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Why we need a Treatment Planning?

Advanced radiotherapy techniques use complex beam delivery systems
In order to obtain:

1. high tumor control probability

2. reduced normal tissue complication rate.

A perfect beam management and an accelerator control system of .
absolute precision are thus required.

A Treatment Planning, which has to provide to the accelerator control
system the position, intensity and direction of the beams is thus crucial to
achieve the patient therapeutic need
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Treatment Planning System

The Treatement Planning System (TPS) combines the characteristics of the particles at the energies of interest
with the accelerator machine parameters to be applied in order to optimise the dose distribution to the patient.

In radio-particle therapy it can be analytic or Monte Carlo driven.
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The TPS provides information to
the beam control system:

o Position
o Intensity
o Direction

Prostate PTV | 100 74.0 :
Prostate PTV | 5.0 72.0 1.0
Prostate PTV | 10.0 76.0 1.0
Rectum 90.0 10.0 0.5
Rectum 50.0 20.0 0.5
Rectum 10.0 30.0 0.5
Bladder 90.0 10.0 0.2
Bladder 50.0 20.0 0.2
Bladder 10.0 30.0 0.2
Femoral heads| 90.0 10.0 0.2
Femoral heads| 50.0 20.0 0.2
Femoral heads| 10.0 40.0 0.2
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Dose kernel

ANALYTICAL ALGORITHMS

@ Reasonable times for
calculating the TPS

® Simplified representation of
the tissue: the geometry of the
patient is represented in an
equivalent volume of water,
neglecting the real atomic
composition of the tissues.

® Not high accuracy

G. Franciosini

MONTE CARLO

® Realistic assessment of body
composition

® Extracts accuracy in the
description of the transport and

the interaction of the particles
with matter

@ Long times for calculating
the TPS

FAST MONTE CARLO

® High accuracy in the
description of the transport and

of the interaction of particles
with matter

® Realistic assessment of body
composition

@ Very fast calculation of TPS
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Dose kernel

ANALYTICAL ALGORITHMS

@ Reasonable times for
calculating the TPS

® Simplified representation of
the tissue: the geometry of the
patient is represented in an
equivalent volume of water,
neglecting the real atomic
composition of the tissues.

® Not high accuracy

Ex. Proton TPS
~ 1 h/core

G. Franciosini

MONTE CARLO

® Realistic assessment of body
composition

® Extracts accuracy in the

description of the transport and

the interaction of the particles
with matter

@ Long times for calculating
the TPS

Ex. Proton TPS /\ \

~ days/core

FAST MONTE CARLO

® High accuracy in the
description of the transport and

of the interaction of particles
with matter

® Realistic assessment of body
composition

@ Very fast calculation of TPS

Ex. Proton TPS
~ minutes
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Fast paRticle thErapy Dose evaluator (FRED)

The FRED MC has been developed to allow a fast optimization of the TPS in Particle Therapy, while keeping the
dose release accuracy typical of a MC tool. Today FRED protons is used in various medical and research centers
such as MedAustron (Vienna), APSS (Trento), Maastro (Maastricht) and CNAO (Pavia) while the e¢arbon ions and

electromagnetic models for FRED are under optimization.
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FRED has been developed to work on GPU
(Graphics Processing Unit) and it reduces
the simulation time by a factor of 1000 for
proton treatments compared to a standard

I\/l(:;. / '\'l"6!
ﬁ( le. &
iming Performance o, 2
in water FLUKA FRED n

e @ 1 MeV 5.1e3 prim/s | 3.3e6 prim/s
e @ 10 MeV 1.2e3 prim/s | 3.5e5 prim/s
e- @ 100 MeV 4.0e2 prim/s | 3.2e4 pri~ ',

~x1000

A. Schiavi et al. “FRED: a GPU-accelerated fast-Monte Carlo code for rapid
treatment plan recalculation in ion beam therapy” PMB 62 (2017) 18
doi:10.1088/1361-6560/aa8134

A FEASIBILITY STUDY OF IORT-FLASH USING A GPU-BASE FAST MONTE CARLO| [ERILL 077 (o]



|OeRT Technique

The Intra Operative Radio Therapy with electron (I0eRT) is a technique that, after the surgical tumour removal,

delivers a dose of ionising radiation directly to the surgery bed [1]. The goal is to eradicate the microscopic
residual tumour cells that surgery was not able to remove completely.

[1] Intraoperative Irradiation. Techniques and Results,

Calvo FA, Gunderson LL et al., Current Clinical Oncology,
Second Edition, 2011
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The Intra Operative Radio Therapy with electron (I0eRT) is a technique that, after the surgical tumour removal,

delivers a dose of ionising radiation directly to the surgery bed [1]. The goal is to eradicate the microscopic
residual tumour cells that surgery was not able to remove completely.

The patient is surgically treated. The surgeon identifies

and prepares the Planned Target Volume (PTV) that
has to be treated.

[1] Intraoperative Irradiation. Techniques and Results,
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Second Edition, 2011
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The Intra Operative Radio Therapy with electron (I0eRT) is a technique that, after the surgical tumour removal,

delivers a dose of ionising radiation directly to the surgery bed [1]. The goal is to eradicate the microscopic
residual tumour cells that surgery was not able to remove completely.

The patient is surgically treated. The surgeon identifies

and prepares the Planned Target Volume (PTV) that
has to be treated.

A protective disk is applied in order to preserve the
organs from the undesired dose. The thickness of the
target volume is identified by means of a needle and
thus the electron heam energy is chosen.
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Second Edition, 2011
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|OeRT Technique

The Intra Operative Radio Therapy with electron (I0eRT) is a technique that, after the surgical tumour removal,

delivers a dose of ionising radiation directly to the surgery bed [1]. The goal is to eradicate the microscopic
residual tumour cells that surgery was not able to remove completely.

The patient is surgically treated. The surgeon identifies

and prepares the Planned Target Volume (PTV) that
has to be treated.

A protective disk is applied in order to preserve the
organs from the undesired dose. The thickness of the
target volume is identified by means of a needle and
thus the electron heam energy is chosen.

The beam is passively collimated by means of a =
PMMA applicator, whose dimension is chosen
according to the volume of the surgical breach.
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[1] Intraoperative Irradiation. Techniques and Results,

Calvo FA, Gunderson LL et al., Current Clinical Oncology,
Second Edition, 2011
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|OeRT Technique

The Intra Operative Radio Therapy with electron (I0eRT) is a technique that, after the surgical tumour removal,
delivers a dose of ionising radiation directly to the surgery bed [1]. The goal is to eradicate the microscopic
residual tumour cells that surgery was not able to remove completely.

The patient is surgically treated. The surgeon identifies
and prepares the Planned Target Volume (PTV) that -
has to be treated.

A protective disk is applied in order to preserve the
organs from the undesired dose. The thickness of the
target volume is identified by means of a needle and =
thus the electron heam energy is chosen.

The beam is passively collimated by means of a =li=
PMMA applicator, whose dimension is chosen
according to the volume of the surgical breach.

The dose is provided by a uniform electron beam
produced by the SIT LINAC accelerator with

[1] Intraoperative Irradiation. Techniques and Results,

energy between 4 and 12 MeV. Calvo FA, Gunderson LL et al., Current Clinical Oncology,
Second Edition, 2011
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|OeRT Technique

The Intra Operative Radio Therapy with electron (I0eRT) is a technique that, after the surgical tumour removal,
delivers a dose of ionising radiation directly to the surgery bed [1]. The goal is to eradicate the microscopic
residual tumour cells that surgery was not able to remove completely.

The patient is surgically treated. The surgeon identifies
and prepares the Planned Target Volume (PTV) that

has to be treated.

A protective disk is applied in order to preserve the
organs from the undesired dose. The thickness of the
target volume is identified by means of a needle and
thus the electron heam energy is chosen.

The beam is passively collimated by means of a
PMMA applicator, whose dimension is chosen
according to the volume of the surgical breach.

The dose is provided by a uniform electron beam
produced by the SIT LINAC accelerator with

bet 4 and 12 MeV.
Snergy DETWeen = an ° and go through the Treatment Planning

. U System
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No time to obtain a new patient imagine




Why do we need a IORT planning?

2|0RT is recommended in several ‘far from trivial’ irradiation cases (prostate, pancreas, rectal
cancer...): Organ At Risks sparing becomes an issue;

2FLASH effect

N

Several pre-clinical studies recently claimed that the toxicity in healthy tissues related to
tumour treatments can be significantly reduced (from 80% down to 60%), while keeping the same
efficacy in cancer Kkilling, if the dose rate is radically increased (~100 Gy/s, or even more) with

respect to conventional treatments (~0.01 Gy/s).

¢

1. Tumor response, analogous to the one obtained with conventional RT
2. Reduced radiation-induced toxicities in the healthy tissues
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Flash Effect

Test on animals First FLASH human treatment

34 Gy* 31Gy* 28 Gy*

~0.08Gy/s

~300Gy/s

N lc : 5 months

DOI: 10.1158/1078-0432.CCR-17-3375 — 15 Gy, 106 Gy/s

Today the use of mono-energetic high intensity pulses of electrons (mean dose rate ~ 0.5 Gy/s)

makes IORT the current best candidate for the first implementation of the FLASH effect into the
clinic.
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JORT planning

Timing is an issue

@ Quick imaging after surgery;

@ Quick planning: an help for
the radio-therapist to
choose the position, angle
of the applicator and beam
energy and # electrons to
deliver perceived dose, to
ensure a proper OARs
sparing
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|ORT planning |G,

The SIT company (Aprilia,
Italy) is exploiting a new 3D

L. . real-time echographic imaging
Timing is anissue acquisition with limited

precision (capable of

(1) Quick imaging after surgery; -, o ——— g:?ggfgzgni Ogleynsﬂinificg?rt

water, metal)

@ Quick planning: an help for
the radio-therapist to

choose the position, angle (2) A full MC is needed and the GPU

of the applicator and beam architecture can be exploited to FRED

energy and # electrons to speed up the planning
deliver perceived dose, to

ensure a proper OARs
sparing
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Breast cancer TPS

For the breast IORT treatment, we have used a CT of a phantom with a breast prosthesis used to simulate a breast
surgery attached onto it and we have reproduced in detail the applicator structure of the NOVAC 11 accelerator,
produced by the SIT company.

'\ Regionsof
inferest

| Geometry {
- simulation |

PTV
0AR1
0AR2
Normal Tissue

2We have inserted the radioprotection disk;

ZWe have identified a reasonable PTV (d ~ 6:7 cm, 1 cm thick), two QOARs and the normal tissue.

ZzFor the optimization studies: we have shot 109 electrons (several orders of magnitude below a full treatment), of
different energies and with different applicator geometries and we have analysed the resulting Dose Volume

Histograms (DVHs).
Gaia Franciosini 11/04/2022




Position scan

SCAN POSITION
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Dose[cGy]

SSD =80 cm

With an 8 MeV electrons beam and a d=70 mm applicator,
we have performed a position scan, moving the
applicator with 2 mm steps along the z-axis
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The impact of a Zmm position scan is clear both on
the PTV and on the NT.
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Needed statistics/GPU time

The DVHs depend not only on the "geometry Primaries scan
considered”, i.e. the volume of the PTV and OARs, ool e
but also on the simulation statistics. \ "

i

We therefore perform a scan simulating different ol hA
number of primaries with fixed energy and geometry
to test the stability of the DVHs.

60 -

Applicator with diameter = 70 mm £
Beam energy 8 MeV 5
~ 40 -
— 9e0 e~ primaries
R TELTTLEY le6 e primaries 20 -
s — 909 ¢
- e leHe
I - - R W ] 0 -
simulations takes only 10s 0 1000 2000 3000 4000
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Conclusions and next steps

2During my PhD career | have developed from scratch a fast electromaghetic MC tool, FRED, capable of
reproducing dose distributions in homogeneous and heterogeneous phantom with an accuracy at the level of
state-of-art full MCs, and with an impressive timing performance.

2 Using FRED | have developed an optimization tool which is able to produce with 10¢ primary electrons robust and

accurate IORT dose distributions in about 10 seconds that can be used for the treatment optimization. Ex: The
simulation time for a preliminary IORT TPS, i.e. 3 different beam energy and for each energy 3 different
applicator position, is ~ 1 minute; At the moment we need the breast cancer specialists input in order to progress

with our study:

1. We need a more realistic case, i.e. a real ecographic input, a real PTV and real OARs.

2. Currently we don’t have specified dosimetric constraints.

ZResults shown so far have been obtained displaying the physical dose. However, the implementation of the
biological dose, including the flash effect, will be straightforward once the DMF model will be available. We will
explore the impact on the skin and in some internal organs (e.g. heart and lungs for breast cancer);

Thanks for your attention
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