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Protons versus photons
Beam properties

umecaG

Dose reduction normal tissues with
protons

Entrance dose

Radiation dose

Exit dose

Penetration depth
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Evidence-based medicine

Physicians
expertise

Shared
decision

making Best

Available

Patient
Values and

Believes Evidence

Should | refer this
patient for proton
therapy?
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Evidence-based medicine

CURRENT standard
PHOTON therapy

Potential NEW standard
PROTON therapy




Best available evidence?

CURRENT standard
PHOTON therapy

* Best approach when protons
are used for target dose
escalation

PROTON therapy

Potential NEW standard




Best available evidence?

CURRENT standard
PHOTON therapy - Prevention of radiation-

PROTON therapy

induced side effects ?
 Similar target dose
« Lower dose healthy tissues




Foresight Report

Dutch Academy of Arts and Sciences =

’ i i EVALUATION OF
RCT’s mostly not suitable / feasible for tkdeiemen ittt
testing new technologies HEALTH CARE

« Technological developments
« Technology-user interplay

FORESIGHT STUDY

www.knaw.nl/nl/actueel/publicaties/evaluation-of-new-technology-in-health-care
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How to reduce toxicity?

Dose
distribution

Toxicity
reduction
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NTCP-models
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NTCP-model
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From ADose to ANTCP
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From ADose to ANTCP
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From ADose to ANTCP
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--- Concurrent chemoradiation
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Model-based selection procedure

NTCP-models Expected clinical benefit

45% NTCP-profile
36%
I ] ]
Tox 1 Tox 2 Tox 3 Tox 4
-1%
% -5%
-8%

ANTCP-profile

Tox 1 Tox 2 Tox3 Tox 4

-10%

44% NTCP-profile
31%
15%
. 1%
Tox 1 Tox 2 Tox 3 Tox 4
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ANTCP-profile

Biomarker expected benefit of protons

High benefit ANTCP-profile Low benefit ANTCP-profile

Dysphagia Xerostomia Dysphagia Xerostomia Dysphagia Xerostomia Dysphagia Xerostomia
grade=2 grade=2 grade=3 grade=3 grade =2 grade =2 grade =3 grade =3

-6%

Threshold | | =============—=—- Threshold

-17%

8- .

Qualifies for protons Does NOT qualify for protons

S

ARNNEE CANNNCSLA\C A \ \ Y\




Dose
distribution

Toxicity

Technology

— Treatment planning system

|

reduction

— Treatment delivery system
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Differences in technology specifications

Treatment
PLANNING
systems

Treatment
DELIVERY
systems




Technological developments

Proton therapy
5 years
y >
Before 2000 2018 2018 2022-2024
Passive scattering proton Robust treatment Monte Carlo Dose Proton Arc Therapy
therapy optimization Engine

2010 2018 2022
Pencil beam scanning Image-guidance and Artificial Intelligence
(intensity modulated plan adaptation Based Treatment
proton therapy (IMPT)) Planning
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Technological development
Proton Arc Therapy (PAT)

IMPT Proton Arc Therapy (PAT)
Current standard proton technique New proton technique

Full Arc 360°




Technological development
Proton Arc Therapy (PAT)

VMAT (photons) IMPT (protons) Step and shoot Arc (protons)
Current technique Current technique New technique
(since 2018) (Start 2022)
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Technological development
Proton Arc Therapy (PAT)

IMPT (protons) Step and shoot Arc (protons)
VMAT (photons) Current technique New technique
(since 2018) (Start 2022)
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Technological development
Proton Arc Therapy (PAT)

CURRENT standard
VMAT (PHOTONS)

Grade 2+ Grade 2+ Grade 3+ Grade 3+
xerostomia dysphagia xerostomia dysphagia

BVMAT mIMPT
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Medical developments
Elective nodal irradiation in HPV+ oropharyngeal cancer

Current standard Lower elective dose Unilateral neck only

High dose: 70 Gy High dose: 70 Gy High dose: 70 Gy

Elective dose: 54 Gy Elective dose: 40 Gy Elective dose: 40 Gy
Deschuymer, et al. 2021 Ongoing trial
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Medical developments
Elective nodal irradiation in HPV+ oropharyngeal cancer

PAST standard

High dose: 70 Gy
Elective dose: 54 Gy

CURRENT standard
PHOTON therapy

Potential NEW standard
PROTON therapy

NEW standard

High dose: 70 Gy
Elective dose: 40 Gy

Ongoing trial
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Consequences

« Technological developments _ .
]_. | sustainability
* Medical developments




Dose
distribution

Toxicity

Technology

— Treatment planning system

|

reduction

— Treatment delivery system
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Technology-user interplay

Plan adaptation _

Treatment planning = protocol
Dose prescription =
. Image
Segmentation guidance
Fixation protocol

Dose
distribution

Toxicity

— Treatment planning system

Technology

.

reduction

— Treatment delivery system
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Technology-user interplay

Treatment planning

Dose prescription =

Segmentation

Fixation

Plan adaptation _

protocol

Image
guidance
protocol

Dose
distribution

Toxicity

Technology

— Treatment planning system

.

reduction

— Treatment delivery system
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Current standard?
IMRT (photon) treatment planning

Estimated
NTCP per
center (%)
for
Dysphagia
grade 2+

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Radiotherapy centre

Planning comparison
study

Multicenter (n=15)
One patient
— One set of targets
— One of OAR’s

Courtesy: Wilco Verbakel
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Best available evidence?

CURRENT standard
PHOTON therapy

« How can IMRT be
standard, if there is no
standard IMRT?

PROTON therapy

Potential NEW standard




Technology-user interplay

Plan adaptation _

Treatment planning = protocol
Dose prescription =
. Image
Segmentation guidance
Fixation protocol

Dose
distribution

Toxicity

— Treatment planning system

Technology

.

reduction

— Treatment delivery system
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Technology-user interplay < The HUMAN factor

Dose
distribution

A )

Toxicity

i, k . L | Y. ¥4 reduction
. 25 u:

|
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Learning curve
Proton therapy 2018-2021 (head and neck)
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Consequences

« Technological developments _ .
]_. | sustainability
* Medical developments

« Technological specifications —

« Technology-user interplay +— | generalisibility

« Learning effect -
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Positive RCT

Complication rate = 20%

A 4

PHOTON therapy

P=0.01

A 4

PROTON therapy Complication rate = 10%




Positive RCT
Underlying ANTCP-values per patients
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Positive RCT
Underlying ANTCP-values per patients
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Low benefit ANTCP-profile High benefit ANTCP-profile
20% -
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ANTCP threshold

Based on current technology

0%

-5%

100U -{--eeeeeeree

Threshold = 10%
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ANTCP
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Selected for protons

-35%
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ANTCP threshold

Effect of small improvement in proton therapy performance
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ANTCP threshold

Early phase learning curve / medical developments (lower elective dose)
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Technology-user interplay

Plan adaptation _

Treatment planning — protocol
Dose prescription =
. Image | [Pt
Segmentation guidance distribution
Fixation protocol

— Treatment delivery system

— Treatment planning system

Technology

|
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ANTCP-profile

Accounts for all components

Should I refer this
patient for proton

_ _ therapy?
1. Technological and medical developments

2. Technology-user interplay
3. Institutional performance

4. Individual patient characteristics (Adose —ANTCP)
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Model-based approach

- umce

1. Model-based selection

- ldentify patients who will benefit most from proton therapy in terms
of complication risk reduction

2. Model-based validation
- Evaluate the benefit protons when used to reduce complication risk

Langendijk, et al. Radiother Oncol 2013
Langendijk, et al. Sem Radiat Oncol 2018
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Model-based validation
Study design Model-based Clinical Evaluation

45%
I 36%
Tox 1 Tox 2

NTCP-profile

IZB% 21%
Tox 3 Tox 4

R

Tox1 Tox 2 Tox3 Tox4

44%
I 31%
Tox 1 Tox 2

NTCP-profile

15%
. 5
Tox 3 Tox 4

EXPECTED
toxicity rates
PHOTONS

Model-based

Clinical
Evaluation
PROTON OBfS.ERVED
toxicity rates
therapy PROTONS
LY

ARNNYEE CACN\NCTLA\Y A \ \ Y\



Model-based validation
Study design Model-based Clinical Evaluation
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Model-based validation
Study design Model-based Clinical Evaluation

45%
I 36%
Tox 1 Tox 2

NTCP-profile

IZB% 21%
Tox 3 Tox 4

R

Tox1 Tox 2 Tox3 Tox4

44%
I 31%
Tox 1 Tox 2

NTCP-profile

15%
. 5
Tox 3 Tox 4

PROTON _

therapy

OBSERVED
toxicity rates
PROTONS

NTCP-model

validation
PROTONS

|
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EXPECTED
toxicity rates
PROTONS
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Learning Radiation Health Care System (ProTRAIT)

NTCP-model adjustment

PROTONS

NTCP-model adjustment

Model-based dose
optimization

PHOTONS

Prospective Data
Registration

Observed <_> Expected

toxicity rate toxicity rate

Optimised PHOTON technique

Optimised PROTON technique

Optimised Optimised
PHOTONS PROTONS

NTCP NTCP
PHOTONS PROTONS

ANTCP-profile

Model-based
selection
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Summary and conclusions

« Evidence-based medicine # RCT’s
« Translation RCT’s hampered by:
« Technological and medical developments
« Technology-user interplay

* Model-based selection (ANTCP-profile) is robust for these effects
and accounts for how Adose translates into ANTCP

« Continuous learning system based on real-world data
* Optimize and enrich ANTCP-profiles




Evidence-based medicine

Physicians
expertise

Shared
decision

making Best

Available

Patient
Values and

Believes Evidence

Should | refer this
patient for proton
therapy?
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Evidence-based medicine

Physicians
expertise

Shared
decision

making Best

Available

Patient
Values and

Believes Evidence

-1%
4— -5%
-8%

ANTCP-profile provides
essential and updated
information for shared

decision-making

Tox 1 Tox 2 Tox 3 Tox 4

-10%
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