
A novel brain-penetrant dual ATR-mTOR inhibitor for PTEN-deficient cancers
Sarah Truong1,2,3, Beibei Zhai1,2,3, Louise Ramos1,2,3, Mona Marzban1,2,3, Fariba Ghaidi1,2,3 , Marshall Drew-Brook4, Pete Guzzo4, Ahmad Issa4, Mehran Khodabandeh4, Sara Omar4, Jason Rolfe4, 

Seyed Ali Saberali4, Hans Adomat1,3, Kally Singh2, John Langlands2, Dennis Brown2, Jeffrey Bacha2 , Colin Collins1,3,4 & Mads Daugaard1,2,3,5

1Vancouver Prostate Centre, Vancouver, BC, Canada; 2Rakovina Therapeutics, Vancouver, BC, Canada; 3M. H. Mohseni Institute of Urologic Sciences, Vancouver, BC, Canada; 4Variational AI, Vancouver, BC, Canada; 5Department of Urologic Sciences, University 
of British Columbia, Vancouver, BC, Canada

Introduction

➢ AI-driven drug discovery has the potential to streamline the identification of new best-in-class drug candidates for the treatment of many diseases, including cancer.
➢ Using the Enki™ generative AI platform, we have generated and synthesized a curated list of small-molecule drug candidates meeting a specific target-product-profile in 

silico, specifically, novel dual ATR and mTOR inhibitors which are brain penetrating. 
➢ Dual ATR and mTOR inhibitors are effective at inhibiting cell viability of PTEN-deficient cancer cells and are well tolerated after a single dose in mice.
➢ Candidate inhibitors show varying levels of CNS penetrance, activity, and metabolic stability which is broadly consistent with AI predictions
➢ Compound D shows equal efficacy in vivo compared to ceralasertib with decreased weight loss and no signs of hematological toxicity.
➢ Further optimization of candidate inhibitors is ongoing.

Conclusions and Future Directions
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Ataxia telangiectasia and Rad3-related protein serine/threonine kinase (ATR), a
master regulator of DNA damage repair, maintains genomic stability in cancer cells
and allows cancer cells to survive with high replication stress. Inhibition of ATR
thus causes genomic instability, leading to mitotic catastrophe and apoptosis1,2.
ATR inhibitors (ATRi) have been found to be particularly effective against cells
harboring PTEN deficiencies due to synthetic lethality3,4,5. PTEN regulates the cell
cycle and interacts with key proteins like p53 and Chk1, and PTEN deficient cells
show increased genomic instability due to compromised DNA repair6. Inhibition of
ATR in PTEN-deficient cells, therefore, leads to accumulation of DNA damage and
cell death. PTEN loss/mutation also leads to activation of mTOR through activation
of PDK1 and AKT, contributing to cell survival and growth6. Thus, simultaneous
inhibition of ATR and mTOR seems rational in the context of PTEN-deficient tumor
cells.
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PTEN deficiency can be found in
up to 40% of gliomas7 and 63%
of breast cancers8, which often
metastasize to the brain. Since
combination treatments can be
clinically difficult to utilize due
to overlapping toxicities and
differing pharmacokinetics, we
sought to develop a CNS-
penetrating dual inhibitor of ATR
and mTOR for the treatment of
PTEN-deficient cancers. Recent

A generative artificial intelligence platform called Enki™ was used to identify de
novo molecules with optimized properties for CNS penetrance and specificity for
ATR and mTOR. Enki uses a latent diffusion model to optimize many properties
simultaneously within the search space, including maximal potency against the
primary target, selectivity, ADMET, and physicochemical properties. The most
promising molecules were synthesized and tested, and here, we present data on
potency, selectivity, ADME and in vivo efficacy.
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Compounds are equally or more potent inhibitors of recombinant ATR enzymes compared to reference compounds, 
ceralasertib and tuvusertib, and are potent inhibitors of recombinant mTOR enzyme.

Compounds are equally or more selective against PIKK 
family enzymes as reference compounds, ceralasertib and 
tuvusertib.

Compounds inhibit cell viability of D283 
medulloblastoma cells equally or more than reference 
compounds, ceralasertib and tuvusertib

Compound A inhibits cell viability of PTEN-WT and PTEN-
deficient cancer cell lines.

After 45 minutes of 
incubation with human 
liver microsomes, 
compounds are 
metabolically stable.

Administration of 5 mg/kg compound 
(ip) to mice. Concentration of drug in 
plasma and brain tissue was 
determined using LC/MS.

ATR-mTOR compounds are well-
tolerated after single dose 
administration and show varying 
levels of CNS penetrance.

ATR-mTOR compound D significantly prolongs tumor doubling time compared to vehicle control and 
is equally potent as reference compound ceralasertib. Compound D was also well-tolerated with daily 
dosing, showing less weight loss compared to ceralasertib-treated mice and no clear signs of 
hematological toxicity at terminal CBC analysis (not shown).

Nu/J male mice with subcutaneous LNCaP tumors were treated QD 5 days on, 2 days off with vehicle control, 25 mg/kg 
ceralasertib, or 25 mg/kg compound D. Caliper measurements were taken every 2-3 days to monitor tumor growth rate. 

KM Log Rank Test: Ceralasertib vs. vehicle 
p=0.048, Compound D vs. vehicle p=0.027
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development of a selective, CNS-penetrant mTOR inhibitor for treatment of
glioblastoma further supports the development of mTOR-targeting therapeutics9.
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