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review

Targeted therapies and the treatment of non-clear cell renal cell carcinoma 

supplementary material
(A) additional data on the activity of targeted therapies in RCC with non-clear cell histology (also see Table 2 of manuscript)
temsirolimus 

Several published case histories have reported temsirolimus activity in the second- and third-line setting for RCC of non-clear cell histology. A 55-year-old patient with advanced papillary RCC received second-line temsirolimus following progression on sunitinib [99]. This patient achieved a PR with temsirolimus; despite stopping temsirolimus at 60 weeks because of toxicity, no disease progression was reported for another 10 months. Two patients with chromophobe RCC treated with third-line temsirolimus have been reported; 1 patient achieved a PR lasting 14+ months [100] and the second patient experienced a rapid improvement in general condition and disease stabilisation [101]. There are also anecdotal data on prolonged disease stabilisation with temsirolimus after failing prior VEGFR inhibitor therapy in chromophobe RCC (J. Bellmunt, personal communication), and mTOR inhibitors have been suggested as a potential alternative treatment of choice (after local therapies) for the management of chromophobe RCC [16]. 
Good responses to temsirolimus have been reported in patients with Xp11.2 translocation RCC [114, 115]. Temsirolimus may also have activity in RCC with sarcomatoid features as described in a report of 3 patients; however, 1 patient (with 90% sarcomatoid features) died within 2 months of starting temsirolimus, the second (95% sarcomatoid features) showed clinical improvement and a PR to lung metastasis that was maintained for 14 months, while the third (50% sarcomatoid features) experienced stable disease lasting 7+ months [102]. 
sunitinib and sorafenib
A retrospective analysis assessing the efficacy of targeted agents in Xp11.2 translocation RCC included 11 patients who received first-line treatment with sunitinib and 8 patients who received sorafenib as second-, third- or fourth-line treatment [115]. One of the sunitinib-treated patients achieved a CR and 3 patients had a PR, while 6 further patients exhibited stable disease; the median PFS in this group of 11 patients was 8.2 months (95% CI: 2.6–14.7 months). An additional 3 patients received sunitinib after failing a different first-line treatment; all 3 had a PR to sunitinib, with PFS of 5+, 11 and 15 months. Seven of the sorafenib-treated patients had stable disease, with a median PFS of 6 months. 
In another retrospective review of VEGF-targeted therapy in patients with Xp11.2 translocation RCC, 10 of 15 patients received sunitinib, of whom 1 had a PR [116]. Median PFS and OS for the entire cohort of 15 patients were 7.1 months and 14.3 months, respectively. One of 3 patients treated with sorafenib in this analysis experienced a PR lasting 13 months [116]. 
There are also several published case studies suggesting that sunitinib may be effective in patients with non-clear cell RCC. These include a 74-year-old woman with metastatic papillary RCC who achieved a PR with sunitinib that was maintained for 8.5 months after failure of immunotherapy [27], and a patient with type II papillary RCC and succinate dehydrogenase deficiency who, after failing treatment with immunotherapy, had a PR lasting for more than 2 years when treated with sunitinib in the second-line setting [103].

Additional case studies have reported success in treating metastatic Xp11.2 translocation RCC with sunitinib, including a 43-year-old woman with a PR maintained for more than 
3 years [104, 117, 118].
A further report of a small series of patients with collecting duct carcinoma of Bellini noted good disease control rates with second-line sunitinib in 2 patients following first-line treatment with sorafenib (10 months of disease control with sunitinib and an OS of 
49 months) or temsirolimus (9 months of disease control with sunitinib and an OS of 19 months) [105]. In a further patient who received first-line treatment with sunitinib, OS was 4 months. 

A single case of metastatic translocation RCC has been reported. The patient had a good response to sorafenib, with a PFS of 12 months [106].
bevacizumab plus IFN-α

There are anecdotal data on stabilisation of papillary RCC with bevacizumab; a patient with slowly progressive papillary RCC over a course of 11 years, treated previously with cytokines, has been radiologically stable for 2+ years on bevacizumab treatment (J. Dutcher, personal communication). 
(B) ongoing and planned trials of targeted therapies in non-clear cell RCC (also see Table 3 of manuscript)
Further evaluation of temsirolimus in non-clear cell RCC is ongoing, including a randomised, open-label, phase II study (NCT00979966) comparing first-line temsirolimus with sunitinib treatment in patients with advanced non-clear cell RCC. 
The role of everolimus in patients with advanced non-clear cell RCC is also currently being evaluated in several phase II studies. The RAPTOR study is investigating the safety and efficacy of everolimus monotherapy as first-line treatment for papillary RCC (NCT00688753), while another single-arm phase II study is assessing everolimus in any type of non-clear cell RCC, with no restrictions on number of previous treatments (NCT00830895). Two randomised phase II studies are comparing first-line everolimus with sunitinib in patients with advanced non-clear cell RCC (NCT01108445; NCT01185366); the first of these studies (the ASPEN  study; NCT01108445) places special emphasis on papillary and chromophobe histologies, and excludes patients with collecting duct, medullary, small cell, and oncocytoma pathology. Lastly, NCT01399918 is a phase II study investigating the efficacy of everolimus combined with bevacizumab in non-clear cell RCC previously untreated with any VEGFR or mTOR inhibitors.
Additional phase II studies are ongoing with sunitinib in advanced non-clear cell RCC; in addition to the randomised phase II studies comparing sunitinib with temsirolimus or everolimus discussed above, these include a single-arm evaluation of sunitinib in patients who have received up to two prior systemic therapies for advanced RCC (NCT00465179) and a single-arm evaluation of first-line sunitinib (NCT01034878) in non-clear cell RCC.
The available data with sorafenib suggest that it has anti-tumour activity in non-clear cell RCC, although further research is needed to identify those patients who would benefit most from treatment. However, to our knowledge there are currently no trials specifically investigating the efficacy of sorafenib in non-clear cell RCC. 

Two phase II trials investigating bevacizumab in combination with gemcitabine + capecitabine (NCT00496587), and sunitinib plus gemcitabine versus sunitinib alone (E 1808; NCT01164228) are ongoing in patients with sarcomatoid RCC, and a phase II study of pazopanib in patients with locally advanced or metastatic non-clear cell RCC is planned (NCT01538238).
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