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Lung cancer heavy ion therapy treatment
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Lung cancer heavy ion therapy treatment
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Lung cancer heavy ion therapy treatment
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Lung cancer heavy ion therapy treatment
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Lung cancer heavy ion therapy treatment
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Lung cancer heavy ion therapy treatment

State of art

rate

Lung cancer

- One of most prevalent
diagnosed cancer
worldwide

- 22% overall mortality

Non-small cell

lung cancer

- 80% of lung cancer
diagnoses

- 5-year survival rate of
26%
- Stage Il and above :
tumor size 3-7cm
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Treatment

- Photon therapy : 20%
5-year overall survival
- Carbon ion radiation

therapy : 42% 5-year
survival

Limits of CIRT
on NSCLC

- Individual differences

- Respiratory movement
- No adequate sample
size to study

- Cost

(facility 140 millions;;
treatment 50 000)
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Lung cancer heavy ion therapy treatment
Breathing movement >

> Motion effects

- Dose deterioration
- Delivered dose shift of 10-15% (1-5mm)

iWoRID presentation — June 2023 - levana.gesson@iphc.cnrs.fr



Lung cancer heavy ion therapy treatment
Breathing movement >

SB(TAPR Thin |

> Motion effects
- Dose deterioration

Dose distribution of heavy ions for lung tumor treatment planned
at the end of inhale. [8]
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Monitoring with secondary particles
CMOS protons detection >

> Collaboration between IPHC / GSI

Monitoring using the secondary protons produced during
carbon ion treatment
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Monitoring with secondary particles

CMOS protons detection ¢ o3

How can we improve the lung cancer treatment focusing

Figure — Cluster map and projection for >C beam of 326 MeV

on the breathing movement problematic ?

> Collaboration between IPHC / GSI

Monitoring using the secondary protons produced during
carbon ion treatment 0
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Monitoring with secondary particles

MIT experiment ¢
20°
10°
CMOS
— ————————————————————————————
Carbon ion @ trackers
Beam 10°

(Scanning pencil beam)
Target : PMMA cylinder
inside foam
on moving table 20°
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Monitoring with secondary particles

MIT experiment ¢
20°
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CMOS
— ————————————————————————————
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Monitoring with secondary particles
MIT experiment ¢

Vertex (Production point)

10°

____________________ CMOS

Carbon ion trackers
Beam Reconstructed 10°

(Scanning pencil beam)
Target : PMMA cylinder
inside foam
on moving table

Clusters
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Monitoring with secondary particles
MIT experiment ¢

STIVI algorithm
Developped by C.Finck
and CA.Reidel

Vertex (Production point)

10°
____________________ CMOS
Carbon ion trackers
Beam Reconstructed 10°

(Scanning pencil beam)
Clusters

%
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Monitoring with secondary particles

MIT experiment results

» Full clinical treatment plan
- Sphere of 50mm of diameter

- Plan of 2 Gy
- 2.5min Moving target
> B - Static centered
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Monitoring with secondary particles

MIT experiment results

» Full clinical treatment plan
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Vertex position along the beam axis (um)
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Monitoring with secondary particles
MIT experiment results

K o
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» Full clinical treatment plan
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Monitoring with secondary particles
CMOS tracking device >

Real time monitoring of :
- Beam position
- Movement of high density-gradients areas

Using these data for better control of the treatment :
- Improve 4D treatment plans and reduce margins

Software and interfaces for the Front-End :
- Real time visualization

- Interfaces for interlock, gating

- Interfaces for beam control
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Monitoring with secondary particles
CMOS tracking device ¢ ¢

MC simulation on a clinical case with GATE
(Geant4 based) on patient 4D-CT

CMOS device optimization : GATE simulation on
- dimension, shape, number a patient 4D-CT

- Time of response
- ADC

15

g P

) L e W

Digital hardware :

o . CMOS trackers
- Data transfer and digital pre-processing on sensor

example of setup

Algorithms for fast processing of data : p j"/ lar\"\\,i, , ]

- Deep learning for clustering, tracking
- GPU/FPGA
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General and scientific context
Biological effects

Direct effect > Heavy ions compared to photons

- high LET (linear energy transfer)

/ - high RBE (relative biological effectiveness)
- low OER (oxygen enhancement ratio)

k

single-strand bre%_

intra-strand cross-link © - high mortality rate of tumor cells
. @ - good activator of antitumor immunity
base modification [/~ DNA-protein - more efficient to prevent angiogenesis and metastasis

cross-link

. Indirect effect

i - photon
base loss °OH //\—/

— (®

[4-5]

X-rays Heavy ion
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Lung cancer heavy ion therapy CMOS tracking device
State of art

Combine CIRT with
imaging techniques
(PET/4D-CT)

Adjuvant
/\\ / chemotherapy drugs

Improvement needed for treatment
planning and dose calculation because
of lung movement

le CIRT with
immunotherapy

Reducing technology /
hospitalization /
examination cost
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General and scientific context
LET 1/3
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Figure - DRBE and dose-averaged linear energy transfer (LETD) maps
for intensity modulated particle therapy (IMPT) versus spot- scanning
hadron arc (SHArc). (a) Case A: optimization with target (T) and
normal tissue (NT) constraints. (b) Case B: clinical-like scenario with
planning target volume (PTV)/organs at risk (OAR) optimization. Both
cases were conducted using 3 clinical ion beams (p, 4He, and 12C
ions). Line profiles, dose volume histogram (DVH), and dose-averaged
linear energy transfer volume histogram (LETDVH) are provided for
intercomparison of SHArc plans (bottom panels). (c) Angular-fluence
maps for SHArc-p, SHArc-He, and SHArc-C plans in cases A (top) and B
(bottom) [16]
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Overview

Treatment plan >
/ Imaging \ Treatment planning /~ Treatment "\
Define tumoral/targeted System (TPS)

| Mvmumew{

N W

~ | Monitoring with

| secondary protons
l -

4 Physical dose calculation i = 3

y,
Physical |,  Biological Correctlons #W

processes |LET| processes Comparison between

A delivered dose and
Q Uncertainties /

planned one
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General and scientific context
LET 2/3

ITp IMPT-He IMPT-C IMPT-p IMPT-He IMPT-C
P Dgrge |4He P—— il
U a} Figure - DRBE and dose-averaged linear energy transfer (LETD) maps
1F ) -~

for intensity modulated particle therapy (IMPT) versus spot- scanning
hadron arc (SHArc). (a) Case A: optimization with target (T) and
normal tissue (NT) constraints. (b) Case B: clinical-like scenario with
planning target volume (PTV)/organs at risk (OAR) optimization. Both
cases were conducted using 3 clinical ion beams (p, 4He, and 12C
ions). Line profiles, dose volume histogram (DVH), and dose-averaged
linear energy transfer volume histogram (LETDVH) are provided for
intercomparison of SHArc plans (bottom panels). (c) Angular-fluence

maps for SHArc-p, SHArc-He, and SHArc-C plans in cases A (top) and B
(bottom) [16]
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General and scientific context
LET 3/3

c SHArc-p

Figure - DRBE and dose-averaged linear energy transfer (LETD) maps
for intensity modulated particle therapy (IMPT) versus spot- scanning
hadron arc (SHArc). (a) Case A: optimization with target (T) and
normal tissue (NT) constraints. (b) Case B: clinical-like scenario with
planning target volume (PTV)/organs at risk (OAR) optimization. Both
cases were conducted using 3 clinical ion beams (p, 4He, and 12C
ions). Line profiles, dose volume histogram (DVH), and dose-averaged
linear energy transfer volume histogram (LETDVH) are provided for
intercomparison of SHArc plans (bottom panels). (c) Angular-fluence
maps for SHArc-p, SHArc-He, and SHArc-C plans in cases A (top) and B
(bottom) [16]

Case A

Case B
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Lung cancer heavy ion therapy CMOS tracking device
GATE simulatizon
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Monitoring with secondary particles

E]_ATE simulation ==u FAR

7 3¢
u
()
Cue
Gate simulation
on human
phantom with a
Carbon ion

beam 170
MeV/u

| I I
50 100 150 200

CMOS tracker
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Lung cancer heavy ion therapy treatment

Radiotherapy ?
~ T 61
| Xeray Therapy | ;-
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Lung cancer heavy ion therapy treatment
Radiotherapy ?

b 6 -
Proton Therapy 'l\ i)

>

== Photons 21 MeV
34 we 12C 270 MeV/u

Required dose

Relative Dose

ol Protons 148 MeV/u
o
& 2
o
©
= 1 —
o "
0 20 40 60 80 100 120 140 160
Depth in Water (mm) [2]

k A 4 ¥ “ Carbons :

[1]

X-rays

(3]
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Lung cancer heavy ion therapy treatment

Radiotherapy

Required dose

Delivereditarget dose

» Heavy ion

Less damage to surrounding tissue
Lower scattering of the beam
Higher biological effect

But dose after Bragg peak
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