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Roughly, 50% of cancer patients are indicated for radiotherapy as part
of their treatment course wro/meaz01
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How can we make cancer treatment more precise
and more accessible?



Overview

. Radiotherapy today — and its limits

Particle therapy — precision at a cost
Upright radiotherapy — accessible precision
. Tackling the open problems

. Early results
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Intro to radiotherapy
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Intro to radiotherapy
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Intro to radiotherapy

1801 — X-rays
Proton Beam (Bragg Peak)
- Proton Beams with Spread-Out Bragg Peak

160 1

140 1

100 A

Relative Dose (
3

60

40 1

20

0 5 10 15 20 25 30
Depth (cm)

Adapted from Deycmar et al. 2019



Intro to radiotherapy
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Intro to radiotherapy
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Intro to radiotherapy
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Particle therapy — why or why not?
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Particle therapy — why or why not?
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Particle therapy — why or why not?
PHOTONS PARTICLES
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Particle therapy — landscape

130 facilities in clinical
operation

17 carbon-ion facilities

PTCOG 2026
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Particle therapy — landscape
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Particle therapy — Iandscape
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Verhey et al. 1982 Miller et al. 1991 Marcus et al. 1992



Upright radiotherapy - current




Upright radiotherapy - current

NEWS | PROTON THERAPY | JANUARY 26, 2024 [

Cancer Treatment for 4-year old Israeli Boy in the Seated |
Position Demonstrates Limitless Use of the P-Cure Gantry-less [
Proton Therapy Solution i

y 7-year-old is the first to
receive proton therapy at
Stanford Medicine
By Erin Digitale
Stanford Medicine's new proton therapy facility is ready for

—— patients. On June 4 a child with a rare brain tumor became the

first to receive treatment.

Cancer | June 04,2026 | Updated on: June 11,2026

Stanford Medicine Cancer Centerin Palo Alto.
Kurt Hickman

P-Cure Leo Cancer Care
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UPRIGHT PARTICLE THERAPY!

How do we bring it to the clinic?



Development of a clinical workflow



Development of a clinical workflow
Who do we treat?

How is the treatment
planned?

How do we deliver it
safely and accurately?



Development of a clinical workflow

P
Who do we treat: Clinical indications and patient selection

How is the treatment

planned? Treatment planning strategies

Range accuracy, immobilization techniques,

How do we deliver it . C.
quality assurance protocols, commissioning...

safely and accurately?



Development of a clinical workflow

P
Who do we treat: Clinical indications and patient selection

How is the treatment

planned? Treatment planning strategies



Who benefits the most from upright particle therapy?



Clinical indications for upright PT




Clinical indications for upright PT
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Clinical indications for upright PT

ACCESSIBILITY ANATOMY
Nomura et al. 2026
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Yamada et al. 2020



Clinical indications for upright PT




How do optimize the treatment plan?



Treatment planning — Bragg peak challenges

Lateral dose distribution in complex anatomies Treatment delivery time (IMPT)

Robustness — anatomy changes and implants Limited imaging — intra/inter-fractional changes



The Bragg curve
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Treatment planning — Bragg peak challenges

Lateral dose distribution in complex anatomies Treatment delivery time (IMPT)

Robustness — anatomy changes and implants Limited imaging — intra/inter-fractional changes



Treatment planning — ST solutions

Lateral dose distribution in complex anatomies Treatment delivery time (IMPT)
Sharper lateral penumbra — higher energies Only ST plans delivery time -67%
Kong et al. 2024 Vai et al. 2025
Robustness — anatomy changes and implants Limited imaging — intra/inter-fractional changes
Inherently more robust Built-in per-fraction range monitoring

Vai et al. 2025 Meijers et al. and Seller Oria et al. 2021



Treatment planning strategies — the vision

Standard IMPT particle fields for
high dose




Treatment planning strategies — the vision

Standard IMPT particle fields for
high dose

ST particle fields for low dose
and contribution to conformity
and robustness




Tackling the imaging issue — ST bonus
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Tackling the imaging issue — ST bonus

Preliminary work at CNAO

Transmission beam through anthropomorphic head phantom
Effect of air-cavity filling on range: TPS vs EBT4 validation
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Conclusion & next steps

Upright particle therapy as a promising path toward

precision and accessibility

ST beams are a highly integrable tool for particle therapy

Next: continue current studies, commission chair at CNAO,
develop full workflow
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