to confirm their clinical benefit. 
Furthermore, several of these studies include relatively 
small number of patients, which may limit their statistical 
power and make it difficult to generalize the results to the 
wider population of patients with MSS colorectal cancer.
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d. Predictive Biomarkers 

The identification of predictive biomarkers capable of 
selecting patients with MSS CRC who are most likely to 
benefit from the above combination strategies remains an 
important challenge. Immune microenvironment, genomic 
mutations, and circulating tumor DNA (ctDNA) are some 
of them. Clinical studies, including the VOLTAGE-A trial, 
have shown that patients with higher baseline PD-L1 
expression, assessed by either tumor proportion score 
(TPS) or combined positive score (CPS) tend to achieve 
higher pathological complete response (pCR) rates. In 
addition, genomic alterations, including mutations in 
ARID1A, SMAD4, PDGFA, and IL2RG, have been associated 
with differences in tumor regression suggesting that they 
may play a role in predicting treatment response. POLE/
POLD1 mutations represent another predictive biomarker 
for immunotherapy response. These mutations, although 
rare in MSS CRC, are associated with a hypermutated phe-
notype, increased tumor immunogenicity, and enhanced 
infiltration of cytotoxic T lymphocytes. Therefore, these 
tumors may be more sensitivity to ICIs. Moreover, changes 
in ctDNA levels during neoadjuvant treatment have also 
shown potential for predicting pathological response and 
long-term outcomes [21,22]. 

The Role of Surgery in the Era of Immunotherapy 

Surgery remains the cornerstone of CRC treatment offer-
ing potential cure, especially when the disease is diagnosed 
early [23]. Jiahao Zhu et al. consider that surgery may reduce 
the benefit of adjuvant ICIs because of the destruction of 
blood vessels and lymph nodes in the surgical area. They 
suggested that the survival benefit associated with adju-
vant ICIs remains limited. This may be due to the reduced 
availability of tumor-derived antigens following surgical 
resection, together with disruption of local vasculature 
and regional lymphatic drainage. These changes may 
impair antitumor immune responses, diminishing both 
residual tumor cell eradication and the development of 
durable tumor-specific immune memory [24]. However, 
the importance of adjuvant (immuno)therapy is clear for 
eliminating residual disease and reducing recurrence and 
metastasis risk [25]. On the other hand, neoadjuvant treat-
ment with the combination strategies described above 
may achieve significant tumor responses in MSS CRC and 
in selected cases could allow organ-preserving approaches 
or even avoidance of surgery [25,26]. After the US Food 
and Drug Administration (FDA) approved Pembrolizumab 
and Nivolumab (+/- Ipilimumab) for mCRC, interest grew 
regarding the possible benefit of ICIs in locally advanced 
CRC, especially in MSS tumors. This development gives 

patients the option of “watch and wait” (ww), avoiding 
surgical morbidity and even the organ loss [26]. This ap-
proach (ww) was first examined by Angelita Habr-Gama 
et al. in a retrospective trial, particularly for patients with 
rectal cancer, receiving neoadjuvant chemoradiation. Two 
hundred sixty-five patients with resectable rectal adeno-
carcinoma received total neoadjuvant chemoradiotherapy. 
Among them, 71 (26.8%) achieved a complete response 
and were followed up for an average of 57.3 months. The 
5-year overall survival and disease-free survival rates in 
this subgroup were 100% and 92% respectively, sug-
gesting that a non-operative (watch-and-wait) approach 
may be a safe alternative to surgery in selected patients. 
These patients could avoid surgical morbidity, mortality, 
and stoma formation. Moreover, this strategy has been 
linked to comparable disease-free and overall survival 
compared with standard surgical management patients. 
As expected, the quality of life was also improved [26,27]. 
Although watch-and-wait was originally developed fol-
lowing chemoradiotherapy and, more recently, total neo-
adjuvant therapy (ΤΝΤ), it remains highly relevant from 
a surgical perspective because organ preservation has 
become a major treatment goal in rectal cancer. The OPRA 
trial demonstrated the feasibility of nonoperative manage-
ment in patients achieving a clinical complete response 
after TNT [28], while recent immunotherapy studies in 
dMMR-MSI-H rectal cancer, most notably the dostarlimab 
trial by Cercek et al., have demonstrated unprecedented 
complete response rates and renewed interest in organ-
preserving strategies [29]. Therefore, watch-and-wait is 
discussed here not as evidence of immunotherapy efficacy 
in MSS disease, but as a potential surgical consequence if 
immunotherapy-based approaches are able to achieve 
comparable response rates in selected MSS tumors in the 
future. In such cases, successful tumor downstaging may 
facilitate less extensive surgical procedures or preservation 
of lymphatic structures in carefully selected patients, a 
concept that remains investigational and requires further 
clinical evaluation [24]. This idea is supported by a recent 
study by Maha et al., which highlights the role of tumor-
draining lymph nodes in generating effective antitumor 
immune responses. Following immunotherapy, CD8⁺ T cells 
can activate within non-involved lymph nodes, enter the 
systematic circulation, and infiltrate the tumor. This con-
cept suggests that preserving lymphatic structures may 
enhance treatment efficacy [30]. However, since this study 
was conducted in head and neck squamous cell carcinoma, 
further research is needed to determine whether similar 
findings apply to colorectal cancer. This concept is further 
supported by another study by Huang et al., showing that 
early removal of disease-free lymph nodes during surgery 
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may harm overall survival [31]. Based on these observations, 
more studies have investigated whether the addition of 
immunotherapy to TNT could further increase complete 
response rates and expand the eligibility for a watch-and-
wait approach in patients with MSS rectal cancer. Xing Li et 
al. in his study aimed to evaluate whether the addition of 
PD-1 blockade to TNT could improve complete response 
rates and increase the feasibility of a watch-and-wait strategy 
in patients with pMMR/MSS locally advanced rectal cancer. 
The study included 141 patients with locally advanced rectal 
cancer (LARC), who were divided into two groups. In the 
first one, patients received short-course radiotherapy fol-
lowed by immunochemotherapy, whereas the second one 
received immunochemotherapy, followed by short-course 
radiotherapy and additional immunochemotherapy. The 
authors concluded that the addition of PD-1 blockade to 
TNT improved complete response rates in pMMR/MSS lo-
cally advanced rectal cancer compared with traditional total 
neoadjuvant treatment, without compromising tolerability. 
These findings support further investigation of short-course 
radiotherapy followed by immunotherapy as a potential 
organ-preserving treatment strategy [32]. Another review 
by Farooq et al. highlighted that combining neoadjuvant 
chemoradiotherapy with immunotherapy in patients with 
pMMR/MSS locally advanced rectal cancer is evolving to-
ward maximizing tumor regression and facilitating organ 
preservation. The authors reviewed several clinical trials, 
comparing conventional neoadjuvant therapy with neoad-
juvant chemoradiotherapy combined with immunotherapy 
(VOLTAGE-A, PANDORA, POLAR STAR). Although most of 
the trials were phase II, the addition of immunotherapy 
was associated with higher clinical complete response rates 
and may be candidates for watch-and-wait strategy. These 
findings suggest that immunotherapy-based neoadjuvant 
strategies may increasingly influence surgical decision-
making by expanding opportunities for non-operative 
management in carefully selected patients [21].

Future Perspectives 

Despite significant advances in immunotherapy, most 
patients with MSS CRC continue to derive limited benefit 
from ICIs monotherapy. Future research is therefore needed 
to be focused on overcoming primary immune resistance 
through combination approaches that enhance tumor im-
munogenicity and promote T-cell infiltration (Figure 2). As 
discussed above, recent clinical trials have evaluated sev-
eral promising strategies involving ICIs in combination with 
chemotherapy, radiotherapy and anti-angiogenic agents. 
However, their efficacy and safety need to be confirmed in 
larger randomized clinical trials. In addition, research has 
focused on developing cancer vaccines which enhance the 

efficacy of ICIs in MSS tumors. Moreover, modulation of 
human gut microbiome may influence the development 
or prevention of CRC and the response to immunotherapy 
through its interaction with the host immune system. This 
effect is thought to be mediated by activation of CD8+ 
T cells induced by immunomodulatory molecules and 
metabolites produced by intestinal bacteria, but further 
investigation is needed to be confirmed. At the same time, 
the identification of reliable predictive biomarkers remains 
essential to optimize patient selection. Biomarkers such 
as PD-L1 expression, POLE/POLD1 mutations, circulating 
tumor DNA, and even the presence of liver metastases 
may help identify patients who are more likely to benefit 
from immunotherapy-based approaches [22]. 

Conclusion 

Immune checkpoint inhibitors have changed the man-
agement of MSI-H CRC but remain ineffective as mono-
therapy in MSS CRC. Combination treatments targeting 
the tumor microenvironment, angiogenesis and oncogenic 
signaling pathways represent a promising direction for 
improving immunotherapy efficacy. Ongoing research 
is focused on treatment modalities that aim to enhance 
tumor immunogenicity and overcome immune resistance. 
The use of chemotherapy, anti-angiogenic agents, and tar-
geted therapies are some of the main tools. In this context, 
surgery continues to play a central role in the management 
of colorectal cancer. Patients with resectable disease, lo-
cally advanced and selected cases of metastatic diseases 
may benefit from this multidisciplinary approach. Beyond 
its established cytoreductive effect, surgical intervention 
may help modify the tumor microenvironment and reduce 
systemic immunosuppressive signaling. Surgery may also 
improve the responsiveness to immunotherapy. Tumor 
downstaging after multimodal treatment allows selected 
patients to undergo elective resection. This offers more 
tailored and organ-preserving surgical options, thereby 
reducing the morbidity and mortality of surgical opera-
tions. Nevertheless, the integration of immunotherapy into 
surgical decision-making for MSS CRC remains an area of 
active research. Future research should focus on identify-
ing reliable predictive biomarkers and exploring emerging 
approaches such as cancer vaccines and gut microbiome 
modulation to improve the efficacy of immunotherapy 
in MSS CRC. Future studies are needed to better define 
patient selection, optimal treatment choice and the role of 
multidisciplinary teams in the decision between systemic 
and locoregional therapies. A deeper understanding of 
these interactions may ultimately lead to more effective 
and personalized management of patients with MSS CRC. 
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