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Background

A multitude of randomized controlled trials (RCTs) conducted in both the initial and subsequent treatment settings for patients diagnosed with metastatic colorectal cancer (mCRC) have provided clinical evidence supporting the efficacy of immunotherapy with the use of immune checkpoint inhibitors (ICIs). In light of these findings, the U.S. Food and Drug Administration (FDA) has authorized the use of several ICIs in specific subpopulations of mCRC patients. Nevertheless, there remains a dearth of direct comparative RCTs evaluating various treatment options. Consequently, the most effective ICI therapeutic strategy for microsatellite-stable (MSS) subgroup and microsatellite instability (MSI) subgroup in the first- and second-line therapies remains undefined. To address this gap, the present study employs a Bayesian network meta-analysis to ascertain the most effective first- and second-line ICI therapeutic strategies.





Methods

A comprehensive literature search was conducted across multiple databases, including PubMed, EMBASE, Cochrane Library, and Web of Science, with the retrieval date ranging from the databases’ inception to August 20, 2024. A total of 875 studies were identified, and seven were ultimately included in the analysis after a screening process. A systematic review and network meta-analysis were conducted on the basis of the search results.





Results

This comprehensive analysis, comprising seven RCTs, evaluated first-line and second-line immunotherapy regimens in 1,358 patients diagnosed with mCRC. The treatments under investigation consisted of five initial treatments, including three focusing on MSS patients and two on MSI patients, as well as two secondary immunotherapy regimens, both focusing on MSS patients. A total of 1051 individuals underwent first-line treatment, while 307 received second-line treatment. The application of ICIs proved to offer varying degrees clinical benefits when compared to standard-of-care therapy alone, both in two subgroups of the first and the second treatment phases. Of particular note is the performance of Nivolumab combination with ipilimumab, which demonstrated superior efficacy in improving progression-free survival (PFS) (HR=0.21; 95% CI, 0.13-0.34),. Moreover, the treatment demonstrated an optimal safety profile, with a relatively low risk of adverse events (OR = 0.33; 95% CI, 0.19–0.56), compared to other first-line treatment modalities for MSI subgroup. Regarding MSS subgroup, the improvement of PFS by Nivolumab plus standard-of-care (SOC) was relatively significant (HR = 0.74; 95% CI, 0.53-1.02). In the realm of second-line therapies for MSS subgroup, the administration of Atezolizumab plus SOC has proven to be an effective approach for prolonging PFS, exhibiting an HR of 0.66 (95% CI, 0.44–0.99). These findings underscore the clinical benefits and safety profiles of ICIs in the treatment of mCRC across various treatment lines.





Conclusions

The clinical application of ICIs in both first- and second-line treatment strategies for patients with mCRC yields substantial therapeutic benefits. A detailed assessment in this study indicates that first-line treatment with Nivolumab combination with ipilimumab may represent an efficacious and well-tolerated therapeutic approach for MSI subgroup. In terms of MSS subgroup in first-line therapy, Nivolumab plus SOC may be a relative superior choice. In the context of second-line therapy for MSS subgroup, it is evident that a combination of Atezolizumab and SOC represents a preferable option for enhancing PFS. Furthermore, it is noteworthy that other ICIs treatment regimens also exhibit great value in various aspects, with the potential to inform the development of future clinical treatment guidelines and provide a stronger rationale for the selection of ICIs in both first- and second-line therapeutic strategies for mCRC.
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1 Introduction

Colorectal cancer represents the third most prevalent gastrointestinal malignancy globally and is the second leading cause of cancer-specific deaths (1). By 2035, the estimated number of new colorectal cancer cases worldwide is anticipated to reach approximately 2.5 million (2), posing a considerable threat to public health. Notably, above 20% of colorectal cancer patients already exhibit distant metastases upon initial diagnosis (3, 4), and the five-year survival rate being less than 20% (5). It is particularly disappointing that fewer than 20% of patients with mCRC are able to achieve a cure through surgical resection (6). In patients with unresectable tumors, systemic therapy rooted in chemo regimens such as CAPOX and FOLFOX prevails as the most efficacious treatment strategy (7). However, chemotherapy’s efficacy, while commendable in managing mCRC, fails to substantially elevate two-year survival rates, underscoring the generally bleak prognosis (8). Consequently, chemotherapy alone appears limited in its potential for mCRC. Recent advancements have introduced targeted therapies like cetuximab, panitumumab, aflibercept, ramucirumab and bevacizumab, when coupled with chemotherapy, demonstrating enhanced efficacy in mCRC clinical trials. Notably, these combinatorial approaches have protracted OS from 16-19 months to over 30 months (9), with bevacizumab specifically exhibiting improvement in ORR, PFS, and OS (10). Nonetheless, the five-year survival rate remains largely unaltered (11), and targeted therapies confront constraints attributed to target specificity limitations and drug resistance (12).

The advent of immunotherapy has ushered in a new era in cancer treatment (13), particularly in the management of mCRC, which has attracted considerable attention in this field. Nevertheless, recent studies have demonstrated that immune heterogeneity has a significant impact on treatment sensitivity (14), and the efficacy of ICIs is intricately intertwined with the patient’s microsatellite status, resulting in considerable variations in immunotherapy response among different CRC cases (3). MCRC can be divided into two categories: microsatellite-stable (MSS) and microsatellite instability (MSI). Due to the distinct biological characteristics of these two microsatellite statuses, they exhibit different responses in immunotherapy. MSI accounts for approximately 10% of mCRC patients. MSI-type colorectal cancer possesses a large number of tumor-specific neoantigens and a higher level of tumor mutation burden, making it easier to activate the immune system and generate an anti-tumor response (15). It is notable that PD-1/PD-L1 inhibitors have exhibited promising results in the management of the majority of cases of microsatellite instability-high (MSI-H) or mismatch repair-deficient (dMMR) mCRC. For instance, in the KEYNOTE-177 trial (16), pembrolizumab doubled the median PFS of patients compared to chemotherapy. In the CheckMate-142 trial (17), the combination of nivolumab and ipilimumab significantly improved the ORR and complete response (CR) of patients. The observed phenomenon can be attributed to the fact that mCRC patients with high MSI levels typically present a tumor microenvironment distinguished by T-cell infiltration (18), which is associated with reduced responsiveness to fluorouracil-based chemotherapy yet increased sensitivity to PD-1 monoclonal antibody therapy (19), so that immunotherapy is more effective in such patients. In contrast, MSS accounts for approximately 90% of MCRC cases. Due to its lower mutation burden, there are more immunosuppressive cells such as regulatory T cells and myeloid-derived suppressor cells in the tumor microenvironment, leading to poor response to immunotherapy (20). In the cases of MSS or pMMR mCRC patients, the majority of clinical trial outcomes over the past five years have been disappointing (21). For instance, in the Keynote-016 clinical trial (22), none of the 18 patients exhibited an ORR upon administration of Pembrolizumab. Likewise, in a separate study encompassing 73 mCRC patients (23), no ORR was observed following combination therapy with Regorafenib and Pembrolizumab. This suggests that ICIs fail to achieve satisfactory clinical efficacy for the majority of MSS and MSI-L mCRC patients (24). Accordingly, the prevailing theory is that a ‘cold’ microenvironment is responsible for this phenomenon. It is the ‘cold’ microenvironment that impedes the optimal effectiveness of immunotherapy with ICIs. Nevertheless, there is also evidence indicating that ICIs may be a potential therapeutic option for MSS/pMMR mCRC patients (25), and the American Association for Cancer Research (AACR) in 2024 announced the results of NCT03711058, demonstrating that the combination of copanlisib and nivolumab can elicit durable responses in MSS colorectal cancer patients. In conclusion, the therapeutic potential of ICIs in the context of mCRC with varying microsatellite statuses remains open to question and therefore worthy of further investigation.

Although a number of RCTs have been conducted to evaluate the efficacy of ICIs, there remains considerable debate regarding the optimal regimens for such treatments due to the scarcity of RCTs directly comparing different immunotherapies. This debate includes the question of which immunotherapy regimen is more effective for mCRC patients in the MSI and MSS subgroups, respectively. In order to address this issue, we have conducted systematic reviews and Bayesian network meta-analyses to evaluate and rank the effectiveness and safety of different immunotherapy strategies. Furthermore, we have performed separate analysis for first- and second-line immunotherapy, offering a nuanced discussion on subgroups with different microsatellite statuses. This study aims to offer valuable evidence-based medical insights to assist with clinical decision-making.




2 Materials and methods



2.1 Data sources and search strategy

A systematic search of the PubMed, EMBASE, Cochrane Library, and Web of Science databases was conducted up to August 20, 2024, using a combination of free-text and subject terms. The keywords included “Metastatic Colorectal Cancer,” “randomized clinical trial,” “immune checkpoint inhibitors,” “PD-L1 inhibitor,” “PD-1 inhibitor,” and “CTLA-4 Inhibitor.” To ensure transparency, reliability, and originality, the study protocol has been prospectively registered in the International Prospective Register of Systematic Reviews (PROSPERO). This registration number is CRD42024543400.




2.2 Selection criteria

Inclusion criteria:

	RCTs involving histologically or cytologically confirmed patients with mCRC are included.

	RCTs utilizing ICIs as first-line or second-line therapeutic regimens for mCRC patients are considered.

	RCTs that compare the efficacy of ICIs with standard treatment protocols as first-line or second-line therapies for mCRC are included.

	RCTs must report at least one of the following outcome measures: OS, PFS, ORR, and the incidence of grade 3 or higher adverse events.



Exclusion criteria:

	RCTs based on the same cohort of patients but conducted at different stages are excluded to avoid duplication.

	RCTs with unclear or ambiguous outcome measures are not included.

	Reviews or case reports are excluded from this analysis.






2.3 Data extraction and quality assessment

Two researchers independently extracted data from the RCTs in accordance with the PROSMA statement. Any discrepancies were resolved through discussion with a third author. From each article, the following information was extracted: trial name, trial design, publication source, publication year, tumor stage, national clinical trial number, sample size, and dosing regimens for both the experimental and control groups. The outcome measures extracted from each article included Hazard Ratio (HR) for PFS, along with their corresponding 95% confidence intervals (95% CI), Odds Ratio (OR) for adverse events (AEs) of grade 3 or higher. The quality of the included RCTs was assessed using the Cochrane Risk of Bias Tool (2.0). This evaluation tool is based on the following five domains: risk of bias arising from the randomization process, risk of bias due to deviations from the intended interventions, risk of bias from missing outcome data, risk of bias in the measurement of the outcome, and risk of bias in the selection of the reported result. The risk assessment ratings for the included RCTs were categorized into three levels: low risk, high risk, and having “some concerns”.




2.4 Statistical analysis

The primary endpoints were PFS, while the secondary endpoints included grade 3 or higher AEs. HR and 95% CI were used as effect sizes for PFS, whereas OR and 95% CI served as effect sizes for grade 3 or higher AEs.

A network meta-analysis was conducted within a Bayesian framework utilizing the “rjags” and “gemtc” packages in R software (26, 27). A fixed-effects model was employed, and three independent Markov chains were established, each running 10,000 burn-ins and 30,000 sample iterations. The iteration results of the Markov chains, using HR and OR as effect sizes, were used to rank the efficacy and safety of different treatment regimens, which were then visually presented.

This study also utilized Revman 5.4 software to conduct a pairwise meta-analysis based on the frequency method, providing an overall assessment of the efficacy and safety of first-line and second-line immunotherapy compared to standard treatments. Heterogeneity was assessed using the Q test and I² statistic, with I² ≤ 50% or P ≥ 0.1 indicating low heterogeneity, and I² > 50% or P < 0.1 indicating high heterogeneity. For studies with high heterogeneity, a random-effects model was applied, while a fixed-effects model was used for studies with low heterogeneity. For studies with high heterogeneity, sensitivity analysis was performed, and studies with significant impacts on heterogeneity were sequentially excluded from the model.




2.5 Sensitivity analysis

Using the Deviance Information Criterion (DIC) for model comparison, we evaluate the relative goodness-of-fit between the fixed-effects model and the random-effects model. A smaller DIC value indicates a better model fit. If the DIC difference between the fixed-effects model and the random-effects model is less than 5, the models are considered to be consistent.





3 Results



3.1 Study selection

A total of 875 studies were screened, and after excluding duplicates and irrelevant studies based on titles and abstracts, we conducted a detailed review of the remaining 78 studies eligible for full-text examination. Among them, 71 were further excluded for the following reasons that were not in line with the inclusion criteria, including that the experimental group and the control group did not use different drugs to evaluate the safety and efficacy of ICIs compared with the standard treatment regimen, and the patient population belonged to the subgroup of other classification criteria (such as RAS mutation).Ultimately, we selected 7 studies (16, 28–33), all of which were randomized controlled trials involving 1358 eligible patients. Among them, 1051 patients received the following five first-line treatments: standard-of-care therapy (SOC), Pembrolizumab (Pem), Atezolizumab plus standard-of-care therapy (Ate-SOC), Nivolumab plus ipilimumab (Niv-ipi) and Nivolumab plus standard-of-care therapy (Niv-SOC). Additionally, 307 patients underwent the following three second-line treatment regimens: standard-of-care therapy (SOC), Tremelimumab plus Durvalumab (Tre-Dur), and Atezolizumab plus standard-of-care therapy (Ate-SOC).

Figure 1 provides detailed information on the literature search conducted in this study. Table 1 outlines the basic characteristics of the included studies. Figure 2 presents the quality assessment of the included studies, which are all moderately or highly credible. However, one study exhibits high risk and another study with potential problems deserves attention.




Figure 1 | Flow chart of included and excluded studies.




Table 1 | Basic characteristics of included studies.






Figure 2 | Risk of bias summary.






3.2 Pairwise meta-analysis



3.2.1 Comparisons of PFS

A total of seven studies were included (16, 28–33), all of which reported PFS. In first-line treatment, these studies comprised four MSI subgroup treatments (Ate-Soc, Niv-Ipi, Pem, SOC). And three MSS subgroup treatments were included: Ate-Soc, Niv-Soc, SOC. A high degree of statistical heterogeneity was observed across the studies (P>0.1, I²=81%) and therefore a random-effect model was applied in order to conduct the meta-analysis. The findings indicated that the use of ICIs in first-line therapy was associated with a significant improvement in PFS (HR=0.51, 95% CI: 0.33-0.95).

In the MSI subgroup, ICIs demonstrated a significant advantage in prolonging PFS compared with SOC (HR=0.28, 95% CI: 0.11-0.72), but there was high heterogeneity among studies (P<0.1, I²=87%). Therefore, the source of heterogeneity was investigated in this subgroup, and it was found that in the AtezoTRIBE study, only 13 MSI patients were included (8 in the experimental group and 5 in the control group), with an HR value significantly lower than that in other studies, which was likely to be the major cause of heterogeneity. In the MSS subgroup, the application of ICIs also showed a certain degree of PFS benefit compared with chemotherapy (HR=0.75, 95% CI: 0.60-0.95), and there was no heterogeneity among studies (P>0.1, I²=0%).

In second-line treatment, three MSS subgroup treatment regimens (Ate-SOC, Ter-Dur, SOC) were included. The heterogeneity of the studies was slightly high (P < 0.1, I² = 65), justifying the use of a random effects model for the meta-analysis. The findings revealed that ICIs in second-line treatment yielded marginally higher PFS benefits compared to SOC (HR=0.84, 95% CI: 0.55-1.27). A certain degree of heterogeneity was observed in these two studies, so the sources of heterogeneity were investigated. It was found that in the CO.26 study, due to the limitation of sample size, the PFS of the treatment group was 1.8 months and that of the control group was 1.9 months, which largely contributed to the generation of heterogeneity. See Figures 3, 4 for details.




Figure 3 | Comparison of PFS (first-line) between ICIs and SOC alone.






Figure 4 | Comparison of PFS (second-line) between ICIs and SOC alone.






3.2.2 Comparisons of AEs≥3

Two studies reported AE≥3 (13, 14, 32, 34–36), involving three first-line treatments for MSI subgroup (Pem, Niv-Ipi, SOC). Due to no statistical heterogeneity among studies (P>0.1, I²=0%), a fixed effects model was employed for meta-analysis. The results indicated that the risk of adverse events in patients receiving SOC alone in first-line treatment was marginally higher than that of ICIs(OR=0.34, 95% CI: 0.24-0.49). Details of this observation are presented in Figure 5.




Figure 5 | Comparison of safety between ICIs and SOC alone.







3.3 Network meta-analyses



3.3.1 Comparisons of PFS

The immunotherapy regimens included in the NMA reported PFS and AEs (Figure 6). Patients who received ICIs therapy exhibited longer PFS (Figure 7) compared to those who only received SOC. In the first-line setting, in the MSI subgroup, Ate-SOC was found to significantly enhance PFS (HR=0.10; 95% CI, 0.02-0.5). Subsequently, both Niv-Ipi (HR=0.21; 95% CI, 0.13-0.35) and Pem monotherapy (HR=0.59; 95% CI, 0.45-0.78) demonstrated advantages in improving PFS. In terms of PFS in the MSS subgroup, Niv-SOC demonstrated the most significant advantage in PFS benefit (HR=0.74; 95% CI, 0.53-1.02), followed by Ate-SOC (HR=0.77; 95% CI, 0.55-1.08). Compared to SOC alone, both combinations showed some improvement in PFS. In the MSI subgroup of second-line therapy, Ate-SOC exhibited the greatest clinical benefit in terms of PFS (HR=0.66; 95% CI, 0.44-0.99), with an estimated 12-month PFS rate of 15.2%, which was more than double that of the control group (6.9%). The least beneficial intervention with regard to improvement in PFS was Tre-Dur (HR = 1.01; 95% CI, 0.76–1.34), which was observed to be slightly less efficacious than the control group (SOC alone), with a median PFS of 1.8 months in the experimental group and 1.9 months in the control group.




Figure 6 | Network plot for endpoints of multiple ICIs regimens of metastatic colorectal cancer.






Figure 7 | Summary treatment effects from the network meta-analysis for PFS.






3.3.2 Comparisons of AEs≥3

With regard to the matter of safety (Figure 8), due to data limitations in the original studies, we only included safety data from first-line treatment in the MSI subgroup for meta-analysis. Based on the available results, it has been observed that ICIs have not led to an increase in adverse events. Among patients receiving first-line therapy, the combination of Niv-Ipi demonstrated the highest safety (OR=0.33; 95% CI, 0.08-1.42), with only 23% of the experimental group reporting grade 3 or higher adverse events, compared to 48% in the control group. Following closely behind was Pem monotherapy (OR = 0.35; 95% CI, 0.08-1.55), which also exhibited a high level of safety, with 56% of the experimental group reporting grade 3 or higher adverse events and 78% in the control group.




Figure 8 | Summary treatment safety from the network meta-analysis for AEs≥3.







3.4 Rankings

A Bayesian ranking spectrum analysis was conducted to evaluate the relative efficacy of various treatment options in mCRC patients. Regarding PFS, in the context of MSS subgroup in the first-line therapies, Niv-SOC emerged as the most probable candidate to rank first in improving PFS, with a 57% probability. This was followed by Ate-SOC, which had a 51% probability of ranking second. The probability of the SOC monotherapy ranking third was 90%. In MSI subgroup of the first-line treatments, Ate-SOC exhibited a 80% probability of being ranked first. The next treatment option was Niv-Ipi or Pem, with a 80% and 98% probability of being ranked second and third, respectively. The probability of SOC ranking fourth was 99%. In the MSS subgroup of second-line treatment, Ate-SOC demonstrated the highest probability of being ranked first, with an 94% likelihood. SOC and Ter-Dur were the next most probable, with 52% and 52% probabilities of ranking second and third, respectively. See Figures 9–11 for details.




Figure 9 | Ranking plot of PFS(MSS) in first-line treatment effects.






Figure 10 | Ranking plot of PFS(MSI) in first-line treatment effects. Summary treatment effects from the network meta-analysis for ORR.






Figure 11 | Ranking plot of PFS (MSS) in second-line treatment effects.



Finally, in terms of safety, Niv-Ipi demonstrated the highest probability of being ranked first among first-line treatments, with an 53% likelihood. Pem and SOC were the next most probable, with 48% and 88% probabilities of ranking second and third, respectively. For further details, please refer to Figure 12.




Figure 12 | Ranking plot of AEs≥3(MSI) in first-line treatment safety.







4 Discussion

It is to our best knowledge that this study represents the first comprehensive evaluation of optimal immunotherapy strategies in first- and second-line treatments for mCRC. This study evaluated the efficacy and safety of ICIs, administered as monotherapy or in combination with SOC, across two dimensions. We employed an indirect rank order of all regimens in order to provide more reliable data for clinical applications. The analysis of seven studies, incorporating five different immunotherapy treatment protocols, indicated that both monotherapy with ICIs and combination therapy with SOC improved the therapeutic outcomes in mCRC patients as frontline treatment, regardless of whether they belong to the MSS or MSI subgroup. In terms of refractory populations, the application of ICIs in the MSS subgroup still presents some clinical benefits. Although our safety assessment of ICIs in frontline treatment is limited to the MSI subgroup due to the constraints of the original data, the results indicate that ICIs have reliable safety profiles. Specifically, the data demonstrated that ICIs treatment exhibited superior anti-tumor benefits. In terms of survival, Atezolizumab plus SOC demonstrated the most significant improvement in PFS in MSI subgroup of first-line therapy and MSS subgroup of second-line therapy. In MSS subgroup of first-line treatment, Nivolumab plus SOC achieved the best PFS benefit. Analyses of safety revealed that in first-line therapy Nivolumab combination with ipilimumab exhibited the most controllable safety and pembrolizumab monotherapy was also safer than SOC, demonstrating more reliable safety advantages over SOC alone.

Our study indicates that, in the initial treatment phase of MSI subgroup, the most optimal therapeutic strategy is the use of Nivolumab combination with ipilimumab, according to the current research data. This regimen achieved clinical benefits in PFS that were only slightly lower than those of Atezolizumab plus SOC, but with a more reliable sample size. Additionally, in terms of safety, Atezolizumab plus SOC lacks relevant subgroup data, whereas the combination of Nivolumab and ipilimumab exhibited the highest safety profile among the three regimens included in the meta-analysis. After comprehensive consideration, our study concludes that the combination of Nivolumab and ipilimumab may be the optimal current regimen for first-line treatment in the MSI subgroup. This conclusion diverges from previous research findings (34), which suggested that Pembrolizumab demonstrates notable clinical advantages and ought to be considered the foremost choice for initial treatment. However, the findings of CheckMate 142 also indicate that the integration of Nivolumab and Ipilimumab in first-line therapy has exhibited favorable clinical benefits (35). It is the performance of this regimen in first-line treatment for MSI that reinforces the value of dual ICIs in treating mCRC. On the other hand, Atezolizumab plus SOC exhibits the most potential therapeutic value in this subgroup. Although it demonstrates significant heterogeneity among MSI subgroups, given its remarkable therapeutic advantages in a limited number of MSI patients, our study considers that its high potential therapeutic value in MSI subgroups merits further exploration, and therefore also recommends its prioritized application in first-line therapy. Notably, despite pembrolizumab’s unremarkable superiority over SOC in terms of PFS and safety, it outperforms the control group in OS (Overall Survival, HR=0.72), ORR (Objective Response Rate, OR=1.66), and CR (Complete Response, OR=3.75) in the KEYNOTE-177 trial, hence qualifying as a robust recommendation as well.

And in the MSS subgroup, the results indicated that Nivolumab plus SOC represents the most promising approach, as it achieved the best therapeutic benefit in terms of PFS. Although the original studies lacked other efficacy assessment indicators and safety data for the MSS subgroup, the two original studies involved showed the following: in Checkmate9×8, where MSS patients accounted for 93% of all patients, the ORR (OR=1.78), CR (OR=3.33), and duration of response (DOR) ≥12 months (OR=2.4), OS (OR=1.03), and AE≥3 (OR=3.17) were reported; in the METIMMOX trial (all MSS patients), the OS (OR=0.75) and AEs≥3 (OR=0.78) were noted, with an OR value of only 0.49 for ORR, but six patients in the treatment group achieved CR, compared to none in the control group. It can thus be seen that Nivolumab plus SOC exhibits advantages in terms of direct tumor efficacy, albeit its safety requires further research and confirmation. Even though the prevailing belief is that MSS patients exhibit diminished sensitivity to ICIs as a consequence of primary drug resistance (36), which leads to unfavorable outcomes with ICIs, the findings of this study indicate that the use of ICIs as first-line therapy remains a beneficial approach for MSS patients.

In the second-line therapy, the results indicate that for the MSS subgroup, Atezolizumab plus SOC may be the optimal therapeutic option due to its significant advantage in PFS. The ORR data (OR=2.15) for the MSS subgroup was published in the BACCI study (86% MSS patients), showing the clinical value of this regimen despite the OS benefit (HR=0.96) in the overall population being just slightly higher than that of the control group. What is worth discussing is that although the benefit of Tremelimumab in combination with Durvalumab in PFS was not obvious in CO.26 (99% MSS patients), and its ORR rate was also low, it achieved considerable OS benefit (HR=0.72), which could directly extend the survival time of patients. Notwithstanding the high OS benefit, this treatment has a significantly higher incidence of adverse events than the comparator. Furthermore, it provides the least improvement in PFS among the other options. This discrepancy may be attributed to the mechanism of action of ICIs and the limited sample size in the original study. It should be noted that the alteration of the tumor microenvironment and the inhibition of immune evasion require time to take effect and given the progressive nature of the disease, patients receiving second-line treatment are often expected to have a shorter PFS. Moreover, research indicates that monotherapy is associated with more substantial gains in quality of life relative to combination therapy or no treatment (37). The elevated incidence of adverse effects observed with this regimen may be attributable to the combination of dual ICIs, which could be related to result in excessive T-cell activation (38) and the accumulation of toxicities (39). Overall, it is evident that due to the particularity of the refractory population, current second-line treatments for ICIs have varying strengths and weaknesses. Further evaluation is required to ascertain the best treatment options. Based on the existing research findings, clinicians are advised to consider patients’ treatment preferences when formulating treatment plans, and select the most suitable treatment options accordingly.

Despite the incomplete data observed in various studies, our subgroup data analysis yielded intriguing observations. Three studies (28–30) on first-line treatment (Nivolumab or Atezolizumab plus SOC) included patients of different ages in their analysis of PFS. For patients over the age of 60, the HRs in the AtezoTRIBE and METIMMOX trials were 0.59 (0.38–0.92) and 0.25 (0.07–0.93), respectively, while the HRs for patients over the age of 65 in Checkmate9×8 was 0.38 (0.17–0.86). These findings align with ours, where Nivolumab plus SOC not only demonstrated the most significant benefit for PFS in the MSS subgroup, but also appeared to provide superior clinical benefits to elderly patients, despite minor discrepancies in age groupings across the three studies. It has previously been demonstrated that tumor mutational burden(TMB) is an independent predictor of the efficacy of ICIs against various solid tumors (40, 41). Within the TMB subgroup, the HRs for those with high TMB was 0.80 (0.28-2.23) in CheckMate9×8 and 0.10 (0.02–0.51) in Atezolizumab. Of note, TMB levels in AtezoTRIBE patients were observed to be generally higher than those in Checkmate9×8, indicating that Atezolizumab in conjunction with SOC may offer more pronounced clinical benefits to patients exhibiting high TMB levels. It is plausible that the observed association between higher TMB and enhanced anti-tumor immunotherapy activity may in fact be causal (42). However, given the limited evidence currently available, further research and investigation are necessary to reach definitive conclusions.

Whether the combination of different chemotherapeutic drugs affects the efficacy of ICIs is also a topic worthy of discussion. In first-line treatment, three studies primarily targeting the MSS subgroup adopted FOLFOX6 as the basic chemotherapy regimen. Notably, CheckMate 9×8 incorporated Bevacizumab, while AtezoTRIBE further added irinotecan to this foundation. As an anti-VEGF agent, Bevacizumab combined with ICIs can not only inhibit tumor angiogenesis but also remodel the immunosuppressive tumor microenvironment, facilitating the recruitment and proliferation of immune cells, thereby promoting immune response (43). Irinotecan, a topoisomerase inhibitor, is classified among the essential chemotherapy options for colorectal cancer alongside oxaliplatin and others. Studies have shown that these drugs can stimulate tumor cells to release tumor antigens, upregulate co-inhibitory ligands such as PD-L1 in malignant cells or tumor-infiltrating lymphocytes, and enhance dendritic cell activation and PD-L1 expression, ultimately influencing the effects of ICIs. However, variations in the types, doses, administration methods, and sequential patterns of chemotherapeutic drugs may lead to distinct immunomodulatory effects (44). Therefore, extensive research data is required to confirm whether irinotecan usage impacts the efficacy of ICIs. In second-line therapy, BACCI adopts Bevacizumab plus capecitabine as the basic treatment regimen. Currently, capecitabine is a commonly used chemotherapeutic drug for colorectal cancer. Research has validated that single chemotherapeutic agents exhibit limited antitumor activity, while combination therapy effectively improves efficacy and reduces tumor resistance over the long term (45). Thus, further investigation is required to determine whether integrating ICIs with standard combination therapy regimens across different subgroups influences ICIs’ antitumor mechanisms.

Admittedly, there are some limitations to our study. Firstly, the number of RCTs included in this study is limited and the patient population is insufficient in number. Despite a comprehensive search of four major English databases, the scarcity of completed relevant studies limited the number of articles included to seven, five of which were phase II trials. It is therefore recommended that the findings of this study be validated by means of a larger sample size.

Secondarily, the study focused on endpoints in mCRC patients, lacking comprehensive exploration of individualized patient data. Furthermore, ICIs carry a substantial treatment cost for patients. Although elucidating their cost-effectiveness holds paramount significance for optimizing treatment protocols, clinicians must weigh this factor against practical scenarios given the disparities in drug costs across different regions, brands, and healthcare systems. Additionally, it is noteworthy that since the application of ICIs is still in its exploratory phase, the primary studies included in this research are relatively recent, and the PFS and safety indicators reported are based on short-term observations only. Thus, further research data are required to supplement and refine our understanding of their long-term efficacy and safety profiles.

Finally, due to limitations of the original studies, the current analysis of endpoints is insufficiently comprehensive. Most of the original studies did not comprehensively report the data of MSS and MSI subgroups. Consequently, the endpoints performance of the included studies with regard to the unreported subgroup in question remains uncertain.

In addition, subtle differences do exist among the seven studies with respect to their methodologies. For instance, in KEYNOTE-177, some patients switched from chemotherapy to Pembrolizumab during the course of therapy. In CO.26, the control group was administered best supportive care, a treatment measure that lacked specific descriptions. Consequently, it cannot be ascertained whether these factors will have an impact on the results of this study. In light of this uncertainty, further research and the collection of additional experimental data are essential.




5 Conclusion

A systematic review and meta-analysis of RCTs investigating ICIs as a treatment for mCRC revealed that ICIs offer advantages in two endpoints compared to SOC. This advantage is observed across both subgroups in first- and second-line treatments despite some manageable safety risks. This study indicates that ICIs have the potential to be a promising treatment option for MSS patients in the first-line setting. and Nivolumab plus SOC has emerged as a preferred option. In the MSI subgroup of first-line treatment, Nivolumab combined with ipilimumab has significantly improved PFS while ensuring the best safety, demonstrating its potential to become the optimal regimen for the MSI subgroup. The clinical advantages of Atezolizumab plus SOC require further verification, whereas pembrolizumab monotherapy is a relatively stable option.

However, the outlook for second-line therapy remains challenging. The current research allows clinicians to select relatively suitable regimens based on patients’ therapeutic needs. Specifically, in terms of the definite conclusion, Atezolizumab combined with SOC provides a higher PFS benefit, and also has an advantage in improving ORR in the original study. Tremelimumab plus Durvalumab is disappointing in improving PFS, but in the original study, it demonstrates a relatively significant improvement in OS, although the optimal regimen still requires further trial data and support from multiple samples.





Data availability statement

The original contributions presented in the study are included in the article/supplementary material. Further inquiries can be directed to the corresponding author.





Author contributions

KC: Writing – original draft, Writing – review & editing. WC: Conceptualization, Writing – review & editing. RY: Data curation, Writing – review & editing. DZ: Writing – review & editing. SC: Writing – review & editing. XZ: Writing – review & editing. ZJ: Conceptualization, Writing – review & editing. TX: Data curation, Writing – review & editing.





Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This work was supported by Foundation for inheritance, Innovation and development, School of Basic Medicine, Chengdu University of Traditional Chinese Medicine (No.CCCXYB202203) and supported by Chengdu University of Traditional Chinese Medicine (No. 242022007).





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





References

1. Sung, H, Ferlay, J, Siegel, RL, Laversanne, M, Soerjomataram, I, Jemal, A, et al. Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin. (2021) 71:209–49. doi: 10.3322/caac.21660

2. Arnold, M, Sierra, MS, Laversanne, M, Soerjomataram, I, Jemal, A, and Bray, F. Global patterns and trends in colorectal cancer incidence and mortality. Gut. (2017) 66:683–91. doi: 10.1136/gutjnl-2015-310912

3. Biller, LH, and Schrag, D. Diagnosis and treatment of metastatic colorectal cancer: A review. JAMA. (2021) 325:669–85. doi: 10.1001/jama.2021.0106

4. Edwards, BK, Ward, E, Kohler, BA, Eheman, C, Zauber, AG, Anderson, RN, et al. Annual report to the nation on the status of cancer, 1975-2006, featuring colorectal cancer trends and impact of interventions (risk factors, screening, and treatment) to reduce future rates. Cancer. (2010) 116:544–73. doi: 10.1002/cncr.24760

5. Kasper, S, Foch, C, Messinger, D, Esser, R, Lamy, FX, Rothe, V, et al. Noninferiority of cetuximab every-2-weeks versus standard once-weekly administration schedule for the first-line treatment of RAS wild-type metastatic colorectal cancer. Eur J Cancer. (2021) 144:291–301. doi: 10.1016/j.ejca.2020.11.013

6. Shin, AE, Giancotti, FG, and Rustgi, AK. Metastatic colorectal cancer: mechanisms and emerging therapeutics. Trends Pharmacol Sci. (2023) 44(4):222–36. doi: 10.1016/j.tips.2023.01.003

7. Morris, VK, Kennedy, EB, Baxter, NN, Benson, AB 3rd, Cercek, A, Cho, M, et al. Treatment of Metastatic Colorectal Cancer: ASCO Guideline. J Clin Oncol. (2023) 41(3):678–700. doi: 10.1200/JCO.22.01690

8. Jonker, DJ, Maroun, JA, and Kocha, W. Survival benefit of chemotherapy in metastatic colorectal cancer: a meta-analysis of randomized controlled trials. Br J Cancer. (2000) 82:1789–94. doi: 10.1054/bjoc.1999.1254

9. Kirstein, MM, Lange, A, Prenzler, A, Manns, MP, Kubicka, S, and Vogel, A. Targeted therapies in metastatic colorectal cancer: a systematic review and assessment of currently available data. Oncologist. (2014) 19:1156–68. doi: 10.1634/theoncologist.2014-0032

10. Botrel, TEA, Clark, LGO, Paladini, L, and Clark, OAC. Efficacy and safety of bevacizumab plus chemotherapy compared to chemotherapy alone in previously untreated advanced or metastatic colorectal cancer: a systematic review and meta-analysis. BMC Cancer. (2016) 16:677. doi: 10.1186/s12885-016-2734-y

11. Van Cutsem, E, Cervantes, A, Adam, R, Sobrero, A, Van Krieken, JH, Aderka, D, et al. ESMO consensus guidelines for the management of patients with metastatic colorectal cancer. Ann Oncol. (2016) 27:1386–422. doi: 10.1093/annonc/mdw235

12. Cruz-Duarte, R, Rebelo de Almeida, C, Negrão, M, Fernandes, A, Borralho, P, Sobral, D, et al. Predictive and therapeutic implications of a novel PLCγ1/SHP2-driven mechanism of cetuximab resistance in metastatic colorectal cancer. Clin Cancer Res. (2022) 28:1203–16. doi: 10.1158/1078-0432.CCR-21-1992

13. Ganesh, K. Optimizing immunotherapy for colorectal cancer. Nat Rev Gastroenterol Hepatol. (2022) 19:93–4. doi: 10.1038/s41575-021-00569-4

14. Yuan, J, Li, J, Gao, C, Jiang, C, Xiang, Z, and Wu, J. Immunotherapies catering to the unmet medical need of cold colorectal cancer. Front Immunol. (2022) 13:1022190. doi: 10.3389/fimmu.2022.1022190

15. Ros, J, Balconi, F, Baraibar, I, Saoudi Gonzalez, N, Salva, F, Tabernero, J, et al. Advances in immune checkpoint inhibitor combination strategies for microsatellite stable colorectal cancer. Front Oncol. (2023) 13:1112276. doi: 10.3389/fonc.2023.1112276

16. Diaz, LA Jr, Shiu, KK, Kim, TW, Jensen, BV, Jensen, LH, Punt, C, et al. Pembrolizumab versus chemotherapy for microsatellite instability-high or mismatch repair-deficient metastatic colorectal cancer (KEYNOTE-177): final analysis of a randomised, open-label, phase 3 study. Lancet Oncol. (2022) 23:659–70. doi: 10.1016/S1470-2045(22)00197-8

17. Lenz, HJ, Van Cutsem, E, Luisa Limon, M, Wong, KYM, Hendlisz, A, Aglietta, M, et al. First-line nivolumab plus low-dose ipilimumab for microsatellite instability-high/mismatch repair-deficient metastatic colorectal cancer: the phase II checkMate 142 study. J Clin Oncol. (2022) 40:161–70. doi: 10.1200/JCO.21.01015

18. Hirano, H, Takashima, A, Hamaguchi, T, Shida, D, and Kanemitsu, Y. Colorectal Cancer Study Group (CCSG) of the Japan Clinical Oncology Group (JCOG). Current status and perspectives of immune checkpoint inhibitors for colorectal cancer. Jpn J Clin Oncol. (2021) 51:10–9. doi: 10.1093/jjco/hyaa200

19. Taieb, J, and Karoui, M. FOxTROT: are we ready to dance? J Clin Oncol. (2023) 41:1514–7. doi: 10.1200/JCO.22.02108

20. Buchler, T. Microsatellite instability and metastatic colorectal cancer - A clinical perspective. Front Oncol. (2022) 12:888181. doi: 10.3389/fonc.2022.888181

21. Maajani, K, Khodadost, M, Fattahi, A, Shahrestanaki, E, Pirouzi, A, Khalili, F, et al. Survival rate of colorectal cancer in Iran: A systematic review and meta-analysis. Asian Pac J Cancer Prev. (2019) 20:13–21. doi: 10.31557/APJCP.2019.20.1.13

22. Le, DT, Durham, JN, Smith, KN, Wang, H, Bartlett, BR, Aulakh, LK, et al. Mismatch repair deficiency predicts response of solid tumors to PD-1 blockade. Science. (2017) 357:409–13. doi: 10.1126/science.aan6733

23. Barzi, A, Azad, NS, Yang, Y, Tsao-Wei, D, Rehman, R, Fakih, M, et al. Phase I/II study of regorafenib (rego) and pembrolizumab (pembro) in refractory microsatellite stable colorectal cancer (MSSCRC). J Clin Oncol. (2022) 40:15. doi: 10.1200/JCO.2022.40.4_suppl.015

24. Huyghe, N, Benidovskaya, E, Stevens, P, and Van den Eynde, M. Biomarkers of response and resistance to immunotherapy in microsatellite stable colorectal cancer: toward a new personalized medicine. Cancers (Basel). (2022) 14:2241. doi: 10.3390/cancers14092241

25. Gomar, M, Najafi, M, Aghili, M, Cozzi, S, and Jahanbakhshi, A. Durable complete response to pembrolizumab in microsatellite stable colorectal cancer. Daru. (2021) 29:501–6. doi: 10.1007/s40199-021-00404-w

26. PLOS ONE Staff. Correction: Network meta-analysis using R: a review of currently available automated packages. PloS One. (2015) 10:e0123364. doi: 10.1371/journal.pone.0123364

27. Shim, SR, Kim, SJ, Lee, J, and Rücker, G. Network meta-analysis: application and practice using R software. Epidemiol Health. (2019) 41:e2019013. doi: 10.4178/epih.e2019013

28. Lenz, HJ, Parikh, A, Spigel, DR, Cohn, AL, Yoshino, T, Kochenderfer, M, et al. Modified FOLFOX6 plus bevacizumab with and without nivolumab for first-line treatment of metastatic colorectal cancer: phase 2 results from the CheckMate 9X8 randomized clinical trial. J Immunother Cancer. (2024) 12:e008409. doi: 10.1136/jitc-2023-008409

29. Antoniotti, C, Rossini, D, Pietrantonio, F, Catteau, A, Salvatore, L, Lonardi, S, et al. Upfront FOLFOXIRI plus bevacizumab with or without atezolizumab in the treatment of patients with metastatic colorectal cancer (AtezoTRIBE): a multicentre, open-label, randomised, controlled, phase 2 trial. Lancet Oncol. (2022) 23:876–87. doi: 10.1016/S1470-2045(22)00274-1

30. Ree, AH, Šaltytė Benth, J, Hamre, HM, Kersten, C, Hofsli, E, Guren, MG, et al. First-line oxaliplatin-based chemotherapy and nivolumab for metastatic microsatellite-stable colorectal cancer-the randomised METIMMOX trial. Br J Cancer. (2024) 130:1921–8. doi: 10.1038/s41416-024-02696-6

31. Lenz, HJ, Lonardi, S, Elez, E, Van Cutsem, E, Jensen, LH, Bennouna, J, et al. Nivolumab (NIVO) plus ipilimumab (IPI) vs chemotherapy (chemo) as first-line (1L) treatment for microsatellite instability-high/mismatch repair-deficient (MSI-H/dMMR) metastatic colorectal cancer (mCRC): Expanded efficacy analysis from CheckMate 8HW. J Clin Oncol. (2024) 42:LBA768–8. doi: 10.1200/JCO.2024.42.16_suppl.3503

32. Chen, EX, Jonker, DJ, Loree, JM, Kennecke, HF, Berry, SR, Couture, F, et al. Effect of combined immune checkpoint inhibition vs best supportive care alone in patients with advanced colorectal cancer: the canadian cancer trials group CO.26 study. JAMA Oncol. (2020) 6:831–8. doi: 10.1001/jamaoncol.2020.0910

33. Mettu, NB, Ou, FS, Zemla, TJ, Halfdanarson, TR, Lenz, HJ, Breakstone, RA, et al. Assessment of capecitabine and bevacizumab with or without atezolizumab for the treatment of refractory metastatic colorectal cancer: A randomized clinical trial. JAMA Netw Open. (2022) 5:e2149040. doi: 10.1001/jamanetworkopen.2021.49040

34. Cann, CG, LaPelusa, MB, Cimino, SK, and Eng, C. Molecular and genetic targets within metastatic colorectal cancer and associated novel treatment advancements. Front Oncol. (2023) 13:1176950. doi: 10.3389/fonc.2023.1176950

35. Overman, MJ, McDermott, R, Leach, JL, Lonardi, S, Lenz, HJ, Morse, MA, et al. Nivolumab in patients with metastatic DNA mismatch repair-deficient or microsatellite instability-high colorectal cancer (CheckMate 142): an open-label, multicentre, phase 2 study [published correction appears in Lancet Oncol. 2017 Sep;18(9):e510. Lancet Oncol. (2017) 18:1182–91. doi: 10.1016/S1470-2045(17)30422-9

36. Llosa, NJ, Cruise, M, Tam, A, Wicks, EC, Hechenbleikner, EM, Taube, JM, et al. The vigorous immune microenvironment of microsatellite instable colon cancer is balanced by multiple counter-inhibitory checkpoints. Cancer Discov. (2015) 5:43–51. doi: 10.1158/2159-8290.CD-14-0863

37. Jiang, Y, Zhao, M, Tang, W, and Zheng, X. Impacts of systemic treatments on health-related quality of life for patients with metastatic colorectal cancer: a systematic review and network meta-analysis. BMC Cancer. (2024) 24:188. doi: 10.1186/s12885-024-11937-z

38. Boukouris, AE, Theochari, M, Stefanou, D, Papalambros, A, Felekouras, E, Gogas, H, et al. Latest evidence on immune checkpoint inhibitors in metastatic colorectal cancer: A 2022 update. Crit Rev Oncol Hematol. (2022) 173:103663. doi: 10.1016/j.critrevonc.2022.103663

39. Zhou, S, Khanal, S, and Zhang, H. Risk of immune-related adverse events associated with ipilimumab-plus-nivolumab and nivolumab therapy in cancer patients. Ther Clin Risk Manage. (2019) 15:211–21. doi: 10.2147/TCRM.S193338

40. Yarchoan, M, Hopkins, A, and Jaffee, EM. Tumor mutational burden and response rate to PD-1 inhibition. N Engl J Med. (2017) 377:2500–1. doi: 10.1056/NEJMc1713444

41. Panda, A, Betigeri, A, Subramanian, K, Ross, JS, Pavlick, DC, Ali, S, et al. Identifying a clinically applicable mutational burden threshold as a potential biomarker of response to immune checkpoint therapy in solid tumors. JCO Precis Oncol. (2017) 2017:PO.17.00146. doi: 10.1200/PO.17.00146

42. Fan, A, Wang, B, Wang, X, Nie, Y, Fan, D, Zhao, X, et al. Immunotherapy in colorectal cancer: current achievements and future perspective. Int J Biol Sci. (2021) 17:3837–49. doi: 10.7150/ijbs.64077

43. Taylor, CT, and Colgan, SP. Regulation of immunity and inflammation by hypoxia in immunological niches. Nat Rev Immunol. (2017) 17:774–85. doi: 10.1038/nri.2017.103

44. Salas-Benito, D, Pérez-Gracia, JL, Ponz-Sarvisé, M, Rodriguez-Ruiz, ME, Martínez-Forero, I, Castañón, E, et al. Paradigms on immunotherapy combinations with chemotherapy. Cancer Discov. (2021) 11:1353–67. doi: 10.1158/2159-8290.CD-20-1312

45. Boku, N, Ryu, MH, Kato, K, Chung, HC, Minashi, K, Lee, KW, et al. Safety and efficacy of nivolumab in combination with S-1/capecitabine plus oxaliplatin in patients with previously untreated, unresectable, advanced, or recurrent gastric/gastroesophageal junction cancer: interim results of a randomized, phase II trial (ATTRACTION-4). Ann Oncol. (2019) 30:250–8. doi: 10.1093/annonc/mdy540




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2024 Chen, Chen, Yue, Zhu, Cui, Zhang, Jin and Xiao. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fimmu-15-1439624-g002.jpg
8y, mux
a, o ,
Uy %)
(773

muN

wn
s
5
(=
¥ 8 3
2 £ 5
= @ L

"o 000000

C0.26
KEYNOTE-177
BACCI
CheckMate SHW
METIMMOX





OEBPS/Images/fimmu-15-1439624-g010.jpg
1.0

0.8

0.6

0.4

0.2

0.0

SOC

B 1st O 2nd @ 3rd O 4th

Pem Niv-Ipi

Ate-SOC





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Evaluation of the efficacy and safety of first- and second-line immunotherapy in patients with metastatic colorectal cancer: a systematic review and network meta-analysis based on randomized controlled trials

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Systematic review registration

        



        		

          1 Introduction

        



        		

          2 Materials and methods

        

          		

            2.1 Data sources and search strategy

          



          		

            2.2 Selection criteria

          



          		

            2.3 Data extraction and quality assessment

          



          		

            2.4 Statistical analysis

          



          		

            2.5 Sensitivity analysis

          



        



        



        		

          3 Results

        

          		

            3.1 Study selection

          



          		

            3.2 Pairwise meta-analysis

          

            		

              3.2.1 Comparisons of PFS

            



            		

              3.2.2 Comparisons of AEs≥3

            



          



          



          		

            3.3 Network meta-analyses

          

            		

              3.3.1 Comparisons of PFS

            



            		

              3.3.2 Comparisons of AEs≥3

            



          



          



          		

            3.4 Rankings

          



        



        



        		

          4 Discussion

        



        		

          5 Conclusion

        



        		

          Data availability statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/fimmu-15-1439624-g012.jpg
1.0

0.8

0.6

0.4

0.2

0.0

| 1st O 2nd O 3rd

.

Niv-Ipi Pem





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu-15-1439624-g004.jpg
Hazard Ratio
1V, Random. 95% Cl

Hazard Ratio
1V, Random. 95% Cl

ti r re log[Hazard Rati SE Weight
BACCI -0.41551544 0.20686995 44.0%
CO.26 0.00995033 0.14467002 56.0%
Total (95% CI) 100.0%

Heterogeneity: Tau? = 0.06; Chi* = 2.84, df = 1 (P = 0.09); I* = 65%
Test for overall effect: Z = 0.84 (P = 0.40)

0.66 [0.44, 0.99]
1.01[0.76, 1.34]

0.84[0.55, 1.27]

k +
0.01 0.1
Favours [experimental]

1

10
Favours [control]

100





OEBPS/Images/fimmu-15-1439624-g006.jpg
Niv—Soc

Ter-Dur

Soc

Pem

Niv-Ipi

Ate-Soc

7 PFS in MSI(first-line)
— PFS in MSS(second-line,

T AE23 in MSI(first-line)
PFS, progression-free survival; AEs23, adverse events of HRAG o)

grade 3 or higher; PFS in MSS, Progression-free survival in
the microsatellite-stable subgroup;PFS in MSI, Progres-
sion-free survival in the microsatellite instability subgroup.





OEBPS/Images/fimmu-15-1439624-g008.jpg
@ Rank 3¢

SOC T

035 (0.08, 1.55) Pem
033 (0.08, 1.42) 0.93 (0.12, 7.38) Niv-Ipi

Adverse events of grade 3 or higher of microsatellite instability subgroup in first-line treatment (HR)






OEBPS/Images/fimmu-15-1439624-g003.jpg
Hazard Ratio Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE_Weight IV, Random, 95% ClI IV, Random, 95% ClI
1.1.1 MSI

AtezoTRIBE -2.30258509 0.82619348  5.3% 0.10 [0.02, 0.50]

CheckMate 8HW -1.56064775 0.25265273 17.6% 0.21[0.13, 0.34] .

KEYNOTE-177 -0.52763274 0.14356769 21.0% 0.59 [0.45, 0.78] 5

Subtotal (95% Cl) 43.8% 0.28 [0.11, 0.72] -

Heterogeneity: Tau? = 0.54; Chi? = 15.96, df = 2 (P = 0.0003); I* = 87%
Test for overall effect: Z = 2.63 (P = 0.009)

1.1.2 MSS

AtezoTRIBE -0.26136476 0.17214236 20.2% 0.77 [0.55, 1.08] =
CheckMate 9X8 -0.23572233 0.21332858 18.9% 0.79[0.52, 1.20] -1
METIMMOX -0.41551544 0.26452008 17.2% 0.66 [0.39, 1.11] =T
Subtotal (95% Cl) 56.2% 0.75 [0.60, 0.95] <

Heterogeneity: Tau? = 0.00; Chi? = 0.32, df = 2 (P = 0.85); I = 0%
Test for overall effect: Z = 2.38 (P = 0.02)

Total (95% CI) 100.0% 0.51[0.33, 0.78] L 4
[ 2= - Chi2 = = <12 =819 k + + d
?et?rfogeneltyl.l Tfafu '- 2503 %‘u o _28.;2,2& 5 (P <0.0001); I?=81% 0.01 01 1 10 100
estionoverall grect.c=.or ( o ) Favours [experimental] Favours [control]
Test for subaroup differences: Chi2=3.91.df=1 (P =0.05). 12=74.4%






OEBPS/Images/fimmu-15-1439624-g001.jpg
Records identified from
Databases (n=875)

PubMed (n = 476) Duplicate records removed
Web of Science (n = 135) (n=404)

Cochrane (n =117)

Embase (n = 147)

Identification

Records excluded (n = 393)
Review, case report, meta-
analysis (n = 178)
Records screened Irrelevant title/abstract (n = 215)
(n=471)

Reports sought for retrieval Reports not retrieved
(n=178) (n=0)

Reports assessed for eligibility Reports excluded (n = 71)
(n=78) Not RCT, single-arm,
retrospective (n = 38)
Study protocol (n = 14)
Studies on the same clinical
trial (n = 6)
The control group and the

patient group do not meet the
inclusion criteria

(n=13)
Studies included in review
(n=7)






OEBPS/Images/logo.jpg
, frontiers | Frontiers in Immunology





OEBPS/Images/fimmu-15-1439624-g005.jpg
Experimental Control Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H. Fixed. 95% Cl M-H, Fixed, 95% Cl
CheckMate 8HW 46 200 42 88 47.0%  0.33[0.19, 0.56] ——
KEYNOTE-177 86 153 112 143 53.0% 0.36 [0.21, 0.59] —
Total (95% Cl) 353 231 100.0%  0.34[0.24, 0.49] <
Total events 132 154

Heterogeneity: Chi? = 0.05, df =1 (P = 0.83); I?=0%
Test for overall effect: Z=5.70 (P < 0.00001)

t t
0.01 0.1
Favours [experimental]

1

+
10

Favours [control]

100





OEBPS/Images/fimmu-15-1439624-g011.jpg
1.0

0.8

0.6

0.4

0.2

0.0

] 1sl O 2nd O 3rd

Ter-Dur

Ate-SOC





OEBPS/Images/fimmu.2024.1439624_cover.jpg
’ frontiers | Frontiersin Immunology

Evaluation of the efficacy and safety of
first- and second-line immunotherapy
in patients with metastatic colorectal
cancer: a systematic review and
network meta-analysis based on
randomized controlled trials





OEBPS/Images/fimmu-15-1439624-g009.jpg
1.0

0.8

0.6

0.4

0.2

0.0

] 1sl O 2nd O 3rd

Niv-SOC

Ate-SOC





OEBPS/Images/table1.jpg
Study

Registered
ID

Sample
size

Included
sample

stage

Microsatellite state
(MSS/MSI)

Intervention arms

Control arms

Primary
end points

Lenz (28)
(2022)

Antoniotti
(29)
(2022)

Diaz (16)
(2022)

Ree (30)
(2024)

Lenz (31)
(2024)

Chen (32)
(2020)

Mettu (33)
(2022)

CheckMate9x8
(phase2)

AtezoTRIBE
(phase2)

KEYNOTE-177
(phase3)

METIMMOX
(phase2)

CheckMate8HW
(phase3)

€0.26
(phase2)

BACCI
(phase2)

NCT03414983

NCT03721653

NCT02563002

NCT03388190

NCT04008030

NCT02870920

NCT02873195

310

28

307

303

180

195(127/68)

218(145/73)

307(153/154)

76(38/38)

255(171/84)

180(118/61)

128(82/46)

first-
line

first-
line

first-
line

first-
line

first-

line

second-
line

second-
line

PES, progression-free survival; OS, overall survivals BEV, Bevacizumab; CET, Cetuximab; CAP, Capecitabine.

(121/6)/(61/7)

(132/8)/(6715)

(0/153)/(0/154)

(38/0)/(38/0)

(0N71)/(0/84)

(11711)/(49/1)

(69/6)/(41/3)

119/76

125/93

153/154

4135

121/59

77151

Nivolumabplusstandard-of-
carctherapy
240mg(Q2W)

Atezolizumabplusstandard-of-
caretherapy
840mg(Q2W)

Pembrolizumab
200mg(Q3W)

Nivolumabplusstandard.-of-
caretherapy
240mg(Q2W)

Nivolumabplusipilimumab
240mg(Q2W) Img/kg(Q3W)

TremelimumabplusDurvalumab
75mg(QAW) 1500mg(QW)

Atezolizumabplusstandard-of-
caretherapy
1200mg(Q3W)

standard-of-caretherapy
(mFOLFOX6plusBEV)

standard-of-caretherapy
(FOLFOXIRIplusBEV)

standard-of-caretherapy
(mFOLFOX6plusBEV/
FOLFIRIplusBEV/CET)

standard-of-caretherapy
FLOX

standard-of-caretherapy

placeboplusstandard-of-
cretherapy
BEVplusCAP

PES.

PFS

PFS

PFS

PES

PES

PFS





OEBPS/Images/fimmu-15-1439624-g007.jpg
Progression-free survival of microsatellite-stable(MSS) subgroup in second-line treatment (HR)

0.65 (0.4, 1.07) 0.66 (0.4, 0.99)
T Tre-Dur 1.01 (0.76, 1.34)

SOC

® Rank 3+ @ Ran 2

SO

0.74 (0.53, 1.02) Niv-SOC

0.77 (0.55, 1.08) 1.05 (0.65, 1.67)

Progression-free survival of microsatellite-stable(MSS) subgroup in first-line treatment (HR)

@ Rank 2

@ Rank 4

SOC

0.59 (045, 0.78) & Rank 274

021 (0.13, 0.35) 036 (0.2, 0.63) Niv-Ipi
0.1(0.02, 0.5) 0.17 (0.03, 0.88) 0.48 (0.09, 2.59)

Progression-free survival of microsatellite instability(MSI) subgroup in first-line treatment (HR)

Pem
—





