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Abstract

:

Simple Summary


Immunotherapy-based combinations represent the front-line standard of care for metastatic clear cell renal cell carcinoma (mccRCC) patients. These combinations lead to an overall survival improvement and a dramatic increase of complete response rate raising the question of possible cure of mccRCC patients. This review summarizes the recent advances in RCC treatment and biological aspects underpinning a possible healing.




Abstract


Renal-cell carcinoma (RCC) accounts for 2% of cancer diagnoses and deaths worldwide. Clear-cell RCCs represent the vast majority (85%) of kidney cancers and are considered morphologically and genetically as immunogenic tumors. Indeed, the RCC tumoral microenvironment comprises T cells and myeloid cells in an immunosuppressive state, providing an opportunity to restore their activity through immunotherapy. Standard first-line systemic treatment for metastatic patients includes immune-checkpoint inhibitors (ICIs) targeting PD1, in combination with either another ICI or with antiangiogenic targeted therapy. During the past few years, several combinations have been approved with an overall survival benefit and overall response rate that depend on the combination. Interestingly, some patients achieve prolonged complete responses, raising the question of whether these metastatic RCC patients can be cured. This review will focus on recent therapeutic advances in RCC and the clinical and biological aspects underpinning the potential for healing.
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1. Introduction


Renal-cell carcinoma (RCC) represents approximately 2% of cancer diagnoses and deaths worldwide, with more than 430,000 cases and 179,000 deaths per year [1,2]. Almost 35% of patients present metastases at diagnosis and approximately 20–40% develop secondary metastases after nephrectomy [2,3].



Immune-checkpoint inhibitors (ICIs) in combination with either another ICI or with VEGFR (vascular endothelial growth factor receptor) antiangiogenic tyrosine kinase inhibitor (TKI) have dramatically improved metastatic renal-cell carcinoma (mRCC) patients’ outcomes in first-line settings compared to sunitinib. These combinations represent the new standard of care in the front-line treatment of mRCC patients according to the IMDC (International Metastatic RCC Database Consortium) criteria [4,5]. Indeed, the use of ICI in combination with ipilimumab (anti-CTLA-4, cytotoxic T lymphocyte antigen 4 monoclonal, antibody) and nivolumab (anti-PD1, programmed cell death receptor 1, monoclonal antibody), which was evaluated in the Checkmate 214 trial, was approved for intermediate- or high-IMDC-risk-group mRCC patients [6]. Furthermore, the combinations of ICI with anti-VEGF-TKI were approved for all IMDC-risk groups.



These PD1-based combinations include pembrolizumab (anti-PD1 monoclonal antibody) + axitinib (anti-VEGFR TKI), which was evaluated in the KEYNOTE 426 trial [7], nivolumab + cabozantinib (anti-VEGFR, c-MET, AXL, c-KIT, and RET TKI), which was evaluated in the Checkmate9ER trial [8], and, finally, pembrolizumab + lenvatinib (VEGFR, PDGFR, FGFR, c-KIT, and RET TKI), which was evaluated in the CLEAR trial [9].



After a median follow-up ranging from 26.6 to 67.7 months in the different trials, all these combination therapies demonstrated significant overall survival (OS) improvement compared with sunitinib (Table 1). The complete response (CR) and objective response rate (ORR) were reported to have dramatically improved with these treatments. However, the optimal combination to use for each patient remains an unanswered question. While CR and ORR, assessed by an independent central review committee, improved by 12% and 39% with the ipilimumab–nivolumab combination [10], they improved by 10% and 60% with pembrolizumab–axitinib, 12% and 56% with nivolumab–cabozantinib and 16% and 71% with the pembrolizumab–lenvatinib combination, respectively. All the ORR and CR rates assessed either by central review committee or by investigators are listed in Table 1.



Furthermore, the long-lasting responses achieved by patients either with only these systemic treatment combinations or with the addition of local therapy, such as surgery, radiotherapy, or interventional radiology techniques, raise the question of healing.



This review will focus on the clinical and biological aspects of the possible “healing” of mRCC patients thanks to immunotherapy-based combination therapies, the biomarkers associated with the responses, and strategies to improve the CR rate.




2. Definitions: Complete Response, Depth of Response, and Long Responders


The activity of ICIs is related to the activation of an immune response against tumoral cells. Therefore, unlike chemotherapy or targeted therapeutic agents, new patterns of response and durable response that persist even after treatment interruption are now described [14].



2.1. Complete and Partial Response


Complete response (CR) and partial response (PR) are defined, according to the RECIST 1.1 and iRECIST criteria, as the disappearance of all target lesions and as a decrease of at least 30% in the sum of the target lesions, respectively. With the use of ICIs, new patterns of responses have been integrated into the iRECIST criteria, such as pseudoprogression, hyperprogression, and dissociated response [15]. Pseudoprogression is defined by tumor shrinkage after an initial enlargement or the appearance of new lesions, hyperprogression refers to a rapid tumor progression after ICI treatment with no consensual definition, and dissociated response is defined by the persistence of growing lesions while others shrink [15]. Amongst the different trials evaluating ICIs based combination therapies in the first-line treatment of mRCC patients, there was some discrepancy between the ORR or CR rates assessed by local investigators and the IRRC (independent regulatory review commission). The reported data suggest that investigators significantly overestimate ORR compared to blinded reviewers [16]. Despite some differences between the populations included in each pivotal trial, the combination arms provided better ORR and CR compared with the sunitinib arm in each trial (Table 1).



The differences in terms of the patients’ characteristics and the rates of prior nephrectomy in the reported trials could in part explain the CR-rate discrepancy between the ICI-based combinations (Table 1).



Indeed, responses in primary sites may be harder to achieve compared to metastatic sites, possibly due to molecular heterogeneity [17]. In an exploratory post hoc analysis of the Checkmate 214 trial, the ipilimumab–nivolumab combination demonstrated a survival benefit as well as a renal-tumor reduction compared with sunitinib, even in mRCC patients without prior nephrectomy [18]. Indeed, 35% of patients achieved a primary-renal-tumor shrinkage of ≥30% in the nivolumab–ipilimumab arms, compared with 20% in the sunitinib arm, but no complete response was observed [18].



Discrepancies in ORR or CR rates assessed through independent review committees or by investigators may also explain the different reported data from each trial. In the Checkmate 214, the CR rate with the ipilimumab–nivolumab combination was 9% when assessed by IRRC compared to 11% by investigators [6].



Furthermore, the populations included in each trial were different. In Checkmate 214 and Checkmate 9ER [6,8], 23% and 22% of the patients had a favorable IMDC risk, respectively, while the risk was approximately 31% in Keynote 426 and CLEAR [7,9]. As IMDC patients with a favorable risk of IMDC respond better to TKI-based combinations, we can hypothesize that the ORR and CR rate may be influenced.



The number of metastatic sites at baseline was also different, with 73% of patients having more than two metastatic sites in Keynote 426, 71.5% in CLEAR, 80% in Checkmate 9ER, and 78% in Checkmate 214. We can hypothesize that a CR may be more difficult to achieve in patients with a significant tumor burden.




2.2. Depth of Response Correlates to Duration of Response


Depth of response (DepOR; maximum percentage of reduction from baseline in sum of target-lesion diameters), has shown to be prognostic for survival in mRCC in the TKI era [19]. Recently, it was demonstrated that DepOR is correlated with OS in mRCC patients treated with first-line ICI-based combination therapies. With ipilimumab–nivolumab, the data suggested that patients with a DepOR > 50% had the greatest OS benefit [20]. Similarly, data on the correlation between DepOR and OS in RCC patients treated with nivolumab–cabozantinib combination therapy were recently presented [21]. The DepOR results were based on the best overall response assessed by blinded independent central review and the best reduction threshold (CR and PR were subdivided in three subgroups based on tumor reduction: PR1, ≥80% and <100%; PR2, ≥60% and <80%; PR3, ≥30% and <60%, SD and PD, respectively). The progression-free survival (PFS) and OS according to the DepOR subgroups were analyzed after 6 months after the randomization landmark. Deeper responses with nivolumab–cabozantinib were associated with an improved 12-month PFS rate compared with sunitinib for CR (94.9% vs. 82.4%), PR1 (81.3% vs. 37.5%), and PR2 (72.1% vs. 53.2%). In both arms, increasingly deep responses led to better OS outcomes. The OS rates were comparable between arms for CR, PR1, PR2, and PR3 [21]. Therefore, it is logical to take into account to the depth of response as a possible endpoint in order to improve patients’ outcomes.




2.3. Durable Response


Since ICIs allow the restoration of immune T-cell infiltration and stimulate anti-tumoral response, it is expected that the response to ICIs should be durable [22]. There is currently no consensual definition of a durable response or a long responder [14]. The authors of a meta-analysis of phase III trials evaluating immunotherapy defined a durable response as a patient having a PFS exceeding the median PFS of the whole population of patients treated with the same drug in the same trial by three times [23]. This definition avoids bias in terms of treatment and tumor type.



The 5-years follow-up of the Checkmate 214 study demonstrated durable benefits in the ipilimumab–nivolumab-combination population. The conditional estimates indicated that the majority of the patients who continued to respond at 3 years with the ICI combination continued to respond at 5 years [11]. The median duration of response (DOR) was longer (not reached vs. 24.8 months), with more ongoing responses in patients who received nivolumab–ipilimumab across risk groups (63% vs. 50%). Furthermore, more patients in this arm experienced a treatment-free interval without requiring subsequent systemic therapy compared with those treated with sunitinib (48% vs. 24%) [11]. The median DOR was also improved with the ICI and anti-VEGFR TKI combinations of pembrolizumab–axitinib (23.6 months vs. 15.3 months), nivolumab–cabozantinib (23.1 months vs. 15.1 months), and pembrolizumab–lenvatinib (25.8 months vs. 14.6 months), compared to sunitinib (Table 1). The DOR is a marker that should be taken into account in the choice of treatment in first-line settings.





3. Clinical and Biological Problems in ICIs


In the previous TKI era, despite an interesting ORR, the CR rate remained very low, and patients experienced progression with the emergence of resistance. New agents were developed in order to counteract the mechanism of resistance; however, CR is only rarely achieved. Several mechanisms of resistance were described in the past: specific genetic mutations, as the genomic amplification of the therapeutic target; point mutations, leading to a reduction in the efficiency of the inhibitor; and the amplification and mutation of other genes, allowing tumor cells to maintain their oncogenic potential [24]. The development of resistance is clearly multifactorial not only in terms of genetic diversity, either preexisting or in development, but also in terms of intra-tumoral heterogeneity, although its role in therapy-induced resistance remains evasive [25].



Renal-cell carcinoma is an immunogenic malignancy, since (i) tumors are rich in lymphocytes infiltrates, (ii), spontaneous tumor regression may occur spontaneously, and (iii) earlier administration of immunotherapy (interleukin 2, interferon alpha) has proven effective in a subset of patients, with complete tumor regression observed at high doses despite, unfortunately, a significant rate of toxicities [26,27,28]. Obviously, all these facts suggest the potential therapeutic effect of the novel ICIs in mRCC.



The treatment of mRCC has substantially improved since the advent of the new forms of immunotherapy with ICIs, as presented in the previous sections. Indeed, a significant proportion of patients achieve significant and durable responses. While this has clearly revolutionized treatments and improved outcomes for mRCC patients, a large subset of patients do not respond to ICIs. The same observations are made with combination regimens associating TKIs and ICIs in clinical trials and when used as first-line therapies [7,8,9], which is also reminiscent of the therapy-induced resistance to TKIs, as presented above.



There is an urgent need to identify predictive clinical and/or biological biomarkers of efficacy or resistance that are associated with ICIs or ICI/TKI combinations, which would allow better clinical decision-making and ultimately lead to a more personalized approach. Different strategies have been assessed in order to improve the overall response rate, depth of response, and CR rate: the triplet approach (COSMIC 313), the adaptive approach (PDIGREE), acting on the microbiota, the biomarker-driven approach (Bionikk, the immune signature IMotion 151), and the multimodal approach.



3.1. Clinical Biomarkers of ICI Response


One of the major challenges of personalized oncology lies in identifying predictive biomarkers of response and resistance to therapy that are applicable in routine practice. Clearly, as presented in the previous sections, many new targeted or immune-based therapies, or new combination regimens, emerge on a regular basis for mRCC.



However, despite these new approaches, optimizing the treatment selection for each patient remains challenging.



3.1.1. IMDC Classification


The international metastatic-renal-cell carcinoma-database consortium (IMDC)’s prognostic model is used to predict the clinical outcomes of mRCC patients and contains six predefined factors (anemia, hypercalcemia, thrombocytosis, neutrophilia, Karnofsky performance status <80, and less than 1 year from diagnosis to first-line targeted therapy). It is an independent and effective predictive biomarker of poor OS in the first-line treatment of mRCC, and it can be applied to patients previously treated with targeted therapy [29]. It should be stressed that to date, the IDMC model remains the only prospectively validated predictive biomarker in mRCC. A post hoc analysis of the efficacy of the ipilimumab–nivolumab combination by the number of IMDC risk factors was conducted. The ORR with nivolumab–ipilimumab was consistent across 0 to 6 IMDC risk factors, whereas with sunitinib, it decreased with an increasing number of risk factors. The benefits of nivolumab–ipilimumab over sunitinib in terms of ORR (40–44% vs. 16–38%), OS (HR; 0.50–0.72), and PFS (HR; 0.44–0.86) were consistently observed in all groups of patients with intermediate-risk or poor-risk mRCC, regardless of the number of risk factors they had before starting treatment [30].




3.1.2. PD-L1 Status


Various studies were published comparing the complete response rate (CRR), objective response rate (ORR), and PFS and/or progressive-disease rate (PDR), based on tumor PD-L1 status in mRCC patients; the results showed that tumor PD-L1 positivity in patients receiving ICIs was associated with better ORR and prolonged PFS, suggesting PD-L1 as a possible positive predictive clinical biomarker [31,32]. In these studies, the highest ORR and longest PFS were observed in PD-L1-positive patients receiving nivolumab plus ipilimumab. On the other hand, a subgroup analysis of the different TKI ICI combination trials suggest that PD-L1 positivity is associated with less significant benefits [7]. Thus, the immunohistochemical quantification of PD-L1 was developed as a promising biomarker for ICI response in mRCC in early clinical trials.



However, (i) the use of various antibodies, (ii) the disparate cell populations analyzed, (iii) the different thresholds of positivity in the immunohistochemical evaluations, and (iv) a retrospective analysis of its expression clearly limited its use as a clinical biomarker of response in mRCC, as well as in other malignancies.



Approximately 5% of patients with RCC present sarcomatoid features (sRCC) [33]. They have a poor prognosis, with targeted therapies showing limited efficacy [34]. The proportions of patients with sarcomatoid features were different across the different reported frontline PD-1-based combination studies (Table 1). A post hoc analysis of the Checkmate 214 trial evaluating the efficacy of ipilimumab–nivolumab vs. sunitinib in patients with metastatic sRCC was conducted. The rate of confirmed ORR was 60.8% with the combination versus 23.1% with sunitinib, with complete-response rates of 18.9% versus 3.1%, respectively. After 42 months of follow-up, the median OS favored ipilimumab–nivolumab (not reached (NR; 25.2–not estimable (NE)) versus sunitinib (14.2 months (9.3–22.9); n = 65; HR, 0.45 (95% CI, 0.3–0.7; p = 0.0004)). The magnitudes of the OS, PFS, and ORR benefits with nivolumab–ipilimumab observed in this patient subgroup were greater for those with tumor PD-L1 expression ≥1% versus those with tumor PD-L1 expression <1% [35].




3.1.3. Neutrophil–Lymphocyte Ratio (NLR)


Beyond PD-L1, additional studies dealing with the identification of potential predictive clinical biomarkers were published. In two different retrospective studies, evaluating 42 and 65 mRCC patients treated with ICIs, a decrease in the neutrophil–lymphocyte ratio (NLR) level was shown to be associated with the clinical outcomes of ICIs, with a significantly better response to nivolumab [36,37]. The same observation was made on the C-reactive protein (CRP) level [38].



Recently, Yoshida et al. evaluated the potential role of eosinophilic features (that are linked to major immunological mechanisms) as predictive biomarkers in clear-cell RCC, in terms of the responses to TKIs but also to ICIs [38]. They included two different cohorts, one comprising 138 clear-cell RCC patients undergoing radical nephrectomy and the other 54 mRCC patients, both retrospectively. Three phenotypes were defined as clear, mixed, or eosinophilic type. The second cohort underwent biopsy, metastasectomy, or cytoreductive surgery before the initiation of systemic therapy, and included one group treated with TKIs (sunitinib, pazopanib, sorafenib, or axitinib) and another group treated with first-line ICIs or after TKIs (nivolumab or a combination of nivolumab–ipilimumab followed by nivolumab). They found a significant clinical benefit in the patients treated with ICIs compared with the patients treated with TKIs in the second group, in the mixed/eosinophilic types, suggesting that eosinophilic features are significantly correlated with ICI efficacy.



Using a transcriptomic signature, Beuselinck et al. identified four robust ccrcc subgroups (ccrcc 1 to 4) that were associated with different responses to sunitinib treatment. The ccrcc1/ccrcc4 tumors were characterized by a stem-cell polycomb signature and CpG hypermethylation and had lower survival compared to the ccrcc3 tumors, which were sensitive to sunitinib and did not exhibit cellular responses to hypoxia, and to the ccrcc4 tumors, which exhibited sarcomatoid differentiation with a strong inflammatory, Th1-oriented but suppressive immune microenvironment, with a high expression of PD-1 and its ligands [39]. The BIONIKK trial aimed to evaluate the treatment efficacy and tolerability of nivolumab, nivolumab–ipilimumab, and VEGFR-TKIs in patients according to the tumor molecular groups defined by this signature [40]. The patients were randomly assigned to receive either nivolumab or nivolumab–ipilimumab in the ccrcc1 and ccrcc4 groups, or either a VEGFR-TKI or nivolumab–ipilimumab in the ccrcc2 and ccrcc3 groups. After a median follow-up of 18 months, in the ccrcc1 subgroup, the ORRs were 29% and 16% with nivolumab and nivolumab–ipilimumab, respectively, and 44% and 50% in the ccrcc4 group. In the ccrcc2 subgroup, the ORRs were 50% and 51% with TKI and nivolumab–ipilimumab, respectively, and no response was detected with TKI, compared with 20% for nivolumab–ipilimumab in the ccrcc3 group. This study demonstrates the positive effects of patient selection through tumor molecular phenotype on the selection of the most appropriate first-line treatment [40].




3.1.4. Acting on the Microbiota


Very interestingly, the gut microbiome has emerged as an exciting field of research in oncology. Indeed, increasing evidence shows the interplay between the immune response and the gut microbiota, and its involvement in immune escape. The results obtained in preclinical mouse models and preliminary observations in limited patient series implicates the microbiome as a marker of response to ICIs [41,42]. Furthermore, it has been shown that fecal microbial transfer is able to convert ICI non-responders into responders [41], further indicating the therapeutic potential of the microbiota.



To circumvent such limitations, the MITRE study was launched very recently. It is a large-scale prospective study currently recruiting patients with various cancer types, including melanoma, kidney cancer, or non-small-cell lung cancer, who are planned to receive standard ICIs [43]. The primary aim is to measure the ability of the microbiome signature to predict one-year PFS in patients with advanced disease, and the secondary aim is to measure, among others, the microbiome’s correlations with toxicity. It is expected from this large clinical study that the therapeutic manipulation of the microbiome will improve patients’ survival. Recently, a phase 1 trial evaluated whether the administration of CBM588, a bifidogenic live bacterial product, in mRCC treated with ipilimumab–nivolumab could improve immune response through the modulation of the gut microbiome. The PFS was significantly longer in patients receiving CBM588 (12.7 months versus 2.5 months, HR 0.15, 95% CI 0.05–0.47, p = 0.001). Although not statistically significant, the response rate was also higher in patients receiving CBM588 (58% versus 20%, p = 0.06) [44].





3.2. Multimodal-Therapy Approach


For oligometastatic or oligoprogressive disease, local treatments, including metastasectomy, radiotherapy or radio-interventional strategies, can be considered, and showed a benefit in terms of OS [5]. These decisions are usually discussed through a multidisciplinary tumor board.



In the ICI era, the effect of local therapy on residual disease in order to improve CR rate remains uncertain. The optimal timing of cytoreductive nephrectomy, immediate or delayed, particularly in patients presenting CR or PR in response to ICI in metastatic sites, remain unknown. The question was recently evaluated in a French national retrospective study. Thirty mRCC patients who underwent partial or radical nephrectomy following a CR or PR after ICI-based treatment at the first- or later-line stage were included. At a median follow-up of 19.5 months after nephrectomy, 19 (63.3%) maintained a CR and discontinued systemic treatment [45]. The PFS rates were 96.7% at 12 months and 78.3% at 24 months. The OS rates were 100% at 12 months and 86.1% at 24 months [45]. The type of response at the metastatic site, for either PR or CR, was the only factor significantly associated with the risk of recurrence after nephrectomy. However, several questions remained unanswered, such as the benefits of surgery, particularly in the absence of a viable tumor in the nephrectomy specimen [45].



Using multimodal therapies in the treatment of mRCC patients, either metastasectomy in oligometastatic disease or the removal of residual disease after a good response to systemic therapies appear to be interesting strategies to improve survival while stopping systemic treatment.




3.3. Triplet or Adaptive Approach


Despite a great survival improvement for patients diagnosed with mRCC through ICI combinations, significant challenges remain. Novel ICI-based combination therapies are assessed in first-line settings, aiming to improve the CR rate. The results of the COSMIC-313 trial evaluating the combination of cabozantinib, ipilimumab, and nivolumab compared with placebo, ipilimumab, and nivolumab in previously untreated mRCC in patients with poor or intermediate risk of IMDC were recently presented at ESMO 2022. Eight hundred and fifty-five patients were randomized. The ORR was 43% in the triplet combination, with a CR rate of 3% in both arms, and 55% of the patients had a reduction of ≥30% in their lesions. The median PFS was not reached in the triplet arm compared to 11.3 months 95% CI (7.7–18.2), HR 0.73 (95% CI 0.57–0.94), p = 0.013 [45]. Adaptive strategies are also developed, such as in the PDIGREE trial (NCT03793166). Patients with mRCC started with ipilimumab–nivolumab, after which those who experienced CR continued nivolumab maintenance, those with PD switched to cabozantinib, and those with SD/PR were randomized between the addition of cabozantinib to nivolumab and the continuation of nivolumab maintenance [46].




3.4. New Therapeutic Agents


The results of the combination of bempegaldesleukin, a pegylated IL-2 prodrug, with nivolumab compared sunitinib or cabozantinib in previously untreated mRCC patients were also presented at ESMO 2022. Six hundred and twenty-three patients were randomized. The trial was negative and after a median follow-up of 15.5 months, the ORR was 23% in the combination arm compared to 30.6% in the TKI arm [47]. Other trials are ongoing, including NCT02811861, the aim of which is to evaluate the combination of pembrolizumab, Lenvatinib, and belzutifan vs. pembrolozumab–quavonlimab, and lenvatinib vs. pembrolizumab and lenvatinib in mRCC patients in a first-line setting.



Other strategies with experimental combinations of investigational agents (ICI and targeted therapies) are also ongoing, such as the phase 1–2 trial, MK-3475-03A (NCT04626479).



The continuing development of new combination therapies and the identification of biomarkers predictive of the response to ICI will help to better select patients who will benefit of these treatments. Conventional ICIs lead to the restoration of T-cell activation and a reduction in T-cell depletion by specifically blocking PD-1, PD-L1, or CTLA-4. This will enhance the anti-tumoral immune response. As presented herein, it is obvious that these therapies have achieved some clinical efficacy in a subset of patients with mRCC. However, unfortunately, response rates and durability remain significant challenges. Consequently, it will be crucial in the near future to identify novel immune checkpoints and new combinations of therapeutic strategies.





4. Conclusions and Perspectives


As presented in this review, several promising clinical and biological biomarkers have been identified, although without conclusive results to support their potential predictive value in mRCC. It is expected that future prospective, biomarker-driven studies will provide useful information about biomarkers that may be used to better predict responses to ICIs, especially given that a significant proportion of patients do not experience any benefits from ICI, ICI/ICI, or ICI/TJI combination therapies. As shown herein, other more promising clinical or biological entities than the early PD-L1 may potentially exist. Despite the complexity involved in identifying and validating such biomarkers, a composite biomarker will probably fulfill all the criteria. Thus, the same questions remain: (i) Which patients will best respond to and which patients will not respond to ICIs? (ii) How responses to ICI treatment be extended, maximized, and secured? How can therapeutic resistance be overcome?







Author Contributions


Conceptualization, J.T., P.B. (Philippe Barthélémy) and T.M.; methodology, T.M.; writing, original draft preparation, J.T., C.M., P.B. (Philippe Barthélémy) and T.M.; writing, review and editing, J.T., C.M., P.B. (Philippe Barthélémy), P.B. (Philippe Boudier), D.M., S.K.-B. and T.M.; visualization, J.T., P.B. (Philippe Barthélémy) and T.M.; supervision, J.T., P.B. (Philippe Barthélémy) and T.M.; project administration, T.M.; funding acquisition, T.M. All authors have read and agreed to the published version of the manuscript.




Funding


This work was supported by recurrent grants from INSERM and the University of Strasbourg for INSERM U1260.




Conflicts of Interest


Member of the advisory board of Bristol Myers Squibb, Pfizer, Merck, IPSEN, AMGEN, AstraZeneca, Janssen-Cilag, Astellas, Bayer, MSD, Advanced Accelerator Applications (AAA), and GILEAD, P.B.




References


	



Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J. Clin. 2021, 71, 209–249. [Google Scholar] [CrossRef] [PubMed]

	



Padala, S.A.; Barsouk, A.; Thandra, K.C.; Saginala, K.; Mohammed, A.; Vakiti, A.; Rawla, P.; Barsouk, A. Epidemiology of Renal Cell Carcinoma. World J. Oncol. 2020, 11, 79–87. [Google Scholar] [CrossRef]

	



Stewart-Merrill, S.B.; Thompson, R.H.; Boorjian, S.A.; Psutka, S.P.; Lohse, C.M.; Cheville, J.C.; Leibovich, B.C.; Frank, I. Oncologic Surveillance After Surgical Resection for Renal Cell Carcinoma: A Novel Risk-Based Approach. J. Clin. Oncol. 2015, 33, 4151–4157. [Google Scholar] [CrossRef] [PubMed]

	



Powles, T.; Albiges, L.; Bex, A.; Grünwald, V.; Porta, C.; Procopio, G.; Schmidinger, M.; Suárez, C.; de Velasco, G.; ESMO Guidelines Committee. Electronic address: Clinicalguidelines@esmo.org ESMO Clinical Practice Guideline update on the use of immunotherapy in early stage and advanced renal cell carcinoma. Ann. Oncol. 2021, 32, 1511–1519. [Google Scholar] [CrossRef]

	



Escudier, B.; Porta, C.; Schmidinger, M.; Rioux-Leclercq, N.; Bex, A.; Khoo, V.; Grünwald, V.; Gillessen, S.; Horwich, A.; ESMO Guidelines Committee. Renal cell carcinoma: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up†. Ann. Oncol. 2019, 30, 706–720. [Google Scholar] [CrossRef] [PubMed]

	



Motzer, R.J.; Tannir, N.M.; McDermott, D.F.; Arén Frontera, O.; Melichar, B.; Choueiri, T.K.; Plimack, E.R.; Barthélémy, P.; Porta, C.; George, S.; et al. Nivolumab plus Ipilimumab versus Sunitinib in Advanced Renal-Cell Carcinoma. N. Engl. J. Med. 2018, 378, 1277–1290. [Google Scholar] [CrossRef]

	



Rini, B.I.; Plimack, E.R.; Stus, V.; Gafanov, R.; Hawkins, R.; Nosov, D.; Pouliot, F.; Alekseev, B.; Soulières, D.; Melichar, B.; et al. Pembrolizumab plus Axitinib versus Sunitinib for Advanced Renal-Cell Carcinoma. N. Engl. J. Med. 2019, 380, 1116–1127. [Google Scholar] [CrossRef]

	



Choueiri, T.K.; Powles, T.; Burotto, M.; Escudier, B.; Bourlon, M.T.; Zurawski, B.; Oyervides Juárez, V.M.; Hsieh, J.J.; Basso, U.; Shah, A.Y.; et al. Nivolumab plus Cabozantinib versus Sunitinib for Advanced Renal-Cell Carcinoma. N. Engl. J. Med. 2021, 384, 829–841. [Google Scholar] [CrossRef]

	



Motzer, R.; Alekseev, B.; Rha, S.-Y.; Porta, C.; Eto, M.; Powles, T.; Grünwald, V.; Hutson, T.E.; Kopyltsov, E.; Méndez-Vidal, M.J.; et al. Lenvatinib plus Pembrolizumab or Everolimus for Advanced Renal Cell Carcinoma. N. Engl. J. Med. 2021, 384, 1289–1300. [Google Scholar] [CrossRef]

	



Albiges, L.; Tannir, N.M.; Burotto, M.; McDermott, D.; Plimack, E.R.; Barthélémy, P.; Porta, C.; Powles, T.; Donskov, F.; George, S.; et al. Nivolumab plus ipilimumab versus sunitinib for first-line treatment of advanced renal cell carcinoma: Extended 4-year follow-up of the phase III CheckMate 214 trial. ESMO Open 2020, 5, e001079. [Google Scholar] [CrossRef]

	



Motzer, R.J.; McDermott, D.F.; Escudier, B.; Burotto, M.; Choueiri, T.K.; Hammers, H.J.; Barthélémy, P.; Plimack, E.R.; Porta, C.; George, S.; et al. Conditional survival and long-term efficacy with nivolumab plus ipilimumab versus sunitinib in patients with advanced renal cell carcinoma. Cancer 2022, 128, 2085–2097. [Google Scholar] [CrossRef]

	



Rini, B.I.; Plimack, E.R.; Stus, V.; Waddell, T.; Gafanov, R.; Pouliot, F.; Nosov, D.; Melichar, B.; Soulieres, D.; Borchiellini, D.; et al. Pembrolizumab (pembro) plus axitinib (axi) versus sunitinib as first-line therapy for advanced clear cell renal cell carcinoma (ccRCC): Results from 42-month follow-up of KEYNOTE-426. J. Clin. Oncol. 2021, 39, 4500. [Google Scholar] [CrossRef]

	



Powles, T.; Choueiri, T.K.; Burotto, M.; Escudier, B.; Bourlon, M.T.; Shah, A.Y.; Suárez, C.; Hamzaj, A.; Porta, C.; Hocking, C.; et al. Final overall survival analysis and organ-specific target lesion assessments with two-year follow-up in CheckMate 9ER: Nivolumab plus cabozantinib versus sunitinib for patients with advanced renal cell carcinoma. J. Clin. Oncol. 2022, 40, 350. [Google Scholar] [CrossRef]

	



Borcoman, E.; Kanjanapan, Y.; Champiat, S.; Kato, S.; Servois, V.; Kurzrock, R.; Goel, S.; Bedard, P.; Le Tourneau, C. Novel patterns of response under immunotherapy. Ann. Oncol. 2019, 30, 385–396. [Google Scholar] [CrossRef]

	



Seymour, L.; Bogaerts, J.; Perrone, A.; Ford, R.; Schwartz, L.H.; Mandrekar, S.; Lin, N.U.; Litière, S.; Dancey, J.; Chen, A.; et al. iRECIST: Guidelines for response criteria for use in trials testing immunotherapeutics. Lancet Oncol. 2017, 18, e143–e152. [Google Scholar] [CrossRef] [PubMed]

	



Dello Russo, C.; Cappoli, N.; Pilunni, D.; Navarra, P. Local Investigators Significantly Overestimate Overall Response Rates Compared to Blinded Independent Central Reviews in Phase 2 Oncology Trials. J. Clin. Pharmacol. 2021, 61, 810–819. [Google Scholar] [CrossRef] [PubMed]

	



Roussel, E.; Kinget, L.; Verbiest, A.; Zucman-Rossi, J.; Boeckxd, B.; Joniau, S.; Lambrechtsd, D.; Albersen, M.; Beuselinck, B. Molecular Heterogeneity Between Paired Primary and Metastatic Lesions from Clear Cell Renal Cell Carcinoma. Eur. Urol. Open Sci. 2022, 40, 54–57. [Google Scholar] [CrossRef] [PubMed]

	



Albiges, L.; Tannir, N.M.; Burotto, M.; McDermott, D.; Plimack, E.R.; Barthélémy, P.; Porta, C.; Powles, T.; Donskov, F.; George, S.; et al. First-line Nivolumab plus Ipilimumab Versus Sunitinib in Patients Without Nephrectomy and With an Evaluable Primary Renal Tumor in the CheckMate 214 Trial. Eur. Urol. 2022, 81, 266–271. [Google Scholar] [CrossRef]

	



Grünwald, V.; McKay, R.R.; Krajewski, K.M.; Kalanovic, D.; Lin, X.; Perkins, J.J.; Simantov, R.; Choueiri, T.K. Depth of remission is a prognostic factor for survival in patients with metastatic renal cell carcinoma. Eur. Urol. 2015, 67, 952–958. [Google Scholar] [CrossRef] [PubMed]

	



Grünwald, V.; Choueiri, T.K.; Rini, B.I.; Powles, T.; George, S.; Grimm, M.-O.; McHenry, M.B.; Maurer, M.; Motzer, R.J.; Hammers, H.J.; et al. 950P—Association between depth of response and overall survival: Exploratory analysis in patients with previously untreated advanced renal cell carcinoma (aRCC) in CheckMate 214. Ann. Oncol. 2019, 30, v382–v383. [Google Scholar] [CrossRef]

	



Suárez, C.; Choueiri, T.K.; Burotto, M.; Powles, T.; Bourlon, M.T.; Shah, A.Y.; Tomita, Y.; Bedke, J.; Zhang, J.; Simsek, B.; et al. Association between depth of response (DepOR) and clinical outcomes: Exploratory analysis in patients with previously untreated advanced renal cell carcinoma (aRCC) in CheckMate 9ER. J. Clin. Oncol. 2022, 40, 4501. [Google Scholar] [CrossRef]

	



Kim, P.S.; Ahmed, R. Features of responding T cells in cancer and chronic infection. Curr. Opin. Immunol. 2010, 22, 223–230. [Google Scholar] [CrossRef] [PubMed]

	



Pons-Tostivint, E.; Latouche, A.; Vaflard, P.; Ricci, F.; Loirat, D.; Hescot, S.; Sablin, M.-P.; Rouzier, R.; Kamal, M.; Morel, C.; et al. Comparative Analysis of Durable Responses on Immune Checkpoint Inhibitors Versus Other Systemic Therapies: A Pooled Analysis of Phase III Trials. JCO Precis. Oncol. 2019, 3, 1–10. [Google Scholar] [CrossRef] [PubMed]

	



Lovly, C.M.; Shaw, A.T. Molecular pathways: Resistance to kinase inhibitors and implications for therapeutic strategies. Clin. Cancer Res. 2014, 20, 2249–2256. [Google Scholar] [CrossRef] [PubMed]

	



Marusyk, A.; Janiszewska, M.; Polyak, K. Intratumor Heterogeneity: The Rosetta Stone of Therapy Resistance. Cancer Cell 2020, 37, 471–484. [Google Scholar] [CrossRef] [PubMed]

	



Finke, J.H.; Rayman, P.; Edinger, M.; Tubbs, R.R.; Stanley, J.; Klein, E.; Bukowski, R. Characterization of a human renal cell carcinoma specific cytotoxic CD8+ T cell line. J. Immunother. 1992, 11, 1–11. [Google Scholar] [CrossRef] [PubMed]

	



Fyfe, G.; Fisher, R.I.; Rosenberg, S.A.; Sznol, M.; Parkinson, D.R.; Louie, A.C. Results of treatment of 255 patients with metastatic renal cell carcinoma who received high-dose recombinant interleukin-2 therapy. J. Clin. Oncol. 1995, 13, 688–696. [Google Scholar] [CrossRef]

	



Negrier, S.; Escudier, B.; Lasset, C.; Douillard, J.Y.; Savary, J.; Chevreau, C.; Ravaud, A.; Mercatello, A.; Peny, J.; Mousseau, M.; et al. Recombinant human interleukin-2, recombinant human interferon alfa-2a, or both in metastatic renal-cell carcinoma. Groupe Français d’Immunothérapie. N. Engl. J. Med. 1998, 338, 1272–1278. [Google Scholar] [CrossRef] [PubMed]

	



Ko, J.J.; Xie, W.; Kroeger, N.; Lee, J.L.; Rini, B.I.; Knox, J.J.; Bjarnason, G.A.; Srinivas, S.; Pal, S.K.; Yuasa, T.; et al. The International Metastatic Renal Cell Carcinoma Database Consortium model as a prognostic tool in patients with metastatic renal cell carcinoma previously treated with first-line targeted therapy: A population-based study. Lancet Oncol. 2015, 16, 293–300. [Google Scholar] [CrossRef]

	



Escudier, B.; Motzer, R.J.; Tannir, N.M.; Porta, C.; Tomita, Y.; Maurer, M.A.; McHenry, M.B.; Rini, B.I. Efficacy of Nivolumab plus Ipilimumab According to Number of IMDC Risk Factors in CheckMate 214. Eur. Urol. 2020, 77, 449–453. [Google Scholar] [CrossRef]

	



Carretero-González, A.; Lora, D.; Martín Sobrino, I.; Sáez Sanz, I.; Bourlon, M.T.; Anido Herranz, U.; Martínez Chanzá, N.; Castellano, D.; de Velasco, G. The Value of PD-L1 Expression as Predictive Biomarker in Metastatic Renal Cell Carcinoma Patients: A Meta-Analysis of Randomized Clinical Trials. Cancers 2020, 12, 1945. [Google Scholar] [CrossRef]

	



Kammerer-Jacquet, S.-F.; Deleuze, A.; Saout, J.; Mathieu, R.; Laguerre, B.; Verhoest, G.; Dugay, F.; Belaud-Rotureau, M.-A.; Bensalah, K.; Rioux-Leclercq, N. Targeting the PD-1/PD-L1 Pathway in Renal Cell Carcinoma. Int. J. Mol. Sci. 2019, 20, 1692. [Google Scholar] [CrossRef]

	



Shuch, B.; Bratslavsky, G.; Linehan, W.M.; Srinivasan, R. Sarcomatoid renal cell carcinoma: A comprehensive review of the biology and current treatment strategies. Oncologist 2012, 17, 46–54. [Google Scholar] [CrossRef]

	



Kyriakopoulos, C.E.; Chittoria, N.; Choueiri, T.K.; Kroeger, N.; Lee, J.-L.; Srinivas, S.; Knox, J.J.; Bjarnason, G.A.; Ernst, S.D.; Wood, L.A.; et al. Outcome of patients with metastatic sarcomatoid renal cell carcinoma: Results from the International Metastatic Renal Cell Carcinoma Database Consortium. Clin. Genitourin. Cancer 2015, 13, e79–e85. [Google Scholar] [CrossRef] [PubMed]

	



Tannir, N.M.; Signoretti, S.; Choueiri, T.K.; McDermott, D.F.; Motzer, R.J.; Flaifel, A.; Pignon, J.-C.; Ficial, M.; Frontera, O.A.; George, S.; et al. Efficacy and Safety of Nivolumab Plus Ipilimumab versus Sunitinib in First-line Treatment of Patients with Advanced Sarcomatoid Renal Cell Carcinoma. Clin. Cancer Res. 2021, 27, 78–86. [Google Scholar] [CrossRef] [PubMed]

	



Jeyakumar, G.; Kim, S.; Bumma, N.; Landry, C.; Silski, C.; Suisham, S.; Dickow, B.; Heath, E.; Fontana, J.; Vaishampayan, U. Neutrophil lymphocyte ratio and duration of prior anti-angiogenic therapy as biomarkers in metastatic RCC receiving immune checkpoint inhibitor therapy. J. Immunother. Cancer 2017, 5, 82. [Google Scholar] [CrossRef] [PubMed]

	



Suzuki, K.; Terakawa, T.; Furukawa, J.; Harada, K.; Hinata, N.; Nakano, Y.; Fujisawa, M. C-reactive protein and the neutrophil-to-lymphocyte ratio are prognostic biomarkers in metastatic renal cell carcinoma patients treated with nivolumab. Int. J. Clin. Oncol. 2020, 25, 135–144. [Google Scholar] [CrossRef]

	



Yoshida, T.; Ohe, C.; Ikeda, J.; Atsumi, N.; Ohsugi, H.; Sugi, M.; Higasa, K.; Saito, R.; Tsuta, K.; Matsuda, T.; et al. Eosinophilic features in clear cell renal cell carcinoma correlate with outcomes of immune checkpoint and angiogenesis blockade. J. Immunother. Cancer 2021, 9, e002922. [Google Scholar] [CrossRef] [PubMed]

	



Beuselinck, B.; Job, S.; Becht, E.; Karadimou, A.; Verkarre, V.; Couchy, G.; Giraldo, N.; Rioux-Leclercq, N.; Molinié, V.; Sibony, M.; et al. Molecular subtypes of clear cell renal cell carcinoma are associated with sunitinib response in the metastatic setting. Clin. Cancer Res. 2015, 21, 1329–1339. [Google Scholar] [CrossRef]

	



Vano, Y.-A.; Elaidi, R.; Bennamoun, M.; Chevreau, C.; Borchiellini, D.; Pannier, D.; Maillet, D.; Gross-Goupil, M.; Tournigand, C.; Laguerre, B.; et al. Nivolumab, nivolumab-ipilimumab, and VEGFR-tyrosine kinase inhibitors as first-line treatment for metastatic clear-cell renal cell carcinoma (BIONIKK): A biomarker-driven, open-label, non-comparative, randomised, phase 2 trial. Lancet Oncol. 2022, 23, 612–624. [Google Scholar] [CrossRef]

	



Derosa, L.; Routy, B.; Fidelle, M.; Iebba, V.; Alla, L.; Pasolli, E.; Segata, N.; Desnoyer, A.; Pietrantonio, F.; Ferrere, G.; et al. Gut Bacteria Composition Drives Primary Resistance to Cancer Immunotherapy in Renal Cell Carcinoma Patients. Eur. Urol. 2020, 78, 195–206. [Google Scholar] [CrossRef] [PubMed]

	



Deluce, J.; Maleki Vareki, S.; Fernandes, R. The role of gut microbiome in immune modulation in metastatic renal cell carcinoma. Adv. Med. Oncol. 2022, 14, 17588359221122714. [Google Scholar] [CrossRef]

	



Thompson, N.A.; Stewart, G.D.; Welsh, S.J.; Doherty, G.J.; Robinson, M.J.; Neville, B.A.; Vervier, K.; Harris, S.R.; Adams, D.J.; Dalchau, K.; et al. The MITRE trial protocol: A study to evaluate the microbiome as a biomarker of efficacy and toxicity in cancer patients receiving immune checkpoint inhibitor therapy. BMC Cancer 2022, 22, 99. [Google Scholar] [CrossRef] [PubMed]

	



Dizman, N.; Meza, L.; Bergerot, P.; Alcantara, M.; Dorff, T.; Lyou, Y.; Frankel, P.; Cui, Y.; Mira, V.; Llamas, M.; et al. Nivolumab plus ipilimumab with or without live bacterial supplementation in metastatic renal cell carcinoma: A randomized phase 1 trial. Nat. Med. 2022, 28, 704–712. [Google Scholar] [CrossRef]

	



Pignot, G.; Thiery-Vuillemin, A.; Albigès, L.; Walz, J.; Lang, H.; Balssa, L.; Parier, B.; Geoffrois, L.; Bensalah, K.; Schlürmann, F.; et al. Oncological Outcomes of Delayed Nephrectomy After Optimal Response to Immune Checkpoint Inhibitors for Metastatic Renal Cell Carcinoma. Eur. Urol. Oncol. 2022, 5, 577–584. [Google Scholar] [CrossRef]

	



Zhang, T.; Ballman, K.V.; Choudhury, A.D.; Chen, R.C.; Watt, C.; Wen, Y.; Shergill, A.; Zemla, T.J.; Emamekhoo, H.; Vaishampayan, U.N.; et al. PDIGREE: An adaptive phase III trial of PD-inhibitor nivolumab and ipilimumab (IPI-NIVO) with VEGF TKI cabozantinib (CABO) in metastatic untreated renal cell cancer (Alliance A031704). J. Clin. Oncol. 2021, 39, TPS366. [Google Scholar] [CrossRef]

	



Tannir, N.; Formiga, M.N.; Agarwal, N.; Pal, S.K.; Cho, D.; George, D.J.; Hong, W.; Tang, L.; Qureshi, A.; Tagliaferri, M.A.; et al. Bempegaldesleukin (BEMPEG) plus nivolumab (NIVO) compared to the investigator’s choice of sunitinib or cabozantinib in previously untreated advanced renal cell carcinoma (RCC): Results from a phase III randomized study (PIVOT-09). Ann. Oncol. 2022, 33 (Suppl. S7), S808–S869. [Google Scholar] [CrossRef]








[image: Table] 





Table 1. Main results from large phase III trials in ccRCC first-line metastatic setting.
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	Checkmate-214 [6,10,11]
	Keynote-426 [12]
	Checkmate-9ER [13]
	CLEAR [9]





	Treatment arms
	Nivolumab–Ipilimumab (n = 550)

Sunitinib (n = 546)
	Pembrolizumab–Axitinib (n = 432)

Sunitinib (n = 429)
	Nivolumab–Cabozantinib (n = 323)

Sunitinib (n = 328)
	Pembrolizumab–Lenvatinib (n = 355)

Sunitinib (n = 357)



	Median follow-up, months
	67.7
	42.8
	32.9
	26.6



	IMDC-risk status (Fav/Int/poor), %
	Nivo–Ipi: 23/61/16

Sun: 23/61/16
	Pembro–Axi: 32/55/13

Sun: 31/57/12
	Nivo–Cabo: 23/58/19

Sun: 22/57/21
	Pembro–Lenva: 31/59/9

Sun: 35/54/10



	Metastatic site

(Lung/Lymph node/Bone/Liver) %
	Nivo–Ipi: 69/45/20/18

Sun: 68/49/22/20
	Pembro–Axi: 72/46/24/15

Sun: 72/46/24/17
	Nivo–Cabo: 74/40/24/23

Sun: 76/40/22/16
	Pembro–Lenva: 70/48/24/17

Sun: 69/46/24/17



	Previous nephrectomy
	Nivo–Ipi: 82

Sun: 80
	Pembro–Axi: 83

Sun: 83
	Nivo–Cabo: 69

Sun: 71
	Pembro–Lenva: 74

Sun: 73



	Patients with sarcomatoid features in interm-/poor-risk patients, %
	Nivo–Ipi: 17

Sun: 15
	Pembro–Axi: 18

Sun:18
	Nivo–Cabo: 11

Sun: 13
	Pembro–Lenva: 8

Sun: 6



	ORR/CR,%

Central review
	Nivo–Ipi: 42/9

Sun: 27/1
	Pembro–Axi: 60/10

Sun: 40/3.5
	Nivo–Cabo: 56/12

Sun: 28/5
	Pembro–Lenva: 71/16

Sun: 36/4



	ORR/CR,%

Investigator review
	Nivo–Ipi: 41/11

Sun: 28/1
	NA
	NA
	Pembro–Lenva: 69/10

Sun: 34/7



	Disease-control rate (PR + CR + SD), %
	Nivo–Ipi: 75

Sun: 75
	Pembro–Axi: 89

Sun: 83
	Nivo–Cabo: 88

Sun: 69
	Pembro–Lenva: 95

Sun: 86



	Progressive disease (PD), %
	Nivo–Ipi: 18

Sun: 14
	Pembro–Axi: 11

Sun: 17
	Nivo–Cabo: 6

Sun: 17
	Pembro–Lenva: 5

Sun: 14



	Median Duration of Response (95% CI), months
	Nivo–Ipi: NR (49.5–NE)

Sun: 23.7 (19.4–29)
	Pembro–Axi: 23.6 (1.4–43.4)

Sun: 15.3 (2.3–42.8)
	Nivo–Cabo: 23.1 (20.2–27.9)

Sun: 15.1 (9.9–20.5)
	Pembro–Lenva: 25.8 (22.1–27.9)

Sun: 14.6 (9.4–16.7)



	Median PFS (95% CI), months and HR
	Nivo–Ipi: 12.3 (9.7–16.5)

Sun: 12.3 (9.8–15.2)

HR 0.86 (0.73–1.01), p = 0.063
	Pembro–Axi: 15.7 (13.6–20.2)

Sun: 11.1 (8.9–12.5)

HR 0.68 (0.58–0.80), p < 0.0001
	Nivo–Cabo: 16.6 (12.819.8)

Sun: 8.3 (7.0–9.7)

HR 0.56 0.460.68), p significant
	Pembro–Lenva: 23.9 (20.827.7)

Sun: 9.2 (6.011.0)

HR 0.39 (0.32–0.49), p < 0.0001



	Median OS (95% CI), months and HR
	Nivo–Ipi: 55.7 (46.3–64.6)

Sun: 38.4 (32.0–44.0)

HR 0.72 (0.62–0.85), p < 0.0001
	Pembro–Axi: 45.7 (43.6–NE)

Sun: 40.1 (34.3–44.2)

HR 0.73 (0.60–0.88), p < 0.001
	Nivo–Cabo: 37.7 (35.5–NE)

Sun: 34.3 (29.0–NE)

HR 0,70 (0.55–0.90), p significant
	Pembro–Lenva: NR (NE)

Su: NR (NE)

HR 0.66 (0.49–0.86), p = 0.005
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