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Introduction

Radiofrequency ablation (RFA) has emerged as a less invasive alternative to surgical liver resection (LR) for the treatment of colorectal liver metastasis (CRLM) in patients who are not candidates for surgery. This umbrella review aimed to compare the effectiveness of RFA and LR in managing CRLM by synthesizing evidence from multiple meta-analyses.





Methods

We conducted a comprehensive search across Medline, Epistemonikos, Scopus, and the Cochrane Library, focusing on survival outcomes, disease-free survival, perioperative complications, and recurrence rates.





Results

Eleven meta-analyses met the inclusion criteria. The results show that LR is superior to RFA in terms of overall survival and disease-free survival for resectable CRLM, although RFA demonstrated lower perioperative complications and mortality. In matched cohorts, the overall survival rates between RFA and LR were comparable. However, RFA was associated with higher intrahepatic recurrence.





Discussion

This review highlights the continued importance of LR for resectable CRLM, while RFA remains a valuable option for non-resectable cases, particularly in patients with higher morbidity. Future studies should focus on more balanced cohort comparisons to better assess the efficacy of these treatments.





Systematic Review Registration

https://www.crd.york.ac.uk/PROSPERO/view/CRD42024497886, identifier (CRD42024497886).
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1 Introduction

Colorectal cancer (CRC), the third most common cancer globally, presents a growing challenge with its increasing disease burden (1). Approximately 20-30% of CRC patients are diagnosed with synchronous liver metastases (CRLM), the most prevalent form of liver malignancy (2). Moreover, around 40% will experience the onset of metachronous liver metastases as the disease advances (3). Surgical liver resection (LR) remains the gold standard in treating CRLM (4). However, its applicability is often limited by operational challenges, patient performance status, and comorbid conditions (4, 5). In such contexts, radiofrequency ablation (RFA) has emerged as a promising technique in the treatment of patients with colorectal liver metastasis (6). RFA presents as an efficacious alternative, offering targeted ablation of metastatic lesions with the advantages of a minimally invasive approach and reduced complication rates (7). Its effectiveness is predominantly observed in cases with limited metastatic burden, optimally in patients harboring a solitary metastasis or multiple metastases, each confined to a size of no more than 3 cm (8). Nonetheless, integrating RFA with surgical resection is recommended to achieve a complete tumor clearance (R0 resection), or as a liver-sparing strategy in scenarios where surgical resection is challenged by difficult tumor locations (9). For instance, this combined approach can improve local control of the tumor in patients with multiple liver lesions (≥4), or in cases where tumors are located near major blood vessels (10). In the latter case, the ‘heat sink effect’ - where flowing blood absorbs and dissipates heat, preventing the tissue from reaching the necessary temperature for complete tumor destruction - can reduce the efficacy of RFA alone, making its combination with surgical resection a more effective strategy (11). However, the use of RFA can be constrained when treating excessively large lesions or those near large blood vessels (9). Additionally, the long-term outcomes of RFA compared to surgery are yet to be established, as evidenced by the lack of published randomized controlled trials. These limitations may have restricted the broader clinical application of RFA.

The aim of the present umbrella review was to systematically evaluate and synthesize the existing evidence from multiple systematic reviews and meta-analyses comparing the role of RFA to surgical resection in the treatment of CRLM.




2 Materials and methods

We performed an umbrella review, a comprehensive and systematic evaluation of multiple systematic reviews and meta-analyses, to assess a broad range of postoperative outcomes by synthesizing data on various surgical treatments in CRLM patients (12). This umbrella review was conducted and reported in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidance (13). Review protocol was registered with the PROSPERO international prospective register of systematic reviews (CRD42024497886).



2.1 Search strategy

A computerized search of Medline, Epistemonikos, and Scopus databases, as well as the Cochrane Library, was conducted. Articles published from the time of inception to December 2024 were included. An advanced search was performed with the following search terms: “colorectal neoplasms”, “liver neoplasms”, “liver metastasis”, “treatment”, “systematic review”, “meta-analysis” (Supplementary Data 1). Reference lists of all obtained and relevant articles were manually screened and cross-referenced to identify any additional studies by two independent authors (L.T., M.C.). Only articles that evaluated RFA as a treatment option were selected. All published meta-analyses in the English language were included.




2.2 Study selection

The search results were imported into the research collaboration software Rayyan (14). L.T, A.M (Amelia Mattia) and L.C. independently screened the meta-analysis by reviewing titles and abstracts. Only articles that compared RFA + LR with hepatic resection in subjects with a diagnosis of CRLM who were older than 18 years were included. Furthermore, included articles had to report survival analysis results in terms of hazard ratio (HR), odds ratio (OR), or relative risk (RR). Only articles in the English language were screened. Conflicts were resolved through discussion with a fourth author A.M. (Alessandro Martinino) and a complete agreement was reached. Full text versions of the articles included after title/abstract screening were obtained and reviewed by the same reviewers.




2.3 Data extraction and statistical analysis

Data encompassing authors, publication year, study types, and the number of studies analyzed were extracted by L.T., A.M. (Amelia Mattia) and L.C. for data analysis. Data pertaining to the cohorts of patients involved, including study arms and the number of patients for each of them, was also collected. Additionally, a thorough characterization of the disease state within the included patient cohorts was undertaken to ensure a more refined stratification of the results. Data concerning survival outcomes associated with the chosen treatment were collected as it represents the primary endpoint of our study. Furthermore, other secondary endpoints were extracted to comprehensively assess the benefits of this technique, including disease-free survival (DFS), perioperative mortality, postoperative complications, and rates of intrahepatic recurrence. Pooled outcome measures with 95% confidence interval values (95%CI), statistical heterogeneity and publication bias were also calculated. A.M. (Alessandro Martinino) examined all extractions conducted by the three authors, ensuring that the extraction criteria were consistently applied according to the predetermined standards set before the extraction commenced.




2.4 Data analysis

Qualitative summary of the results, using text and tables, was performed. To ensure consistency, standardization and comparability across studies we re-extracted effect sizes, and recalculated pooled effect sizes together with heterogeneity measures (I², τ²) (12). We combined trials from previously published meta-analyses into updated meta-analyses after removing duplicated trials. Effect size for dichotomous outcomes was expressed as Risk Ratio (RR) and Odd Ratio (OR) with their 95% of confidence interval (CI). Hazard Ratio (HR) with standard error (SE) were used for time-to-event outcomes. A p-value < 0.05 (two-tailed) was considered to indicate statistical significance. We planned the meta-analysis if there were 2 or more studies with the same outcome. Heterogeneity was assessed using the I2 statistic. I2 values greater than 50% suggesting significant heterogeneity, therefore a random-effect meta-analysis was performed otherwise a fixed-effect model. All statistical analyses were done with RevMan 5, version 5.4.




2.5 Quality assessment

The internal validity of the meta-analyses was assessed by the Assessment of Multiple Systematic Reviews 2 (AMSTAR-2) method. L.T. and M.C. completed the 11-items AMSTAR proforma for all included meta-analyses, and discrepancies were discussed to reach a consensus with a third author (A.M.) (15). Finally, studies were classified based on the level of quality through the online tool calculator.





3 Results



3.1 Study selection

A total of 1214 potentially relevant articles were identified using the search strategy described in the Method section. 618 duplicate records were removed, leaving 596 records available for screening. A total of 579 articles were excluded after abstract reviewing due to inappropriate topic relevance, absence of a meta-analysis, and being in a language other than English. Among the remaining 17 articles, 3 were excluded due to full text not available, and another 3 were excluded by examining the full texts because of the absence of survival analysis, comparative analysis, or insufficient data. Finally, 11 meta-analyses met the inclusion criteria and were included in the present umbrella review (16–26). A summary of the results of the systematic search is shown in the PRISMA 2020 flow diagram (Figure 1).




Figure 1 | PRISMA flow diagram.






3.2 Quality assessment results

Quality levels of the meta-analyses included are reported in the last column of Table 1. Among the 11 meta-analyses included in our umbrella review, all of them demonstrated a critically low quality according to the AMSTAR-2 evaluation. The main common reasons for such low quality were the absence of a registered protocol, the lack of an appropriate risk of bias (RoB) assessment, and a strong heterogenicity among samples, with differences in the number and size of ablated lesions, the approaches to ablation (which range from percutaneous to open or laparoscopic), and the specifics of the ablative therapies.


Table 1 | The bold text was used to highlight the authors of the papers considered for easier identification. However, it can absolutely be removed to avoid confusion.






3.3 Study characteristics

A total of 11 meta-analyses were included into our study (Table 1). The included patients all had a diagnosis of CRLM, with two meta-analyses specifically concentrating on patients with solitary CRLM (16, 24). Hepatic lesions were < 5 cm on average. Of the 11 meta-analyses, 9 compared RFA with LR exclusively (16–20, 23–26), one evaluated RFA against a combined approach of LR and RFA (21), and one study addressed both comparisons (22). As per inclusion criteria, all the meta-analyses included in our study examined survival outcomes, which were reported as OS, 3-years OS, and 5-years OS. A wide range of secondary outcomes were investigated: DFS, 3-years DFS, 5-years DFS, perioperative mortality, postoperative complications, recurrence, new intrahepatic recurrence, marginal recurrence, distant recurrence.




3.4 Survival outcomes

In our umbrella meta-analyses, we evaluated survival outcomes in patients who underwent RFA or LR (Table 2). OS comparison between patients receiving RFA and patients undergoing LR revealed a significant survival benefit in favor of LR (HR 1.73; 95% C.I. 1.39-2.16; p < 0.001; I2 57%). Additionally, 3-year OS data also indicated a superior survival rate for those treated with LR compared to RFA (OR 1.68; 95% C.I. 1.11-2.54; p = 0.01; I2 56%). When analyzing 5-year OS, our meta-analysis showed a significant advantage was identified in the LR group compared to the RFA group (OR 2.14; 95% C.I. 1.49-3.06; p < 0.001; I2 68%). Similarly, when considering only those primary studies that evaluated solitary hepatic lesions, better survival was observed in the LR group compared to the RFA group (HR 1.82; 95% C.I. 1.24-2.68; p = 0.002; I2 57%) (Table 3). A survival analysis considering only studies who performed a matched cohort analysis was conducted (Table 4). This analysis included data from 3 primary studies comparing RFA with LR. The findings indicated a trend towards better survival in patients treated with LR; however, this difference was not statistically significant (HR 1.26; 95% C.I. 0.99-1.62; p = 0.06; I2 0%).


Table 2 | Meta-analyses results: RFA vs LR.




Table 3 | Sub-meta-analysis on patients with a single hepatic lesion.




Table 4 | Meta-analysis of matched cohort studies.



Similar survival outcomes were obtained comparing a combination of RFA and LR (RFA+LR) with surgery alone (Table 2). The comparison of OS in patients receiving RFA+LR versus LR alone, did not reach a statistical relevance (HR 1.34; 95% C.I. 0.95-1.89; p = 0.09; I2 71%). 3-year OS outcomes were reported in one meta-analysis, that demonstrated a higher survival rate for patients in the LR group (OR 3.12; 95% C.I. 2.34-4.17; p < 0.001; I2 0%). Lastly, for 5-year OS data not statistical relevance was observed (OR 1.02; 95% C.I. 0.34-3.06; p = 0.97; I2 93%).




3.5 Secondary outcomes

The results of the meta-analysis specifically examining the secondary outcomes from the RFA and LR groups, are comprehensively presented in Table 2. DFS analysis yielded a statistically significant advantage for LR compared to RFA (HR 1.65, 95% C.I. 1.33-2.05; p < 0.001; I2 67%). A similar trend was in the comparison of 5-year DFS, where the LR group exhibited more favorable outcomes (OR 3.13; 95% C.I. 1.93-5.08; p < 0.001; I2 66%). Further substantiating these findings, a sub-analysis focusing solely on patients with solitary hepatic lesions revealed an enhanced DFS in the LR group in comparison to the RFA group (HR 1.79; 95% C.I. 1.27-2.54; p = 0.001; I2 56%) (Table 3). Moreover, the matched cohort analysis studies corroborated these results, demonstrating a higher DFS in the LR group (HR 1.42; 95% C.I. 1.15-1.75; p = 0.001, I2 0%) (Table 4).

When examining perioperative mortality, the RR associated with patients undergoing RFA compared to those undergoing LR was 0.79 (95% C.I. 0.39-1.59); however, this finding did not achieve statistical significance (p = 0.51). The comparison between patients undergoing RFA and LR patients revealed a significant RR of 0.60 (95% CI 0.42-0.84; p = 0.003; I2 63%) for developing postoperative complications. Lastly, exploration of intrahepatic recurrence rate in RFA patients and LR patients, indicated a substantial higher risk in the first group. In fact, we observed a significantly higher risk of new intrahepatic recurrence in patients treated with RFA compared to LR (RR 1.89; 95% C.I. 1.48-2.40; p < 0.001; I2 63%). Similarly, the risk of marginal recurrence was notably higher in the RFA group compared to the LR group (RR of 4.94; 95% CI 3.82-6.39; p < 0.001, I2 5%). However, when it came to distant recurrence, the difference between the two operative modalities was not statistically significant (RR 0.93; 95% CI 0.76-1.14; p = 0.49; I2 58%).

Comparison between RFA+LR and surgery alone yielded similar results for all the parameters above (Table 3). DFS was higher in surgery alone group than in the combination therapy group (HR 1.26; 95% CI 1.01-1.57; p = 0.04; I2 55%). For 5-years DFS, statistical relevance was not achieved (OR 1.25; 95% C.I. 0.45-3.42; p = 0.67; I2 86%). Postoperative complications also did not show statistically significant differences between the two groups (RR 1.13; 95% C.I. 0.89-1.43; I2 86%; p = 0.32). As before, we also observed that for new intrahepatic recurrence, the patients receiving the combined RFA and LR treatment exhibited a significantly higher risk compared to the patients undergoing LR alone (RR 1.66; 95% CI 1.07-2.56; p = 0.02; I2 89%). In the case of marginal recurrence, the same cohort of patients displayed an even more pronounced increased risk (RR 2.47; 95% CI 1.72-3.56; p < 0.001; I2 0%). When assessing distant recurrence, the difference between the two operative modalities was not statistically significant (RR 1.27; 95% CI 0.87-1.86; p = 0.21, I2 79%).





4 Discussion

Surgical resection is the preferred initial treatment for CRLM, but it may not be feasible in cases of challenging anatomical locations or poor patient health (5). RFA is a minimally invasive alternative that has emerged as a recognized and viable treatment option for small-sized CRC liver metastases (27–29). This technique employs a needle that administers an alternating current to produce high heat for tumor destruction, now enhanced by innovative devices featuring expandable electrodes or internally cooled tips (30–32). Despite its increasing utilization in clinical practice, certain factors can restrict its adoption including large or numerous lesions, or those situated near large blood vessels or the surface of the liver, which can compromise the effectiveness of the procedure and heighten the likelihood of complications (33, 34). Moreover, the long-term efficacy and safety of RFA in the treatment of CRLM compared to surgical resection remain a subject of ongoing debate within the literature. Most of the existing evidence on the efficacy of RFA for CRC liver metastases is derived from retrospective studies. Many of these studies are characterized by limited follow-up periods, often not exceeding 20 months, posing challenges in conclusively determining the long-term outcomes of RFA treatment. The results of our umbrella meta-analyses provide valuable insights into the comparative efficacy of RFA and LR in treating hepatic metastases of CRC, with data encompassing up to a long-term period of 5 years.

A significant survival benefit was observed in patients undergoing LR compared to those who had RFA. This was evident in both short-term (3-year OS) and long-term (5-year OS) follow-ups. The superiority of LR was also pronounced in patients with solitary hepatic lesions. These results suggest that RFA, although being a less invasive technique, might not offer a survival benefit. When comparing a combination of LR and RFA (LR+RFA), a survival advantage was observed in the group undergoing only resection. While this advantage was not always statistically significant, it suggests that RFA may not play a significant role in enhancing survival.

The analysis of DFS demonstrates a clear advantage for LR. This benefit is evident when comparing DFS outcomes of LR against implementation of RFA, whether the latter is used alone or in conjunction with surgery. This is particularly notable in the 5-year DFS comparisons, where LR alone shows a statistically significant benefit. The distinction is less pronounced when comparing LR to a combination treatment with RFA, yet it still indicates a trend towards improved outcomes.

Regarding perioperative mortality, our data did not reveal significant differences between RFA and surgical treatments. However, what stands out is the markedly lower rate of postoperative complications observed in the RFA group. This trend persists even when RFA is used in conjunction with surgery, suggesting a consistently reduced risk of complications. This aspect of our findings is particularly significant, as it suggests that RFA, either alone or in combination with surgery, might offer a safer treatment path with potentially less intensive postoperative care requirements. This lower complication profile could be a decisive factor in treatment choice, especially in patients where minimization of postoperative risk is a primary concern. However, a critical finding was the substantially higher rate of intrahepatic recurrence in patients treated with RFA. This suggests that while RFA may offer better initial outcomes in terms of perioperative complications, there is a higher risk of recurrence, which could impact long-term survival and quality of life. As RFA resembles the treatment effect of a wedge (i.e., non-anatomical) liver resection, this result confirms the previous evidence that the anatomical removal of the portal tributaries of a given metastasis reduces the risk of liver recurrence after surgery (35, 36). Notably, the risk of recurrence may be influenced by several prognostic factors, including bilobar disease, positive surgical margins, and elevated tumor markers (37). Additionally, molecular markers such as RAS, BRAF, and SMAD4 mutations significantly impact overall and recurrence-free survival, particularly in patients undergoing liver metastasectomy (38). These genetic factors may explain the higher intrahepatic recurrence rates observed after RFA, reinforcing the importance of careful patient selection. At the same time, technical factors remain crucial. Studies have shown that achieving an ablative margin greater than 5 mm during RFA significantly reduces local tumor progression (39). Advanced imaging techniques, particularly contrast-enhanced MRI, can improve treatment planning by providing a more accurate assessment of tumor extent and guiding surgical or ablative approaches (40). Ensuring precise margins, whether through surgery or locoregional therapies, is key to minimizing recurrence risk. Ultimately, optimizing CRLM treatment requires a multidisciplinary approach. The decision between surgery, RFA, or other locoregional therapies should balance both technical feasibility and tumor biology. While advancements in imaging and ablation techniques have improved outcomes, their success still depends on careful planning and patient selection.

A critical limitation of our study, and indeed a potential confounding factor in our results, stems from the selection criteria for the patient cohort undergoing RFA. Specifically, these patients were those considered ineligible for surgical resection, and that inherently places them at a survival disadvantage relative to candidates for LR. This aspect suggests that the observed differences in treatment efficacy might not solely reflect the intrinsic merits of the treatment modalities but could also be influenced by the baseline survival prospects of the patient groups involved. Other limitations must be acknowledged as they potentially impact the interpretation of our umbrella review results. The quality of the included meta-analyses, assessed using AMSTAR-2 criteria, was found to be generally critically low, necessitating prudence in the interpretation of their findings. Future studies should aim to mitigate the impact of selection bias arising from patient and tumor characteristics in surgical treatment decisions through rigorous sensitivity analyses while ensuring methodological robustness by adhering to AMSTAR-2 criteria, thereby strengthening the validity and reliability of evidence in surgical oncology research. Additionally, the studies predominantly comprise non-randomized controlled trial data, including retrospective cohort studies, which could potentially introduce bias. To mitigate these issues, we performed a survival analysis using only matched cohort analysis studies, pairing patients who underwent RFA alone with those who underwent LR alone, based on prognostic characteristics. This approach was designed to simulate the randomization process typical of clinical trials, aiming to minimize selection bias and thereby enhance the reliability of our conclusions. While the analysis of disease-free survival revealed a benefit for surgical resection over RFA, both treatment modalities yielded comparable outcomes in terms of overall survival.




5 Conclusions

Our study represents the first umbrella review to compare RFA and LR in the management of CRLM, offering a clear overview of the existing evidence on this topic. As suggested by our results, LR maintains its crucial role in the management of CRLM, given its advantages in both survival and disease-free survival. However, given its significantly lower rate of postoperative complications, RFA stands out as a less invasive treatment approach in CRLM management in selected comorbid patients. Nevertheless, to fully ascertain its impact on survival and quality of life, further long-term follow-up studies and randomized controlled trials are needed. Future investigations should: (1) focus on specific patient subgroups, such as those with solitary CRLM ≤3 cm, to clarify the efficacy of RFA in these scenarios; (2) compare patients with similar baseline characteristics in terms of prognosis to minimize selection bias; (3) employ long-term follow-up studies (beyond 5 years) while investigating causes of higher recurrence rates with RFA. Future systematic reviews and meta-analyses should include more high-quality randomized controlled trials, such as the ongoing COLLISION trial, to compare RFA and LR. Such research would provide a clearer and more definitive comparison of the efficacy of LR versus RFA, thereby offering more reliable guidance for clinical decision-making.
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