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Abstract. Colorectal cancer (CRC) is a common type of cancer, with approximately 149,500 new 
cases in 2021. Colorectal cancer can be caused by genetic mutations, bacterial and viral infections, 
and second-hand smoke. In metastatic CRC (mCRC), only patients with deficient mismatch repair 
(dMMR) or microsatellite instability-high (MSI-H) benefit from current therapeutic approaches. 95% 
of the patients with proficient mismatch repair (pMMR) or microsatellite stable (MSS) mCRC still 
have poor prognostic outcomes. Conventional surgical treatment cannot meet patients' expectations 
for treatment effect and prognosis. Therefore, innovative approaches are needed to develop effective 
immunotherapy for these patients. This article introduces the mechanisms of action and clinical 
application of immune checkpoint inhibitors (ICIs) in colorectal cancer, especially CTLA-4 and PD-1.  
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1. Introduction 

Immune checkpoints are a type of targeted treatment that regulates the immune system, allowing 

self-tolerance and preventing the immune system from attacking self-cells. They also invigorate anti-

tumor immune responses by interrupting the signaling pathways and blocking different checkpoint 

proteins. However, cancer cells can use immune checkpoint inhibitors to escape immunosurveillance 

by stimulating the checkpoints [1]. 

In 1987, the first immune checkpoint molecule cytotoxic T-lymphocyte-associated protein 4 

(CTLA-4) was discovered [2] and caused a revolution in cancer biology. In 1996, Dr. James Allison 

developed and tested CTLA-4 inhibitors on mice [2]. The first antibody blocking the immune 

checkpoint CTLA-4, Ipilimumab (Yervoy), was approved by the FDA for treatment against advanced 

melanoma in 2011 [3]. Since then, Ipilimumab has also been approved for several other malignancies 

[3]. The results were significant, more than 20% of the patients receiving CTLA-4 checkpoint 

inhibitors survived for 10 years, before, the 10-year survival rate was only half as high. In 2014, the 

first programmed cell death protein 1 (PD-1) inhibitor, Nivolumab (Opdivo) was approved by the 

FDA for patients with MSI metastatic Colorectal cancer (mCRC). In the next four years following 

the approval of PD-1, inhibitors such as PD-L1 and PD-L2 were approved [4]. Ipilimumab in 

combination with Nivolumab for the treatment of colorectal cancer with MSI-H and dMMR 

aberrations, for patients aged 12 years and older, was approved by the FDA in July 2018 [5]. 

Colorectal cancer (CRC) is the third most common cause of cancer mortality with more than 

850,000 deaths annually [6]. Out of all the patients diagnosed, about 20% of them have metastatic 

colorectal cancer. Among those diagnosed with metastatic colorectal cancer, 70% ~ 75% survive for 

more than 1 year, and less than 20% of the patients survive for more than 5 years [7]. Colorectal 

cancer can be categorized into 2 types: microsatellite instability, and microsatellite stable. 

Microsatellites are DNA segments that contain multiple short tandem repeats of nucleotide base pairs. 

During DNA synthesis, these sequences are highly likely to mutate due to errors caused by DNA 

polymerase. The mismatch repair system functions to recognize and correct these errors, but a 

deficient one would lead to further tumor mutations, thus more sensitive to immune checkpoint 

inhibitors [8]. Colorectal cancer can also be classified into four subtypes according to Consensus 



Highlights in Science, Engineering and Technology BEHDP 2022 

Volume 8 (2022)  

 

570 

Molecular Subtype (CMS) classification. CMS1 are hyper-mutated tumors that mostly carry 

microsatellite instability-high (MSI-H) features, and take up to approximately 14% of the cases. 

CMS2 are tumors with active Wnt and Myc pathways, they make up nearly 37 % of all the cases. 

CMS3 takes up to 13% of cases. They are tumors with Kristen rat sarcoma virus (KRAS) mutations 

and exhibit downregulation in cancer cell metabolic pathways. CMS4 are tumors that display 

activation of the transforming growth factor-beta (TGF-β) pathway, enhanced angiogenesis, stroll 

activation and inflammatory infiltrate, this subtype makes up approximately 23% of the cases [9]. 

Combining chemotherapy with molecular-targeted agents seems to be the optimal treatment for 

colorectal cancer, but the prognosis of patients remains poor. The development of immune checkpoint 

inhibitors revolutionized anti-tumor treatments for several cancer types, and are associated with the 

increasing survival rate in some patients with advanced or metastatic cancers, giving positive 

prognostic outcomes [11]. However, immunotherapy is less effective in colorectal cancer. This 

review aims to support further research in combination immunotherapy of CTLA-4 and PD-1 for 

colorectal cancer by introducing the mechanisms of CTLA-4 and PD-1 inhibitors, their applications 

in the treatment of colorectal cancer, and discussing some of the challenges that lay ahead. 

2. Mechanisms of CTLA-4 and PD-1 inhibitors 

CTLA-4 and PD-1 are two of the most paradigmatic immune checkpoints that downregulate 

immune responses. Overexpression of CTLA-4 and PD-1 are associated with better therapeutic 

responses. During phases of T-cell activation, they downregulate T-cell immune function. CTLA-4, 

also known as CD152, is a protein receptor of the B7/CD28 family [12]. It is expressed on the surface 

of regulatory T cells (Treg) and upregulated in conventional T cells after activation [13]. As shown 

in Figure 1, when CTLA-4 binds to CD80 or CD86 on the surface of antigen-presenting cells, CTLA-

4 sends an “off” signal to the T cells, preventing the immune system from destroying the cancer cells. 

 

Figure 1. CTLA-4 target special molecular to inhibit some activity, and PD-1 strengthen this 

procedure [16] 

 

PD-1 also comes from the B7/CD28 family, regulating T-cell activation by binding to its ligands 

PD-L1 and PD-L2 [14]. Its mechanisms of regulation include genetic alteration, epigenetic regulation, 

inflammatory signaling, and oncogenic signaling. Similar to CTLA-4, binding of PD-1 expressed on 

antigen-stimulated T cells to PD-L1 and PD-L2 expressed on cancer cells inhibits T-cell proliferation 

and activity of AKT and MEK signaling pathways, prevents the production of interferon-γ, tumor 

necrosis factor-α, and IL-2, and decreases T-cell survival [14]. PD-L1 is also being over-expressed 
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on tumor-infiltrating lymphocytes and many other cells, causing T cells to become exhausted after 

experiencing high levels of stimulation. T-cell exhaustion contributes to creating an 

immunosuppressive tumor microenvironment (TME) that promotes tumor progression, thus making 

immune-based treatment approaches more beneficial [15]. 

 

Figure 2. An explanation of PD-1 in binding tumour cell’s antigen [16]. 

3. Application of CTLA-4 in colorectal cancer 

CTLA-4 belongs to the immunoglobulin superfamily, its expression is associated with many 

immune responses. Some molecular signs can activate T cells to present CTLA-4 molecular 

transitorily [17]. CTLA-4 halts the production of cytokines in T cells. CTLA-4 and CD28 have 

homology characteristics so they competitively bind to the B7 ligand. According to the three-

dimensional structure, CTLA-4 and CD28 have homology characteristics so they competitively bind 

to the B7 ligand [18]. Genetic variations in chromosome 2q33 increase the risk of cancer inside the 

human body. Chromosome 2q33, which is also known as immunoregulatory gene regions, includes 

the genes that code for CTLA-4.  

The poor prognosis coming from preliminary assessments of several tumor types is associated with 

the expression of CTLA-4, making it a decisive part of the response to tumors [19]. Apart from this, 

inhibiting CTLA-4 has access to reactive T cells and restores their ability to attack cancer cells, so 

self-protect may take the lead again. 

Patients who have suffered from MSI CRC have been treated with Nivolumab combined with 

Ipilimumab. The beneficial add-on characterized by CTLA-4 blockade is the key to approval in these 

patients, who have a high response to PD-1 blockade therapy. CTLA-4 occupies an important position 

in the inhibition of dendritic cells’ normal physiologic activities in lymphoid tissue, while the T-cell 

inhibition which is influenced by PD-1 and NK cell activation in peripheral tissues, is the same as 

CTLA-4 that promotes regulatory T cell (Treg) differentiation [20]. The rationale of many clinical 

trials which have evaluated the good prognosis attributing to the monotherapy of PD-1 or CTLA-4 

blockades or a combination of them is built on the effect they caused. 
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A multicenter study, Checkmate-142, recruited 119 patients into clinical observation, those 

patients receiving either Nivolumab alone or a combination of two. The ORR and the OS 

demonstrated the benefit of novel therapy dominated by Ipilimumab addition in previous patients. 

Tremelimumab is a monoclonal antibody (MAB) that has been authorized for clinical use against 

CTLA-4. In a randomized controlled trial, the combination of Tremelimumab and Durvalumab, a 

PD-1 inhibitor acting as the alternative group to previously taken, proved that these have a more 

effective consequence than the control group. 

CTLA-4 has fewer side effects than other ICIs; however, there remain many challenges. CTLA-4 

alone is only effective well in special subtypes of CRC, so the generality should be improved in the 

next step. The side effects of anti-CTLA-4 occur in the early 12 weeks. When used alone, Nivolumab 

may cause damage to the kidney and liver. It could also lead to autoimmunity in the liver and acute 

kidney injury. CTLA-4 is also a good marker for prognostic impacts. High CTLA-4 expression in 

CRC suggests a shorter OS and disease-free survival (DFS) in some patients. So, it provides a new 

thought to shed a light on their clear relationship. 

4. Application of PD-1 in colorectal cancer 

CTLA-4 and CD28 are transmembrane proteins, along with PD‐1 and CD279 Type I. There are 

two classes of PD‐L1 molecules A and B, forming asymmetric units. PD-L1 domain 1 (D1) has β 

chains connected to 310 helical short regions, forming a V-set topology, which is of high research 

value. The crystal structure of the human PD-1 / PD-L1 complex has been analyzed and showed clear 

differences due to binding tendency. The TME of CRC infiltrates different immune cells, including 

B and T lymphocytes. The B and T cell infiltration share the same malignancies. The patient's clinical 

course has a strong relation to the accumulation of memory B cells and plasma cells in the CRC TME 

and partial tissues, which marks an anti-tumor response rate. 

Following the discovery of Ipilimumab, Nivolumab has become another artificial inhibitor that 

blocks PD-1. Not only was it used in non-small cell lung cancer (NSCLC), but also phase I clinical 

trials for CRC patients. The blocking of PD-1/PD-L1 signaling pathways has fewer side effects in 

preliminary assessments [21]. The results from phase II of the study Checkmate-142 backed up this 

theory, with the overall response rate (OOR) reaching 30% in mCRC patients whose treatment 

scheme consists of prior fluoropyrimidine, oxaliplatin, and irinotecan. The results from this study 

helped to speed up the approval of Nivolumab. 

Atezolizumab is a PD-L1-targeting IgG1 MAB characterized by PD-1 and B7 (CD80) receptors. 

In an open-label clinical trial number NCT01633970, the researchers examined the safety, 

pharmacology, and preliminary efficacy of atezolizumab combined with bevacizumab and 

chemotherapy. The results from the clinical trial have proven that atezolizumab in combination with 

bevacizumab has great potential for CRC treatment. Chemotherapy can upregulate or downregulate 

the expression of PD-1 in different periods of the cell cycle [22]. However, whether the direction of 

expression is upregulation or downregulation depends on the period of the cell cycle and the ancillary 

drug used in the chemotherapy. In a recent study, researchers examined the relationship between 

chemotherapy and the expression of PD-1. The results showed that PD‐L1 has a 27.5%-57.5% 

expression rate in human CRC [23], and a 17.6% expression rate in normal cancer [24]. The 

expression rate has a positive association with the development of tumors. 

In the research conducted by Magile et al., researchers designed a method to evaluate the ability 

of chemotherapies to potentiate anti-PD-1 combination therapy. They found that among all the 

treatments, Folfox was the only one that led to a complete and long-lasting cancer cure with a low 

recurring rate. Data obtained from the research supports that the TME dominated by Folfox provides 

colorectal tumors with enough sensibility to PD-1 inhibitors. It is because Folfox promotes high levels 

of PD-1, TIM-3, and CD8TILs [22]. 

Overall, data from studies have proven that PD-L1 expression and MSI tumors have shown more 

anti-tumor signals during monotherapy using PD-1 inhibitors due to cell infiltration. Combination 
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with PD-1 has shown high efficacy. In colorectal cancer, PD-L1 is likely to be expressed on tumor-

infiltration cells instead of tumor cells, so it may provide novel insights into immune therapies. 

However, a low response rate still exists in some CRC patients with pMMR or non-MSI subtypes, so 

further research is needed to combat this problem. 

Preclinical prevention is much more important when compared with a positive prognosis. Cancer 

vaccines that have common applications may be useful in the future when treating patients with 

mCRC because autologous cancer vaccination can strengthen the sensitivity to PD-1 in human bodies. 

Combination therapy and oncolytic viruses will gradually play a more important role in CRC. 

Chemoreceptor TlpC in the bacteria Helicobactor pylori tends to a lactic environment, which is the 

environment cancer cells prefer. Researchers around the world have been designing a specific 

synthetic protein in oncolytic viruses to target cancer cells living in that environment. This specific 

synthetic protein would help Helicobactor pylori to enter the lactate and bind to specific molecules, 

making it an ideal targeted drug for patients. Tumor cells will change the oxygen percentage in TME. 

Helicobacter pylori, which can adapt to low oxygen environments, can survive for a long time in this 

environment, ensuring that the ICIs can get to the precise location where they are needed. What’s 

more important is that this bacterium can be infused into the body through intravenous injection, 

making it more convenient when compared with past treatments that needed surgery. Combination 

therapy does not only apply to anti-CTLA-4 but also to proteins such as CD40, which have shown 

great synergistic effect in CRC patients. NK cells may lose their ability to secrete interferon-gamma 

(IFN-γ). When Helicobacter pylori are delivered into the tumors, it helps to re-activate NK cells to 

secrete IFN-γ, which terminate 

5. Challenges and Improvements 

The development of ICIs has revolutionized anti-tumor treatments. Before, treatments for 

colorectal cancer usually include chemotherapy, radiotherapy, and surgeries. Despite all the benefits 

and achievements in immunotherapy brought by the discovery and development of immune 

checkpoint inhibitors, it also faces many issues such as immune-related adverse events (irAEs) and 

low efficacy. As suggested by clinical evidence from recent years, immune checkpoint inhibitors play 

a therapeutic role in highly microsatellite instable metastatic colorectal cancer. However, about 95% 

of all the patients diagnosed with colorectal cancer have microsatellite stable tumors, and they do not 

benefit from current immunotherapy treatments [12].  

Certain irAEs can be caused by the use of ICIs, most occurring due to the immune system being 

over-stimulated. Of all the patients treated with PD-1 inhibitors, approximately 15% have developed 

irAEs [25]. While immune checkpoint inhibitors such as Ipilimumab and Nivolumab have significant 

effects on boosting the immune cells to fight against cancer cells, it also causes the T cells in the 

immune system to become overactive and can lead to inflammation in different parts of the body. 

This might lead to the patient experiencing side effects. For instances: feeling tired or sick, fever, skin 

rash, loss of appetite, diarrhea (which occurs in 60% of the cases), increased risk of infection, and dry 

cough (caused by inflammation in the lungs) [26]. Immune checkpoint inhibitors immune-related 

adverse events tend to be organ-specific, so some serious side effects include disruption of the normal 

functions of the liver, kidneys, and thyroid [27].  

In a study conducted by Michael J. Overman et al., The results demonstrated that out of all the 74 

patients identified to have dMMR/MSI-H positive tumors and treated with the drug Nivolumab, the 

ORR was 31.1%, and the rate of disease control past 12 weeks was 69%. The combined treatment of 

Ipilimumab with Nivolumab increased the ORR to 55% and disease control rate to 80%, 

demonstrating that it has a better efficacy when compared to monotherapies and is a desirable 

treatment for patients with metastatic colorectal cancer [20]. 
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6. Conclusion 

In recent years, ICIs have revolutionized anti-tumor treatment for colorectal cancer. Treatments of 

anti-CTLA-4 and anti-PD-1 monoclonal antibodies have been proven to have high efficacy and play 

a therapeutic role for the patients with dMMR / MSI-H mCRC. However, this approach is effective 

for over 10% of those patients with mCRC, who have pMMR / MSS, and biomarker selection is 

needed to optimize the treatments. Improvements targeting this approach are needed, and several 

ongoing clinical trials have combined PD-1 inhibitors with other ICIs and chemotherapy to assess 

their efficacy. Although the trials demonstrated promising preliminary clinical results, there still lacks 

clear evidence that ICIs have a high efficacy in these patients. More in-depth knowledge about the 

mechanisms of CTLA-4 and PD-1 and the complex functions of the immune system within the TME 

are needed to develop effective therapeutic strategies and predictive biomarkers so patients can be 

effectively treated with ICIs.  
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