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Quantitative Personalized Oncology

Mission: To integrate quantitative modeling into oncology decision making

Vision:   Optimal adaptive cancer therapy for each patient

Strategy:  - understand clinical needs
        - foster synergistic collaborations
        - build calibrated and validated mathematical models of cancer          

                   dynamics that provide 
           - dynamic biomarkers and
           - actionable triggers for treatment personalization

@EnderlingLab
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Enderling et al., Trends In Cancer, 2019

Treatment pipeline



Quantitative Personalized Oncology
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Patient-specific clinical data
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Aherne et al. (Enderling), Oral Oncol, 2020



..our ability to predict the 
future is severely limited 
by the complexity of the 

equations…
Stephen Hawking



Predictive modeling standard

Brady & Enderling, Bull. Math. Biol., 2019
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• “A climate computer model is not trusted unless it can predict 
the past.”  

• “Any proposed set of statistics is not considered to be of any 
value unless it can be used to show outcomes of a past 
[baseball] season”.



Prostate Cancer

1 in 41 men will 
die from PCa

1 in 9 men 
diagnosed 

with PCa
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Prostate Architecture

Isaacs & Coffey, Prostate, 1989



Prostate Cancer stem cells 
are treatment resistant

human tissues mouse tissues 

Lee et al., J. Mol. Cell Biol., 2013

before ADT

ADT

after 10 days

after 20 days

after 30 days

ADT: androgen deprivation therapy - chemical castration



• Does a PCaSC model fit clinical data ? 

• Can early treatment response predict outcomes ? 

• Can the model predict alternative treatment that 
would improve outcomes?

Dr. Renee Brady-Nicholls

Research Questions



Intermittent Hormone Therapy

• 103 patients with 
intermittent ADT 

• PSA measurements 
every four weeks



PSA dynamics during ADTPSA dynamics during ADTPSA dynamics during ADTPSA dynamics during ADT

Prostate specific antigen (PSA) 
wikipedia
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S D P

ADT

5 parameters ( ps, λ, ρ, α, φ )
that we can tune to fit the  
model PSA dynamics to
clinical PSA dynamics

Brady-Nicholls et al., Nat. Commun. 2020



Intermittent Androgen Deprivation

107(2), 389-395, 2006

Number of patients:       70 
Total data points:  3,101   

Avg. data points / patient:       43

Training Set   Test Set    



Model training

Brady-Nicholls et al., Nat. Commun. 2020



Brady-Nicholls et al., Nat. Commun. 2020

Model training



Simultaneous model training

Brady-Nicholls et al., Nat. Commun. 2020



Model validation

Brady-Nicholls et al., Nat. Commun. 2020



Research Questions

• Does a PCaSC model fit the data ? 

• Can early treatment response predict outcomes ? 

• Can the model predict alternative treatment that 
would improve outcomes?



Brady-Nicholls et al., Nat. Commun. 2020
90.2% Predictive Power!91%

‘Hurricane prediction model’



Research Questions

• Does a PCaSC model fit the data ? 

• Can early treatment response predict outcomes ? 

• Can the model predict alternative treatment that 
would improve outcomes?



Should we give concurrent 
chemotherapy early (castration naive) 

or late (castration resistant)?

ADTDOC
DOC

𝛿D𝛿S



Added Docetaxel improves outcomes 
Trend toward early DOC for castration naive pts

Brady-Nicholls et al., Nat. Commun. 2020



Can we predict who’d benefit 
from added chemo ?



Early Docetaxel benefits patients with  
higher PCaSC self-renewal rates

ps > med (ps) ps < med (ps)
Brady-Nicholls et al., Nat. Commun. 2020



Research Questions

• Does a PCaSC model fit the data ? 

• Can early treatment response predict outcomes ? 

• Can the model predict alternative treatment that 
would improve outcomes?



• evaluated PSA dynamics as dynamic biomarker 

• PCaSC mathematical model of ADT response/resistance 

• trained for PCa patient cohort and individual patients 

• validated on untrained data set 

• predict response to given therapy with 91% accuracy 

• makes testable predictions of alternative treatment protocols 

Summary



Dr. Renee Brady-Nicholls 
@ReneeBradyPhD

Dr. Andrew Wang, UNC 
@andyzwang

Dr. Tian Zhang, Duke 
@TiangsterZhang

Collaborators

Dr. John Nagy, ASU 
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Dr. Jingsong Zhang Dr. Robert Gatenby

U.S. Patent 62/944,804 (provisional)



• All models are wrong - some are useful [George Box] 

• As simple as possible (given sparse data), but not 
simpler than necessary [Albert Einstein] 

• Model can only proof ideas wrong, but never right 
(plausible at best) 

• Many models may explain data equally well, but may 
predict different outcomes 

• VALIDATION VALIDATION VALIDATION !

Reality check



• Quantitative approaches will not replace the 
oncologist ! 

• The oncologist who uses quantitative approaches 
may replace the oncologist who does not.

Reality check
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PhD program in Mathematical Oncology

• Competitive stipends 
• Full tuition coverage 
• Full benefits 
• Small class sizes

http://moffitt.org/CancerPhd/IMO

http://moffitt.org/cancerphd/imo

