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Abstract

:

Simple Summary


Non-clear cell renal cell carcinomas (ncRCC) make up a heterogeneous group subclassified into different subtypes that differ in genetic and biochemical characteristics from each other and from ccRCC. ncRCC are a rare finding in clinical practice, and no standard-of-care has yet been established. Treatment choices are in fact based on extrapolating results from clear cell RCC trials, retrospective data, or case reports. The aim of this review is to supplyt precise recommendations for each histological type focusing on pathogenetic mechanisms of nc-RCC, summarizing the therapeutic strategies adopted over the last few decades, and exploring the emerging role of immunotherapy and new targeted drugs as future potential treatment options.




Abstract


Non-clear cell renal cell carcinomas (RCC) comprise several rare and poorly described diseases, often characterized by bad prognosis and with no standard treatments available. The gap in their clinical management is linked to the poor molecular characterization in handling the treatment of non clear-cell RCC with untailored therapies. Due to their rarity, non-clear RCC are in fact under-represented in prospective randomized trials. Thus, treatment choices are based on extrapolating results from clear cell RCC trials, retrospective data, or case reports. Over the last two decades, various options have been considered as the mainstay for the treatment of metastatic RCC (mRCC), including angiogenesis inhibitors, vascular endothelial growth factor receptor inhibitors, other tyrosine kinase inhibitors (TKIs), as well as MET inhibitors and mammalian targeting of rapamycin (mTOR) inhibitors. More recently, the therapeutic armamentarium has been enriched with immunotherapy, alone or in combination with targeted agents that have been shown to significantly improve outcomes of mRCC patients, if compared to TKI single-agent. It has been widely proven that non-clear cell RCC is a morphologically and clinically distinct entity from its clear cell counterpart but more knowledge about its biology is certainly needed. Histology-specific collaborative trials are in fact now emerging to investigate different treatments for non-clear cell RCC. This review summarizes pathogenetic mechanisms of non-clear cell RCC, the evolution of treatment paradigms over the last few decades, with a focus on immunotherapy-based trials, and future potential treatment options.
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1. Introduction


Renal cell carcinoma (RCC) accounts for 3% to 4% of all adult malignancies [1]. Among all the histologic variants, clear cell RCC (ccRCC) is the most common, representing from 70% to 90% of all renal carcinomas. The remaining cases are categorized as non-clear cell carcinomas (ncRCC). This heterogeneous group is further subclassified into different subtypes, including papillary (10–15% of all RCCs), chromophobe (5% to 7%), collecting duct (1% to 2%), renal medullary (<1%), and translocation RCC tumors (<1%) [2]. The fourth edition of the World Health Organization (WHO) classification of urogenital tumors (WHO “blue book”), published in 2016, recognized new epithelial renal tumors with low incidence rates such as hereditary leiomyomatosis and renal cell carcinoma (RCC) syndrome-associated RCC, succinate dehydrogenase-deficient RCC, tubulocystic RCC, acquired cystic disease-associated RCC, and clear cell papillary RCC [3]. All these histologies differ for genetic and biochemical characteristics from each other and from ccRCC [4].



Due to its rarity and poor molecular characterization, ncRCC are often managed with untailored treatments. These tumors are in fact under-represented in prospective randomized trials. Thus, treatment choices are based on extrapolating results from ccRCC trials, retrospective data, or case reports. Over the last two decades, various options have been considered as the mainstay for the treatment of metastatic RCC (mRCC), including angiogenesis inhibitors, vascular endothelial growth factor receptor inhibitors, other tyrosine kinase inhibitors (TKIs), as well as mesenchymal–epithelial transition factor gene (MET)-inhibitors and mammalian target of rapamycin (mTOR) inhibitors. More recently, the therapeutic armamentarium has been enriched with immunotherapy, alone or in combination with targeted agents that were shown to significantly improve outcomes of mRCC patients compared to TKI single-agent [5,6,7,8,9,10]. More knowledge about the biology of non-clear histologies is certainly needed, but it is now widely proven that ncRCC is a morphologically and clinically distinct entity from its clear cell counterpart. Histology-specific collaborative trials and controlled biomarker-based clinical trials are in fact now underway to investigate different treatments for ncRCC. This review summarizes pathogenetic mechanisms of ncRCC, the evolution of treatment paradigms over the last few decades, and future potential treatment options.




2. Pathogenetic Mechanisms


2.1. Papillary


Papillary renal cell carcinoma (PRCC) is the most common type of ncRCC (10–15% of all RCCs. PRCC originates from proximal and distal convoluted tubules, contrary to clear cell RCC, which may arise only from proximal tubules of the kidney [11]. The diagnosis is usually incidental and the clinical behavior is less aggressive than the clear cell counterpart. Among RCC subtypes, papillary RCC is most frequently found to be multifocal and bilateral [11]. Histologically, PRCC demonstrates discrete papillary architecture with fibrovascular cores lined by neoplastic cells. PRCC is usually divided into histological (type 1 or 2) or molecular (MET driven or MET independent) subgroups [12]. Type 1 papillary RCC has better clinical outcome than type 2 papillary RCC [12]. In the last few years, there has been remarkable progress in the comprehension of the molecular basis of PRCC, aiming to better understand the heterogeneity of this disease and the distinct response to the provided treatments. Different studies have revealed that type 2 PRCCs represent a diversified group of ncRCC which may be subdivided into additional subtypes based on the genetic and molecular characteristics of these tumors, reflecting a different clinical course and outcome [12,13,14,15]. Type 1 tumors were associated with MET alterations, whereas type 2 tumors were characterized by CDKN2A silencing, SETD2 mutations, TFE3 fusions, and increased expression of the NRF2-antioxidant response element (ARE) pathway [13]. The role of CDKN2A alterations as an independent prognostic marker associated with type 2 tumors requires validation. On the other hand, this study suggests that gene fusions involving TFE3 or TFEB are underappreciated in type 2 tumors and should be considered. A CpG island methylator phenotype (CIMP) was observed in a distinct subgroup of type 2 papillary renal-cell carcinoma and resulted in associated poor survival and mutation of the gene encoding fumarate hydratase (FH), which is an enzyme of the Krebs cycle acting as a catalyst for the conversion from fumarate to malate [13]. Papillary RCCs are distinguished from their clear cell counterpart as they show different cytogenetic alterations; in particular Kovacs et al. found that PRCC is characterized by trisomy of chromosomes 3q, 7, 8, 12, 16, 17, or 20, and in men by loss of the Y chromosome [16]. Papillary type 2 tumors appear to frequently gain 8q and lose 1p and 9p [17].



Much of our knowledge of the genetic basis of PRCC lies in the study of the inherited form of the disease, described for the condition known as hereditary papillary renal cell cancer. Hereditary PRCC is a rare familial disorder associated with an increased risk of multiple and bilateral renal tumors, mostly harboring morphological characteristics typical of type 1 papillary cancer [18]. Germline MET proto-oncogene alterations are the hallmark of this syndrome, and these are rarely observed in sporadic forms [19].



Previously published next-generation sequencing studies have identified several mutated genes associated with PRCC. Recently, a report from The Cancer Genome Atlas Research Network described the results of a comprehensive molecular profiling of 161 primary papillary renal-cell carcinomas, using whole-exome sequencing, copy-number analysis, messenger RNA and microRNA sequencing, DNA-methylation analysis, and proteomic analysis [13]. Type 1 and type 2 papillary renal-cell carcinomas were proven to be different types of renal cancer characterized by specific genetic alterations [13].



MET is deregulated in many types of human malignancies, including cancers of kidney, liver, stomach, breast, and brain [20]. The MET pathway, aberrantly activated particularly in type 1 PRCC, is associated with tumor growth, angiogenesis, and promotion of metastases, as well as treatment resistance. Several additional pathways including RAS, PI3K, Stat, beta-catenin and Notch pathways may also be activated [21,22]. In MET-drive cases of PRCC, MET inhibition may be a targeted treatment approach and targeted therapies have been tested in different clinical trials [22,23,24,25,26,27,28]. Given the limited response of PRCC to the conventional treatment strategy used in ccRCC, MET-targeted therapy alone or combination with other agents could provide better outcomes for these patients. Genetic and cytogenetic alterations in ncRCC aressumarized in Table 1.




2.2. Chromophobe


Chromphobe RCC (chRCC) is a rare type of kidney cancer accounting for 5% to 7% of all RCCs. This tumor originates more distally within the nephron, if compared to other kidney cancers with more proximal origins. chRCC are low malignant tumors with a 5–6% risk of metastasis. Most tumors are sporadic but a part may be associated with bilateral multifocal Birt–Hogg–Dubb Syndrome, an autosomal dominant genodermatosis characterized by the development of small dome-shaped papules on the face, neck, and upper trunk (fibrofolliculomas) [29]. In addition, Cowden syndrome with germline mutations in PTEN is associated with a higher incidence of chromophobe-like or oncocytoma-like neoplasms. A study was conducted to elucidate the genetic lesions of eosinophilic chromophobe renal cell carcinoma comparing them with those found in classic chromophobe renal cell carcinoma and in renal oncocytoma. Classic chromophobe renal cell carcinomas showed losses of multiple chromosomes from among chromosomes 1, 2, 6, 10, and 17, and this pattern of genetic abnormality is not present in renal oncocytoma [30]. Comprehensive genomic analyses of chRCC demonstrated a low somatic mutation identifying TP53 and PTEN as the most frequently mutated genes [31]. Mutation on the short arm of chromosome 7 in chromophobe was shown to lead to a loss of folliculin tumor suppressor gene with mTOR and c-kit activation [31]. Genetic and cytogenetic alterations in ncRCC aressumarized in Table 1.




2.3. Collecting Duct Carcinoma


Collecting duct carcinoma (CDC) originates from the epithelium of the distal collecting ducts of the kidney. The diagnosis is usually incidental and in most cases at advanced stages. Prognosis is very poor, with a 2-year overall survival rate of approximately two-thirds of cases. Lymph nodes, lungs, liver, bones, and adrenal glands are frequent sites of metastases. The histopathologic and immunohistochemical analyses are fundamental to differ CDC from urothelial carcinoma and renal cell carcinoma. CDC present a tubulopapillary architecture, a marked stromal dysplasia, and a high nuclear grade; immunohistochemistry reveals the presence of high-molecular weight cytokeratins and Ulex europaeus agglutinin 1 lectin, frequently co-expressed with vimentin [32]. Pathognomonic molecular features of CDC are still lacking, as only a few studies have explored the molecular profile of CDC. Here, we report the most significant case studies.



Pal et al. performed a comprehensive genomic profiling of 17 CDC cases identifying clinically relevant somatic mutations in NF2, SETD2, and SMARCB1 genes with 29%, 24%, and 18% frequency, respectively. In particular, mTOR inhibitors may be of interest in patients with NF2 alterations [33]. Another genomic profiling performed on seven CDC cases reported homozygous deletion of CDKN2A gene and a recurrent mutation in the MLL gene in about 50% of cases. Moreover, a dysregulation of several solute carrier family genes including tumor over-expression of SLC7A11, a cisplatin-resistance marker, was observed [34]. Another RNA-sequencing study on 11 CDC and nine upper-tract urothelial carcinoma samples compared with ccRCC histology showed that CDC tumors clustered separately from other tumor types. Furthermore, this study defined CDC as a metabolic disease characterized by a shift toward aerobic glycolysis and an over-expression of immune genes related to lymphocyte activation and T cell proliferation [35]. An Italian work recently published, showed that CDC is a molecularly heterogeneous disease composed of at least two subtypes distinguished by cell signaling and metabolic and immune-related alterations. The identification of these distinct subtypes and their transcriptomic traits provides the rationale for patient stratification and alternative therapeutic approaches. These insights could lead to rationalize the use of targeted therapies or immunotherapy for rare tumors according to the individual genomic alterations harbored [36]. Genetic and cytogenetic alterations in ncRCC aressumarized in Table 1.




2.4. Sarcomatoid


Sarcomatoid RCC are not defined as a distinct entity. A sarcomatoid dedifferentiation can be present in up to 20% of mRCC patients. The presence of this histologic feature is associated with high grade, aggressive tumors and short survival [37,38]. Sarcomatoid tumors are very inflamed tumors presenting high expression of PD-L1 [37,38]. Genetic and cytogenetic alterations in ncRCC aressumarized in Table 1.




2.5. Other Histological Types


The 2016 WHO classification of urogenital tumors (WHO “blue book”) include other renal tumors with low incidence rates. Among them, we mention Xp11 translocation RCC, Hereditary leiomyomatosis, renal cell carcinoma, and renal medullary carcinoma.



Xp11 translocation RCC have been recently recognized as a subset of RCC. These tumors are characterized by chromosome translocations involving the Xp11.2 breakpoint and resulting in gene fusions involving the TFE3 transcription factor gene that maps to this locus. This a subtype affects at least one-third of pediatric RCCs and for 15% of RCCs in patients <45 years of age. Clinical behavior is aggressive with widespread systemic metastases. Prognosis is poor. Immunohistochemistry using antibodies against TFE3 (C-terminal part of transcription factor binding to IGHM enhancer 3) confirmed the diagnosis of Xp11 translocation RCC [39].



Hereditary leiomyomatosis and renal cell carcinoma, also known as HLRCC, is a rare genetic disorder characterized by smooth muscle growths (leiomyomas) on the skin and uterus and an increased risk of developing kidney cancer [40]. Activity of fumarate hydratase is reduced or absent in tumors developing in individuals with leiomyomatosis [40]. The consequent fumarate-accumulation in these tumors generates a pseudo-hypoxic state with Hypoxia-Inducible Factor (HIF)-1 up-regulation. HIF-1 is a transcription factor involved in homeostasis, vascularization, anaerobic metabolism, and immunological responses [40].



Renal medullary carcinoma (RMC) is another subset of RCC characterized by aggressive clinical behavior and poor prognosis. This tumor typically affects young adults and is almost exclusively associated with sickle cell trait. RMC tumors usually express cytokeratin AE1/AE3, low molecular weight cytokeratin, vimentin, hypoxia-inducible factors (HIF), and vascular endothelial growth factor (VEGF). Mariño-Enríquez et al. reported anaplastic lymphoma kinase (ALK) receptor tyrosine kinase rearrangement in RMC suggesting a rationale for studying the treatment of RMC with targeted ALK inhibitors [41]. Genetic and cytogenetic alterations in ncRCC aressumarized in Table 1.





3. Therapies


3.1. Papillary


To date, we have no approved therapy specifically indicated for papillary RCC (PRCC). Data concerning ncRCC treatment is derived from studies on ccRCC, retrospective series, expanded access programs or case reports [42,43,44]. Angiogenesis represents a key pathogenic mechanism of mRCC. However, most of the prospective trials investigating antiangiogenic treatments as VEGF inhibitors included predominantly patients with clear cell component.



A post hoc analysis of the global ARCC trial reported that 30 and 25 patients with metastatic PRCC (mPRCC) were treated with interferon-alfa (IFN-α) and temsirolimus, respectively with a hazard ratio (HR) for death of 0.50 (95% CI = 0.27, 0.94) [45]. Since this result, everolimus was used as best comparator for subsequent studies. The ESPN trial compared everolimus to sunitinib in all subtypes of ncRCC (27 papillary, 12 chRCC, 10 unclassified, 7 translocation, 12 sarcomatoid) [46]. A cross-over between the two arms upon disease progression was allowed [46]. The results were not so encouraging with only three partial responses registered administering sunitinib in the first line setting and one with everolimus [46]. The ASPEN trial is another study comparing everolimus to sunitinib in all subtypes of ncRCC [47]. This study included 70 papillary of which 6 had papillary type 1, 16 chRCC, 8 translocation, 22 unclassified, and 16 sarcomatoid RCC [47]. No statistically significant differences in overall-survival (OS) and progression-free survival (PFS) were observed. Exploratory analysis of this study showed that patients with good risk disease had a better PFS when treated with sunitinib [47]. Moreover, different responses for subtypes were observed with a more favorable PFS in patients with papillary and unclassified histologies receiving sunitinib [47]. On the other hand, everolimus showed a better PFS in patients with chRCC subtypes [47].



Several retrospective studies reported partial responses with sunitinib in mPRCC. A retrospective analysis conducted by Choueri et al. included 41 mPRCC patients and 12 metastatic patients with chRCC histology who received sunitinib or sorafenib as their initial TKI treatment. PFS for the papillary cohort was 8.6 months. The two papillary patients achieving partial response were treated with sunitinib, and no responders were observed in the sorafenib group. Sunitinib-treated papillary patients had a PFS of 11.9 months compared with 5.1 months for sorafenib-treated patients (p < 0.001) [43]. In a phase II study of sunitinib conducted by Tannir et al. no patients with mPRCC (of 27 included) had a partial response, with a PFS of less than 3 months [48]. The phase II prospective trial SUPAP gave more encouraging results, showing activity of sunitinib in both type 1 and 2 mPRCC. In detail, 15 and 46 patients respectively with type 1 and type 2 mPRCC were enrolled. Both PFS and OS were longer in type 1 PRCC. Two patients with type 1 and five with type 2 disease experienced a partial response with a median PFS of 6.6 months and 5.5 months in type 1 and type 2 respectively [49]. MET expression level was high across all PRCC.



As described above, activating mutations or amplifications in MET are common in patients with PRCC [20]. For this reason, MET inhibitors have been tested in different clinical trials with promising findings. The objective response rate (ORR) observed in MET-driven mPRCC was variable between 18% and 50%, whereas no meaningful activity was observed in MET-independent tumors. Foretinib, an oral inhibitor targeting MET, VEGF, RON, AXL, and TIE-2 receptors, demonstrated activity, a manageable toxicity profile and a high response rate in mPRCC patients with germline MET mutations [22]. The presence of a germline MET mutation was highly predictive of a response. All 10 patients included with germline mutation experienced a partial response (n = 5) or stable disease (n = 5). In contrast, only one out of five patients with somatic MET mutation had a partial response, while no responses were seen in patients with MET amplification (n = 2), and only one out of 18 patients with a gain of chromosome 7 experienced a partial response [22]. Crizotinib, a MET, ROS1, and ALK inhibitor, was shown to be active and well tolerated in advanced PRCC type 1, achieving ORR and long-lasting disease control in patients with MET mutations or amplification [23]. In a single-arm multicenter phase II study 109 patients with mPRCC were treated with savolitinib, a highly selective MET TKI. Overall, 40% of treated patients had MET-driven tumor, as defined by chromosome 7 copy gain, focal MET or HGF gene amplification, or MET kinase domain mutations. Median PFS was 6.2 months and 1.4 months in patients with MET dependent and MET independent tumors, respectively [24]. Moreover, savolitinib was tested in the phase III trial SAVOIR, which unfortunately was prematurely closed in 2019 due to discouraging results. This randomized trial was designed to assess the efficacy and safety of savolitinib versus sunitinib in patients with MET-driven, unresectable, locally advanced or mPRCC. The trial did not meet its primary endpoint of improving PFS: median PFS was not statistically different between the two groups (7.0 months vs. 5.6 months HR 0.71). However, savolitinib was better tolerated, with fewer grade 3–4 adverse events registered. Moreover, savolitinib-responding patients showed a longer response than sunitinib, providing valuable data to conduct biomarker driven therapy in this specific challenging population [25]. Based on recent evidence, cabozantinib, an oral TKI with activity against a broad range of targets, including MET, RET, AXL, VEGFR2, FLT3, and c-KIT, could be recommended for the treatment of mPRCC. A retrospective study, including 112 ncRCC patients, of whom 60% with papillary histology, supports the antitumor activity and safety of cabozantinib across ncRCC with ORR of 27% across the entire cohort [26]. A retrospective analysis conducted by Campell et al. on 30 patients with ncRCC, 57% of whom had a PRCC, showed ORR of 14.3% [28]. The PAPMET study was the first randomized trial specific to mPRCC [27]. This randomized multicentric phase II trial tested four different MET inhibitors in mPRCC: cabozantinib, crizotinib, savolitinib, and sunitinib [27]. However, due to futility analysis, the protocol was revised and the crizotinib and savolitinib arms were prematurely closed. Recently published results showed a significantly longer PFS with cabozantinib treatment (median 9.0 months, 95% CI 6–12) compared with sunitinib group (5.6 months, 95% CI 3–7; hazard ratio for progression or death 0.60, CI 0.37–0.97, one-sided p = 0.019) [27]. Further studies exploring the combination of MET inhibitors with immunotherapeutic agents are ongoing.



RCC treatment paradigms have dramatically changed in the last few years since immunotherapy approval. Retrospective trials evaluated the role of checkpoint inhibitors in ncRCC and several trials are ongoing in this setting as well. Retrospective series on ncRCC including papillary, chRCC, unclassified, CDC, Xp11 translocation, and ccRCC with sarcomatoid differentiation treated with anti PD-1 or PDL-1, alone or in combination with cytotoxic T-lymphocyte associated protein-4 (CTLA-4), reported ORR of 19–20% [50,51]. Responses were higher for patients presenting with sarcomatoid or rhabdoid differentiation [50,51]. A retrospective study including 18 ncRCC patients treated with the combination nivolumab–ipilimumab reported ORR of 28% [52]. Among the prospective evidence, KEYNOTE-427 was a phase II single arm trial evaluating pembrolizumab in the first line setting of RCC. This trial provided a separate cohort for ncRCC (cohort-B) including 165 patients (71.5% papillary, 12.7% chRCC, 15.8% unclassified). Among patients with papillary, chRCC, and unclassified histology, reported ORR were 28%, 9.5%, and 30.8%. Among 38 patients with sarcomatoid differentiation ORR was higher (42.1%) [53].



The CALYPSO trial enrolled 42 patients with mPRCC. All patients received savolitinib in combination with durvalumab (PD-L1 inhibitor) with ORR of 29% [54].



Completed and ongoing clinical trials evaluating treatments for mPRCC patients are summarized in Table 2 and Table 3.




3.2. ChRCC


To date, we have no approved therapy specifically indicated for chRCC. Due to its rarity, data concerning the treatment of chRCC histology is derived from studies including other ncRCC subtypes. As described above, patients with chRCC RCC may benefit from mTHOR inhibitors. The reason is linked to a mutation on chromosome 7 commonly described in chRCC tumors that was shown to lead to a loss of folliculin gene with upregulation of mTOR. The ASPEN trial included 16 patients with chRCC. Everolimus was shown to be superior to sunitinib in terms of ORR (33.3 vs. 10%) and PFS (11.4 vs. 5.5 months). On the other hand, OS was longer in the sunitinib arm compared to everolimus (31.5 vs. 13.2 months) [47]. Moreover, 12 patients with chRCC were randomized in the ESPN trial. This trial showed a benefit in OS toward sunitinib with 31.9 vs. 25.1 months for everolimus [46]. In the retrospective analysis conducted by Choueri et al., sorafenib was shown to be superior over sunitinib in terms of PFS and ORR in 12 patients with chRCC histology [43]. The phase II study conducted by Tannir et al. was shown in the five patients with chRCC histology, median PFS of 12.7 months and ORR of 40% with only two partial responses [48]. A prospective study conducted by Procopio et al. evaluating efficacy of sorafenib in ncRCC included three patients with chRCC. No data were available regarding OS and PFS. No partial or complete responses were observed [55]. Cabozantinib showed ORR of 16.6% in six patients with ChRCC histology included in a retrospective analysis conducted by Campbell et al. [28] Moreover, the retrospective analysis exploring the efficacy of PD-1 or PDL-1, alone or in combination with anti CTLA-4 in ncRCC, showed no objective response in the 10 patients with chRCC. Data were not available regarding PFS whereas OS was not reached [50]. The retrospective series evaluating activity of nivolumab in ncRCC included five patients with chRCC. No responses were observed [51]. A number of 21 patients with chRCC were treated with pembrolizumab monotherapy in the KEYNOTE-427. OS was not reached; median PFS was 4.1 months for the whole group. As reported above, ORR for chRCC was 9.5% [53].




3.3. CDC


To date, we have no approved therapy specifically indicated for metastatic CDC (mCDC). Evidence from randomized histology-specific clinical trials evaluating the best treatment for patients with mCDC are lacking. One of the major findings in terms of overall response rate was achieved in a prospective phase II trial showing the efficacy of the chemotherapy combination platinum-based plus gemcitabine in 23 previously untreated mCDC patients [56]. Here, 23 patients with mCDC were treated with gemcitabine and cisplatin or carboplatin for six cycles. ORR, PFS, and OS were 26%, 7.1, and 10.5 months, respectively. Authors reported mainly hematological toxicity, experiencing grade 3–4 neutropenia and thrombocytopenia in 52% and 43% of patients, respectively [56].



TKIs represent a valuable option for the treatment of metastatic ccRCC, however no results from CDC-specific prospective phase III trials are available so far. Retrospective data reported encouraging results on the activity of different TKIs including sunitinib, sorafenib, pazopanib, cabozantinib, and the mTOR inhibitor temsirolimus [32,57,58,59]. The combination of sorafenib and chemotherapy with cisplatin plus gemcitabine reported an ORR of 30.8% and a disease control rate (DCR) of 84.6% in previously untreated mCDC patients [60]. A phase II study of sunitinib in patients with metastatic ncRCC conducted by Tannir et al., included six patients with mCDC or medullary carcinoma [48]. No ORR were observed, whereas four patients achieved disease stabilization and two patients experienced disease progression [48]. The only prospective trial evaluating efficacy and safety of the targeted agent cabozantinib as first line treatment for mCDC is the BONSAI trial. This Italian monocentric phase II trial enrolled 23 untreated mCDC patients. The study design was based on a Simon’s two stage optimal design. In detail, at least 2 responses in 9 pts in the first stage were needed to proceed to the second stage where at least 6 responses in 14 additional pts were needed to prove activity of cabozantinib. The study met its primary endpoint showing promising efficacy and acceptable tolerability of cabozantinib in mCDC pts. The authors will present mature results according to mutational profiles and gene signatures [61].



Due to the rarity of CDC, case reports furnish useful experiences. Bronchud et al. described an interesting case of clinical and radiological responses in a mCDC patient with high disease burden at diagnosis with HER2 overexpression on the primary tumor with the oral capecitabine together with double HER2 blockade with both intravenous trastuzumab and oral lapatinib [62].



To our knowledge, there are no immunotherapy trials specifically designed for CDC. Different case reports described the safety and activity of the immune-checkpoint inhibitor in previously treated mCDC patients. Among others, responses to nivolumab, a monoclonal antibody directed against the programmed cell death-1 (PD-1) or atezolizumab, a monoclonal antibody directed against programmed cell death ligand-1 (PD-L1) were reported [63,64,65]. A phase IIIb study of atezolizumab enrolling 1004 patients with locally advanced or metastatic pre-treated urothelial or non-urothelial carcinoma of the urinary tract, included eight CDC patients. Unfortunately, data regarding the outcome of CDC patients are not available. Overall, 8% of patients discontinued because of toxicity and 13% of Grade ≥3 adverse events were treatment-related, median OS was 8.7 months (95% CI 7.8–9.9), median PFS of 2.2 months (95% CI 2.1–2.4), and ORR of 13% (95% CI 11–16%) [66]. Immunotherapy combinations such as nivolumab in combination with cabozantinib or nivolumab plus ipilimumab in combination with cabozantinib are under evaluation. Completed and ongoing clinical trials evaluating treatments for mCDC patients are summarized in Table 3 and Table 4.




3.4. Sarcomatoid


No standard of care exists for sarcomatoid RCC. The International Metastatic Renal Cell Carcinoma Database Consortium (IMDC) collected data of 2286 patients, of whom 230 had sarcomatoid features. More than 93% of all patients received TKIs, experiencing a PFS of 4.5 months and an OS of 10.4 months [67].



Since sarcomatoid tumors express a high level of PD-1 and PD-L1, immunotherapy represents a promising therapy for these patients. The KEYNOTE 426 trial, testing axitinib plus pembrolizumab versus sunitinib, included 105 patients with sarcomatoid dedifferentiation. In this trial, the combination of axitinib plus pembrolizumab showed improved OS (HR 0.58, 95% CI 0.21–1.59; 12-month rate 83.4% vs. 79.5%), PFS (HR 0.54, 95% CI 0.29–1.00; median not reached vs. 8.4 mo), and ORR (58.8% [95% CI 44.2–72.4] vs. 31.5% [19.5–45.6]) in patients whose tumors had sarcomatoid features [68]. A post hoc analysis of CheckMate 214 was conducted focusing on intermediate-poor risk, advanced clear-cell RCC patients with sarcomatoid features. The descriptive analyses performed at a minimum follow-up of 30 months, confirmed promising efficacy in terms of ORR (56.7% versus 19%) and complete response rate (18.3% versus 0), OS (31.2 versus 13.6, HR 0.55), and PFS (8.4 versus 4.9 months, HR = 0.61) with nivolumab plus ipilimumab compared to suninitib in previously untreated, intermediate-poor risk, advanced clear-cell RCC with sarcomatoid features. In the primary analysis, treatment-related adverse events (TRAEs) occurred in 93% of patients treated with nivolumab plus ipilimumab and in 97% of patients treated with sunitinib. Grade 3 or 4 adverse events occurred in 46% and 63% of patients, respectively. TRAEs leading to discontinuation occurred in 22% and 12% of the patients in the respective groups. No new safety alarms emerged during the long-term follow-up [37]. Concerning the issue of survival in patients who had to discontinue immunotherapy for TRAEs, Tannir et al. conducted a post hoc analysis, showing that a OS benefit persisted in patients despite therapy discontinuation due to adverse events [38].



Recently, a phase II study provided the basis for considering bevacizumab and erlotinib as a valuable alternative in patients with HLRCC or sporadic papillary renal cell cancer, a population that has no widely accepted standard therapeutic options. A total of 83 patients were enrolled, including 42 in the HLRCC cohort and 41 in the sporadic cohort. The median PFS was 14.2 months (95% CI, 11.4–18.6) in all patients, 21.1 months (95% CI, 15.6–26.6) in the HLRCC cohort, and 8.7 months (95% CI, 6.4–12.6) in the sporadic cohort. The majority of registered TRAEs were grade 1 or 2, with the most common being acneiform rash (92%), diarrhea (77%), proteinuria (71%), and dry skin (61%). Grade ≥ 3 TRAEs occurred in 47% of patients, including hypertension (34%) and proteinuria (13%), with only one patient (1.2%) experiencing a grade 5 GI hemorrhage possibly related to bevacizumab [69].




3.5. Other Histological Types


We have no approved therapy specifically indicated for patients with Xp11 translocation mRCC. The major clinical efficacy trials have not established the percentage of patients with Xp11 translocation mRCC and thus it is difficult to establish drug efficacy in patients with this tumor subtype [39]. The first evidence of clinical activity of targeted therapy in patients with Xp11 translocation mRCC, is a case report of a male of 23-years old which found no clinical evidence of activity. Malouf et al. selected from the kidney tumor registries of the Juvenile RCC Network, 21 patients with Xp11 translocation/TFE3 fusion gene metastatic RCC who had received targeted therapy. The patients included displayed aggressive disease with a median PFS of 2 months when receiving a cytokine-based regimen and an 11% response rate. On the other hand, targeted therapy achieved objective responses and prolonged PFS In Xp11 translocation RCC similar to those reported for clear-cell RCC [39]. Moreover, TFE3 fusions characterizing Xp11 translocation RCC, result in an activation of MET signaling by transcriptional up-regulation that make these tumors probably responsive to therapeutic MET Inhibition [70].



Patients with HLRCC presented with reduced or absent activity of fumarate hydratase, with consequent fumarate-accumulation that generates a pseudo-hypoxic state with HIF-1 up-regulation. HIF-1 has been increasingly studied because of its perceived therapeutic potential [40]. These insights could further rationalize the use of personalized therapies or according to the individual genomic alterations.



RMC is another rare and aggressive form of kidney cancer. Treatment options are limited, as most standard therapies have not been found to be efficacious in RMC. Neither systemic therapy nor radiation therapy has been found to be particularly efficacious in the treatment of RMC. Despite the lack of available prospective evidence and the modest short-term palliation, targeted therapies and cytotoxic chemotherapy are the mainstay of treatment of RMC. A variety of chemotherapies has been tried such as cyclophosphamide, doxorubicin, cisplatin, topotecan, methotrexate, and vinblastine. Currently, no regimen has significantly improved outcomes [71]. In a phase 2 trial of bortezomib (a drug approved for the treatment of multiple myeloma and mantle cell lymphoma that targets the 26S proteasome of the ubiquitin-proteasome degradation system) in mRCC, one patient with mRMC achieved a complete remission and remained without evidence of disease after more than 27 months of follow-up [72]. Hopefully, improved understanding of the underlying biologic mechanisms of this rare disease will provide guidance for future therapies.





4. Discussion


ncRCC is a heterogeneous group of diseases including a number of histological subtypes that are disparate in presentation, clinical course, and genetic basis. Survival of all subtypes of ncRCC in the metastatic setting is uniformly worse than the clear-cell counterpart, and this can be explained considering the aggressiveness of these diseases, and lack of effective systemic treatment options [2]. Currently, there is no globally accepted standard of care for ncRCC. Therefore, enrolment into specific clinical trials is strongly recommended. Due to its rarity and aggressiveness, ncRCC has been often excluded from randomized phase II-III trials. Therefore, treatment choices are based on extrapolating results from ccRCC trials, retrospective data, and subgroup analysis or case reports. Most of the available data look at patients with papillary and chromophobe tumors. Data on other histologies are very limited. Based on all trials mentioned above, everolimus, sunitinib, cabozantinib, and bevacizumab are included in the treatment recommendations for ncRCC [73]. Overall, the most robust data exist on the use of sunitinb. Moreover, encouraging clinical results on checkpoint inhibitor activity have been recently reported supporting their use in ncRCC [53,54,63,64,65]. In addition to these general recommendations, some specific situations should be considered. Activating mutations or amplifications in MET are common in patients with PRCC type 1, more than type 2. Thus, cMET inhibitors such as cabozantinib appear as an acceptable option instead of the usual VEGF TKIs for mPRCC patients [22,23,24,25,26,27,28]. Further studies combining MET inhibitors with immunotherapeutic agents are ongoing to provide better outcomes for these patients. Moreover, type 2 tumors were characterized by CDKN2A silencing, SETD2 mutations, TFE3 fusions and increased expression of the NRF2-antioxidant response element (ARE) pathway. All these alterations represent potential targets of future personalized therapies [13]. In particular, CDKN2A alteration could confer sensitivity to CDK4/6 inhibitors (e.g., palbociclib, ribocivlib, or abemaciclib) [13]. Patients with chRCC RCC may benefit from mTOR inhibitors due to the mutation on chromosome 7 commonly described in these tumors, determining a loss of folliculin gene with upregulation of mTOR [31]. Sarcomatoid tumors are very inflamed tumors and sensitive to immune checkpoint inhibitors. Thus, the use of nivolumab/ipilimumab combination should be considered as a good option for these patients [37,38]. Finally, CDC patients may be considered for chemotherapy due to the similarities with urothelial carcinoma. However, evidence was reported on mutation in NF2, SETD2, SMARCB1, and MLL gene, as for ccRCC. The use of targeted therapies could be therefore considered as a good option for these patients [33,34]. Moreover, several trials are ongoing to test immunotherapy in ncCDC to help guide more targeted treatments (Table 3).



The gap in the clinical management of ncRCC is certainly due to the poor molecular characterization that prevents the development of tailored treatments for these tumors. Only a few studies have examined the genomic and transcriptomic landscape of ncRCC. In this review, we summarized pathogenetic mechanisms of ncRCC and the evolution of treatment paradigms over the last few decades, focusing on immune and targeted agents. However, evidence often reports heterogeneous results, that might be related to the broad molecular landscape of different subtypes. Genomic analysis highlighted that ncRCC are morphologically distinct from ccRCC and from each other, and their molecular characterization could reflect phenotypic differences, possibly resulting in a significant impact on clinical and therapeutic management and future clinical trial design. The molecular characterization of ncRCC subtypes should in fact lead to more appropriate clinical management and development of more effective forms of therapy. More efforts are certainly needed to identify novel molecular targets and to validate biomarkers suitable for the stratification of patients and the identification of better responders.




5. Conclusions


ncRCC is a heterogenous group of diseases made up of a number of different types of cancer classified by histology that are disparate in presentation, clinical course, and genetic basis. Due to its rarity and poor molecular characterization, ncRCC are underrepresented in clinical trials often managed with untailored treatments. More knowledge about the biology of these histologies is certainly needed. Histology-specific collaborative trials and controlled biomarker-based clinical trials are underway to establish a standard of care for these tumors.







Author Contributions


Conceptualization, P.S.; methodology, P.S.; validation, G.P. and E.V.; writing—original draft preparation, P.S., C.C.P. and A.O.; writing—review and editing, A.F., M.C., V.G.; supervision, G.P. and E.V. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Conflicts of Interest


Giuseppe Procopio received honoraria from Ipsen, Pfizer, BMS, AstraZeneca, Janssen outside this work. All other authors have no relevant conflict of interest to disclose.




References


	



Siegel, R.L.; Miller, K.D.; Jemal, A. Cancer Statistics, 2020. CA Cancer J. Clin. 2020, 70, 7–30. [Google Scholar] [CrossRef] [PubMed]

	



Lipworth, L.; Morgans, A.K.; Edwards, T.L.; Barocas, D.A.; Chang, S.S.; Herrell, S.D.; Penson, D.F.; Resnick, M.J.; Smith, J.A.; Clark, P.E. Renal Cell Cancer Histological Subtype Distribution Differs by Race and Sex. BJU Int. 2016, 117, 260–265. [Google Scholar] [CrossRef]

	



Moch, H.; Cubilla, A.L.; Humphrey, P.A.; Reuter, V.E.; Ulbright, T.M. The 2016 WHO Classification of Tumours of the Urinary System and Male Genital Organs-Part A: Renal, Penile, and Testicular Tumours. Eur. Urol. 2016, 70, 93–105. [Google Scholar] [CrossRef] [PubMed]

	



Moch, H.; Gasser, T.; Amin, M.B.; Torhorst, J.; Sauter, G.; Mihatsch, M.J. Prognostic Utility of the Recently Recommended Histologic Classification and Revised TNM Staging System of Renal Cell Carcinoma: A Swiss Experience with 588 Tumors. Cancer 2000, 89, 604–614. [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. Nivolumab versus Everolimus in Advanced Renal-Cell Carcinoma. N. Engl. J. Med. 2015, 373, 1803–1813. [Google Scholar] [CrossRef]

	



Chevrier, S.; Levine, J.H.; Zanotelli, V.R.T.; Silina, K.; Schulz, D.; Bacac, M.; Ries, C.H.; Ailles, L.; Jewett, M.A.S.; Moch, H.; et al. An Immune Atlas of Clear Cell Renal Cell Carcinoma. Cell 2017, 169, 736–749.e18. [Google Scholar] [CrossRef]

	



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] [PubMed]

	



Motzer, R.J.; Rini, B.I.; McDermott, D.F.; Frontera, O.A.; Hammers, H.J.; Carducci, M.A.; Salman, P.; Escudier, B.; Beuselinck, B.; Amin, A.; et al. Nivolumab plus Ipilimumab versus Sunitinib in First-Line Treatment for Advanced Renal Cell Carcinoma: Extended Follow-up of Efficacy and Safety Results from a Randomised Phase 3 Trial. Lancet Oncol. 2019, 20, 1370–1385. [Google Scholar] [CrossRef]

	



Motzer, R.J.; Penkov, K.; Haanen, J.; Rini, B.; Albiges, L.; Campbell, M.T.; Venugopal, B.; Kollmannsberger, C.; Negrier, S.; Uemura, M.; et al. Avelumab plus Axitinib versus Sunitinib for Advanced Renal-Cell Carcinoma. N. Engl. J. Med. 2019, 380, 1103–1115. [Google Scholar] [CrossRef]

	



Rini, B.I.; Powles, T.; Atkins, M.B.; Escudier, B.; McDermott, D.F.; Suarez, C.; Bracarda, S.; Stadler, W.M.; Donskov, F.; Lee, J.L.; et al. Atezolizumab plus Bevacizumab versus Sunitinib in Patients with Previously Untreated Metastatic Renal Cell Carcinoma (IMmotion151): A Multicentre, Open-Label, Phase 3, Randomised Controlled Trial. Lancet 2019, 393, 2404–2415. [Google Scholar] [CrossRef]

	



Liu, K.; Ren, Y.; Pang, L.; Qi, Y.; Jia, W.; Tao, L.; Hu, Z.; Zhao, J.; Zhang, H.; Li, L.; et al. Papillary Renal Cell Carcinoma: A Clinicopathological and Whole-Genome Exon Sequencing Study. Int. J. Clin. Exp. Pathol. 2015, 8, 8311–8335. [Google Scholar] [PubMed]

	



Yang, X.J.; Tan, M.-H.; Kim, H.L.; Ditlev, J.A.; Betten, M.W.; Png, C.E.; Kort, E.J.; Futami, K.; Furge, K.A.; Takahashi, M.; et al. A Molecular Classification of Papillary Renal Cell Carcinoma. Cancer Res. 2005, 65, 5628–5637. [Google Scholar] [CrossRef]

	



Cancer Genome Atlas Research Network; Linehan, W.M.; Spellman, P.T.; Ricketts, C.J.; Creighton, C.J.; Fei, S.S.; Davis, C.; Wheeler, D.A.; Murray, B.A.; Schmidt, L.; et al. Comprehensive Molecular Characterization of Papillary Renal-Cell Carcinoma. N. Engl. J. Med. 2016, 374, 135–145. [Google Scholar] [CrossRef]

	



Vocke, C.D.; Ricketts, C.J.; Merino, M.J.; Srinivasan, R.; Metwalli, A.R.; Middelton, L.A.; Peterson, J.; Yang, Y.; Linehan, W.M. Comprehensive Genomic and Phenotypic Characterization of Germline FH Deletion in Hereditary Leiomyomatosis and Renal Cell Carcinoma. Genes Chromosomes Cancer 2017, 56, 484–492. [Google Scholar] [CrossRef] [PubMed]

	



Ohe, C.; Smith, S.C.; Sirohi, D.; Divatia, M.; de Peralta-Venturina, M.; Paner, G.P.; Agaimy, A.; Amin, M.B.; Argani, P.; Chen, Y.-B.; et al. Reappraisal of Morphological Differences between Renal Medullary Carcinoma, Collecting Duct Carcinoma, and Fumarate Hydratase-Deficient Renal Cell Carcinoma. Am. J. Surg. Pathol. 2018, 42, 279–292. [Google Scholar] [CrossRef] [PubMed]

	



Kovacs, G.; Fuzesi, L.; Emanual, A.; Kung, H.F. Cytogenetics of Papillary Renal Cell Tumors. Genes Chromosomes Cancer 1991, 3, 249–255. [Google Scholar] [CrossRef]

	



Furge, K.A.; Chen, J.; Koeman, J.; Swiatek, P.; Dykema, K.; Lucin, K.; Kahnoski, R.; Yang, X.J.; Teh, B.T. Detection of DNA Copy Number Changes and Oncogenic Signaling Abnormalities from Gene Expression Data Reveals MYC Activation in High-Grade Papillary Renal Cell Carcinoma. Cancer Res. 2007, 67, 3171–3176. [Google Scholar] [CrossRef] [PubMed]

	



Dharmawardana, P.G.; Giubellino, A.; Bottaro, D.P. Hereditary Papillary Renal Carcinoma Type I. Curr. Mol. Med. 2004, 4, 855–868. [Google Scholar] [CrossRef]

	



Schmidt, L.; Duh, F.M.; Chen, F.; Kishida, T.; Glenn, G.; Choyke, P.; Scherer, S.W.; Zhuang, Z.; Lubensky, I.; Dean, M.; et al. Germline and Somatic Mutations in the Tyrosine Kinase Domain of the MET Proto-Oncogene in Papillary Renal Carcinomas. Nat. Genet. 1997, 16, 68–73. [Google Scholar] [CrossRef] [PubMed]

	



Albiges, L.; Guegan, J.; Le Formal, A.; Verkarre, V.; Rioux-Leclercq, N.; Sibony, M.; Bernhard, J.-C.; Camparo, P.; Merabet, Z.; Molinie, V.; et al. MET Is a Potential Target across All Papillary Renal Cell Carcinomas: Result from a Large Molecular Study of PRCC with CGH Array and Matching Gene Expression Array. Clin. Cancer Res. 2014, 20, 3411–3421. [Google Scholar] [CrossRef] [PubMed]

	



Giubellino, A.; Linehan, W.M.; Bottaro, D.P. Targeting the Met Signaling Pathway in Renal Cancer. Expert Rev. Anticancer Ther. 2009, 9, 785–793. [Google Scholar] [CrossRef]

	



Choueiri, T.K.; Vaishampayan, U.; Rosenberg, J.E.; Logan, T.F.; Harzstark, A.L.; Bukowski, R.M.; Rini, B.I.; Srinivas, S.; Stein, M.N.; Adams, L.M.; et al. Phase II and Biomarker Study of the Dual MET/VEGFR2 Inhibitor Foretinib in Patients with Papillary Renal Cell Carcinoma. J. Clin. Oncol. 2013, 31, 181–186. [Google Scholar] [CrossRef] [PubMed]

	



Schöffski, P.; Wozniak, A.; Escudier, B.; Rutkowski, P.; Anthoney, A.; Bauer, S.; Sufliarsky, J.; van Herpen, C.; Lindner, L.H.; Grünwald, V.; et al. Crizotinib Achieves Long-Lasting Disease Control in Advanced Papillary Renal-Cell Carcinoma Type 1 Patients with MET Mutations or Amplification. EORTC 90101 CREATE Trial. Eur. J. Cancer 2017, 87, 147–163. [Google Scholar] [CrossRef] [PubMed]

	



Choueiri, T.K.; Plimack, E.; Arkenau, H.-T.; Jonasch, E.; Heng, D.Y.C.; Powles, T.; Frigault, M.M.; Clark, E.A.; Handzel, A.A.; Gardner, H.; et al. Biomarker-Based Phase II Trial of Savolitinib in Patients with Advanced Papillary Renal Cell Cancer. J. Clin. Oncol. 2017, 35, 2993–3001. [Google Scholar] [CrossRef] [PubMed]

	



Choueiri, T.K.; Heng, D.Y.C.; Lee, J.L.; Cancel, M.; Verheijen, R.B.; Mellemgaard, A.; Ottesen, L.H.; Frigault, M.M.; L’Hernault, A.; Szijgyarto, Z.; et al. Efficacy of Savolitinib vs. Sunitinib in Patients with MET-Driven Papillary Renal Cell Carcinoma: The SAVOIR Phase 3 Randomized Clinical Trial. JAMA Oncol. 2020, 6, 1247–1255. [Google Scholar] [CrossRef]

	



Martínez Chanzá, N.; Xie, W.; Asim Bilen, M.; Dzimitrowicz, H.; Burkart, J.; Geynisman, D.M.; Balakrishnan, A.; Bowman, I.A.; Jain, R.; Stadler, W.; et al. Cabozantinib in Advanced Non-Clear-Cell Renal Cell Carcinoma: A Multicentre, Retrospective, Cohort Study. Lancet Oncol. 2019, 20, 581–590. [Google Scholar] [CrossRef]

	



Pal, S.K.; Tangen, C.; Thompson, I.M.; Balzer-Haas, N.; George, D.J.; Heng, D.Y.C.; Shuch, B.; Stein, M.; Tretiakova, M.; Humphrey, P.; et al. A Comparison of Sunitinib with Cabozantinib, Crizotinib, and Savolitinib for Treatment of Advanced Papillary Renal Cell Carcinoma: A Randomised, Open-Label, Phase 2 Trial. Lancet 2021, 397, 695–703. [Google Scholar] [CrossRef]

	



Campbell, M.T.; Bilen, M.A.; Shah, A.Y.; Lemke, E.; Jonasch, E.; Venkatesan, A.M.; Altinmakas, E.; Duran, C.; Msaouel, P.; Tannir, N.M. Cabozantinib for the Treatment of Patients with Metastatic Non-Clear Cell Renal Cell Carcinoma: A Retrospective Analysis. Eur. J. Cancer 2018, 104, 188–194. [Google Scholar] [CrossRef] [PubMed]

	



Nickerson, M.L.; Warren, M.B.; Toro, J.R.; Matrosova, V.; Glenn, G.; Turner, M.L.; Duray, P.; Merino, M.; Choyke, P.; Pavlovich, C.P.; et al. Mutations in a Novel Gene Lead to Kidney Tumors, Lung Wall Defects, and Benign Tumors of the Hair Follicle in Patients with the Birt-Hogg-Dubé Syndrome. Cancer Cell 2002, 2, 157–164. [Google Scholar] [CrossRef]

	



Brunelli, M.; Eble, J.N.; Zhang, S.; Martignoni, G.; Delahunt, B.; Cheng, L. Eosinophilic and Classic Chromophobe Renal Cell Carcinomas Have Similar Frequent Losses of Multiple Chromosomes from among Chromosomes 1, 2, 6, 10, and 17, and This Pattern of Genetic Abnormality Is Not Present in Renal Oncocytoma. Mod. Pathol. 2005, 18, 161–169. [Google Scholar] [CrossRef] [PubMed]

	



Schmidt, L.S.; Linehan, W.M. Genetic Predisposition to Kidney Cancer. Semin. Oncol. 2016, 43, 566–574. [Google Scholar] [CrossRef]

	



Mennitto, A.; Verzoni, E.; Peverelli, G.; Alessi, A.; Procopio, G. Management of Metastatic Collecting Duct Carcinoma: An Encouraging Result in a Patient Treated with Cabozantinib. Clin. Genitourin. Cancer 2018, 16, e521–e523. [Google Scholar] [CrossRef]

	



Pal, S.K.; Choueiri, T.K.; Wang, K.; Khaira, D.; Karam, J.A.; Van Allen, E.; Palma, N.A.; Stein, M.N.; Johnson, A.; Squillace, R.; et al. Characterization of Clinical Cases of Collecting Duct Carcinoma of the Kidney Assessed by Comprehensive Genomic Profiling. Eur. Urol. 2016, 70, 516–521. [Google Scholar] [CrossRef] [PubMed]

	



Wang, J.; Papanicolau-Sengos, A.; Chintala, S.; Wei, L.; Liu, B.; Hu, Q.; Miles, K.M.; Conroy, J.M.; Glenn, S.T.; Costantini, M.; et al. Collecting Duct Carcinoma of the Kidney Is Associated with CDKN2A Deletion and SLC Family Gene Up-Regulation. Oncotarget 2016, 7, 29901–29915. [Google Scholar] [CrossRef]

	



Malouf, G.G.; Compérat, E.; Yao, H.; Mouawad, R.; Lindner, V.; Rioux-Leclercq, N.; Verkarre, V.; Leroy, X.; Dainese, L.; Classe, M.; et al. Unique Transcriptomic Profile of Collecting Duct Carcinomas Relative to Upper Tract Urothelial Carcinomas and Other Kidney Carcinomas. Sci. Rep. 2016, 6, 30988. [Google Scholar] [CrossRef] [PubMed]

	



Gargiuli, C.; Sepe, P.; Tessari, A.; Sheetz, T.; Colecchia, M.; de Braud, F.G.M.; Procopio, G.; Sensi, M.; Verzoni, E.; Dugo, M. Integrative Transcriptomic Analysis Reveals Distinctive Molecular Traits and Novel Subtypes of Collecting Duct Carcinoma. Cancers 2021, 13, 2903. [Google Scholar] [CrossRef]

	



McDermott, D.F.; Choueiri, T.K.; Motzer, R.J.; Aren, O.R.; George, S.; Powles, T.; Donskov, F.; Harrison, M.R.; Rodriguez Cid, J.R.R.; Ishii, Y.; et al. CheckMate 214 Post-Hoc Analyses of Nivolumab plus Ipilimumab or Sunitinib in IMDC Intermediate/Poor-Risk Patients with Previously Untreated Advanced Renal Cell Carcinoma with Sarcomatoid Features. JCO 2019, 37, 4513. [Google Scholar] [CrossRef]

	



Tannir, N.M.; McDermott, D.F.; Escudier, B.; Hammers, H.J.; Aren, O.R.; Plimack, E.R.; Barthelemy, P.; Neiman, V.; George, S.; Porta, C.; et al. Overall Survival and Independent Review of Response in CheckMate 214 with 42-Month Follow-up: First-Line Nivolumab + Ipilimumab (N+I) versus Sunitinib (S) in Patients (Pts) with Advanced Renal Cell Carcinoma (ARCC). JCO 2020, 38, 609. [Google Scholar] [CrossRef]

	



Malouf, G.G.; Camparo, P.; Oudard, S.; Schleiermacher, G.; Theodore, C.; Rustine, A.; Dutcher, J.; Billemont, B.; Rixe, O.; Bompas, E.; et al. Targeted Agents in Metastatic Xp11 Translocation/TFE3 Gene Fusion Renal Cell Carcinoma (RCC): A Report from the Juvenile RCC Network. Ann. Oncol. 2010, 21, 1834–1838. [Google Scholar] [CrossRef]

	



Tomlinson, I.P.M.; Alam, N.A.; Rowan, A.J.; Barclay, E.; Jaeger, E.E.M.; Kelsell, D.; Leigh, I.; Gorman, P.; Lamlum, H.; Rahman, S.; et al. Germline Mutations in FH Predispose to Dominantly Inherited Uterine Fibroids, Skin Leiomyomata and Papillary Renal Cell Cancer. Nat. Genet. 2002, 30, 406–410. [Google Scholar] [CrossRef]

	



Mariño-Enríquez, A.; Ou, W.-B.; Weldon, C.B.; Fletcher, J.A.; Pérez-Atayde, A.R. ALK Rearrangement in Sickle Cell Trait-Associated Renal Medullary Carcinoma. Genes Chromosomes Cancer 2011, 50, 146–153. [Google Scholar] [CrossRef]

	



Dutcher, J.P.; de Souza, P.; McDermott, D.; Figlin, R.A.; Berkenblit, A.; Thiele, A.; Krygowski, M.; Strahs, A.; Feingold, J.; Hudes, G. Effect of Temsirolimus versus Interferon-Alpha on Outcome of Patients with Advanced Renal Cell Carcinoma of Different Tumor Histologies. Med. Oncol. 2009, 26, 202–209. [Google Scholar] [CrossRef] [PubMed]

	



Choueiri, T.K.; Plantade, A.; Elson, P.; Negrier, S.; Ravaud, A.; Oudard, S.; Zhou, M.; Rini, B.I.; Bukowski, R.M.; Escudier, B. Efficacy of Sunitinib and Sorafenib in Metastatic Papillary and Chromophobe Renal Cell Carcinoma. JCO 2008, 26, 127–131. [Google Scholar] [CrossRef]

	



Gore, M.E.; Szczylik, C.; Porta, C.; Bracarda, S.; Bjarnason, G.A.; Oudard, S.; Hariharan, S.; Lee, S.-H.; Haanen, J.; Castellano, D.; et al. Safety and Efficacy of Sunitinib for Metastatic Renal-Cell Carcinoma: An Expanded-Access Trial. Lancet Oncol. 2009, 10, 757–763. [Google Scholar] [CrossRef]

	



Hudes, G.; Carducci, M.; Tomczak, P.; Dutcher, J.; Figlin, R.; Kapoor, A.; Staroslawska, E.; Sosman, J.; McDermott, D.; Bodrogi, I.; et al. Temsirolimus, Interferon Alfa, or Both for Advanced Renal-Cell Carcinoma. N. Engl. J. Med. 2007, 356, 2271–2281. [Google Scholar] [CrossRef] [PubMed]

	



Tannir, N.M.; Jonasch, E.; Albiges, L.; Altinmakas, E.; Ng, C.S.; Matin, S.F.; Wang, X.; Qiao, W.; Dubauskas Lim, Z.; Tamboli, P.; et al. Everolimus Versus Sunitinib Prospective Evaluation in Metastatic Non-Clear Cell Renal Cell Carcinoma (ESPN): A Randomized Multicenter Phase 2 Trial. Eur. Urol. 2016, 69, 866–874. [Google Scholar] [CrossRef] [PubMed]

	



Armstrong, A.J.; Halabi, S.; Eisen, T.; Broderick, S.; Stadler, W.M.; Jones, R.J.; Garcia, J.A.; Vaishampayan, U.N.; Picus, J.; Hawkins, R.E.; et al. Everolimus versus Sunitinib for Patients with Metastatic Non-Clear Cell Renal Cell Carcinoma (ASPEN): A Multicentre, Open-Label, Randomised Phase 2 Trial. Lancet Oncol. 2016, 17, 378–388. [Google Scholar] [CrossRef]

	



Tannir, N.M.; Plimack, E.; Ng, C.; Tamboli, P.; Bekele, N.B.; Xiao, L.; Smith, L.; Lim, Z.; Pagliaro, L.; Araujo, J.; et al. A Phase 2 Trial of Sunitinib in Patients with Advanced Non-Clear Cell Renal Cell Carcinoma. Eur. Urol. 2012, 62, 1013–1019. [Google Scholar] [CrossRef] [PubMed]

	



Ravaud, A.; Oudard, S.; De Fromont, M.; Chevreau, C.; Gravis, G.; Zanetta, S.; Theodore, C.; Jimenez, M.; Sevin, E.; Laguerre, B.; et al. First-Line Treatment with Sunitinib for Type 1 and Type 2 Locally Advanced or Metastatic Papillary Renal Cell Carcinoma: A Phase II Study (SUPAP) by the French Genitourinary Group (GETUG). Ann. Oncol. 2015, 26, 1123–1128. [Google Scholar] [CrossRef] [PubMed]

	



McKay, R.R.; Bossé, D.; Xie, W.; Wankowicz, S.A.M.; Flaifel, A.; Brandao, R.; Lalani, A.-K.A.; Martini, D.J.; Wei, X.X.; Braun, D.A.; et al. The Clinical Activity of PD-1/PD-L1 Inhibitors in Metastatic Non-Clear Cell Renal Cell Carcinoma. Cancer Immunol. Res. 2018, 6, 758–765. [Google Scholar] [CrossRef]

	



Koshkin, V.S.; Barata, P.C.; Zhang, T.; George, D.J.; Atkins, M.B.; Kelly, W.J.; Vogelzang, N.J.; Pal, S.K.; Hsu, J.; Appleman, L.J.; et al. Clinical Activity of Nivolumab in Patients with Non-Clear Cell Renal Cell Carcinoma. J. Immunother. Cancer 2018, 6. [Google Scholar] [CrossRef]

	



Gupta, R.; Ornstein, M.C.; Gul, A.; Allman, K.D.; Ball, J.; Wood, L.S.; Garcia, J.A.; VonMerveldt, D.; Hammers, H.J.; Rini, B.I. Clinical Activity of Ipilimumab plus Nivolumab (Ipi/Nivo) in Patients (Pts) with Metastatic Non-Clear Cell Renal Cell Carcinoma (NccRCC). J. Clin. Oncol. 2019, 37, 659. [Google Scholar] [CrossRef]

	



McDermott, D.F.; Lee, J.-L.; Bjarnason, G.A.; Larkin, J.M.G.; Gafanov, R.A.; Kochenderfer, M.D.; Jensen, N.V.; Donskov, F.; Malik, J.; Poprach, A.; et al. Open-Label, Single-Arm Phase II Study of Pembrolizumab Monotherapy as First-Line Therapy in Patients with Advanced Clear Cell Renal Cell Carcinoma. J. Clin. Oncol. 2021, 39, 1020–1028. [Google Scholar] [CrossRef]

	



Powles, T.; Larkin, J.; Patel, P.; Pérez-Valderrama, B.; Rodriguez-Vida, A.; Glen, H.; Thistlethwaite, F.; Ralph, C.; Srinivasan, G.; Mendez-Vidal, M.J.; et al. A phase II study investigating the safety and efficacy of savolitinib and durvalumab in metastatic papillary renal cancer (CALYPSO). J. Clin. Oncol. 2019, 37, 545. [Google Scholar] [CrossRef]

	



Procopio, G.; Verzoni, E.; Gevorgyan, A.; Mancin, M.; Pusceddu, S.; Catena, L.; Platania, M.; Guadalupi, V.; Martinetti, A.; Bajetta, E. Safety and Activity of Sorafenib in Different Histotypes of Advanced Renal Cell Carcinoma. OCL 2007, 73, 204–209. [Google Scholar] [CrossRef]

	



Oudard, S.; Banu, E.; Vieillefond, A.; Fournier, L.; Priou, F.; Medioni, J.; Banu, A.; Duclos, B.; Rolland, F.; Escudier, B.; et al. Prospective multicenter phase II study of gemcitabine plus platinum salt for metastatic collecting duct carcinoma: Results of a GETUG (Groupe d’Etudes des Tumeurs Uro-Génitales) study. J. Urol. 2007, 177, 1698–1702. [Google Scholar] [CrossRef] [PubMed]

	



Procopio, G.; Testa, I.; Iacovelli, R.; Grassi, P.; Verzoni, E.; Garanzini, E.; Colecchia, M.; Torelli, T.; Braud, F.D. Treatment of Collecting Duct Carcinoma: Current Status and Future Perspectives. Anticancer Res. 2014, 34, 1027–1030. [Google Scholar]

	



Miyake, H.; Haraguchi, T.; Takenaka, A.; Fujisawa, M. Metastatic Collecting Duct Carcinoma of the Kidney Responded to Sunitinib. Int. J. Clin. Oncol. 2011, 16, 153–155. [Google Scholar] [CrossRef] [PubMed]

	



Chua, M.E.; Olondriz, K.; Maniwa, M.; Mendoza, J.; Castillo, J. Collecting Duct of Bellini Renal Carcinoma with Psoas Muscle Recurrence: A Case Report and Review of Literature. Can. Urol. Assoc. J. 2014, 8, E167–E171. [Google Scholar] [CrossRef] [PubMed]

	



Sheng, X.; Cao, D.; Yuan, J.; Zhou, F.; Wei, Q.; Xie, X.; Cui, C.; Chi, Z.; Si, L.; Li, S.; et al. Sorafenib in Combination with Gemcitabine plus Cisplatin Chemotherapy in Metastatic Renal Collecting Duct Carcinoma: A Prospective, Multicentre, Single-Arm, Phase 2 Study. Eur. J. Cancer 2018, 100, 1–7. [Google Scholar] [CrossRef]

	



Procopio, G.; Ratta, R.; Colecchia, M.; Sensi, M.; Sepe, P.; Claps, M.; Rivoltini, L.; De Braud, F.G.; Pagani, F.; Verzoni, E. A phase II study of cabozantinib as first-line treatment in metastatic collecting ducts carcinoma: The BONSAI trial. J. Clin. Oncol. 2019, 37, 578. [Google Scholar] [CrossRef]

	



Bronchud, M.H.; Castillo, S.; Escriva de Romaní, S.; Mourelo, S.; Fernández, A.; Baena, C.; Murillo, J.; Julia, J.C.; Esquius, J.; Romero, R.; et al. HER2 Blockade in Metastatic Collecting Duct Carcinoma (CDC) of the Kidney: A Case Report. Onkologie 2012, 35, 776–779. [Google Scholar] [CrossRef] [PubMed]

	



Mizutani, K.; Horie, K.; Nagai, S.; Tsuchiya, T.; Saigo, C.; Kobayashi, K.; Miyazaki, T.; Deguchi, T. Response to Nivolumab in Metastatic Collecting Duct Carcinoma Expressing PD-L1: A Case Report. Mol. Clin. Oncol. 2017, 7, 988–990. [Google Scholar] [CrossRef] [PubMed]

	



Yasuoka, S.; Hamasaki, T.; Kuribayashi, E.; Nagasawa, M.; Kawaguchi, T.; Nagashima, Y.; Kondo, Y. Nivolumab Therapy for Metastatic Collecting Duct Carcinoma after Nephrectomy: A Case Report. Medicine 2018, 97, e13173. [Google Scholar] [CrossRef] [PubMed]

	



Rimar, K.J.; Meeks, J.J.; Kuzel, T.M. Anti-Programmed Death Receptor 1 Blockade Induces Clinical Response in a Patient with Metastatic Collecting Duct Carcinoma. Clin. Genitourin. Cancer 2016, 14, e431–e434. [Google Scholar] [CrossRef] [PubMed]

	



Sternberg, C.N.; Loriot, Y.; James, N.; Choy, E.; Castellano, D.; Lopez-Rios, F.; Banna, G.L.; De Giorgi, U.; Masini, C.; Bamias, A.; et al. Primary Results from SAUL, a Multinational Single-Arm Safety Study of Atezolizumab Therapy for Locally Advanced or Metastatic Urothelial or Nonurothelial Carcinoma of the Urinary Tract. Eur. Urol. 2019, 76, 73–81. [Google Scholar] [CrossRef] [PubMed]

	



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]

	



Rini, B.I.; Plimack, E.R.; Stus, V.; Gafanov, R.; Hawkins, R.; Nosov, D.; Pouliot, F.; Soulieres, D.; Melichar, B.; Vynnychenko, I.; et al. Pembrolizumab (pembro) plus axitinib (axi) versus sunitinib as first-line therapy for metastatic renal cell carcinoma (mRCC): Outcomes in the combined IMDC intermediate/poor risk and sarcomatoid subgroups of the phase 3 KEYNOTE-426 study. J. Clin. Oncol. 2019, 37, 4500. [Google Scholar] [CrossRef]

	



Srinivasan, R.; Gurram, S.; Al Harthy, M.; Singer, E.A.; Sidana, A.; Shuch, B.M.; Ball, M.W.; Friend, J.C.; Mac, L.; Purcell, E.; et al. Results from a phase II study of bevacizumab and erlotinib in subjects with advanced hereditary leiomyomatosis and renal cell cancer (HLRCC) or sporadic papillary renal cell cancer. J. Clin. Oncol. 2020, 38, 5004. [Google Scholar] [CrossRef]

	



Tsuda, M.; Davis, I.J.; Argani, P.; Shukla, N.; McGill, G.G.; Nagai, M.; Saito, T.; Laé, M.; Fisher, D.E.; Ladanyi, M. TFE3 Fusions Activate MET Signaling by Transcriptional Up-Regulation, Defining Another Class of Tumors as Candidates for Therapeutic MET Inhibition. Cancer Res. 2007, 67, 919–929. [Google Scholar] [CrossRef]

	



Baig, M.A.; Lin, Y.-S.; Rasheed, J.; Mittman, N. Renal Medullary Carcinoma. J. Natl. Med. Assoc. 2006, 98, 1171–1174. [Google Scholar] [PubMed]

	



Kondagunta, G.V.; Drucker, B.; Schwartz, L.; Bacik, J.; Marion, S.; Russo, P.; Mazumdar, M.; Motzer, R.J. Phase II Trial of Bortezomib for Patients with Advanced Renal Cell Carcinoma. J. Clin. Oncol. 2004, 22, 3720–3725. [Google Scholar] [CrossRef] [PubMed]

	



National Comprehensive Cancer Network. Clinical Practice Guidelines in Oncology. Kidney Cancer, Version 1.2021. Available online: https://www.nccn.org/patients/guidelines/content/PDF/kidney-patient.pdf (accessed on 1 June 2021).








[image: Table] 





Table 1. Summary of key genetic and cytogenetic alterations in nc-RCC. PRCC: papillary renal cell carcinoma. CDC: collecting duct carcinoma. HLRCC: Hereditary leiomyomatosis and renal cell carcinoma.
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	Histological Type
	Marker
	Genetic Alteration
	Clinical Significance





	PRCC
	3q,7,8,12,16,17,20

Y

8q

1p,9p
	Trisomy

Loss

Gain

Loss
	



	Type 1 PRCC
	MET
	Proto-oncogene germline alterations

Somatic mutations
	Hallmark of familiar forms

Possible pharmacological target



	Type 2 PRCC
	CDKN2A

SETD2

TFE3

NRF2
	Silencing

Somatic mutation

Fusion

Over-expression
	



	Chromophobe
	7

TP53

PTEN
	Somatic mutation
	Possible target of mTOR inhibitors



	CDC
	NF2

SET2

SMARCB1

CDKN2A

MLL

SCL7A11
	Somatic mutation

Somatic mutation

Somatic mutation

Homozygous deletion

Recurrent mutation

Over-expression
	Possible target of mTOR inhibitors

Cisplatin-resistance marker



	Sarcomatoid RCC
	PDL-1
	Over-expression
	Increased susceptibility to ICIs



	Xp11 translocation
	
	
	



	HLRCC
	HIF-1
	Up-regulation
	Possible pharmacological target
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Table 2. Completed prospective trials evaluating treatment regimens for papillary renal cell carcinoma patients. ORR: objective response rate; PFS: progression free survival; mo: months; OS: overall survival; Pap: papillary; Chr: chromophobe; Uncl: unclissified; Trasl: translocation; S: Sarcomatoid; NC: not calculated; CI: confidence interval; NR: not reached.
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	Trial
	Treatment
	Population (n)
	ORR (%)
	PFS (mo)
	mOS (mo)





	ASPEN
	Sunitinib or Everolimus
	Pap (65)

Chr (20)

Uncl (16)

Trasl (12)

S (11)
	18 vs. 9
	8.3 vs. 5.6 (95% CI 1.03–1.92)
	32 (95% CI 15–NR) vs. 13 mo (95% CI: 10–38) HR 1.12 p = 0.60



	SUPAP
	Sunitinib
	Pap 1 (15)

Pap 2 (46)
	13 (Pap 1) vs. (Pap 2)
	6.6 [(95% CI 2.8–14.8) in Pap 1] vs. 5.5 [(95% CI 3.8–7.1) in Pap 2]
	17.8 [(95% CI 5.7–26.1) in Pap1] vs. 12.4 [(95% CI 8.2–14.3) in Pap 2]





	SAVOIR
	Savolitinib or Sunitinib
	Pap (180)
	27 vs. 7
	7.0 (95% CI, 2.8-NC]) vs. 5.6 (95% CI, 4.1–6.9)
	NR (95% CI 11.9-NC) vs. 13.2 (95% CI, 7.6–NC)



	PAPMET
	Sunitinib or

Cabozantinib or

Savolitinib or

Crizotinib
	Pap (147)
	23 (cabozantinib) vs. 4 (sunitinib)
	9.0 [(95% CI 6–12) for cabozantinib] vs. 5.6 [(95% CI 3–7) sunitinib]
	-



	KEYNOTE 427

(COHORT B)
	pembrolizumab
	Pap (118)

Chr (21)

Uncl (26)
	28 (Pap), 9.5 (Chr), 30.8 (Uncl)
	-
	-



	CALYPSO
	Savolitinib plus durvalumab
	Pap 42
	32
	5.3 (95% CI 1.5–12.0)
	NR
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Table 3. Ongoing clinical trials evaluating treatment regimens for non-clear renal cell carcinoma patients. CDC: collecting duct carcinoma; ORR: objective response rate; Cc: clear cell renal carcinoma; cell; Pap: papillary renal cell carcinoma; Chr: chromophobe; Trasl: microphthalmia-associated transcription (MiT) family translocation renal cell carcinoma; Med: renal medullary carcinoma; uncl: unclassified carcinoma; S: renal cell carcinoma with a prominent sarcomatoid component; Rhab: renal cell carcinoma with a prominent rhabdoid component; FHD: Fumarate Hydratase Deficient Renal Cell Carcinoma; SDD: Succinate Dehydrogenase Deficient Renal Cell Carcinoma; SSE-FS: 1. Symptomatic skeletal event (SSE)-free survival (FS).
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	Trial
	Phase
	Treatment
	Population
	Line
	Estimated Patients (n)
	Primary Endpoint





	NCT02363751
	II
	bevacizumab plus gemcitabine and platinum salts
	CDC
	I
	41
	ORR, 6-months PFS



	NCT04071223
	II
	Radium Ra 223 dichloride plus Cabozantinib or Cabozantinib
	Cc, Pap, Chr, Trasl, CDC, Med, Uncl, S, Rhab
	I or further
	210
	SSE-FS



	NCT03012581
	II
	Nivolumab
	Pap, Uncl, Chr, Med, CDC, Uncl, S
	II or further
	300
	ORR



	NCT03635892
	II
	Cabozantinib plus Nivolumab
	Uncl, Pap, FHD, SDD, CDC, Chr
	I or further
	57
	ORR



	NCT04413123
	II
	Cabozantinib plus Nivolumab and Ipilimumab
	Uncl, Pap, Trasl, CDC, Med, Chr
	I or further
	40
	ORR



	NCT04267120
	II
	Pembrolizumab plus Lenvatinib
	Pap, Chr, Trasl, SDD, S, Uncl
	I
	34
	ORR
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Table 4. Completed clinical trials evaluating treatment regimens for mCDC patients. ORR: objective response rate; PFS: progression free survival; DR: drug-related; AEs: adverse events.
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Authors

	
Phase

	
Treatment

	
Line

	
Patients (n)

	
Primary Endpoint

	
Results






	
CHEMOTHERAPY




	
Oudard et al. (2007) [56]

	
II

	
gemcitabine plus cisplatin or carboplatin

	
I

	
23

	
ORR

	
26%




	
Tannir et al. (2012) [48]

	
II

	
sunitinib

	
Further

	
57 *

	
ORR

	
0




	
Sheng et al. (2018) [60]

	
II

	
sorafenib plus gemcitabine and cisplatin

	
I

	
26

	
PFS

	
8.8 months




	
TARGETED AGENTS:




	
Armstrong AJ (2016) [47]

	
II

	
Everolimus or sunitinib

	
II

	
108

	
PFS

	
8.3 vs. 5.6 months, Hazard ratio 1·41 [80% CI 1·03–1·92]; p = 0·16




	
IMMUNE-CHECKPOINT INHIBITORS:




	
Sternberg et al. (2019) [66]

	
IIIb

	
atezolizumab

	
II or further

	
1004 § (8 CDC)

	
Safety

	
13% Grade ≥ 3 DR AEs




	
Procopio et al. (2021) [61]

	
II

	
cabozantinib

	
I

	
23

	
ORR

	
35%








* The trial enrolled all non-clear cell histologies: papillary, 27; chromophobe, 5; unclassified, 8; collecting duct or medullary carcinoma, 6; sarcomatoid, 7; and others, 4. § The trial allowed the inclusion of patients with urothelial or non-urothelial carcinoma of the urinary tract.
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