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Background

The objective of this study is to evaluate the efficacy and safety of different third-line treatment regimens for metastatic colorectal cancer (mCRC) through a comprehensive analysis and network meta-analysis (NMA). Additionally, the study aims to provide guidance on selecting appropriate third-line systemic treatment regimens for patients with mCRC.





Methods

We conducted a search of the PubMed, Embase, Web of Science, and Cochrane Central Register of Controlled Trials databases from January 1, 2005, to May 20, 2023, to include phase II/III randomized clinical trials (RCTs) of third-line treatments for mCRC. The primary outcome assessed in the NMA was median overall survival (mOS), and other outcomes included median progression-free survival (mPFS), disease control rate (DCR), and grade 3 or higher adverse events (≥3AEs).





Results

Ultimately, nine phase II/III RCTs involving five treatment regimens were included in this study. Trifluridine/tipiracil (TAS-102) plus bevacizumab (hazard ratio [HR] 0.41, 95% credible interval [CrI] 0.32-0.52) was found to be the most effective treatment for mOS compared to best supportive care (BSC). TAS-102 plus bevacizumab also significantly improved mPFS compared to BSC (HR 0.20, 95% CrI 0.16-0.25). In terms of adverse events (AEs), TAS-102 (RR 0.52, 95% CrI 0.35-0.74) had a lower incidence of ≥3AEs compared to fruquintinib, but fruquintinib (RR 1.79, 95% CrI 1.10-3.11) showed better improvement in DCR than TAS-102. Subgroup analysis using the Bayesian surface under the cumulative ranking curve (SUCRA) ranked the regimens based on the OS benefit. The results indicated that TAS-102 plus bevacizumab ranked first across age, gender, Eastern Cooperative Oncology Group performance status (ECOG PS), and time from initial diagnosis of metastatic disease to randomization.





Conclusion

TAS-102, fruquintinib, TAS-102 plus bevacizumab, the regorafenib standard dose regimen (regorafenib), and the regorafenib dose-escalation regimen (regorafenib 80+) all demonstrated improved OS and PFS compared to BSC in mCRC patients. However, TAS-102 plus bevacizumab may be the optimal choice for third-line treatment in mCRC patients.





Systematic review registration

https://www.crd.york.ac.uk/prospero/display_record.php, CRD42023434929.
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Introduction

Colorectal cancer (CRC) is the third most common cancer in men and the second most common in women (1). It accounts for approximately 10% of all cancer diagnoses and cancer-related deaths worldwide (2). Early-stage CRC patients often lack typical symptoms, and 20%–30% of them already have metastatic disease at the time of diagnosis (3). The prognosis for metastatic CRC (mCRC) is poor, with a 5-year survival rate of less than 20% (4).

The main treatments for early-stage CRC patients are surgery, radiotherapy, and chemotherapy. For patients with mCRC, first- and second-line treatments typically involve oxaliplatin or irinotecan combined with a fluoropyrimidine (5-fluorouracil or capecitabine), often in combination with targeted drug therapy such as vascular endothelial growth factor (VEGF) inhibitors or epidermal growth factor receptor (EGFR) inhibitors for patients with RAS wild-type (5, 6). However, most patients with mCRC eventually become insensitive or non-responsive to these treatments or intolerant to multiple cycles, leading to the need for third-line therapy. Therefore, the choice of appropriate treatment options plays a crucial role in prolonging survival.

Currently, several drugs have been approved for the standard third-line treatment of mCRC through validation in clinical trials. Regorafenib is the first small-molecule kinase inhibitor approved for the third-line treatment of mCRC. It improves patient survival by inhibiting multiple tumor growth-promoting protein kinases involved in tumor cell production, tumor angiogenesis, and maintenance of tumor microenvironment (TME) signaling (7). Trifluridine/tipiracil (TAS-102) is an oral cytotoxic antitumor drug composed of trifluridine (FTD) and tipiracil hydrochloride (TPI) in a specific ratio (8). It acts by incorporating into tumor cell DNA, thereby inhibiting tumor cell growth and proliferation (9). The presence of a thymidine phosphorylase inhibitor protects FTD from degradation and increases the concentration of the antitumor drug component (10). In the RECOURSE study, the TAS-102 group exhibited significantly higher disease control rates (DCR) (44% vs. 16%), longer survival (7.1 months vs. 5.3 months), and a 32% reduction in the risk of patient death compared to the best supportive care (BSC) group (11). The efficacy of TAS-102 was further confirmed in the 2013 TERRA study involving Asian populations (12). Fruquintinib, a highly selective oral tyrosine kinase inhibitor (TKI), gained global approval for the first time in China in 2018 for the treatment of mCRC patients who have failed at least second-line therapy, leading to benefits in both overall survival (OS) and progression-free survival (PFS) (13).

While most randomized controlled trials (RCTs) have assessed the efficacy and safety of these treatments compared to the BSC group, there is a lack of head-to-head comparisons between different treatment regimens. As a result, the selection of appropriate third-line treatment regimens for mCRC patients remains an unresolved issue. The objective of this study is to analyze the treatment effects, adverse events (AEs), and impact on relevant subgroups of various regimens through a systematic review and network meta-analysis (NMA) in the absence of direct comparisons. The aim is to evaluate the efficacy and tolerability of each regimen. The results of this study can help provide some clinical reference for the selection of third-line treatment options for mCRC patients.





Materials and methods

This study adheres to the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) statement extension for network meta-analysis (NMA) (Supplementary Table 1) (14).




Literature search strategies and eligibility criteria

A comprehensive search was performed in the PubMed, Embase, Web of Science, and Cochrane Central Register of Controlled Trials databases from January 1, 2005, to May 20, 2023, using the search strategy outlined in Supplementary Table 2. We included phase II/III randomized controlled trials (RCTs) focusing on third-line treatment for metastatic colorectal cancer (mCRC) in the network meta-analysis (NMA). The inclusion criteria for this study were as follows: 1) phase II/III RCTs; 2) histologically confirmed mCRC in patients included in the trial; and 3) The hazard ratios (HRs) and 95% credible intervals (CrIs) for overall survival (OS) and progression-free survival (PFS), disease control rate (DCR), and adverse events (AEs) were available. Exclusion criteria: 1) non-RCTs, single-arm design studies, and dose-finding studies; 2) trial results limited to specific patient groups only, e.g., the patient group was elderly only, male only, or female only;3) studies with insufficient published data for analysis or unpublished final results.





Data extraction and risk of bias assessment

The following information was extracted from the articles: study title, study ID, publication year, first author, number of study subjects, baseline characteristics, OS, PFS, DCR, and grade 3 or higher adverse events (≥3AEs). The risk of bias in the included trials was assessed using the Cochrane risk of bias tool, which assessed seven aspects: random sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessment, incomplete outcome data, selective reporting, and other sources of bias. Two reviewers (LLG and ZXH) independently conducted data extraction and assessed the risk of bias in the included studies. Any disagreements were resolved by a third reviewer (BL).





Statistical analysis

The primary outcome of this study was mOS. Secondary outcomes were median progression-free survival (mPFS), DCR, and ≥3AEs. The statistical heterogeneity between treatment effects across RCTs was assessed using the I2 statistic. I2 values below 25%, between 25% and 50%, or above 50% indicated low, moderate, and high heterogeneity, respectively (15). A network plot was generated using Stata 16.0 to visually display the comparative relationships among the various treatment regimens. Fixed and random effect models were considered and compared using deviance information criteria (DIC). If the difference in DIC between the random model and the fixed model was less than 5, the fixed model should be selected (16). The NMA was performed within a Bayesian framework using the Markov chain Monte Carlo simulation technique implemented with the GEMTC package in R-Statistics and the J.A.G.S. program (17). Each analysis involved 20,000 sample iterations with 5,000 burn-in cycles and a thinning interval of 1. Model convergence was assessed using Brooks-Gelman-Rubin diagnostic plots and trace plots (18). To estimate the probability of each treatment ranking, we calculated the surface under the cumulative ranking curve (SUCRA). A higher SUCRA value indicates a greater likelihood of a treatment regimen being the preferred option (19).






Results




Literature search and study characteristics

The flow chart depicting the study selection process is shown in Figure 1. Ultimately, we included nine phase II/III randomized controlled trials (RCTs) (11–13, 20–25), involving a total of 3456 patients and encompassing five treatment regimens. These treatments included chemotherapy (TAS-102), chemotherapy in combination with an anti-angiogenic agent (TAS-102 plus bevacizumab), best supportive care (BSC), and anti-angiogenic agents (regorafenib, regorafenib 80+, and fruquintinib). The included studies of regorafenib included two different dosage regimens: one of 160 mg/day, administered orally for 21 consecutive days over a 28-day treatment cycle (regorafenib); the other used a treatment regimen with a starting dose of 80 mg/day, which was increased by 40 mg per week up to 160 mg/day in the absence of any significant drug-related adverse effects (regorafenib 80+). The network diagram for direct and indirect comparison of all treatments is shown in Figure 2. The baseline characteristics of the study are shown in Table 1. Our NMA satisfied the transitivity assumption that the population baseline is relatively stable among the different interventions included in the study. (Supplementary Figure 7).




Figure 1 | Screening and selection process.






Figure 2 | The network analysis diagram. Each circular node represented a treatment measure. The size of the nodes indicated the number of people involved in that treatment. The line between the two nodes represented the existence of a direct comparison between the two treatment options, and the thickness of the line indicated the number of direct comparisons. TAS-102, Trifluridine/Tipiracil; BSC, best supportive care.




Table 1 | Baseline characteristics of studies included in the systematic review with Bayesian network meta-analysis of third-line treatments for metastatic colorectal cancer.







Overall outcomes

Regarding overall survival (OS), compared to BSC, regorafenib (HR 0.71, 95% CrI 0.60-0.84), TAS-102 (HR 0.67, 95% CrI 0.60-0.76), fruquintinib (HR 0.65, 95% CrI 0.51-0.83), regorafenib 80+ (HR 0.51, 95% CrI 0.32-0.81), and TAS-102 plus bevacizumab (HR 0.41, 95% CrI 0.32-0.52) demonstrated superior efficacy (Figure 3A). According to the SUCRA results, TAS-102 plus bevacizumab (0.96) had the highest probabilities of ranking first, followed by regorafenib 80+ (0.76), fruquintinib (0.50), TAS-102 (0.44), and regorafenib (0.33) (Supplementary Figure 1A). In terms of progression-free survival (PFS), compared to BSC, regorafenib (HR 0.45, 95% CrI 0.39-0.53), TAS-102 (HR 0.46, 95% CrI 0.40-0.52), fruquintinib (HR 0.27, 95% CrI 0.21-0.34), regorafenib 80+ (HR 0.38, 95% CrI 0.25-0.58), and TAS-102 plus bevacizumab (HR 0.21, 95% CrI 0.16-0.25) were all more effective than BSC. TAS-102 plus bevacizumab also showed better PFS than regorafenib 80+ (HR 0.53, 95% CrI 0.33-0.85) (Figure 3A). The SUCRA value for TAS-102 plus bevacizumab (0.99) was higher than the other treatment regimens, followed by fruquintinib (0.80), regorafenib 80+ (0.53), and TAS-102 (0.34) (Supplementary Figure 1A). In terms of disease control rate (DCR) compared to BSC, regorafenib (RR: 3.28, 95% CrI 2.48-4.46), TAS-102 (RR: 2.88, 95% CrI 2.30-3.67), fruquintinib (RR: 5.15, 95% CrI 3.38-8.54), and TAS-102 plus bevacizumab (RR: 3.81, 95% CrI 2.52-5.92) demonstrated superiority. Fruquintinib (RR: 1.79, 95% CrI 1.10-3.11) was superior to TAS-102 (Figure 3B). The SUCRA values, in descending order, were as follows: fruquintinib (0.94), TAS-102 plus bevacizumab (0.71), regorafenib (0.52), and TAS-102 (0.33) (Supplementary Figure 1A). Regarding adverse events (AEs) with grade ≥3, the incidence rates of regorafenib (RR: 3.88, 95% CrI 2.98-5.23), TAS-102 (RR: 1.63, 95% CrI 1.43-1.88), fruquintinib (RR: 3.13, 95% CrI 2.26-4.59), and TAS-102 plus bevacizumab (RR: 1.72, 95% CrI 1.42-2.04) were all higher than BSC (Figure 3B). Gastrointestinal and hematologic toxicities were the major AEs associated with TAS-102 plus bevacizumab, although their incidence rates in the network meta-analysis were relatively low (Supplementary Figure 3).




Figure 3 | Network meta-analysis of the third-line treatments for mCRC. (A) Pooled hazard ratio (HR) [95% CrIs (credible intervals)] for overall survival (OS) and progression-free survival (PFS) in the overall population. (B) Pooled relative risk (RR) (95% CrIs) for disease control rate (DCR) and grade 3 or higher adverse events (≥3AEs) in the overall population. TAS-102, Trifluridine/Tipiracil; BSC, best supportive care.







NMA of age, gender, ECOG and region subgroup

In the age subgroup, for patients aged ≥65 years, TAS-102 (HR 0.57, 95% CrI 0.46-0.70) and TAS-102 plus bevacizumab (HR 0.33, 95% CrI 0.23-0.49) significantly prolonged survival compared to BSC. TAS-102 plus bevacizumab was also superior to regorafenib (HR 2.44, 95% CrI 1.48-4.02), TAS-102 (HR 1.71, 95% CrI 1.23-2.38), and fruquintinib (HR 2.85, 95% CrI 1.45-5.54). For patients aged <65 years, regorafenib (HR 0.67, 95% CrI 0.55-0.82), TAS-102 (HR 0.79, 95% CrI 0.67-0.93), fruquintinib (HR 0.56, 95% CrI 0.43-0.73), and TAS-102 plus bevacizumab (HR 0.51, 95% CrI 0.36-0.71) all significantly improved OS compared to BSC. Fruquintinib (HR 0.71, 95% CrI 0.52-0.97) and TAS-102 plus bevacizumab (HR 0.65, 95% CrI 0.48-0.87) were also superior to TAS-102 (Supplementary Figure 4A). In the gender subgroup, regorafenib (HR 0.74, 95% CrI 0.59-0.93), TAS-102 (HR 0.70, 95% CrI 0.59-0.82), fruquintinib (HR 0.52, 95% CrI 0.39-0.70), and TAS-102 plus bevacizumab (HR 0.42, 95% CrI 0.30-0.58) demonstrated an OS benefit in male patients compared to BSC. In female patients, regorafenib (HR 0.66, 95% CrI 0.51-0.86), TAS-102 (HR 0.72, 95% CrI 0.58-0.88), and TAS-102 plus bevacizumab (HR 0.42, 95% CrI 0.29-0.59) showed longer OS compared to BSC, except for fruquintinib (Supplementary Figure 4B). In patients with ECOG PS=0, regorafenib (HR 0.69, 95% CrI 0.53-0.90), TAS-102 (HR 0.71, 95% CrI 0.59-0.87), fruquintinib (HR 0.49, 95% CrI 0.31-0.79), and TAS-102 plus bevacizumab (HR 0.47, 95% CrI 0.33-0.68) prolonged survival significantly compared to BSC. In patients with ECOG PS=1, regorafenib (HR 0.69, 95% CrI 0.56-0.86), TAS-102 (HR 0.69, 95% CrI 0.58-0.83), fruquintinib (HR 0.68, 95% CrI 0.52-0.90), and TAS-102 plus bevacizumab (HR 0.39, 95% CrI 0.21-0.72) all demonstrated significantly better OS than BSC (Supplementary Figure 4C).





NMA of different KRAS status subgroup

In the KRAS wild-type subgroup, regorafenib (HR 0.64, 95% CrI 0.49-0.84), TAS-102 (HR 0.65, 95% CrI 0.55-0.78), and fruquintinib (HR 0.56, 95% CrI 0.40-0.78) demonstrated superior efficacy compared to BSC. In KRAS mutant patients, TAS-102 (HR 0.76, 95% CrI 0.63-0.92) achieved a significant OS benefit compared to BSC, while regorafenib and fruquintinib did not differ significantly from BSC (Supplementary Figures 1A, 4D).





NMA of primary sites subgroup

In patients with a primary tumor site in the colon, regorafenib (HR 0.71, 95% CrI 0.56-0.89) and TAS-102 (HR 0.70, 95% CrI 0.59-0.87) showed a benefit in OS compared to BSC. However, fruquintinib did not improve OS, and TAS-102 had a higher SUCRA value compared to regorafenib. In patients with rectal cancer, TAS-102 (HR 0.65, 95% CrI 0.53-0.81) and fruquintinib (HR 0.59, 95% CrI 0.41-0.86) were superior to BSC. Regarding SUCRA values, fruquintinib (0.87) was higher than TAS-102 (0.76) and regorafenib (0.23) (Supplementary Figures 1A, 4E).





NMA of time since diagnosis of the first metastases

In the subgroup with a time of less than 18 months, regorafenib (HR 0.68, 95% CrI 0.49-0.93) and the combination of TAS-102 plus bevacizumab (HR 0.44, 95% CrI 0.29-0.67) demonstrated benefits in terms of OS compared to BSC. The combination of TAS-102 with bevacizumab was superior to TAS-102 alone (HR 1.94, 95% CrI 1.39-2.70). In the subgroup with a time greater than or equal to 18 months, regorafenib (HR 0.73, 95% CrI 0.60-0.88), TAS-102 (HR 0.65, 95% CrI 0.55-0.77), and TAS-102 plus bevacizumab (HR 0.46, 95% CrI 0.33-0.64) all improved OS compared to BSC. Furthermore, the combination of TAS-102 plus bevacizumab was superior to regorafenib (HR 1.58, 95% CrI 1.08-2.32) and TAS-102 alone (HR 1.42, 95% CrI 1.06-1.89) (Supplementary Figure 4F).





Rank probabilities

According to the SUCRA values, the ranking of different treatment options in different subgroups and the Bayesian ranking curve were estimated (Supplementary Figure 1B). The Bayesian ranking results were consistent with the NMA. TAS-102 plus bevacizumab had the highest SUCRA value for OS and PFS, indicating that it is a relatively effective treatment option for improving OS and PFS. Among regorafenib, TAS-102, fruquintinib, and TAS-102 plus bevacizumab, fruquintinib ranked first in DCR, and regorafenib ranked first in terms of ≥3AEs, indicating relatively higher toxicity. In the subgroups of age, gender, ECOG PS, and time since diagnosis of the first metastases, TAS-102 plus bevacizumab ranked first. In the subgroup of primary tumor site, compared with regorafenib and fruquintinib, TAS-102 ranked first in the colon group, while fruquintinib ranked first in the rectal group. Some treatment options were missing from subgroup analyses, resulting in relatively incomplete rankings.





Risk of bias assessment, model convergence, heterogeneity and inconsistency analysis

According to the results of the risk of bias assessment, the majority of RCTs had a low risk of bias. Please refer to Supplementary Figure 5 for the bias risk assessment chart. As seen from the trajectory plots and Brooks-Gelman-Rubin diagnostic plots, the chosen model demonstrated acceptable convergence (Supplementary Figure 6). The statistical heterogeneity of the studies, both in the primary and secondary outcomes, ranged from low to moderate (I2 < 50%, ranging from 1% to 50%) (Supplementary Table 3). In most comparisons, the fit of the consistency model was similar to or better than the inconsistency model (Supplementary Table 3).






Discussion

Regorafenib and TAS-102 have emerged as standard third-line treatments for refractory mCRC. The approval of fruquintinib in China in 2018, based on the FRESCO study, has provided an additional treatment option (13). Previous meta-analyses have reported comparable efficacy between regorafenib and TAS-102, with regorafenib showing relatively higher toxicity, which is consistent with the findings of this study (26, 27). A NMA presented at ESMO 2022 by H. Burnett et al. demonstrated that fruquintinib had the longest median progression-free survival (mPFS) and the highest reduction in the risk of disease progression or death among all currently approved third-line treatments for mCRC. Additionally, regorafenib 80+ showed superior overall survival (OS) compared to other treatment options, in line with our study results (28). However, due to the lack of comparison and analysis with the combination of TAS-102 and bevacizumab in these studies, we included this treatment option in our analysis for the first time. This allowed us to more accurately assess and optimize third-line treatment options through systematic review and NMA, offering guidance for selecting appropriate treatments for patients with mCRC.

Based on our research analysis, TAS-102 plus bevacizumab emerged as the most effective treatment in terms of both OS and PFS among all the included options, followed by regorafenib 80+ and fruquintinib. TAS-102 has demonstrated antitumor activity against fluorouracil-resistant cell lines in preclinical xenograft models, which has important implications for CRC treatment (29, 30). Bevacizumab is a recombinant humanized immunoglobulin G1 (IgG1) monoclonal antibody that inhibits the binding of VEGF-A to VEGF receptor-2 (VEGFR-2). It can also modulate the immune system of CRC patients by inhibiting the maturation of tumor microenvironment (TME) dendritic cells (31). The combination of bevacizumab with TAS-102 may enhance the accumulation and phosphorylation levels of trifluorothymidine in tumor DNA without increasing systemic exposure or toxicity, thereby improving treatment efficacy (32).

In terms of adverse events (AEs), regorafenib exhibits a higher toxicity profile compared to other regimens. Common ≥3AEs include hand-foot syndrome (HFS), fatigue, and hypertension (20–22). Studies have shown that regorafenib-related AEs are dose-dependent, primarily occurring in the initial treatment cycles. In an effort to mitigate regorafenib toxicity, the REDOS study explored a dose escalation strategy to prolong the duration of treatment as tolerated by patients. The results demonstrated that treatment efficacy was not compromised in the dose-escalation group compared to the standard dose group, and the incidence of AEs was relatively low. Patients in the dose-escalation group also reported slightly higher overall quality of life (QOL) scores on the questionnaires, although the difference was not significant (22). However, due to the small sample size of this study, further research is needed to investigate the dosing aspects of regorafenib. The most common AEs associated with fruquintinib were hypertension, HFS, and proteinuria, similar to regorafenib but with much less fruquintinib toxicity across all classes of toxicity (13). The three regimens mentioned above generally have less hematological toxicity compared to TAS-102 (11, 12, 23). TAS-102 plus bevacizumab exhibits similar AEs to TAS-102 alone, with a higher incidence of severe neutropenia but no increased incidence of febrile neutropenia. These AEs are manageable (23, 25). Therefore, the choice of an appropriate treatment regimen can be based on the AEs associated with each option, taking into consideration the patient’s individual condition.

Compared to other treatment protocols within the same subgroups, TAS-102 plus bevacizumab demonstrated the greatest improvement in survival among patients aged 65 years or older, female patients, and patients with a time of 18 months or more from the first diagnosis of metastatic disease to randomization. The SUNLIGHT study also demonstrated the efficacy of TAS-102 plus bevacizumab across different RAS mutation statuses (25). RAS mutations upregulate VEGF expression, promoting tumor angiogenesis in CRC, while bevacizumab effectively inhibits VEGF activity, delaying tumor growth and metastasis. The mechanism of action of TAS-102 involves the direct binding of FTD to DNA, indicating that RAS mutations do not directly affect the activity of TAS-102 plus bevacizumab (9, 33). The order of drug use can also impact treatment effectiveness, as demonstrated in the REVERCE study, a phase II clinical trial comparing two treatment sequences in patients with KRAS wild-type mCRC. The results showed that the regimen of regorafenib followed by cetuximab was superior to the regimen of cetuximab followed by regorafenib in terms of mOS (17.4 months vs. 11.6 months, P = 0.0293). This suggests that using regorafenib as the initial treatment may enhance the survival benefits for patients (34). Similar findings were observed in the RESOURCE trial, where patients previously treated with regorafenib maintained a longer survival benefit when retreated with TAS-102 (11). Notably, the CONCUR study reported a significantly greater OS benefit compared to the CORRECT study, which may be partly attributed to the inclusion of patients who had not received targeted therapy in the CONCUR trial, while the patients in the CORRECT study had received at least one targeted biological drug treatment (20, 21). These findings further support the consideration of early utilization of regorafenib.

In addition to the studies analyzed in this paper, there are other treatments worth considering. For instance, a meta-analysis conducted by Thomas Walter et al. on third-line treatment for mCRC included studies on selective internal radiation therapy (SIRT), which demonstrated that SIRT resulted in greater OS benefits for patients with liver metastases compared to systemic therapy while reducing the incidence of toxicity (26). Patients with mCRC with high microsatellite instability (MSI-H) or defective mismatch repair (dMMR) have shown better survival rates compared to those with microsatellite stability (MSS) or low microsatellite instability (MSI-L), and they have exhibited greater sensitivity to immune checkpoint inhibitor therapy (35, 36). In the REGONIVO study, the combination of regorafenib and nivolumab showed promising efficacy in MSS mCRC, with an objective remission rate (ORR) of 36% and a median progression-free survival (mPFS) of 7.9 months. This combination regimen demonstrated superior efficacy compared to regorafenib or nivolumab monotherapy, although the study had a small sample size and further validation is needed (37). Approximately 8–10% of mCRC patients have BRAF mutations, with over 90% of these mutations occurring at the V600E locus (38). In the randomized phase III BEACON study, encorafenib plus cetuximab, with or without binimetinib, showed longer OS and higher response rates compared to standard therapy (irinotecan or FOLFIRI and cetuximab) in patients with BRAF V600E-mutated mCRC who had received prior treatment. Based on the BEACON study, encorafenib in combination with cetuximab was approved by the FDA in 2020 for the treatment of patients with BRAF V600E-mutated mCRC (39).

There are several limitations to this study. Firstly, the number of clinical studies we included and the sample size of patients were limited. Furthermore, some of the included studies had inconsistent or incomplete content for subgroup analysis, which resulted in insufficient research results. Additionally, some of the definitions of AEs differed between the RCTs included in this study, which may have led to inconsistent findings. Moreover, our NMA was unable to create a closed loop, so no Bayesian method of nodal analysis or direct element analysis by the frequency method was performed. Therefore, we were unable to assess inconsistencies in the analysis due to heterogeneity (40). Although this NMA focused on third-line treatment studies, trials involving first-line, second-line, or more lines of treatment for patients were also included in the analysis. It is worth noting that different studies have different inclusion criteria, and ethnic differences in patients included in different studies may also lead to biased results. Therefore, we hope that more third-line studies of patients with mCRC can be conducted in multiple centers worldwide, enabling direct comparison of the efficacy of different treatment regimens and detailed analysis for different subgroups, in order to provide guidance for the development of precise, individualized treatment plans for patients.





Conclusions

Based on the results of the analysis of treatment efficacy, safety, and subgroups in this study, it was found that regorafenib and TAS-102 had similar efficacy. However, regorafenib had the highest toxicity compared to other treatment options. TAS-102 combined with bevacizumab may be the optimal third-line therapy for patients with mCRC compared to the other treatment options included in this study. However, due to the limitations of the included studies in terms of number and quality, these results should be further confirmed by large-scale RCTs in the future.
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