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            Key Points

                	
                  Cyclin-dependant kinase 4 (CDK4) and CDK6 phosphorylate the tumour suppressor retinoblastoma protein (RB), resulting in the release of the E2F transcription factor and progression through the cell cycle. CDK4 and CDK6 are positively regulated by D-type cyclins (that is, cyclin D1, cyclin D2 and cyclin D3) and negatively regulated by inhibitor of CDK4 (INK4) proteins.

                
	
                  In cancer, the CDK4/CDK6â€“RBâ€“p16INK4A pathway is dysregulated through various mechanisms, including loss of p16INK4A, loss of RB, overexpression of cyclin D1 or of CDK4 and CDK6.

                
	
                  Clinical trials with pan-CDK inhibitors, such as flavopiridol, have demonstrated low levels of clinical activity and drug target selectivity. The reasons for their failure in the clinic include the absence of clear biomarkers for response and the lack of a clear therapeutic window.

                
	
                  The selective CDK4 and CDK6 inhibitors palbociclib, LEE011 and abemaciclib induce G1 cell cycle arrest both in vitro and in vivo in RB-proficient models. Preclinical activity has been reported in multiple tumour types, including breast cancer, sarcoma, melanoma and mantle cell lymphoma.

                
	
                  The PALOMA-1 Phase II clinical trial randomized 165 women with advanced oestrogen receptor (ER)-positive breast cancer into two treatment groups: the aromatase inhibitor letrozole alone versus letrozole plus palbociclib. There was a significant improvement of 10 months in median progression-free survival with letrozole plus palbociclib compared with letrozole alone

                
	
                  Neutropaenia is the principal drug-limiting toxicity for the selective CDK4 and CDK6 inhibitors palbociclib and LEE011. Abemaciclib has demonstrated more prominent gastrointestinal-associated toxicity.

                
	
                  Loss of RB and higher levels of p16INK4A are markers of resistance to selective CDK4 and CDK6 inhibitors. Further evaluation of predictive biomarkers across tumour types is required.

                


              

Abstract
Cancer represents a pathological manifestation of uncontrolled cell division; therefore, it has long been anticipated that our understanding of the basic principles of cell cycle control would result in effective cancer therapies. In particular, cyclin-dependent kinases (CDKs) that promote transition through the cell cycle were expected to be key therapeutic targets because many tumorigenic events ultimately drive proliferation by impinging on CDK4 or CDK6 complexes in the G1 phase of the cell cycle. Moreover, perturbations in chromosomal stability and aspects of S phase and G2/M control mediated by CDK2 and CDK1 are pivotal tumorigenic events. Translating this knowledge into successful clinical development of CDK inhibitors has historically been challenging, and numerous CDK inhibitors have demonstrated disappointing results in clinical trials. Here, we review the biology of CDKs, the rationale for therapeutically targeting discrete kinase complexes and historical clinical results of CDK inhibitors. We also discuss how CDK inhibitors with high selectivity (particularly for both CDK4 and CDK6), in combination with patient stratification, have resulted in more substantial clinical activity.
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                    Figure 1: Progression of the cell cycle driven by CDKs.[image: ]


Figure 2: G1â€“S regulatory modules and relevance to cancer.[image: ]


Figure 3: Summary of the biological functions of CDK complexes.[image: ]


Figure 4: Deregulation of CDK regulatory genes in cancer.[image: ]


Figure 5: Selected CDK inhibitors.[image: ]
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