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The promise of Radiopharmaceutical Therapy (RPT):
selectively target cancer cells while sparing normal tissue

A External beam radiation therapy B Radiopharmaceutical therapy
g (EBRT) (RPT)
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State - Of - t h e - a rt Regardless of patie.nt type, theldosing regimen for
LUTATHERA remains the same
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PLUVICTO dosing schedule

Administered every 6 weeks for up to 6 treatments'

» The recommended PLUVICTO dosage is 7.4 GBq (200 mCi) every 6 weeks for up to 6 treatments,
or until disease progression, or unacceptable toxicity

SIMPLE DOSING WITH KOFIGO

@ 6 ONE-MINUTE intravenous injections over 5 months.'

Late-stage cancer treatment

55 kBqg/kg body weight 1.49 microcurie/kg body weight

Volume to be administered (mL) =

Decay factor x 1100 kBg/mL Decay factor x 30 microcurie/mL

Mostly, uniform dosing across patients
Optimization of RPT: y 9 p

Maximize cancer cell death,
Minimize other unwanted effects . it
e Georgia

for each Individual Patient T Tech
https://tinyurl.com/fnajy6xx




Multiscale Digital Twins for RPT
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RPT Multiscale Digital twins — Desirable Capabilities

 Tracks radioactivity across scales

» Estimates radiation dose across scales
» Simulates drug uptake

 Predicts therapy outcome

 Patient specific
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eXtended CArdiac Torso (XCAT) phantoms, Duke CVIT, E. Samei and P. Segars, Duke University



RPT through the scales

A Multiscale Computational Radiation Dosimetry Framework for Radiopharmaceutical Therapy: A
Proof-of-Concept Demonstration, GA Agasthya, et al - AAPM 66th Annual Meeting & Exhibition, 2024




Whole body scale with pharmacokinetic models
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Radiation dose to critical organs
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Organ Model -> CFD (OpenFOAM)

2. Radioisotope activity distribution
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Spatio-temporal distribution of radiopharmaceutical
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3D Tumor modeling




Tumor modeling and outcomes prediction
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Multicell breast cancer model. initialization (left), early tumor growth
(middle), and post-treatment development (right)

Inman et al, AAPM 2022
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3D Chromosome conformation — DNA damage




Genome coordinates

Fibroblast Lymphoblastoid

BJ-5ta chromosome GM12878 chromosome
Hi-C data 3D chromosome Radiation track DNA DNA repair
from — structures —> simulation —» damage > simulation
Experiments G-NOME TOPAS-nbio output MEDRAS
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Dosimetry + Outcomes Prediction
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Multiscale digital twin for RPT
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The complexity of multiscale VVUQ - Ongoing work

* Integrating across temporal and spatial scales

* Interactions between physics, biology and chemistry
« UQ propagation across scales

 Data requirements — Experiments across scales

« Computational costs and surrogate modeling
 Patient specific parameters
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Comparing live cell experiments against digital twin
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Future work

 Patient and disease specific multiscale tumor modeling
* Al-driven surrogate models to reduce computational complexity

« RPT virtual clinical trials
 Biochemistry modeling
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Synthetic CT data generation — population scale

 Total virtual patients: 491
» Total simulations: 10,140
« Total data produced: 125 TB

» Time per simulation: 35-100
mins, average 45 min

» Total time on a standard compute

server: 317 days (four Summit
nodes)

* Total real-world time on Summit;
2 weeks

Jayasai Rajagopal, ORNL

Adult Lung

Dataset .
Lesions

Dataset

# patients
(total # of
phantoms)

40 (120)

Scanner
type

Tube
voltages

Tube
currents
(mAS)

EID, PCCT

100, 120,
140 kV

25, 50, 75,
100, 125 mAs

Simulation

4320
count

Total 4320

Final total

Pediatric Lung Lesions

80 kV

EID

80 kV

75, 100,
125 mAs

684

Optimization

Liver
Lesions

Lung

100 kV .
Lesions

120 kV COPD

57 (171) 67 67 66

EID,

PCCT EID EID EID EID

100 kV 120 kV 80, 100, 120, 140 kV

50, 75, 25, 50,
100, 125 75, 100,
mAS 125 mAs

20, 80, 150 mAs

1710 1026 804

3420 2400
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Molecular Dynamics “

Interaction Energy I
bonlded non-bonded
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Simulation of Ca?* transport through channel
Predict atom position )
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Get Force

F = —VV(#P) + aAtand d =

3=

- F ' J
e " " D
Update position and velocities

(+1) = 7P + function(a, At)

% p+) = P + function(a, At)
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National Laboratory

John Vant et al, ORNL
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Thank you

Contact us:

Greeshma Agasthya
greeshma@gatech.edu

https://sites.google.com/view/greeshma-comp
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