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            Abstract
The complexity of cancer has led to recent interest in polypharmacological approaches for developing kinase-inhibitor drugs; however, optimal kinase-inhibition profiles remain difficult to predict. Using a Ret-kinase-driven Drosophila model of multiple endocrine neoplasia type 2 and kinome-wide drug profiling, here we identify that AD57 rescues oncogenic Ret-induced lethality, whereas related Ret inhibitors imparted reduced efficacy and enhanced toxicity. Drosophila genetics and compound profiling defined three pathways accounting for the mechanistic basis of efficacy and dose-limiting toxicity. Inhibition of Ret plus Raf, Src and S6K was required for optimal animal survival, whereas inhibition of the â€˜anti-targetâ€™ Tor led to toxicity owing to release of negative feedback. Rational synthetic tailoring to eliminate Tor binding afforded AD80 and AD81, compounds featuring balanced pathway inhibition, improved efficacy and low toxicity in Drosophila and mammalian multiple endocrine neoplasia type 2 models. Combining kinase-focused chemistry, kinome-wide profiling and Drosophila genetics provides a powerful systems pharmacology approach towards developing compounds with a maximal therapeutic index.
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                    Figure 1: 
                        Screening for an optimal therapeutic index in a 
                        Drosophila
                         MEN2B model yields a polypharmacological kinase inhibitor.
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Figure 2: 
                        Multiple-pathway inhibition by AD57 mitigates dRet-directed phenotypes.
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Figure 3: 
                        Feedback downregulation of the Ras pathway through the anti-target Tor.
                      [image: ]


Figure 4: 
                        Balanced kinase polypharmacology provides optimal efficacy and toxicity.
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Figure 5: 
                        Differential polypharmacology and outcomes from the AD compounds.
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        Editorial Summary
Anticancer drugs tuned to miss anti-targets
Many targeted cancer drugs are kinase inhibitors, which often inhibit a spectrum of kinases. Here, Kevan Shokat and colleagues examine the concept of 'anti-targets' using a Drosophila model of multiple endocrine neoplasia type 2 (MEN2), which is driven by the kinase Ret, to screen for multi-kinase inhibitors that target Ret and several other kinases involved in MEN2 tumour growth. Interaction with an anti-target by a multi-kinase inhibitor could lead to unwanted toxicity or trigger feedback mechanisms that counter the beneficial effects of the drug. An optimized drug would target an ideal spectrum of tumour-relevant kinases while avoiding anti-targets. Such compounds are shown to improve the survival of flies with the MEN2 model as well as the xenograft growth of human MEN2 cells.
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