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Purpose

The prognostic impact of cytoreductive nephrectomy (CN) for metastatic renal cell carcinoma (mRCC) in the era of immunotherapy is yet to be determined. The aim of our study is to evaluate the correlation between CN and outcomes in the setting of mRCC treated with immunotherapy.





Methods

We conducted a systematic search of the Science, PubMed, Web of Science, and Cochrane Library databases to identify relevant studies published in English up to December 2022. The results were presented as hazard ratio (HR) with 95% confidence intervals (CIs) for overall survival (OS) was extracted to assess their relevance. The study was registered with PROSPERO (CRD42022383026).





Results

A total of 2397 patients were included in eight studies. The CN group was observed to be correlated with superior OS compared to the No CN group (HR = 0.53, 95% CI 0.39–0.71, p < 0.0001). Subgroup analysis according to the type of immunotherapy, sample size, and treatment line of immune checkpoint inhibitor revealed that CN group had a superior OS in all subgroups.





Conclusion

CN is associated with a better outcome in terms of OS benefit in selected patients with mRCC treated by immunotherapy, but further studies are required to verify the conclusions.





Systematic review registration

https://www.crd.york.ac.uk/prospero/, identifier CRD42022383026.
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1 Introduction

In the early twentieth century, the immunogenicity of renal cell carcinoma was discovered, leading to the establishment of interferon-alfa (IFN-alfa) and interleu-kin-2 as first-line therapies for metastatic renal cell carcinoma (mRCC) (1–3). However, the role of cytoreductive nephrectomy (CN) in the treatment of mRCC remains controversial. Two randomized clinical trials (RCTs) conducted by Mickish et al. (4) and Flanigan et al. (5) demonstrated that the combination of CN and IFN-alfa significantly improved overall survival (OS) of patients with mRCC compared to IFN-alfa therapy alone.

Over the past decade, the treatment paradigm for mRCC has significantly evolved, with targeted therapy becoming the new standard of care (6). The introduction of more effective targeted therapies has called into question the role of CN in this context. More recently, the results from a prospective RCT, CARMENA (7), demonstrated that patients with mRCC who received targeted therapy alone had comparable OS to those who received CN followed by targeted therapy. Additionally, another RCT, SURTIME (8), also questioned the value and the optimal timing of CN in relation to the initiation of systemic therapy. However, the universality and availability of both trials have been questioned due to delayed recruitment and unbalanced proportion of patients with poor-risk diseases in CARMENA study population (9). Méjean et al. (10) conducted a study which stratified patients according to the International Metastatic Renal Cell Carcinoma Database Consortium (IMDC), demonstrating that some patients could still benefit from CN. Additionally, a meta-analysis encompassing 14 studies showed that CN can be beneficial for patients receiving targeted therapy (11). More recently, immune checkpoint inhibitors (ICIs) have revolutionized the treatment of mRCC. The outcomes from the CheckMate-025 study have led to the approval of nivolumab as the first ICIs for mRCC patients (12, 13). ICIs therapy, either alone or in combination with targeted therapy, has demonstrated superior efficacy and has been used as a first-line treatment for mRCC (14, 15). Despite the potential benefits of combined therapy of CN and immunotherapy, the impact of CN on patient outcomes remains controversial. Moreover, the small sample sizes of different clinical centers limit the reliability of any conclusions drawn.

This systematic review and meta-analysis aim to integrate the data from comparative studies to evaluate the relationship between CN and outcomes in the setting of mRCC treated with immunotherapy, thereby providing latest evidence for clinical decision-making.




2 Methods

The present study was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement 2020 (16, 17), and was registered in PROSPERO (ID: CRD42022383026).



2.1 Literature search strategy, study selection and data collection

We systematically searched the databases such as Science, PubMed, Web of Science, and Cochrane Library to identify published studies till December 2022. The search terms were as follows: ((Renal cell carcinoma OR kidney carcinoma OR renal cell cancer) AND (Metastasis OR advanced) AND (Cytoreductive nephrectomy OR nephrectomy OR radical nephrectomy) AND (Immune checkpoint inhibitor OR immunotherapy OR immune-oncology OR PD-1 inhibitor OR PD-L1 inhibitors OR anti-PD-1 inhibitor)). Furthermore, we manually searched the relevant references and abstracts to avoid any omissions and expand the search scope.

We used the PICOS approach to define the inclusion criteria. P (patients): All the patients were diagnosed with mRCC; I (intervention): patients were undergone CN, either prior to (upfront) or following the initiation of immunotherapy (deferred). The immunotherapy was defined as cytokine-based therapy (IFN-alfa and interleu-kin-2), and ICIs; C (comparator): immunotherapy without CN; O (outcome): survival outcomes; S (study type): randomized controlled trials (RCTs), prospective studies and retrospective studies. Exclusion criteria include (1) duplicate studies and non-comparative studies, (2) the type of letters, comments, meeting abstracts, case reports and reviews, and (3) studies without detailed data for analysis.

Two evaluators (K.L. and S.C.) independently extracted the data from each qualified publication. The following data were extracted: (1) first author, year of publication, center, country, and study period. (2) age, sample size, gender, and follow-up period. (3) IMDC risk score, metastatic sites, number of sites of metastasis, and type of immunotherapy. (4) overall survival (OS). Any discrepancies and disagreements were resolved by discussion with a third evaluators (Y.L.).

In these studies, the risk of bias in non-randomized studies of interventions (ROBINS-I) was used to evaluate the quality of the non-RCTs (18). Furthermore, the Cochrane Collaboration tool was used to evaluate the quality of the RCTs (19). Two independent reviewers access the quality of included literatures, and any discrepancies were settled through discussion.

In the present study, the statistical analysis was processed using Cochrane Collaborative RevMan5.4 software. The hazard ratio (HR) was calculated for all the survival outcomes, and the results were presented with 95% confidence intervals (CIs). Considering the predictable significance between-trial heterogeneity, we used the random-effects model in all analyses. The I2 test was used to evaluate the heterogeneity of each indicator among the studies (20), and statistical significance was considered p < 0.05. Publication bias was evaluated using the Begg’s method funnel plot.




2.2 Subgroup analysis

The subgroup analysis was performed according to the type of immunotherapy, sample size, and treatment line of ICIs.





3 Results



3.1 Baseline characteristics

A total of 356 studies were initially identified through electronic search, with 15 remaining after removal of duplicates. After having read and screen the abstracts and full text, eight studies (two RCTs and six non-RCTs) involving 2397 patients were included in the meta-analysis (1606 CN vs. 791 No CN) (Figure 1) (4, 5, 21–26). Six non-RCTs were retrospective comparisons. All the studies were from multi-institutional, with six using ICIs as immunotherapy and the others using IFN-alfa (4, 5). The present studies were conducted in different countries, including the USA, Italy, Japan, and Netherlands, with a follow-up period ranging from 12 to 40 months. Table 1 summarizes the key characteristics of included studies, including their preoperative variables (country, age, sample size, and gender). Table 2 summarize the oncologic outcomes and interventions (IMDC risk score, metastatic sites, number of sites of metastasis, and type of immunotherapy). In the studies included, three studies compared the outcomes of deferred versus upfront CN in patients. Tables S1 summarize the demographic characteristics and oncologic outcomes of the deferred and upfront CN groups (age, gender, race, IMDC risk score, clear cell, metastatic sites, number of sites of metastasis, time from diagnosis to systemic therapy, follow-up duration).




Figure 1 | PRISMA flow diagram for the systematic review.




Table 1 | The trials included in the systemic review.




Table 2 | The trials included in the systemic review.



No significant difference was found in age (p = 0.05), clear cell (p = 0.12), bone metastasis (p = 0.58), and lung metastasis (p = 0.21). However, the liver metastasis was significantly less in the CN group compared to the No CN group (p = 0.02) (Table 3).


Table 3 | Comparison of baseline patient.






3.2 Assessment of quality

A comparative analysis was performed on all the non-RCTs, of which five studies had a moderate risk of bias (22–26) and one study had a low risk of bias (Table S2). All the non-RCTs were published between 2020 and 2022. Additionally, the two RCTs were not double-blinded, which increased the bias risk, thereby classifying them as high risk (Figure 2) (4, 5).




Figure 2 | Risk of bias assessment (RCTs).






3.3 Outcome analysis



3.3.1 Overall survival

The meta‐analysis included eight studies that reported the OS (4, 5, 21–26). The combined results demonstrated that the CN group was associated with superior OS compared to the No CN group (HR = 0.53, 95% CI 0.39–0.71, p < 0.0001), and with high heterogeneity (I2 = 85%) (Figure 3).




Figure 3 | Forest plots of overall survival.






3.3.2 Subgroup analyses

Owing to the insufficient literature included in the meta-analysis, we only preformed subgroup analysis of OS with respect to type of immunotherapy, sample size, and treatment line of ICIs. For studies that include the ICIs, the CN group had significantly lower risk of death compared to the No CN group (HR = 0.49, 95% CI 0.34–0.71, p = 0.0002, I2 = 85%) (21–26). In IFN-alfa subgroup, the CN group was also observed to be correlated with superior OS than for the No CN group (HR = 0.71, 95% CI 0.52–0.97, p = 0.03, I2 = 38%) (Figure 4) (4, 5). In the sample size > 400 subgroup, the CN group had significantly lower risk of death compared to the No CN group (HR = 0.52, 95% CI 0.32–0.84, p = 0.007, I2 = 83%) (21–23). Additionally, for the subgroup with a sample size ≤ 400, the CN group was correlated with better OS than for the No CN group (HR = 0.53, 95% CI 0.35–0.80, p = 0.002, I2 = 87%) (Figure 5) (4, 5, 24–26). In the subgroup analysis of the ICIs as first-line therapy, the CN group had significantly lower risk of death compared to the No CN group (HR = 0.50, 95% CI 0.27–0.92, p = 0.03, I2 = 83%) (21, 22, 24). Similarly, the subgroup analysis revealed that both ICIs as second, third line therapy and first, second and third therapy were associated with superior OS compared to the No CN group (HR = 0.61, 95% CI 0.44–0.84, p = 0.002, I2 = 34%; HR = 0.28, 95% CI 0.20–0.40, p < 0.00001, I2 = 43%) (Figure 6) (21, 23) (25, 26).




Figure 4 | Forest plots of overall survival in subgroup analysis. (A) ICIs, (B) IFN-alfa.






Figure 5 | Forest plots of overall survival in subgroup analysis. (A) sample size > 400, (B) sample size ≤ 400.






Figure 6 | Forest plots of overall survival in subgroup analysis. (A) ICIs as first line therapy, (B) second and third line therapy, (C) first, second and third line or later therapy).







3.4 Sensitivity analysis

We conducted leave-one-out tests to identify the source of heterogeneity and to evaluate the robustness of the results. Ultimately, no substantial change in heterogeneity and pooled HR was found among the studies, regardless of which study was excluded, implying that the source of heterogeneity and the outcomes were stable and reliable. The heterogeneity observed in the outcomes of the studies could be attributed to a variety of factors, including follow-up period, IMDC risk score, metastatic sites, number of sites of metastasis, and type of immunotherapy. Additionally, caution should be taken when interpreting the results of the analyses, as the I2 statistic has been observed to be substantially biased in studies with small sample sizes (27).




3.5 Publication bias

We examined publication bias by the funnel plot. The findings revealed that the distribution of included studies was almost tapered, but there is still some publication bias (Figure 7).




Figure 7 | Funnel plot of the studies represented in the meta-analysis.







4 Discussion

This is the first systematic review and meta-analysis to evaluate the prognostic impact of CN for mRCC in the era of immunotherapy. Furthermore, some significant findings from this analysis need further discussion.

In the early twentieth century, the cytokine-based therapy was the standard of care for mRCC, whereas surgical management was still the treatment option for patients with mRCC. As more effective targeted therapy for mRCC have been developed, however, the role of CN has been called into question. There are still some inconsistent statements about the benefits of CN for patients with mRCC in the targeted therapy era. The CARMENA trial (7) showed that patients who received CN did not get adequate benefit compared to those who received targeted therapy alone. It is worth mentioning that the proportion of patients with poor-risk disease is higher in the CARMENA study population. Moreover, the patients included in CARMENA trial received therapy immediately after CN. Nevertheless, Roussel et al. (28) demonstrated that patients receive CN after upfront systemic therapy may get better survival outcomes. Recently, Janisch et al. (29) reported that treatment with CN and tyrosine kinase inhibitors was associated with superior survival compared to those without CN for specific patient. Ghatalia et al. (30) conducted a retrospective study to evaluate the role of CN in patients with mRCC, including those receiving ICIs and targeted therapy, and demonstrated that CN had a beneficial effect on select patients with mRCC. Taken together, accumulating evidence suggests that the combination of CN and systemic therapy may provide better outcomes in mRCC.

Although CN has been the important treatment for mRCC, the underlying mechanism of its survival benefits remains unknown. Over the years, various hypotheses have been put forward. First, the immune hypothesis was proposed in the 1990s (31), which was supported by Fujikawa et al.’s (32) research results in that patients who did not receive CN had lower levels of response for interleukin-2 than those who did. This was further corroborated by two RCTs (4, 5), and our meta-analysis also demonstrated that CN group was associated with superior OS than the No CN group in IFN-alfa subgroup. Second, primary tumors are associated with promoting inflammation and suppressing the release of cytokines from T cells, which could impede the systemic anti-tumor immune response (33, 34). Marcus et al. (31) conducted a case report to show that spontaneous regression of mRCC lesions upon CN, which further demonstrated the outcomes. Hence, resection of the primary tumor may enhance the immune response of mRCC. Third, the straightforward explanation is that CN can reduce the overall tumor burden and thus extend the duration of time before tumors reach lethal levels (35). Additionally, the efficacy of CN combined with immunotherapy has been verified in other types of metastatic tumors, such as lung cancer and melanoma, providing further evidence for its application in mRCC (36, 37).

The optimal timing of CN in relation to the initiation of systemic therapy is a critical factor that may influence outcomes. Bhindi et al. (38) conducted a study using real-world data and concluded that deferred CN could significantly improve OS compared to upfront CN. However, Bruijn et al. (39) conducted a comparative study to assess the outcomes of patients receiving targeted therapy followed by CN (deferred CN) against those receiving CN followed by targeted therapy (upfront CN), and the results showed that there was no significant difference in OS between the two groups. In the studies included, three studies compared the outcomes of deferred versus upfront CN in selected patients. Two studies reported that deferred CN did not lead to a superior OS than upfront CN in patients (21, 26), while one study suggested that OS rate tended to be higher with deferred CN in comparison to upfront CN (24). Ghatalia et al. (30) also demonstrated that no statistically significant difference in OS was observed between the upfront and deferred groups. Nevertheless, the insufficient literature barred us from conducting analysis to compare outcomes between the two approaches. Furthermore, the small sample size of the included studies renders it difficult to draw a reliable conclusion. The SURTIME trial revealed that deferred CN did not improve 28-week progression-free rate, while the deferred CN could be associated with improved OS compared to immediate CN (8). Ghanem et al. (40) reported that immediate CN resulted in a lower rate of successful systemic therapy and disease control compared to deferred CN. Due to the dearth of existing research, it is not possible to draw reliable conclusions as to which of the two methods could bring OS advantage for patients with mRCC. Therefore, further research is needed to verify the efficacy of each approach.

Patient selection is also a crucial consideration when evaluating the benefits of CN (41). As an invasive procedure for patients with high disease burden, CN carries a higher mortality risk than standard nephrectomy for T1 or T2 renal tumors (42). Furthermore, the survival benefit for some patients with poor risk score is marginal, and CN might bring postoperative complications that could negatively affect quality of life, prompting further scrutiny of its role (43). Therefore, patient selection for CN may have potential bias. In the included studies, four studies utilized the IMDC risk score to access the baseline risk score of the two groups. However, only two studies revealed that the rates of poor IMDC risk score in the CN group was lower than that of the No CN group. Furthermore, although liver metastases were found to be significantly less in the CN group compared to the non-CN group, no significant difference was found in bone metastasis and lung metastasis. Bakouny et al. (22) proposed that patients without adverse (bone, liver or lung) metastases, favorable IMDC risk score, and good physical condition may gain adequate benefit from CN. Going forward, newer scales should be created during the ICIs and targeted therapy era to evaluate which patient may benefit from CN. Additionally, we also need more studies to assess the outcomes.

Recently, ICIs therapy has shown superior efficacy and has been adopted as front-line therapy for mRCC. Cytokine-based therapy has gradually given way to ICIs therapy. In our meta-analysis, we have included the latest evidence on CN for mRCC in the era of ICIs therapy. Moreover, some ongoing studies should also be taken into account. The PROBE trial (NCT04510597) is recruiting patients with intermediate or poor risk according to the IMDC risk score who are receiving deferred CN following the combination of nivolumab and ipilimumab, and compared to the No CN group. The SWOG-1931 trial (NCT04510597) is assessing the impact of CN on patients receiving the combination therapy with avelumab and axitinib, or pembrolizumab and axitinib. Further research is needed to confirm these findings with larger sample sizes and higher-quality studies.

However, the limitations of this study should be noted. First, all the included studies were from large centers and the patients enrolled were not necessarily representative of the general population. Second, most the studies included in the analysis were non-RCTs, which undoubtedly had potential distribution and blindness bias. Third, the lack of data in the studies did not allow for a pooled analysis to compare other survival outcomes, such as progression free survival. Fourth, significant differences were observed between the CN and No CN groups in terms of the prevalence of liver metastases. Additionally, two studies have demonstrated that rates of poor IMDC risk score in the CN group were lower than those of the No CN group, resulting in certain heterogeneity. Lastly, due to the limited literature available, a subgroup analysis regarding the timing of CN relative to immunotherapy could not be conducted, which may lead to subtle differences.




5 Conclusions

The combination of CN and immunotherapy for mRCC is associated with a better outcome in terms of OS benefit in selected patients compared to immunotherapy alone. Nevertheless, further research is needed to verify these conclusions, such as larger sample sizes, increased follow-up periods and RCTs.
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