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Abstract

:

Simple Summary


Around 2–15% of primary renal cell carcinoma patients (RCC) will develop brain metastases (BMs) during the disease course. The prognosis of brain metastatic RCC patients is poor when compared with extracranial metastatic patients, and determining the optimal local therapeutic approach is a challenge. The aim of our retrospective multi-institutional study was to assess the efficacy of local treatments, radiosurgery in single or multiple fractions (SRS/HSRS) with or without surgery, and to identify prognostic factors eventually conditioning outcome. Patients with limited BMs (up to four) were treated with single-dose SRS in cases of small lesions, HSRS for large BMs unsuitable for surgical resection, or surgical resection followed by SRS/HSRS. We confirmed the efficacy and safety of SRS/HSRS in 120 patients analyzed for 136 BMs treated. Patients with favorable/intermediate International Metastatic Database Consortium (IMDC) score, with a higher RCC-graded prognostic assessment (GPA) score, with an early occurrence of BMs from primary diagnosis, with absence of extracranial metastases, and who underwent a combined local treatment (surgery plus adjuvant HSRS) had a better outcome.




Abstract


The aim of this study was to evaluate the clinical outcomes of a large series of brain metastatic renal cell carcinoma (BMRCC) patients treated in three Italian centers. Methods: A total of 120 BMRCC patients with a total of 176 lesions treated were evaluated. Patients received surgery plus postoperative HSRS, single-fraction SRS, or hypofractionated SRS (HSRS). Local control (LC), brain distant failure (BDF), overall survival (OS), toxicities, and prognostic factors were assessed. Results: The median follow-up time was 77 months (range 16–235 months). Surgery plus HSRS was performed in 23 (19.2%) cases, along with SRS in 82 (68.3%) and HSRS in 15 (12.5%). Seventy-seven (64.2%) patients received systemic therapy. The main total dose and fractionation used were 20–24 Gy in single fraction or 32–30 Gy in 4–5 daily fractions. Median LC time and 6 month and 1, 2 and 3 year LC rates were nr, 100%, 95.7% ± 1.8%, 93.4% ± 2.4%, and 93.4% ± 2.4%. Median BDF time and 6 month and 1, 2 and 3 year BDF rates were n.r., 11.9% ± 3.1%, 25.1% ± 4.5%, 38.7% ± 5.5%, and 44.4% ± 6.3%, respectively. Median OS time and 6 month and 1, 2 and 3 year OS rates were 16 months (95% CI: 12–22), 80% ± 3.6%, 58.3% ± 4.5%, 30.9% ± 4.3%, and 16.9% ± 3.6, respectively. No severe neurological toxicities occurred. Patients with a favorable/intermediate IMDC score, a higher RCC-GPA score, an early occurrence of BMs from primary diagnosis, absence of EC metastases, and a combined local treatment (surgery plus adjuvant HSRS) had a better outcome. Conclusions: SRS/HSRS is proven to be an effective local treatment for BMRCC. A careful evaluation of prognostic factors is a valid step to manage the optimal therapeutic strategy for BMRCC patients.
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1. Introduction


The increasing incidence of renal cell carcinoma (RCC) and the prolonged survival associated with development of more effective systemic therapies have led to a greater observation of metastatic spread, most commonly into lung, liver, or bone [1,2]. Brain metastasis (BM) is a more infrequent event, ranging from 2% to 15%, occurring late during the disease course, and usually accompanied by a diffuse extracranial metastatic involvement [3,4]. Notwithstanding the metastatic disease status, the outcome of extracranial metastatic RCC patients remains satisfactory with about 50% survival after 5 years, unlike the brain metastastic disease patients, characterized by a worse prognosis with an median overall survival (OS) time that does not exceed 10 months [5,6,7,8,9,10,11]. The presence of BMs represents an exclusion criterion in a large part of randomized prospective trials due to the poor local control (LC) in employing systemic treatment and the poor outcome of these patients [12]. Indeed, most of the available data come from retrospective observation, reflecting the difficulty in drawing any conclusions concerning the management of these patients. Currently, brain metastatic RCC (BMRCC) patients should receive brain-directed local therapy with radiation therapy and/or surgery, as suggested by international guidelines, considering the limited intracranial efficacy of the current systemic therapy agents [13]. Surgical resection followed by adjuvant radiosurgery in single (SRS) or multiple fractions (HSRS) on the tumor bed is indicated in selected patients with single and large BMs, a good KPS, and limited systemic disease. Results of randomized trials showed a local control in site of treatment greater than 80% with improvement in neurocognitive functions [14,15,16,17]. For patients with small and/or multiple BMs, or who are unsuitable for surgery, SRS or HSRS is able to provide excellent local control with negligible toxicity [18,19,20,21,22,23,24,25]. Unfortunately, in studies leading to the current standard of care for brain metastatic patients, a small number (4–17%) of the included patients had a primary diagnosis of RCC, and, to date, there has been no prospective study analyzing the outcome of this subgroup. However, considering the availability of more effective systemic therapy able to obtain a better extracranial disease control, as well as the most common application of brain MRI to detect small brain lesions, an increase in BMRCC patients is expected in the next few years. Given the paucity of data in this setting, this is an important area for further research, and treating patients with mRCC harboring BMs remains a challenge. On the basis of this background, we evaluated the outcome of a large series of BMRCC patients treated in three Italian Institutions aiming to evaluate efficacy of local treatments (SRS/HSRS with or without surgery), and to identify prognostic factors eventually conditioning outcome.




2. Material and Methods


2.1. Patients and Procedures


The present study includes patients with limited BMs (up to four) from RCC treated with single-dose SRS or HSRS (3–5 fractions) in relation to the number and cumulative tumor volume of the brain lesions. Single-dose SRS was employed in cases of small lesions (≤3 cm) or multiple BMs with a cumulative tumor volume up to 15 cm3; HSRS was administered for large BMs (>3 cm) unsuitable for surgical resection in relation to patient age, performance status, and diffuse and uncontrolled extracranial metastases. Surgical resection followed by SRS/HSRS was performed in select cases characterized by KPS 90–100, controlled extracranial disease, single BM with maximum diameter ≥21 mm, presence of two BMs in which one was larger and conditioning a mass effect, life expectancy longer than 3 months, and progressive neurological deficits or seizures. All patients were treated in agreement with the Helsinki declaration. This study was based on a retrospective analysis of treatment charts and received approval by the local Ethics Committee.




2.2. Treatment: SRS/HSRS


For target volume delineation, contrast-enhanced T1MRI and CT scans were acquired, and images were co-registered. For patient immobilization and repositioning, a frameless system was employed. The gross target volume (GTV) corresponded to the BM volume; the planning target volume (PTV) was generated by adding isotropic margins from GTV of 0–3 mm. The delineated organs at risk (OARs) were the brain, brainstem, optic nerves, chiasm, and lenses. The total doses and fractionation planned according to the maximum diameter of BMs were 24 Gy/1 fraction for lesions up to 2 cm, 20 Gy/1 fraction for lesions up to 2–3 cm, 32 Gy/4 fractions for BMs 3.1–5 cm, and 30 Gy/5 fraction for larger ones; following surgical resection, a dose of 30 Gy in three fractions on the tumor bed was administered. Patients were treated with the volumetric modulated arc technique RapidArc (LINAC or Cyber Knife); Exactrac (Brainlab) and/or cone beam CT imaging was performed daily for patient setup and positioning verification.




2.3. Systemic Therapy


Some patients received systemic adjuvant therapy after local treatments of BMs. Different regimens were used in relation to previous treatments received, consisting of vascular endothelial growth factor receptor tyrosine kinase inhibitors (VEGFR-TKIs) or immune checkpoint inhibitors (ICIs) according to national and international guidelines.




2.4. Outcome Evaluation


Clinical outcome was evaluated by neurological examination and brain MRI performed 2 months after RT and every 3 months thereafter. Local progression was defined as a radiographic increase in enhancing abnormalities in the irradiated volume on serial MR imaging according to RANO criteria, and BDF was defined as the presence of new BMs or leptomeningeal enhancement outside the irradiated volume [26]. Toxicities were assessed during treatment at 2 months after RT and every 3 months thereafter, and then graded according to Common Terminology Criteria for Adverse Events version 4.0. Systemic disease was evaluated by contrast-enhanced total body CT scan and 18-FDG CT-PET.




2.5. Statistical Analysis


Standard descriptive statistics were used to describe the general data behavior. Survival and recurrence time observations were computed according to the method of Kaplan and Meier, starting from the date of BM treatments. In order to investigate the prognostic role of different individual variables, the log rank test and univariate Cox regression were used, respectively, for categorical and numerical variables age, gender, KPS, stage at diagnosis, grade of primary tumor, interval time between primary tumor diagnoses and appearance of brain metastases, RCC-specific GPA score, IMDC score, presence of other metastatic site at time of BMs, number, site and size of BMs, type of local treatment performed, and systemic treatment administration. The multivariate Cox model was used as a method to estimate the independent association of a variable set with local control (LC), brain distant progression (BDF), progression-free survival (PFS), and overall survival (OS). Statistical analysis was performed using Medcalc software, v17.7 (MedCalc software, Ostend, Belgium).





3. Results


3.1. Patients and Treatments


From April 2003 to July 2021, among 136 BMRCC patients treated, 120 were evaluable and, therefore, included in the present analysis. Eighty-eight (73.3%) were male and 32 (26.7%) were female. Patient, tumor, and treatment characteristics at diagnosis are shown in Table 1.



Upon BM occurrence, a large number of patients had a good KPS (73.3%), presence of extracranial metastases (89.2%), an RCC-specific GPA (graded prognostic assessment) score 3.5–4 (47.5%), and an intermediate International Metastatic Database Consortium (IMDC) score (73.3%). The median interval time (IT) between the diagnosis of primary RCC and the appearance of BMs was 28 months (range 0–253 months); the total number of BMs irradiated was 176, and most patients had 1–2 BMs (91.7%). The treatments performed were surgical resection followed by SRS/HSRS on the tumor bed in 23 (19.2%) cases, SRS alone in 82 (68.3%), and HSRS only in 15 (12.5%). Seventy-seven (64.2%) patients received systemic therapy after BM treatment consisting of vascular endothelial growth factor receptor tyrosine kinase inhibitors (VEGFR-TKIs) and/or immune checkpoint inhibitors (ICIs). The most frequent drugs employed were pazopanib, cabozantinib, sunitinib nivolumab, and ibilimumab. Details are shown in Table 2.



Local control (LC), distant brain failure (BDF), progression-free survival (PFS), and overall survival (OS) analysis



The median follow-up time from BM treatment was 77 months (range 16–235 months). Seven (5.8%) patients had local recurrence at the site of treatment at a median time of 9 months (range 7–16 months). The median LC time and 6 month and 1, 2, and 3 year LC rates were nr, 100%, 95.7% ± 1.8%, 93.4% ± 2.4%, and 93.4% ± 2.4%, respectively as shown in Figure 1.



Brain distant failure (BDF) occurred in 35 (29.2%) patients at a median time of 10 months (range 1–113 months). The median BDF time and 6 month and 1, 2, and 3 year BDF rates were n.r., 11.9% ± 3.1%, 25.1% ± 4.5%, 38.7% ± 5.5%, and 44.4% ± 6.3%, respectively. The median PFS time and 6 month and 1, 2, and 3 year PFS rates were 5 months (95% CI: 4–8), 50% ± 4.5%, 30% ± 4.1%, 9.9% ± 2.8%, and 4.1% ± 2.1%, respectively. The median OS time and 6 month and 1, 2, and 3 year OS rates were 16 months (95% CI: 12–22), 80% ± 3.6%, 58.3% ± 4.5%, 30.9% ± 4.3%, and 16.9% ± 3.6%, respectively. At the last observation time, 17 (14.2%) patients were alive, and 103 (85.8%) were dead, three (2.9%) from intracranial progression, 90 (87.4%) from extracranial progression, eight (7.8%) from extracranial and brain progression, and two (1.9%) from a tumor-unrelated cause. Figure 2 shows the BDF, PFS, and OS for all patients treated.




3.2. Prognostic Factors Analysis


Prognostic factors conditioning LC, BDF, PFS, and OS were analyzed. Gender, age, and stage at diagnosis were not recorded as the conditioning outcomes. LC was significantly influenced by the type of local treatment performed; in particular, patients receiving surgical resection followed by adjuvant HSRS had 6 month and 1, 2, and 3 year LC rates at treatment site of 100%, 100%, 96.2% ± 6.7%, and 96.2% ± 6.7 compared to 100%, 97.2% ± 1.9%, 95.2% ± 2.7%, and 95.2% ± 2.7% for SRS alone, and 100%, 80.8% ± 10.3%, 80.8% ± 10.3%, and 80.8% ± 10.3% for HSRS alone, respectively (p = 0.0258). No statistically significant factors were identified as impacting BDF. Patients harboring a favorable/intermediate IMDC score, a higher RCC-GPA score, an early occurrence of BMs from primary diagnosis, and an absence of EC metastases, who received a combined local treatment (surgery plus adjuvant HSRS), had a better outcome. Among these patients, the administration of systemic treatment, particularly ICIs, influenced survival. Details about prognostic factors statistically relevant for PFS and OS are shown in Table 3.




3.3. Salvage Treatment for Intracranial/Local Progression


Among seven local relapse patients, all received further treatments, consisting of surgery followed by adjuvant HSRS in two cases, HSRS in four cases, and SRS in one case. In almost all patients with BDP (32/35), a new local treatment was performed: 26 SRS, two HSRS, and four WBRT.




3.4. Toxicity


Treatment-related toxicities occurred in 23 (19.2%) patients and consisted of nausea, vomit, and headache in six (5%), partial or generalized seizure in seven (6%), motor deficit in four (3.3%), and grade 2–3 radionecrosis in six (5%) patients.





4. Discussion


The results of a retrospective multi-institution study assessing the role of local treatments in brain metastatic renal cell carcinoma (BMRCC) patients were provided. A total of 120 patients with 176 BMs treated were evaluated. SRS or HSRS alone was performed in 80% of patients, while 20% received surgical resection followed by SRS/HSRS on the tumor bed. Although RCC is considered a radioresistent tumor, the administration of SRS or HSRS, which enables the delivery of ablative RT doses in one or few fractions, led to satisfactory local control. Indeed, the 1 and 3 year LC rates were 96% and 93%, respectively, with only 7/176 (~4%) cases of relapse at the site of treatment. Our results are comparable to or better than published series [18,19,20,21,22,23,24]. Wardak et al. analyzed 38 patients treated with radiosurgery on 243 brain metastases [25]. The reported 1 and 2 year local control rates were 92% and 86%, respectively. Similarly, Klausner et al. treated 362 consecutive patients with single-dose SRS on brain metastases, using Gammaknife and Linac-based SRS mode [27]. The 1 and 3 year LC rates were 94% and 92%, respectively; significant predictive factors were a minimal dose >17 Gy and concomitant TKI treatment, administered in about one-third of the patients. In our series, single-dose SRS using a median dose of 24 Gy proved to be more effective compared to the hypofractionated schedule employing a median dose of 30 Gy in five fractions, although these data may have been affected by the different volume of BMs treated (larger in the HSRS). A more beneficial effect on LC was recorded using a combined treatment (surgery plus HSRS on the tumor bed), obtaining a durable LC in almost all patients treated (96%). Nonetheless, accurate patient selection is essential to plan the optimal local approach, particularly when surgical resection is being considered. Several scores exist to predict survival [8,9,10,11]. They involve some clinical features (KPS, age, extracranial metastatic spread, and interval time between initial RCC diagnosis and BM occurrence) and some BM characteristics (number of BMs, and cumulative intracranial tumor volume) associated with outcome. Patients with a single or limited BMs, controlled or limited systemic cancer, and active EC metastases suitable for local treatments would seem to be adequate candidates for a combined local treatment consisting of surgery followed by radiation therapy. In addition, although the patient’s neurological status can represent a critical parameter for survival, surgical resection can lead to relief of neurological symptoms by improving patient QoL. In our series, surgery was performed only in patients with single BM, good KPS, and absence or limited/controlled EC metastases. However, considering the results obtained, a wider patient selection criteria could be advisable, including patients with limited BMs (up to four) in which SRS might be administered on the other lesions before surgery, as well as patients suitable for surgery or SBRT on the EC metastatic site, or patients in which a systemic therapy could be performed, aiming to optimally control the whole disease. Survival was also highly satisfactory, with 1, 2, and 3 year OS rates of 58%, 31%, and 17%, respectively. In other published papers, the occurrence of BMs compared to EC was recorded as negatively influencing survival. Zaorsky et al., in their meta-analysis, showed a 1 year survival rate of 87% for extracranial metastatic patients, in contrast to 50% in cases of intracranial disease [28]. This better outcome could be related to a greater benefit observed when employing systemic therapy, which is less effective to control brain disease. Published series, assessing the role of systemic therapy rather than local treatment in BMRCC patients, failed to prove a clear beneficial effect on outcome. A phase II trial investigated the efficacy of sunitinib in 16 BMRCC patients ineligible for local treatment and naïve to prior systemic therapy, showing no beneficial effect on objective response, median time to progression, and median OS [29]. Similarly, data available using sunitinib and pazopanib, sorafenib, or axitinib have not proven any efficacy in brain disease control or survival [30,31,32,33]. More promising results have been recorded using cabozantinib, a TKI able to easily penetrate the BBB, as documented by preclinical models, retrospective analysis, and the preliminary results of the ongoing prospective phase II CABRAMET study (NCT03967522) [34,35,36,37]. The benefits and safety of ICIs have also been investigated [38,39,40,41,42]. The interim results of the ongoing CheckMate 920 study, aiming to assess the role of nivolumab plus ipilimumab in BMRCC patients, showed an ORR of 28.6%, and a median PFS of 9.0 months. The small sample size and the short follow-up time do not allow clearly concluding to the benefit of this treatment, but the preliminary results seem encouraging. The challenge is now to assess the optimal therapeutic approach, able to control both cranial and EC metastatic disease. The combination of TKIs and local therapy has the advantage of allowing a better control of systemic disease, and the possibility of carrying out the systemic treatment before the occurrence of BMs. On the other hand, the combination of RT and ICIs, through a complex immunologic synergic action, might also potentially improve the antitumoral response [43,44]. Chen et al., in a retrospective trial, assessed the outcome of 260 brain metastatic patients with a broad spectrum of malignancies (including 33 BMRCCs) [45]. Patients were treated with HFSRT/SRS alone, concurrent HFSRT/SRS + ICIs, or nonconcurrent HFSRT/SRS + ICIs. A significant improvement in OS and BDF was observed for concurrent HFSRT/SRS + ICIs compared to other groups, but no advantage in LC was determined. In our analysis, the administration of systemic therapy after local treatment (SRS/HSRS or surgery plus HSRS) showed a favorable effect on survival, with 3 year OS rates of 9% without treatment, 18% with TKIs, and 37% using ICIs (p = 0.0540). Our results confirm the need for a multimodal treatment approach. Indeed, patients receiving surgery plus SRS/HSRS and/or systemic therapy had better outcomes with more than one-third of patients alive at 3 years. In addition, patients without EC metastases at BM occurrence had a major advantage in terms of survival, reaching 44% at 3 years, suggesting that the control of all metastatic sites might improve the outcome of these patients with a poor prognosis. Unlike what is documented in the literature in our population, patients with an IT from primary diagnosis to occurrence of BMs shorter than 1 year had the better outcome. These data have to be interpreted with caution, and they appear difficult to explain. This finding might be related to a low disease burden in this group of patients and/or an early administration of systemic therapy. We are aware that our analyses have all the limitations of a retrospective study, including selected patients characterized by limited brain disease (up to four BMs), mainly 1–2 BMs, limited EC metastases, good KPS (90–100), intermediate IDMC score, and good RCC-GPA score, whereby surgery was possible in about 20% of cases, along with systemic therapy, TKIs or ICIs, administered in more than 60% of cases after local treatment. Notwithstanding, in our series, the main selection criterion for surgical resection was related to BM characteristics and extracranial disease status, and not exclusively to patients’ general conditions. In spite of this, to our knowledge, this is one of the larger series published in the literature evaluating the role of local treatments in BMRCC patients, and the results obtained are highly satisfactory, paving the way for new prospective approaches in patients, until now, considered to have a poor prognosis.




5. Conclusions


The presence of BMs in primary RCC patients define a metastatic disease with poor outcome. The control of brain disease is fundamental in allowing an acceptable QoL, to proceed with systemic therapy, potentially impacting survival. Our results underlined that SRS/HSRS is a safe and feasible treatment with satisfactory local control and negligible toxicity. A multimodal treatment approach including surgery, radiosurgery, and systemic therapy provided the best outcome. Further prospective studies are needed to identify patients in which a multimodal treatment approach can be considered.







Author Contributions


Conceptualization, P.N. and F.P.; methodology, G.D. and G.R.; software, F.L. and G.R.; validation, P.N., F.P., and C.F.; formal analysis, P.N., F.P., C.F., and G.R.; investigation, B.M., L.R., and L.B.; resources, G.M., E.C., and V.P.; data curation, P.N., G.M., and C.F.; writing—original draft preparation, P.N. and F.P.; writing—review and editing, P.N., M.B., F.P., C.F., G.M., V.P., L.F., and M.S.; visualization, C.F. and D.F.; supervision, M.S., L.F., F.P., and G.M.; project administration, C.F. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki and approved by the Institutional Ethics Committee of Humanitas Research Hospital (Rozzano) Milano, Italy.




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


Data supporting the reported results are available in the dataset generated by Humanitas Research hospital and can be provided if required.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



DeCastro, G.J.; McKiernan, J.M. Epidemiology, clinical staging, and presentation of renal cell carcinoma. Urol. Clin. North. Am. 2008, 35, 581–592. [Google Scholar] [CrossRef] [PubMed]

	



Eggener, S.E.; Yossepowitch, O.; Pettus, J.A.; Snyder, M.E.; Motzer, R.J.; Russo, P. Renal cell carcinoma recurrence after nephrectomy for localized disease: Predicting survival from time of recurrence. J. Clin. Oncol. 2006, 24, 3101–3106. [Google Scholar] [CrossRef] [PubMed]

	



Sun, M.; De Velasco, G.; Brastianos, P.K.; Aizer, A.A.; Martin, A.; Moreira, R.; Nguyen, P.L.; Trinh, Q.D.; Choueiri, T.K. The Development of Brain Metastases in Patients with Renal Cell Carcinoma: Epidemiologic Trends, Survival, and Clinical Risk Factors Using a Population-based Cohort. Eur. Urol. Focus. 2019, 5, 474–481. [Google Scholar] [CrossRef] [PubMed]

	



Achrol, A.S.; Rennert, R.C.; Anders, C.; Soffietti, R.; Ahluwalia, M.S.; Nayak, L.; Peters, S.; Arvold, N.D.; Harsh, G.R.; Steeg, P.S.; et al. Brain metastases. Nat. Rev. Dis. Primers. 2019, 5, 5. [Google Scholar] [CrossRef] [PubMed]

	



Bianchi, M.; Sun, M.; Jeldres, C.; Shariat, S.F.; Trinh, Q.D.; Briganti, A.; Tian, Z.; Schmitges, J.; Graefen, M.; Perrotte, P.; et al. Distribution of metastatic sites in renal cell carcinoma: A population-based analysis. Ann. Oncol. 2012, 23, 973–980. [Google Scholar] [CrossRef]

	



Woodward, E.; Jagdev, S.; McParland, L.; Clark, K.; Gregory, W.; Newsham, A.; Rogerson, S.; Hayward, K.; Selby, P.; Brown, J. Skeletal complications and survival in renal cancer patients with bone metastases. Bone 2011, 48, 160–166. [Google Scholar] [CrossRef] [PubMed]

	



Hansen, H.C.; Janssen, S.; Schild, S.E.; Rades, D. Estimating Survival of Patients With Metastatic Renal Cell Carcinoma Receiving Whole-brain Radiotherapy With a New Tool. Anticancer. Res. 2019, 39, 2091–2095. [Google Scholar] [CrossRef]

	



Dziggel, L.; Segedin, B.; Podvrsnik, N.H.; Oblak, I.; Schild, S.E.; Rades, D. A survival score for patients with brain metastases from less radiosensitive tumors treated with whole-brain radiotherapy alone. Strahlenther. Onkol. 2014, 190, 54–58. [Google Scholar] [CrossRef]

	



Sperduto, P.W.; Kased, N.; Roberge, D.; Xu, Z.; Shanley, R.; Luo, X.; Sneed, P.K.; Chao, S.T.; Weil, R.J.; Suh, J.; et al. Summary report on the graded prognostic assessment: An accurate and facile diagnosis-specific tool to estimate survival for patients with brain metastases. J. Clin.Oncol. 2012, 30, 419–425. [Google Scholar] [CrossRef]

	



Sperduto, P.W.; Deegan, B.J.; Li, J.; Jethwa, K.R.; Brown, P.D.; Lockney, N.; Beal, K.; Rana, N.G.; Attia, A.; Tseng, C.L.; et al. Estimating survival for renal cell carcinoma patients with brain metastases: An update of the Renal Graded Prognostic Assessment tool. Neuro. Oncol. 2018, 20, 1652–1660. [Google Scholar] [CrossRef]

	



Ali, M.A.; Hirshman, B.R.; Wilson, B.; Schupper, A.J.; Joshi, R.; Proudfoot, J.A.; Goetsch, S.J.; Alksne, J.F.; Ott, K.; Aiyama, H.; et al. Improving the Prognostic Value of Disease-Specific Graded Prognostic Assessment Model for Renal Cell Carcinoma by Incorporation of Cumulative Intracranial Tumor Volume. World Neurosurg. 2017, 108, 151–156. [Google Scholar] [CrossRef]

	



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

	



Rathmell, W.K.; Rumble, R.B.; Van Veldhuizen, P.J.; Al-Ahmadie, H.; Emamekhoo, H.; Hauke, R.J.; Louie, A.V.; Milowsky, M.I.; Molina, A.M.; Rose, T.L.; et al. Management of Metastatic Clear Cell Renal Cell Carcinoma: ASCO Guideline. J. Clin. Oncol. 2022, 40, 2957–2995. [Google Scholar] [CrossRef]

	



Soffietti, R.; Abacioglu, U.; Baumert, B.; Combs, S.E.; Kinhult, S.; Kros, J.M.; Marosi, C.; Metellus, P.; Radbruch, A.; Villa Freixa, S.S.; et al. Diagnosis and treatment of brain metastases from solid tumors: Guidelines from the European Association of Neuro-Oncology (EANO). Neuro. Oncol. 2017, 19, 162–174. [Google Scholar] [CrossRef]

	



Brown, P.D.; Ballman, K.V.; Cerhan, J.H.; Anderson, S.K.; Carrero, X.W.; Whitton, A.C.; Greenspoon, J.; Parney, I.F.; Laack, N.N.I.; Ashman, J.B.; et al. Postoperative stereotactic radiosurgery compared with whole brain radiotherapy for resected metastatic brain disease (NCCTG N107C/CEC⋅3): A multicentre, randomised, controlled, phase 3 trial. Lancet Oncol. 2017, 18, 1049–1060. [Google Scholar] [CrossRef]

	



Navarria, P.; Pessina, F.; Clerici, E.; Franceschini, D.; Gay, L.G.; De Rose, F.; Renna, I.; D’Agostino, G.; Franzese, C.; Comito, T.; et al. Surgery Followed by Hypofractionated Radiosurgery on the Tumor Bed in Oligometastatic Patients With Large Brain Metastases. Results of a Phase 2 Study. Int. J. Radiat. Oncol. Biol. Phys. 2019, 105, 1095–1105. [Google Scholar] [CrossRef]

	



Minniti, G.; Esposito, V.; Clarke, E.; Scaringi, C.; Lanzetta, G.; Salvati, M.; Raco, A.; Bozzao, A.; Maurizi Enrici, R. Multidose stereotactic radiosurgery (9 Gy × 3) of the postoperative resection cavity for treatment of large brain metastases. Int. J. Radiat. Oncol. 2013, 86, 623–629. [Google Scholar] [CrossRef] [PubMed]

	



Nieder, C.; Spanne, O.; Nordøy, T.; Dalhaug, A. Treatment of brain metastases from renal cell cancer. Urol. Oncol. 2011, 29, 405–410. [Google Scholar] [CrossRef] [PubMed]

	



Lesueur, P.; Lequesne, J.; Barraux, V.; Kao, W.; Geffrelot, J.; Grellard, J.M.; Habrand, J.L.; Emery, E.; Marie, B.; Thariat, J.; et al. Radiosurgery or hypofractionated stereotactic radiotherapy for brain metastases from radioresistant primaries (melanoma and renal cancer). Radiat. Oncol. 2018, 13, 138. [Google Scholar] [CrossRef] [PubMed]

	



Rades, D.; Huttenlocher, S.; Gebauer, N.; Hornung, D.; Trang, N.T.; Khoa, M.T.; Schild, S.E. Impact of stereotactic radiosurgery dose on control of cerebral metastases from renal cell carcinoma. Anticancer. Res. 2015, 35, 3571–3574. [Google Scholar] [PubMed]

	



Jensen, R.L.; Shrieve, A.F.; Samlowski, W.; Shrieve, D.C. Outcomes of patients with brain metastases from melanoma and renal cell carcinoma after primary stereotactic radiosurgery. Clin. Neurosurg. 2008, 55, 150–159. [Google Scholar] [PubMed]

	



Manon, R.; O’Neill, A.; Knisely, J.; Werner-Wasik, M.; Lazarus, H.M.; Wagner, H.; Gilbert, M.; Mehta, M.M.; Eastern Cooperative Oncology Group. Phase II trial of radiosurgery for one to three newly diagnosed brain metastases from renal cell carcinoma, melanoma, and sarcoma: An Eastern Cooperative Oncology Group study (E 6397). J. Clin. Oncol. 2005, 23, 8870–8876. [Google Scholar] [CrossRef] [PubMed]

	



Ikushima, H.; Tokuuye, K.; Sumi, M.; Kagami, Y.; Murayama, S.; Ikeda, H.; Tanaka, M.; Oyama, H.; Shibui, S.; Nomura, K. Fractionated stereotactic radiotherapy of brain metastases from renal cell carcinoma. Int. J. Radiat. Oncol. Biol. Phys. 2000, 48, 1389–1393. [Google Scholar] [CrossRef] [PubMed]

	



Noel, G.; Valery, C.A.; Boisserie, G.; Cornu, P.; Hasboun, D.; Marc Simon, J.; Tep, B.; Ledu, D.; Delattre, J.Y.; Marsault, C.; et al. LINAC radiosurgery for brain metastasis of renal cell carcinoma. Urol. Oncol. 2004, 22, 25–31. [Google Scholar] [CrossRef]

	



Wardak, Z.; Christie, A.; Bowman, A.; Stojadinovic, S.; Nedzi, L.; Barnett, S.; Patel, T.; Mickey, B.; Whitworth, T.; Hannan, R.; et al. Stereotactic Radiosurgery for Multiple Brain Metastases From Renal-Cell Carcinoma. Clin. Genitourin. Cancer 2019, 17, 273–280. [Google Scholar]

	



Lin, N.U.; Lee, E.Q.; Aoyama, H.; Barani, I.J.; Baumert, B.G.; Brown, P.D.; Camidge, D.R.; Chang, S.M.; Dancey, J.; Gaspar, L.E.; et al. Challenges relating to solid tumour brain metastases in clinical trials, part 1: Patient population, response, and progression. A report from the RANO group. Lancet Oncol. 2013, 14, 396–406. [Google Scholar] [CrossRef]

	



Klausner, G.; Troussier, I.; Biau, J.; Jacob, J.; Schernberg, A.; Canova, C.H.; Simon, J.M.; Borius, P.Y.; Malouf, G.; Spano, J.P.; et al. Stereotactic radiation therapy for renal cell carcinoma brain metastases in the tyrosine kinase inhibitors era: Outcomes of 120 patients. Clin. Genitourin. Cancer. 2019, 17, 191–200. [Google Scholar] [CrossRef] [PubMed]

	



Zaorsky, N.G.; Lehrer, E.J.; Kothari, G.; Louie, A.V.; Siva, S. Stereotactic ablative radiation therapy for oligometastatic renal cell carcinoma (SABR ORCA): A meta-analysis of 28 studies. Eur. Urol. Oncol. 2019, 2, 515–523. [Google Scholar] [CrossRef]

	



Chevreau, C.; Ravaud, A.; Escudier, B.; Amela, E.; Delva, R.; Rolland, F.; Tosi, D.; Oudard, S.; Blanc, E.; Ferlay, C.; et al. A phase II trial of sunitinib in patients with renal cell cancer and untreated brain metastases. Clin. Genitourin. Cancer 2014, 12, 50–54. [Google Scholar] [CrossRef]

	



Motzer, R.J.; Hutson, T.E.; Tomczak, P.; Michaelson, M.D.; Bukowski, R.M.; Oudard, S.; Negrier, S.; Szczylik, C.; Pili, R.; Bjarnason, G.A.; et al. Overall survival and updated results for sunitinib compared with interferon alfa in patients with metastatic renal cell carcinoma. J. Clin. Oncol. 2009, 27, 3584–3590. [Google Scholar] [CrossRef]

	



Sternberg, C.N.; Davis, I.D.; Mardiak, J.; Szczylik, C.; Lee, E.; Wagstaff, J.; Barrios, C.H.; Salman, P.; Gladkov, O.A.; Kavina, A.; et al. Pazopanib in locally advanced or metastatic renal cell carcinoma: Results of a randomized phase III trial. J. Clin. Oncol. 2010, 28, 1061–1068. [Google Scholar] [CrossRef] [PubMed]

	



Escudier, B.; Eisen, T.; Stadler, W.M.; Szczylik, C.; Oudard, S.; Siebels, M.; Negrier, S.; Chevreau, C.; Solska, E.; Desai, A.A.; et al. Sorafenib in advanced clear-cell renal-cell carcinoma. N. Engl. J. Med. 2007, 356, 125–134. [Google Scholar] [CrossRef] [PubMed]

	



Motzer, R.J.; Escudier, B.; Tomczak, P.; Hutson, T.E.; Michaelson, M.D.; Negrier, S.; Oudard, S.; Gore, M.E.; Tarazi, J.; Hariharan, S.; et al. Axitinib versus sorafenib as second-line treatment for advanced renal cell carcinoma: Overall survival analysis and updated results from a randomised phase 3 trial. Lancet Oncol. 2013, 14, 552–562. [Google Scholar] [CrossRef] [PubMed]

	



Choueiri, T.K.; Escudier, B.; Powles, T.; Tannir, N.M.; Mainwaring, P.N.; Rini, B.I.; Hammers, H.J.; Donskov, F.; Roth, B.J.; Peltola, K.; et al. Cabozantinib versus everolimus in advanced renal cell carcinoma (METEOR): Final results from a randomised, open-label, phase 3 trial. Lancet Oncol. 2016, 17, 917–927. [Google Scholar] [CrossRef]

	



Choueiri, T.K.; Halabi, S.; Sanford, B.L.; Hahn, O.; Michaelson, M.D.; Walsh, M.K.; Feldman, D.R.; Olencki, T.; Picus, J.; Small, E.J.; et al. Cabozantinib Versus Sunitinib As Initial Targeted Therapy for Patients With Metastatic Renal Cell Carcinoma of Poor or Intermediate Risk: The Alliance A031203 CABOSUN Trial. J. Clin. Oncol. 2017, 35, 591–597. [Google Scholar] [CrossRef]

	



Motzer, R.J.; Escudier, B.; McDermott, D.F.; George, S.; Hammers, H.J.; Srinivas, S.; Tykodi, S.S.; Sosman, J.A.; Procopio, G.; Plimack, E.R.; et al. CheckMate 025 Investigators. Nivolumab versus Everolimus in Advanced Renal-Cell Carcinoma. N. Engl. J. Med. 2015, 373, 1803–1813. [Google Scholar] [CrossRef]

	



Peverelli, G.; Raimondi, A.; Ratta, R.; Verzoni, E.; Bregni, M.; Cortesi, E.; Cartenì, G.; Fornarini, G.; Facchini, G.; Buti, S.; et al. Cabozantinib in Renal Cell Carcinoma With Brain Metastases: Safety and Efficacy in a Real-World Population. Clin. Genitourin. Cancer 2019, 17, 291–298. [Google Scholar] [CrossRef]

	



Bodnar, L.; Kopczyńska, A.; Żołnierek, J.; Wieczorek-Rutkowska, M.; Chrom, P.; Tomczak, P. Real-world Experience of Cabozantinib as Second- or Subsequent Line Treatment in Patients With Metastatic Renal Cell Carcinoma: Data From the Polish Managed Access Program. Clin. Genitourin. Cancer 2019, 17, 556–564. [Google Scholar] [CrossRef]

	



Albiges, L.; Fléchon, A.; Chevreau, C.; Topart, D.; Gravis, G.; Oudard, S.; Tourani, J.M.; Geoffrois, L.; Meriaux, E.; Thiery-Vuillemin, A.; et al. Real-world evidence of cabozantinib in patients with metastatic renal cell carcinoma: Results from the CABOREAL Early Access Program. Eur. J. Cancer. 2021, 142, 102–111. [Google Scholar] [CrossRef]

	



Flippot, R.; Dalban, C.; Laguerre, B.; Borchiellini, D.; Gravis, G.; Négrier, S.; Chevreau, C.; Joly, F.; Geoffrois, L.; Ladoire, S.; et al. Safety and Efficacy of Nivolumab in Brain Metastases From Renal Cell Carcinoma: Results of the GETUG-AFU 26 NIVOREN Multicenter Phase II Study. J. Clin. Oncol. 2019, 37, 2008–2016. [Google Scholar] [CrossRef]

	



Melero, I.; Hervas-Stubbs, S.; Glennie, M.; Pardoll, D.M.; Chen, L. Immunostimulatory monoclonal antibodies for cancer therapy. Nat. Rev. Cancer. 2007, 7, 95–106. [Google Scholar] [CrossRef] [PubMed]

	



Tykodi, S.S.; Gordan, L.N.; Alter, R.S.; Arrowsmith, E.; Harrison, M.R.; Percent, I.; Singal, R.; Van Veldhuizen, P.; George, D.J.; Hutson, T.; et al. Safety and efficacy of nivolumab plus ipilimumab in patients with advanced non-clear cell renal cell carcinoma: Results from the phase 3b/4 CheckMate 920 trial. J. Immunother. Cancer. 2022, 10, 3844. [Google Scholar] [CrossRef] [PubMed]

	



Suarez-Sarmiento, A., Jr.; Nguyen, K.A.; Syed, J.S.; Nolte, A.; Ghabili, K.; Cheng, M.; Liu, S.; Chiang, V.; Kluger, H.; Hurwitz, M.; et al. Brain Metastasis From Renal-Cell Carcinoma: An Institutional Study. Clin. Genitourin. Cancer 2019, 17, 1163–1170. [Google Scholar] [CrossRef]

	



Verma, J.; Jonasch, E.; Allen, P.K.; Weinberg, J.S.; Tannir, N.; Chang, E.L.; Mahajan, A. The impact of tyrosine kinase inhibitors on the multimodality treatment of brain metastases from renal cell carcinoma. Am. J. Clin. Oncol. 2013, 36, 620–624. [Google Scholar] [CrossRef] [PubMed]

	



Chen, L.; Douglass, J.; Kleinberg, L.; Ye, X.; Marciscano, A.E.; Forde, P.M.; Brahmer, J.; Lipson, E.; Sharfman, W.; Hammers, H.; et al. Concurrent Immune Checkpoint Inhibitors and Stereotactic Radiosurgery for Brain Metastases in Non-Small Cell Lung Cancer, Melanoma, and Renal Cell Carcinoma. Int. J. Radiat. Oncol. Biol. Phys. 2018, 100, 916–925. [Google Scholar] [CrossRef] [PubMed]








[image: Cancers 15 01393 g001 550] 





Figure 1. Local control (LC) of brain metastases in patients with renal cell carcinoma treated with radiosurgery in single or multifraction (SRS/HSRS) or surgery followed by HSRS. 
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Figure 2. Brain distant failure (a), progression-free survival (b), and overall survival (c) from brain metastasis treatments (radiosurgery or surgery followed by radiosurgery), in patients with primary renal cell carcinoma. 
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Table 1. Baseline patient, tumor, and treatment characteristics.






Table 1. Baseline patient, tumor, and treatment characteristics.





	
No. pts Total (%)






	

	
120

	
100




	
Patient variables




	
Median age years (range years)

	
60 (25–83)




	
Gender




	
 Male

	
88

	
73.3




	
 Female

	
32

	
26.7




	
KPS




	
 70

	
2

	
1.7




	
 80

	
30

	
25




	
 90–100

	
88

	
73.3




	
Grade of RCC




	
 Grade 2

	
47

	
39.2




	
 Grade 3

	
57

	
47.5




	
 Grade 4

	
16

	
13.3




	
Stage at diagnosis




	
 I–III

	
71

	
59.2




	
 IV

	
49

	
40.8




	
 Extracranial metastases only

	
37




	
 Brain metastases only

	
5




	
 Extracranial + brain metastases

	
7




	
Treatments




	
 Surgery alone

	
81

	
67.5




	
 S + Adjuvant systemic therapy

	
39

	
32.5








No. = number; pts = patients; BMs = brain metastases; KPS = Karnofsky performance scale; RCC = renal carcinoma cancer.
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Table 2. Patient, tumor, and treatment characteristics at BM occurrence.






Table 2. Patient, tumor, and treatment characteristics at BM occurrence.





	
No. pts Total (%)






	

	
120

	
100




	
Patient variables




	
Median age years (range years)

	
64 (37–84)




	
KPS




	
70

	
2

	
1.7




	
80

	
30

	
25




	
90–100

	
88

	
73.3




	
Median IT diagnosis/BM occurrence (range months)

	
28 (0–253)




	
EC metastases at BM treatments




	
No

	
13

	
10.8




	
Yes

	
107

	
89.2




	
No EC metastatic site




	
1

	
30

	
28




	
2

	
37

	
34.6




	
3

	
22

	
20.6




	
4

	
15

	
14




	
5

	
2

	
1.9




	
>5

	
1

	
0.9




	
RCC-specific GPA score




	
1.5–2

	
11

	
9.2




	
2.5–3

	
52

	
43.3




	
3.5–4

	
57

	
47.5




	
IMDC score




	
Favorable

	
30

	
25




	
Intermediate

	
88

	
73.3




	
Poor

	
2

	
1.7




	
No BMs




	
1

	
84

	
70




	
2

	
26

	
21.7




	
3

	
8

	
6.6




	
4

	
2

	
1.7




	
BMs treatment




	
SRS 1 fraction

	
82

	
68.3




	
Median dose Gy (range Gy)

	
24 (13–25)




	
HSRS 3–5 fractions

	
15

	
12.5




	
Median dose Gy (range Gy)

	
30 (21–32)

	




	
Surgery + adjuvant SRS/HSRS

	
23

	
19.2




	
Systemic treatment after RT




	
Yes

	
77

	
64.2




	
ICIs

	
22




	
VEGFR TKIs

	
55




	
No

	
43

	
35.8








No. = number; pts = patients; BMs = brain metastases; KPS = Karnofsky performance scale; IT = interval time; EC = extracranial; RCC = renal carcinoma cancer; GPA = graded prognostic assessment; IMDC = International Metastatic Database Consortium; SRS = stereotactic radiosurgery; HSRS = hypofractionated radiosurgery; RT = radiation therapy; ICIs = immune checkpoint inhibitors; VEGFR TKI = vascular endothelial growth factor receptor tyrosine kinase inhibitors.
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Table 3. Kaplan–Meier progression-free survival (PFS) and overall survival (OS) according to subgroup analyses from BM treatments.
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	No Pts
	Median PFS Months

(Months 95%CI)
	6-Months PFS (SE)
	1-Year PFS (SE)
	2-Year PFS (SE)
	3-Year PFS (SE)
	p Value

Univariable
	HR Multivariable (95%CI)
	p Value

Multivariable





	Progression free survival (PFS)
	120
	5 (4–8)
	50 (±4.5)
	30 (±4.1)
	9.9 (±2.8)
	4.1 (±2.1)
	
	
	



	KPS

70

80

90–100
	

2

30

88
	

1 (1–2)

8 (4–14)

5 (3–7)
	

0

56.7 (±9.0)

48.9 (±5.3)
	

0

36.7 (±8.8)

28.4 (±4.8)
	

0

0

13.9 (±3.8)
	

0)0

0

5.8 (±2.9)
	

0.0630
	

-
	

nr



	IDMC score

Favorable

Intermediate

Poor
	

30

88

2
	

8 (5–15)

4 (3–5)

1
	

68 (±9.3)

39 (±5.3)

0


	

40 (±9.8)

20.7 (±4.4)

0


	

20 (±8.0)

4.4 (±2.4)

0


	

8 (±5.4)

2.2 (±2.0)

0


	

0.0196
	

-


	

nr





	EC met at BMs treatments

No

Yes
	



13

107
	



13 (2–24)

5 (4–7)


	



69.2 (±12.8)

47.7 (±4.8)


	



53.8 (±13.8)

27.1 (±4.3)
	



23.1 (±11.7)

8.3 (±2.7)
	



23.1 (±11.7)

3.1 (±1.7)
	



0.0500
	



-
	



nr



	Treatments

SRS/HSRS

S+SRS/HSRS
	

97

23
	

5 (3–7)

17 (12–32)
	

41.2 (±5)

87 (±7)


	

20.6 (±4.1)

69.6 (±9.5)


	

2.0 (±1.4)

47.8 (±10.4)
	

1.0 (±1.0)

19.9 (±20.7)
	

<0.0001
	

20.0376

(0.1629–0.4919)


	

<0.0001



	
	No Pts
	Median OS months

(months 95%CI)
	6-months OS (SE)
	1-year OS (SE)
	2-year OS (SE)
	3-year OS (SE)
	p value

univariable
	HR multivariable (95%CI)
	p value

multivariable



	Overall Survival (OS)
	120
	16 (12–22)
	80 (±3.6)


	58.3 (±4.5)


	30.9 (±4.3)


	16.9 (±3.6)


	
	
	



	IT

≤12 months

>12 months
	

34

86
	

22 (16–30)

14 (10–17)


	

82.4 (±6.5)

79.1 (±4.3)


	

73.5 (±7.5)

52.3 (±5.3)


	

42.7 (±9.0)

26.4 (±4.7)


	

29.9 (±8.8)

12.4 (±3.7)


	

0.0251
	

-
	

nr



	EC met at BMs occurrence

No

Yes


	



13

107


	



26 (15–37)

16 (11–19)


	



100

77.6 (±4.0)


	



92.3 (±7.3)

54.2 (±4.8)


	



52.7 (±14.1)

28.3 (±4.4)


	



44 (±14.3)

13.8 (±3.5)


	



0.0498
	



-
	



nr



	RCC specific-GPA score

1.5-2

2.5-3

3.5-4


	



11

52

57


	



17 (7–23)

10 (7–15)

22 (16–26)


	



90.9 (±8.6)

67.3 (±6.5)

89.5 (±4.0)


	



63.6 (±14.5)

42.3 (±6.8)

71.9 (±5.9)


	



9.0 (±8.6)

24.3 (±6.0)

41.4 (±6.7)


	



9.0 (±8.6)

8.8 (±4.1)

26.7 (±6.2)


	



0.0191
	



0.7170

(0.5393–0.9533)
	



0.0221



	Treatments

SRS/HSRS

S+SRS/HSRS
	

97

23
	

14 (9–16)

26 (18–83)
	

75.3 (±4.3)

100


	

50.5 (±5.0)

91.3 (±5.8)


	

24.2 (±4.4)

59.1 (±10.6)
	

12.9 (±3.6)

34.5 (±10.4)
	

0.0014


	

0.4038

(0.2285-0.7137)


	

0.0018





	Systemic treatment after SRS/HSRS

No

VEGFR TKIs

ICIs
	



43

55

22
	



16 (11–19)

16 (10–22)

28 (8–29)
	



79.1 (±6.2)

80 (±5.3)

81.8 (±8.2)


	



60.5 (±7.4)

56.4 (±6.6)

59.1 (±10.5)


	



23.3 (±6.4)

30.1 (±6.2)

51.7 (±11.5)


	



9.3 (±4.4)

17.7 (±5.3)

36.9 (±12.1)


	



0.0540
	



-


	



nr



	ST + LT

SRS/HSRS +TKIs

S+SRS/HSRS+TKIsSRS/HSRS+ICIs

S+SRS/HSRS+ICIs
	

48

7

16

6
	

16 (8–22)

23 (10–83)

12 (5–23)

29 (28–29)
	

77.1 (±6.0)

100

75.0 (±10.8)

100


	

54.2 (±7.1)

71.4 (±17.1)

43.8 (±12.4)

100


	

28.2 (±6.6)

42.9 (±18.7)

32.8 (±13.3)

100


	

16.5 (±5.5)

28.6 (±17.1)

32.8 (±13.3)

50.0 (±25.0)


	

0.0740
	

-


	

nr







No. = number; pts = patients; IDMC = International Metastatic Database Consortium; KPS=Karnofsky performance scale; EC met = extracranial metastases; BMs = brain metastases; SRS = stereotactic radiosurgery; HSRS = hypofractionated radiosurgery; IT = interval time; EC = extracranial; RCC = renal carcinoma cancer; GPA = graded prognostic assessment; S=surgery; ICIs = immune checkpoint inhibitors; VEGFR TKIs = vascular endothelial growth factor receptor tyrosine kinase inhibitors; ST = systemic treatment; LT = local treatment.
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