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Targeting MCL1 dependent cancers by CDK9 inhibition

One of the hallmarks of cancer cells is the ability to avoid apoptotic cell death. Acquiring cell survival mechanisms is critical 
for the development and growth of tumors and the Bcl2 family of proteins have emerged as important mediators of 

these cell survival mechanisms. BCL2 family members regulate mitochondrial function in apoptosis and play a central role in 
pathogenesis, prognosis and responsiveness to chemotherapy of many cancers. The pro-survival BCL2 family protein, myeloid 
cell leukemia 1 (MCL1), is overexpressed and active in many cancers and is thought to drive cell survival in these cancers. These 
observations suggest that MCL1 may be a potential drug target for the treatment of cancer. Direct therapeutic targeting MCL1 
has been challenging but recent advances in our understanding of how MCL1 is expressed and regulated have opened up new 
approaches to target this important survival protein. Development of cyclin dependent kinase (CDK) inhibitors have been the 
focus of research for nearly 20 years due to their regulation of critical functions within the cell and dysregulation in cancer cells. 
Recently the CDK family member, CDK9, has surfaced as a druggable target for the development of cancer therapeutics. CDK9 
plays an important role in transcription regulation of short-lived anti-apoptotic proteins, like MCL1, that are critical for the 
survival of cancer cells. The MCL1 gene is critically regulated by CDK9 activity under super-enhancer-mediated transcriptional 
control. We have developed a CDK9 inhibitor, Alvocidib, which we have shown can potently target MCL1 in MCL1 dependent 
cancers. Alvocidib has proven to be highly effective in both frontline and relapsed/refractory AML patients when sequentially 
administered before cytarabine and mitoxantrone in a regimen known as ACM. This clinical activity of alvocidib in AML 
strongly correlates with inhibition of CDK9 and subsequent disruption of super enhancer-mediated transcription. Treatment 
with alvocidib results in a rapid and powerful down-regulation of MCL1 expression, along with other genes known to be 
regulated by super-enhancers (cMYC, HOXA9, etc.). In AML cell lines, we observe a consistent decrease in MCL1 following 
alvocidib treatment, sensitizing AML cells to subsequent sequential treatment with other drugs, by potentiating apoptosis. 
Additional data indicates that Alvocidib targets MCL1 in a variety of both solid and hematological cancer suggesting that this 
mechanism may be active in many tumor types. Taken together, these data suggest that MCL1 targeting by Alvocidib mediates 
the clinical activity of the drug and may be useful in identifying individuals whose cancers are dependent on MCL1.
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