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The organizers asked: - jw

Discuss what is currently commercially available to support
4D treatment planning (for scanned proton therapy)

And what would be necessary from a clinical (medical
physicist) prospective

Disclaimer: | am not an expert.
We have never treated a 4D- patient (yet)
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The organizers asked: T

Discuss what is currently commercially available to support
4D treatment planning (for scanned proton therapy)
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What a clinical medical physicist would like =

(personal opinion) -

-like to treat static target in a well defined and
constant (over time) density (no Range, no Set-up
errors)

Planning CT After 1 week

Inter-fraction changes
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What a clinical medical physicist would like

(personal opinion)

-like to treat static target in a well defined and
constant (over time) density (no Range errors)
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What a clinical medical physicist would like o=l
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Practical-Simplistic view

1. Calculate a 3D plan on the CT that is the best
representation of the treatment anatomy (each)
treatment day;

2. Evaluate the quality of the plan in the delivery
conditions

3. Change/modify the plan such as to
reduce/minimize the difference between the
calculated and the delivered plan

Down-to-earth

-what we need
-what is commercially available

F Albertini
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Challenges (1)

(1) Calculate a 3D plan on the CT that is the
best representation of the anatomy on
(each) treatment day;

-where am | defining the volumes?

how am | going to treat the patient?

-which phase
'?reathb' ho:ﬂ. _, 4D CT (possibly 4D-MRI)
ree -breathing -which CT (MIP, average CT,....)
gating
Re-scanning Motion mitigation approaches
Free breathing Gating

Breath hold

e

on Siebenthal

courtesy of G Fattori
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What is commercially available (TPS) SRS

(1) Calculate a plan on the CT that is the best (a) Image manipulation/handling:
- Import of 4D CT

representation of the anatomy on (each)
- average CT,;

treatment day; ) _ _ o
-  Maximum intensity projection CT
/ \(M”D)
(b) Deformable Registration (DIR) tools to help
delineate the volumes (and to propagate the ®
volumes to different phases) Monaco

RaySearch
Laboratories

F Albertini 4D Treatment planning workshop 2015



PAUL SCHERRER INSTITUT

What is commercially available Spel™

4D Data Handling Tools -

Edt  View

A S

Measure  Structure 4D Tools

<

V O Frontal - Phase 50 - 15.1.14 16:12 ‘

\eo
X

Sagittal - Phase 50 - 15.1.14 16112

30 - Phase 50 - 15.1.14 16:12
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What is commercially available Spel™
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What is commercially available Spss

Deformable Structure Propagation

Eclipse12 Q) No Current Activity

Propagate Structures l_.)'(-ll ‘
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What is commercially available
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o]

Phase 30% Phase 40%

Copy Accumulated Structures to Image

Accumulated Structures

Phase 60%

Target Image
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What is commercially available Spss
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4D Volume Statistics .\i§

DISPLACEMENT OF THE CENTER OF MASS

Helpful when making a decision on the
respiratory phases to be included in
gated treatments.

215

210

205 +

200 +

Yolume (cm?)

190 4

185 +

180

Phase

VOLUME VARIATION ANALYSYS

Useful when investigating the inter-phase
tumor volume variation in gated
treatment.

F Albertini
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Challenges (2)

(2) Evaluate the quality of the plan under
delivery conditions (including dynamic)

\ How can we control the breathing pattern?

-Free breathing——motion extracted from 4D-
CT(MRI) with a different starting phase
What do we need: 4D dose evaluation tool: -True for every day? weekly control 4D-MRI/CT?

4D-dose calculation: Re-calculate the initial
dose distribution considering the breathing
motion and the delivery pattern (position of
pencil beam vs the target position vs the
hetereogenity )

F Albertini 4D Treatment planning workshop 2015
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Challenges (2) Spsl

(2) Evaluate the quality of the plan under
delivery conditions (breathing pattern)

Why 4D dose evaluation is important:
Are detected differences clinically significant?

Static dose distribution 4D dose distribution Difference dose distribution

max: 106.7 %

100.0 %
90.0 %
80.0 %
70.0%
60.0 %
50.0 %

40.0 %

30.0%

20.0%

Lung V20 =15% ** Lung V20 =16.5% ] AlLung V20 =1.5%
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What is commercially available (TPS) SRS

(2) Evaluate the quality of the plan under
delivery conditions (breathing pattern)

Re-calculation on different phases:
Assumes that the dose can be delivered

within one breathing phase (4D dose \

calculation module not available. ) Good starting point but far from being a realistic
representation of the delivered dose (for free-
breathing and gating)

RaySearch
Laboratories
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What is commercially available (TPS)

Recalculation on different phases
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Challenges (3) =

(3) Change/modify the plan such as to
reduce/minimize the difference between the
calculated and delivered plan (improve plan
robustness)
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Challenges (3)

(3) Change/modify the plan such as to
reduce/minimize the difference between the
calculated and delivered plan (improve pla

“’b@"“ Acquirel4D CT | ﬁ h ﬁ h

2

Define anatomy / Define £ é\;erage

planning CT
‘ ﬁ h MIP CT

-'@ Create/adjust treatment plan_|

Yes

e e e m——— | Slide adapted from P Keall
F Albertini ) 4D Treatment planning workshop 2015
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Challenges (3) asy™

Down-to-earth 4 »

(3) Change/modify the plan such as to
reduce/minimize the difference between the
calculated and delivered plan (improve pla

robu(D= _
Acquwel 4D CT |

2
Define anatomy / Define Results differen for é\{_erage
planning CT each patien
l MIP CT

-’@ Create/adjust treatment plan_|

Yes

Proceed to treatment | Ide adapted from P Keall
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Challenges (3) =

(3) Change/modify the plan such as to
reduce/minimize the difference between the calculated
and delivered plan (improve plan robustness)

PSI-Gantry2-LayerRescan-motion20mm

45 PSI-Gantry2-VolumetricRescan-motion20mm
—@&— Patient | . . . |
40 ©— Patient Il | —e— Patient |
—&— Patient Il 40t —o— Patient Il |
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S 30
i 25 g
fa) (=2}
1 20+ Dl 20+
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r n#
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Ye Zhang et al 2015 Phys. Med. Biol.
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What is commercially available =

(3) Change/maodify the plan such as to reduce/minimize
the difference between the calculated and delivered
plan (improve plan robustness)
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Summary o=

Practical -Simplicistic view What is commercially available
1. Calculate a plan on the CT that is the best /
representation of the treatment anatomy ( for each
treatment day);
2. Evaluate the quality of the plan under delivery / X
conditions

3. Change/modify the plan such as to
reduce/minimize the difference between calculated
and delivered plan (improve plan robustness)

F Albertini 4D Treatment planning workshop 2015
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infra thoracic anatomical changes:
occurs > 70% cases during irradiation (Kwint (NKI) Rad Oncol 2014)

Target miss: tumour shift ouside PTV Target schrinkage: change in the density

|nt z%r/

Necessity to daily adapt the plan
(NOT currently CLINICALLY AVAILABLE)
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PSI intended workflow T

..we are (almost) ready to start treating moving target ! )

- Free Breathing
- reduced motion
amplitude (5mm)

| Acquire 4D CT

Define anatomy / Define
planning CT

l

—> | Create/adjust treatment plan |

g Increase number
s of rescanning

| Evaluate dose distribution |

lan acceptable?

Yeg
Proceed to treatment |

hanks to J Hrbacek and K Bernatowicz

4D Treatment planning workshop 2015
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Summary e

Still lack of experience, lack of clear guidelines ...but more
and more centers are moving towards these new indications
(c.f. Antje)

Vendors are starting to support us (4D data handling, DIR
modules,...)
BUT still more tools (4D dose calculation and motion mitigation
strategies and planning suggestions) are required to support our
(clinical medical physicist) work

uidelines,
axperience

Selection of the
optimal plan to treat
each individual
patient
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Thanks to

PSI:

Kinga Bernatowicz
Giovanni Fattori
Ye Zhang
Rosalind Perrin
Marta Peroni
Sairos Safali

Tony Lomax

Jan Hrbaceck
Alessandra Bolsi

And ...
Reynald Vanderstraeten (Varian) Martin Soukup (Elekta)
Marco Schwarz (Atrep) Frances Charlwood (Christie)

Adam Aitkenhead (Christie)

Martijin Engelsmann (HollandPTC)
Mario Ciocca (CNAO)
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