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22%
Despite access to therapies, less than 22% of metastatic breast cancer (mBC) 

patients survive 5+ years

WHY?



ER+ metastatic BC patients are prescribed

CDK4/6 inhibitors

Today

20% of patients 

are intrinsically 

resistant 

All patients 

acquire

resistance

“responders” receive CDK4/6 inhibitor

“resistant” 

patients receive 

alternative 

treatment 
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“resistant” 

patients receive 

alternative 

treatment 

BoR
MONITOR 

ON 

TREATMENT

“responders” receive CDK4/6 inhibitor

• Poor outcomes

• Increased adverse effects  

• Increased healthcare costs

• Improved outcomes

• Reduced adverse effects  

• Reduced healthcare costs

RESISTANCE Leads to Poor Outcomes

BoR

The Future

Each patient is screened prior to treatment

SCREEN 

BEFORE 

TREATMENT



Why Metabolites?
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Biomarkers:

DNA/RNA:

what could happen

Protein:

what makes it happen

Metabolites:

what is happening

Responder (R) Non-Responder (NR)

DNA

RNA

Protein

R-Metabolites

DNA

RNA

Protein

NR-Metabolites
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Factors Beyond Genetics Influence Drug Response

METABOLOMICS

Metabolomics provides a fingerprint of disease
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Not Your Grandfather’s Metabolomics
Pioneering methods using NMR and MS increase metabolome coverage in a highly reproducible

manner.  Proprietary BoR algorithm combines top features from multiple ML algorithms to create 

more accurate classifications 

A

B C D

A

B C D

A

B C D

OPLS-DA Random Forest

Olaris BoR

More stable/accurate 

predictions across 

sample sizes and 

features



Case Study: CDK4/6 BoR



CDK4/6 Inhibitors Block Cell Cycle Progression 

Inhibiting the cell cycle is a long-standing strategy for cancer therapy



New “selective” CDK4/6 Inhibitors Block Cell Cycle Progression 

Structure Drug CDK IC50

Ibrance 

(palbociclib)

Pfizer

CDK1: >10μM

CDK2: >10μM

CDK4: 9-11nM

CDK6: 15nM

Kisqali 

(ribociclib)

Novartis

CDK1: >100μM

CDK2: >50μM

CDK4: 10nM

CDK6: 39nM

Verzenio

(abemaciclib)

Eli Lilly

CDK1: >1μM

CDK2: >500nM

CDK4: 2nM

CDK6: 5nM



Critical Need to Identify CDK4/6 NR
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Treatments After

CDK4/6 Discontinuation

CDK4/6 Non-Responders

• 87% of Responders [patients who saw tumors decrease within first 6 months of 

treatment] are alive + 2 years

• 90% of Non-Responders [patients who saw tumors increase within first 6 months 

of treatment]  are deceased within 12-15 months

O’Day, E.M., et al (2019) ASCO Poster



Current CDK4/6i Biomarkers Fail to Predict R vs NR 

Proposed Biomarker Observations

ER+ positivity In phase 1 study, abemaciclib monotherapy (N=47), only 11 of 36 ER+ patients experienced 

clinical benefit. In PALOMA-2 and PALOMA-3 trials, benefit from palbociclib did not differ by ER 

IHC expression

Luminal gene expression, Rb

status, Cyclin E/ CDK2 

amplification

Most breast cancer cell lines with luminal gene expression are sensitive to palbociclib (some are 

ER-). Cell lines with low Rb levels are less sensitive to CDK4/6 inhibitors. CDK2 can substitute 

for CDK4/6. Cyclin E and CDK2 can phosphorylate Rb to escape block. Each marker needs to be 

tested in clinic and can be difficult to measure and set “cut-offs”. 

Cyclin D1 amplification 

and/or loss of p16

In PALOMA-1 (N=165) and separate phase II (N=37) neither cyclin D1 nor p16 were predictive of 

benefit or PFS with palbociclib

Garrido-Castro, A., et al (2017) Curr Breast Cancer Rep. 9 (1) 26-33. 
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Metabolites Are The End Product of Genomic Mutations
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Metabolites Are Influenced by the environment

O’Day, E.M. et al. (2018) OncoTargets & Therapy 

BPLER

HMLER

Neu5Ac
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BPLER

HMLER

BPLER

HMLER

Ince, T., et al (2007)

Neu5Ac 

increased 

in BPLER



Metabolic Insights Can Uncover Disease Mechanisms
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O’Day, E.M. et al. (2018) OncoTargets & Therapy 



Learning From Current Patients To Help Future Patients

• Jane on AI + CDK 4/6 

inhibitor

Jane’s tumor shrinks (R)

N=15

• Jill on AI + CDK 4/6 inhibitor

Jill’s tumor did not shrink (NR)

N=9

Metabolic Profile of a Responder Metabolic Profile of a Non- Responder

• Receive baseline (BL) and 2 months post treatment  (2M) plasma sample

• Isolate metabolites

• Detect and quantify Jane’s & Jill’s  metabolites using NMR & MS

• Correlate differential metabolites with clinical outcomes



Identify differential grids for

R vs. NR

146 R vs NR (p <0.05)
14 expected by chance

Analyzing Metabolite Biomarkers



“Learning” from Machine Learning→ Clear Box ML

Perform predictive modeling

Identify most 

significant 

features



CDK4/6 BoR Differentiates R vs. NR

CDK4/6 BoR differentiates R vs. NR with 95.2% predictive 

accuracy

O’Day, E.M., et al (2019) ASCO Poster

R vs NR Metabolites
Patients BoR Score

ROC Analysis

CONFIDENTIAL 19
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We need to collaborate & conduct multi-site studies to 

uncover meaningful biomarkers

We are working with world-leading breast oncologists across the globe to validate 

& test CDK4/6 BoR



Why study metabolism? Metabolism dictates phenotype

DNA

RNA

Protein

Metabolites
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X DNA/RNA: what could happen

Protein: what makes it happen

Metabolites: what is actually 

happening

Altered metabolism is linked to 

many common diseases

• Metabolites provide diagnostics

• Metabolic enzymes provide 

therapeutic targets
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Future Of Medicines

Awesome 

New Drug

MoA:

BoR: 

BoR on every drug product 
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HUMAN METABOLIC PATHWAYS

Thank You
Elizabeth O’Day, MPhil, PhD

+1 617 962 1634

eoday@olarisBoR.com

www.olarisBoR.com
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Metabolites Are Powerful Biomarkers

Let’s avoid another vitamin C missed opportunity
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Metabolites Are Powerful Biomarkers



BoR Report: Reliable Data For Clinicians 

Example Patient Report
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Biomarkers Accelerate Drug Development

Wong, C.H., et al (2019) Biostatistics 

Biomarkers increase the Probability of Success (PoS) At 

Every Stage of Clinical Development


