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History

Origins (2016)

One of the first major proton arc planning 
papers introduced the concept.

Spot-Scanning Proton Arc (SPArc) Therapy: 
The First Robust and Delivery-Efficient Spot-
Scanning Proton Arc Therapy 
DOI: 10.1016/j.ijrobp.2016.08.049 Beaumont 
Health System
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Development (2019)

First prototype dynamic proton arc delivery on a 
clinical proton system showed delivery 
feasibility with IBA Proteus®One at The William 
Beaumont Proton Therapy Center

The first prototype of spot-scanning proton 
arc treatment delivery
PMID: 31100606. 
DOI: 10.1016/j.radonc.2019.04.032
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Introduction to Static Arc (2023) 

Studies from RaySearch / UMCG showed 
reduced toxicity / improved plan quality versus 
IMPT in H&N, with “step-and-shoot” delivery 
reaching potentially acceptable times.
30 beams and 360 energy layers

Spot scanning proton arc therapy reduces 
toxicity in oropharyngeal cancer patients
PMID: 36373893, DOI: 10.1002/mp.16098
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Introduction to Static Arc (2023) 

DISCRETE PROTON ARC THERAPY (PAT) FULLY 
COMMISSIONED AND VALIDATED AT THE 
TRENTO PROTON THERAPY CENTER

This "Discrete PAT" approximates fully rotational 
delivery with 20-30 discrete static beams that 
are comprehensively optimized and sequentially 
delivered
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Static Arc vs Dynamic Arc (Simplified)
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Static Arc
• “Step and Shoot” delivery
• Similar to a static field IMRT approach

Dynamic Arc
• Beam is delivered during gantry/chair motion
• Similar to VMAT delivery
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Additional Resources (Webinars on YouTube)
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RaySearch Webinars: Proton Arc Therapy in RayStation®
• RaySearch Laboratories

DirectARC : Proton Arc at Full Speed
• Mevion Medical Systems
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Initial Planning and Delivery Time Studies 

Protons Can Still Improve for Head and Neck Cancers
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Oropharynx (MDACC phase III), n=440:  IMPT still had 34% swallowing difficulty, 26.8% 
feeding tube dependence, and 33% dry mouth

Oropharynx (TORPEdO), n=205:  12-month QoL/swallowing was essentially the same with 
IMPT vs IMRT: UW-QOL physical composite 78.3 vs 77.1 and MDADI 79.4 vs 79.5; severe 
weight loss was 18.2% with IMPT

(meta-analysis), n=956:  Pooled proton data still showed grade 3+ mucositis 32%, grade 3+ 
dysphagia 13%, and acute feeding tube use 21%
DOI: 10.7759/cureus.78849

Nasopharynx, n=58:  69% had a clinically significant swallowing decline during IMPT, and 
34% had not recovered by 12 months
DOI: 10.1016/j.jfma.2025.06.035
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Planning Study Centro di Protonterapia | Trento (IBA)
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PSI Clinical Implementation

1. Learn from Centro di Protonterapia | Trento (IBA)
• One of their main focuses was reducing the total number of energy layers
• We have relatively quick energy layer spacing but longer time to load fields

2. Can we reduce the number of fields from 20? 

3. What number of fields and energy layer spacing will have similar delivery time to 
our standard IMPT approach

4. How to improve plan quality
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PSI Gantry Specifications

08.06.2026Paul Scherrer Institute PSI15

Varian ProBeam® 360°
Opened in 2018
2 gantries (Varian/PSI-built) and 1 eye line

Planning/Delivery Time Study

• 7 recent sinonasal/nasopharyngeal cases were selected (28 plans per patient)

• Compared with our standard 6 field IMPT plans with a range shifter

• Static Arc plans with 8, 9, 10, 12, 15, and 18 coplanar fields with equal spacing

• Automatic energy layer spacing of 0.7, 1.0, 1.4, and 2.0

16 Paul Scherrer Institute PSI 08.06.2026
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Head and Neck Standard IMPT Beam Arrangement

08.06.2026Paul Scherrer Institute PSI17

6 field IMPT with 3 cm range 
shifter

Static Arc Beam Arrangements
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12 Beams 15 Beams 18 Beams

8 Beams 9 Beams 10 Beams
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Example Static Arc Comparison
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Example Static Arc Comparison
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Comparing Beam on Time
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CTV Coverage Comparison

• High dose CTV coverage favored Static Arc

• Nominal V98 improved by 1.6–2.7% as fields increased from 8 to 18

• Robustness improved with more fields: robust average V98 +1.3 – 4.1% and robust worst case 
V98 +1.9 – 6.6%

• Intermediate- and low-dose CTV differences were less than 1%

• Adding fields slightly improved high dose CTV robustness at the cost of longer beam on time, 
with diminishing returns beyond 12 fields

27 Paul Scherrer Institute PSI 08.06.2026
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Total Delivery Time (Separate Small Study)

• Additional small study comparing the total 
time to deliver all fields

• Compared 10 field static arc with 6 field IMPT 
with a range shifter

• Includes gantry / couch rotation, and nozzle 
movements

• The 10 field static arc plan delivered in a 
similar total time (12.52 min vs 12.38 min) 
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What We Learned

• 9–10 fields provided a practical balance of plan quality and delivery time

• More fields improved robustness slightly, but with diminishing returns beyond ~12 fields.

• Local delivery timing matters, so every center should benchmark on its own machine
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Practical Considerations Affecting Static-Arc 
Implementation

• Shared beamline / room switching 
• Dose rate / beam current 
• Beam request / beam loading time 
• Energy layer switching time 
• Number of energy layers 
• Spot delivery speed 
• Interlocks

Some clinical goals: reduce treatment time, 
reduce OAR dose, and optimize LET

Delivery time is highly center-specific and 
should be benchmarked locally.
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Treatment Planning Considerations

Treatment Planning Considerations

• Beam arrangement 

• Optimization approach and objectives

• Spot avoidance areas

• Controlling low dose with optimization objectives (where clinically relevant)

08.06.2026
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Current Clinical Beam Arrangement

• 9 fields

• Initially tested with lateral fields, but we 
determined their contribution was minimal 
due to the shoulder avoidance and parotid 
sparing 

• Alternative beams closer to lateral or slightly 
posterior oblique can be used when treating 
in the nasal cavity to help reduce dose to the 
brain.
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Spot Avoidance
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• OAR range margin used to 
avoid spots being placed 
through the bite block / 
stent, and shoulders 
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Shoulder Avoidance
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• Shoulder Avoidance for the 
two most posterior oblique 
beams

• Including large/lateral skin 
folds

• May be adjusted on a 
patient-specific basis 
depending on shoulder 
position and target location
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Shoulder Avoidance
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Shoulder Avoidance Superior Margin 
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• Additional superior 
margin to account for 
differences in shoulder 
position

Dental / Stent Filling Avoidance

• Includes the stent/bite block and 
adjacent dental fillings (not avoiding 
dense teeth)

• Drawn as a single contour to avoid 
small gaps where spots could be 
placed 
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Dental / Stent Filling Avoidance
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• Examples of connecting 
the stent and dental 
filling into the avoidance 
ROI

Port Avoidance
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• Avoiding treating through 
the port with a small 
margin
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Low Dose Brain Push OAR (5Gy)
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• Create structures to help 
reduce the brain dose 
(not with spot avoidance)

• Cropped to help push the 
low dose in the brain

• Additional objectives 
placed on the 
hippocampi

Controlling the Low Dose (2 Gy / 5 Gy)
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43

44



Kopfzeilentext 04.06.2026

Fusszeilentext 23

Controlling the Low Dose
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• Trying to minimize low-
intermediate dose to the 
brain while gaining 
benefit from posterior 
beams

• Challenge will be 
determining how to 
optimize the low dose 
without it negatively 
impacting other aspects 
of the plan

• Focus on most impactful 
OARs or areas

Lung Dose Push (20 Gy)
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Lung Dose Push (5 Gy)
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Neck Dose

08.06.2026Paul Scherrer Institute PSI48

• Even without a range 
shifter, anterior beams 
can still contribute 
meaningful spot 
placement and dose.
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Optimization Objectives
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• OARs need to be actively 
pushed to realize the 
dosimetric benefit.

• A simple approach is to use 
a low-weight mean-dose 
objective or falloff-dose 
objective

• Review the RayStation cost 
function / actual dose to 
confirm the OARs are being 
pushed.
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Clinical Case Examples
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Delivering High Quality Plans (Planning Study)
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Contralateral Submandibular Gland (Planning Study)
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Initial Clinical Plan Comparison

• For the first few 
months, all patients 
had both a standard 
IMPT plan and a 
static proton arc 
plan created.

• The physician then 
selected the 
preferred plan

08.06.2026Paul Scherrer Institute PSI53

Recalculation Fx 6
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Recalculation Fx 11
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Recalculation Fx 20
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• Changes in shoulder position
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Recalculation Fx 20 (No Shoulder Avoidance)
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Recalculation Fx 20 (With Shoulder Avoidance)
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• Comparing recalculated dose from plans with and without shoulder avoidance 
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Clinical Plan Comparison
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Clinical Plan Comparison
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Detecting Anatomical Changes
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• Good setup
• Some weight loss noticed in the neck

Recalculation (Fraction 17)
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Base of Tongue
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Changes in Sinus Filling

• Detected changes in sinus 
filling on CBCT

• Sent for recalculation using 
virtual CT in RayStation
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Recalculation for Sinus Filling Changes
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Recalculation for Sinus Filling Changes
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Case Example Nasopharynx
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Re-Irradiation

• Nasal Cavity re-irradiation
• Optic Nerve Dose approx. 43 Gy
• 10 field static arc
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Re-Irradiation
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Significant Weight Loss

• Significant weight 
loss detected

• New CT for dose 
recalculation
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Changes to High Dose CTV Location in the Neck

08.06.2026Paul Scherrer Institute PSI71

Recalculation
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• Nominal D98%: 69.24 Gy
Recalculated D98%: 64.06 Gy

• 98% of CTV_6996 was covered 
by approximately 1.94 Gy/fx

• Each fraction delivered 
represented an approximate 
reduction of 0.16 Gy
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Complex Anatomy and Anatomical Changes

• Multiple adaptive 
replans were required 
due to tumor shrinkage, 
anatomical shift, and 
weight loss.
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Adaptive Rate of Arc vs Standard IMPT

• Similar rate of adaptive in static 
arc vs standard IMPT 

• Shoulder avoidance mattered for 
posterior oblique beams if there 
is variation

• Anatomical changes (weight loss 
/ tumor shrinkage) still require 
adaptive workflow

Static Arc = 0.83 per patient

Standard IMPT = 1.12 per patient
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Summary

• Started test plans with static arc 
in March 2025

• First patient treated July 2025

• 9–10 fields provided improved 
plan quality with similar treatment 
time

• No increase in adaptive rate 
was observed with static arc 
versus standard IMPT

• Additional planning structures 
and optimization strategy needed 
to help control the dose
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Future Direction (Potential Developments)
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• Alternative beam arrangement / 
patient specific beam arrangement 

• LET / RBE optimization and/or its 
potential impact from different beam 
arrangement

• Different optimization approaches 
and objectives 

• Dose tracking to better monitor for 
anatomical / dose trends over time
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Thank You

Thank you for your time!

Please feel free to reach out if you have 
any questions in the future, or if you want 
to collaborate 

Connect on LinkedIn or Email

Tyler.Williamson@psi.ch
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