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Motivation

TSR 2008

The Christie NHS Foundation Trust

TSR 2008

Having OARs immediately distal to the target may be risky due to:

• High weighting of distal spots (esp. in SFUD)

• Range uncertainty

• Increased LET / RBE at end of proton range

• Use of lateral edge to deliver dose to these areas may be preferable
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Lateral penumbra (80%-20%) in 1D

1. For a single spot:                  LP ≈ 1.13 σ
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1.13 σ
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Lateral penumbra (80%-20%) in 1D

1. For a single spot:                  LP ≈ 1.13 σ

2. For equally weighted spots:     LP ≈ 1.68 σ
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Lateral penumbra (80%-20%) in 1D

1. For a single spot:                  LP ≈ 1.13 σ

2. For equally weighted spots:     LP ≈ 1.68 σ

3. Weights can be adjusted to recover sharpness, at the expense of 

uniformity:                               LP ≈ 1.15 σ
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Lateral penumbra (80%-20%) in 1D

1. For a single spot:                  LP ≈ 1.13 σ

2. For equally weighted spots:     LP ≈ 1.68 σ

3. Weights can be adjusted to recover sharpness, at the expense of 

uniformity:                               LP ≈ 1.15 σ

• See:  

TSR 2008

1.13 σ 1.68 σ 1.15 σ
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Scanning spot size

TSR 2008



The Christie NHS Foundation Trust

Scanning spot size
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Scanning

Scattering
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Lateral penumbra (80%-20%) in 3D
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Collimation of 3D volumes
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Collimator implementation:
Physical design

TSR 2008
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Collimator implementation:
Analytical dose models
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Clinical case studies

TSR 2008

Is collimation needed?

• Case 1:  Nasal cavity – Photon VMAT

• Case 2:  Ewing sarcoma of cheek – Passive scattered protons

• Case 3:  Chordoma – Photon IMRT

• Case 4:  Nasopharynx – Photon VMAT



Clinical case 1:  Nasal cavity
• Target is superficial and close to optics
• Locally advanced adenoid cystic carcinoma of the right sino-nasal 

anterior skull base region, treated by left partial maxillectomy
• Dose:  60 Gy

IMPT Photon VMAT



Clinical case 1:  Nasal cavity
• IMPT sparing of contra-lateral optics is improved compared to photons.
• IMPT target coverage is comparable to photons.

DVH details
Light blue PTV_IMRT
Red SC+0.5cm
Yellow R eye
Blue R optic nerve
Purple optic chiasm
Green BS+0.5cm

Squares IMPT
Triangles Photons



Clinical case 2:  Ewing sarcoma
• Target is superficial and close to optics.
• 50.4 Gy

IMPT Passive 
scattering



Clinical case 2:  Ewing sarcoma
• IMPT target coverage is comparable to passive scattering.
• IMPT dose fall-off is less sharp around target.
• IMPT optic nerve dose is higher.

DVH details
Pink:    PTV_IMRT
Light blue:  L globe
Purple:    L optic nerve
Yellow:    L cornea

Squares:    Scattering
Triangles:    IMPT



Clinical case 3:  Chordoma
• Clinicians initially thought this case might be unsuitable for 

protons due to proximity of brainstem to target.
• 70 Gy.

IMPT Photon IMRT



Clinical case 3:  Chordoma
• Control of dose to target is as good as (or better than) photons.
• IMPT sparing of OARs is improved compared to photons.

DVH details
Light blue:   PTV_IMRT
Yellow:   Optic chiasm
Dark green:  Brainstem PRV
Green:   L optic nerve
Red:   R optic nerve

Squares:   Photons
Triangles:   IMPT



Clinical case 4:  Nasopharynx



Clinical case 4:  Nasopharynx



Clinical case 4:  Nasopharynx



Clinical case 4:  Nasopharynx
• Optics:  IMPT reduced dose

DVH details
Lilac: R eye
Orange L eye
Blue: R optic nerve PRV
Cyan: L optic nerve PRV
Grey: Optic chiasm

Squares: Photons
Triangles: IMPT



Clinical case 4:  Nasopharynx
• Optic chiasm:  IMPT reduced dose

DVH details
Lilac: R eye
Orange L eye
Blue: R optic nerve PRV
Cyan: L optic nerve PRV
Grey: Optic chiasm

Squares: Photons
Triangles: IMPT



Clinical case 4:  Nasopharynx
• Targets:  70, 63, 56 Gy
• IMPT showed poorer uniformity

DVH details
Lilac: R eye
Orange L eye
Blue: R optic nerve PRV
Cyan: L optic nerve PRV
Grey: Optic chiasm

Squares: Photons
Triangles: IMPT
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Summary

• Lateral penumbra is between 1.13 – 1.68 σ

• The optimizer can adjust spot weights to sharpen an edge at the cost 

of poorer uniformity (hot and cold spots).

• Current PBS technology is capable of producing similar plan quality 

as VMAT photons for the cases investigated here.

Potential for improvement:

• Collimation

• Reduced spot sizes

• Avoiding use of range shifter where possible



Thank you 
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