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Unified goal: To better understand,
predict and treat cancer
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| AM A MODELER: s
«Make predictions _
«Answer questions

«Generate hypothesis GA
YOU ARE A MODELER:

«Biological (e.g. Gell culture)
«Mathematical (e.g. Differential equations)
Clinical (e.g. Imaging)

Speaker: Alexander R.A Anderson, PhD, Moffitt Cancer Center
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Preclinical = Homogeneity

«EXperimental systems: in vitro & in vivo
oError bars should minimized
«Reproducibility is central to research

Clinical = Heterogeneity

+Within individual tumours
«Across patients with the same cancer
«Diversity in age, stage, health & history etc

Speaker: Alexander R.A Anderson, PhD, Moffitt Cancer Center
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ADVANCES IN TREATMENT SCHEDULING

» Over the last 60 years treatment 19605 70's 89's 905 0's 10s. e N
scheduling has evolved significantly 8 g Lo Adaptive iei......2020%)
| | gﬁ_, speesssssasssstssasssses
* You might not know that mathematical  :¢ Preckyian Bodon
: : : ) (20003)
modeling played an important rolein | e
much of it o | iy,
§ g . (200? 's)
» With ever increasing drug options, sS |

dosing, timing and combination needs
modeling more than ever.

‘
Norton- Goldie- Metronomic o
Simon |.] Coldman L .a=s Therapy ue®
(1970’s) (1980’s) .

Fixed
(one-size-fits-all)

Homogeneous Cellular Microenvironmental Complex, Dynamic
Tumor Heterogeneity Heterogeneity Evolutionary Process
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- “To develop and deploy the next generation of
4 Vi truly personalized cancer therapy, through the

integration of predictive mathematical models,

patient data and evolutionary principles”
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PRINCIPLES OF ADAPTIVE THERAPY
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Evolution of resistance is inevitable with MTD
Sensitive cells suppress growth of resistant clones
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CONTINOUS vs ADAPTIVE THERAPY
MEDIUM HETEROGENEITY

High Cost

Resistance

Low Cost

https://jillagal.github.io/CTvsAT/

Cancer Research 2018, doi: 10.1158/0008-5472.CAN-17-2649.
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RESISTANCE MAY HAVE A COST

MCF7/MCF7DOX co-culture 15
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Different cell lines exhibit different costs of resistance
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ADAPTIVE PROSTATE CANCER TRIAL (NCT02415621)

If response exceeds >50% reduction in PSA, withdraw therapy until PSA reaches pre-treatment level

o MTD
o
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ABIRATERONE TRIAL RESULTS

* Improved median TTP (33.5 months) and median OS (58.5 months) (Hazard ratio, 0.20)
* Subjects received no abiraterone during 46% of time on trial
* 4 patients remain on trial with stably cycling disease (53-70 months)

Trial Cohort
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Nat Comms. 2017, doi.org/10.1038/s41467-017-01968-5
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EVOLUTIONARY CLINICAL TRIALS

NCI TRIAL TITLE

NCT05651828 Adaptive vismodegib in advanced basal cell carcinoma

NCT05189457 1st Strike, 2nd Strike Therapies for High Risk Metastatic Castration Sensitive Prostate Cancer
NCT02415621 Adaptive Abiraterone Therapy for Metastatic Castration Resistant Prostate Cancer
NCT03511196 Intermittent Androgen Deprivation Therapy for Stage |V Castration Sensitive Prostate Cancer
NCT03543969 Adaptive BRAF-MEK Inhibitor Therapy for Advanced BRAF Mutant Melanoma

NCT04388839 Evolutionary Therapy for Rhabdomyosarcoma

NCT04343365 Generating Novel Therapeutic Strategies Based on Evolutionary Tumor Board
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EVOLUTIONARY TUMOR BOARD (ETB)

e Concepts/
Patient and Oncologist Oncologist Model i
presents/ PR ad translated to
toriemaita ol clinical trial or
course followed preclinical
experiments

oncologists, modellers, ecologists, model, options, and preliminary plan discussed

Multidisciplinary Discussions: ETB:
biologists, ETB coordinator -

-~

Clinical trial to implement the ETB (NCT04343365)

« Different patients from different cancers every month

* Pre-board discussion with IMO 1-2 weeks before ETB

« Multi-model approach driven by eco-evolutionary principles | \ | we:g%*
\- Integrated decision making process y Damon Reed
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PATIENT ETB-003 (HEAD AND NECK)
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HISTORICAL PATIENTS CONSTRAIN MODEL

Approach ey A
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PHASE | TRIALS

* Phase | for imaginary number

» Use historic trial data

» (Calibrate model to outcomes

» Uses Kaplan-Meier & waterfall plots
* (Generate a Cohort of virtual patients
» (Captures uncertainty

» |deal for testing & optimization

Kim E. et al. Eur J Cancer. 2016 Nov;67:213-222. doi: 10.1016/j.ejca.2016.07.024.
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Virtual trials in virtual patients

Is this how we will accelerate progress in
pc’rsmml ised treatmenis?
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DECISION SUPPORT FOR ALL THERAPIES

» Comparison of different therapies based on : e oo
historical precedent can suggest outcome ar -
ranges 3r
. . s D —
* In this case, both chemotherapy options § | e . 3
are not expected to improve outcomes over g e . g
continuation of targeted therapy E O + |5
S St e, ]
 After third scan, despite continued E 5
response, model suggests switching to ) S —— Moo K-
chemotherapy soon |
5 | |
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MedRxiv 2023, doi: 10.1101/2023.01.18.23284628 time (days from"dragnc
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CONCLUSIONS

 Treatment selects for resistant phenotypes

« Timing matters but so does space

 Smart sequential therapies can exploit evolution
* Resistant phenotypes may have a cost
 Dynamic measures of burden are critical

« Patients should be their own control

* Evolutionary therapies: new use for old drugs
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Jill Gallaher Mark Robertson-Tessi Robert Gatenby Joel Brown Damon Reed Christine Chung
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“In the long history of humankind
those who lear

and improvise most effectively
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