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Introduction

• Proton vs Photon in the literature

• Model based indication protocol in The 

Netherlands

• Conclusions

IMRT vs 3D-CRT

• IMRT was introduced in the 90’s

• Publication, including the few randomised

trials used tumor prognostic factors (eg.TNM) 

as entry criteria where others like Medical 

Oncologists used treatment predictors as 

entry criterion for a long time already.
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Phase III trial IMRT vs 3D-CRT

•Kam et al JCO 2007

94 patients randomized to standard vs IMRT RT

Proportion of patients with Grade 2 or higher toxicity
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So, IMRT works in sparing OAR

• The randomised trials based upon tumor 

prognostic factors demonstrate less side 

effects.

• Use preceded proof of superiority by about 

ten years

• But what is actually happening to the dose 

with IMRT/VMAT?

IMRT does not remove dose to the patient, 

it just moves it around...
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Protons versus photons
80% of Photon energy is in the wrong place
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WIDESOTT et al.  

IMPT vs. tomotherapy in nasopharynx cancer  IJROBP 2008  
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IMPT vs IMRT

• So, theoretically it should be better.

• What is the published evidence?

Pubmed search:
# of publications “proton” AND “Radiotherapy” 

AND “Head and Neck Cancer”

pubmed - proton head and neck cancer count
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Pubmed search: # of pubs “proton” AND 

“Radiotherapy” AND “Head and Neck Cancer” 

AND “Trial” OR “Clinical”

Pubmed publications including "Trial"
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IMRT vs PBRT for ipsilateral RT

• Cohort comparison when introducing proton 
beam RT for ipsilateral radiation

• 23 vs 18 patients selected upon availability of 
proton beam

• Reduction in clinical observed acute toxicity

• Romesser et al R&O 2015
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IMRT vs IMPT for ipsilateral RT

• Grade II or more:

– Dermatitis 74 vs 100%

– Mucositis 52 vs 17

– Nausea 56 vs 11

– Dysgeusia 65 vs 6

– Dysphagia 0 vs 0

– Fatigue 9 vs 6

Romesser et al R&O 2015

Courtesy Dave Fuller
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Courtesy Dave Fuller
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Dose reduction to OARs

IMRT vs IMPT

• 10 patients retrospectively planned

• Comparison of:

– VMAT

– MFO-protons 

• (Multi-field optimization i.e. the combination of fields 

with a good coverage)

– SFO-protons 

• (Single-Field optimization i.e. every field with a good 

coverage)

Barten et al 2015
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IMRT vs IMPT

• Dose to Salivary glands and swallowing 

muscles:

– Conclusion: Proton plans deliver less dose to OAR

– BUT:

Technique Salivary gland 

combined (Gy)

Swallowing 

structures 

combined (Gy)

VMAT 23 23.5

MFO 14 16

SFO 20 23.7

Barten et al 2015

IMRT vs IMPT 
Proton plans are slightly less robust to 

changes between RT fractions:

Barten et al 2015

VMAT VMAT

Protons Protons
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So where do we stand?

• Proton treatment plans are in general NTCP 

superior to IMRT plans but:

– not for all patients and 

– historical controls are currently the closest we get

So where do we stand?

• Proton treatment plans are in general NTCP 

superior to IMRT plans but:

– not for all patients and 

– historical controls are currently the closest we get

• With this uncertainties:

• Which patient to select for proton treatment?
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Selection the Dutch way

• If the ball play is on side effects: 

• Then the selection criterion should be made 

on side effects as well, not on TNM-staging

• National consensus on general indications for 

proton therapy

• Consensus on NTCP models

NTCP-based selection criteria

(Normal Tissue Complication Probability)

CTCAE:

Grade 1 Not used in comparison

Grade 2 At least 20% occurence in IMRT plan, 

Delta between IMRT and IMPT should be 10% or more

(15% in case of combined toxicity)

Grade 3 At least 10% in IMRT plan,

Delta between IMRT and IMPT should be 5% or more, 

(7.5% in case of combined toxicity)

Grade 4

Delta 2% between IMRT and IMPT
Grade 5
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NTCP-based selection criteria

(Normal Tissue Complication Probability)

• Current status:

– Model based criterium is developed within the

NVRO.

– Per tumor site consensus on NTCP formula to be

used.

– Head and Neck is currently the first but others are 

soon to follow.

– Government bodies follow the NVRO guidelines

– First treatment is scheduled end 2017 (?)

Better selection means more power

• We all use DVH for selection of our plan, why not 

use it for selection of our treatment?

• If in a group of patients the toxicity drops from 30 

to 25% with IMPT you need for 90% predictive 

power 2x337 patients.

• If with the same group you select the ones with 

10% or more difference you need

2x85 patients for the same power of your trial. 
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Conclusion

• Proton therapy provides theoretical advances 

beyond photon therapies

• Radiation therapeutic community should 

enter the 20th (sic!) century and should go 

where other oncological professions have 

paved the way.
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Photon vs. Proton dose difference from 24cGy to 4680 cGy

9F IMRT vs. Proton 
Dose Bath


