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Less and less normal tissues irradiated …
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GTV = 44 cc

GTV + 5 mm

= 93 cc

Why is the volume effect so powerfull in radiotherapy ?
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How to mitigate motion management ?
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How to mitigate motion management : new avenues  …? 

90

%

10

%

- Respiratory gating, breath hold techniques 

(ABC …)

- Tracking : Calypso, CyberKnife, 

ViewRay, Linac-MRI … etc …

- Not breathing at all … ?

- Extremely rapid RT system ?
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Not breathing at all ?

(I) 

Résumé du Projet et état d’avancement 



Not breathing at all : PART 
Percussion Assisted Radiotherapy

(CHUV) 



PART : example for a patient with a breast cancer



PART : imaging the breast during treatment



PART : First patient with breast cancer, 34 years old

Mean stabilisation time

for “beam on” 

= 5 minutes 41 sec



Normal breathing PART

PART : any dosimetric gain ?…

Dose / heart = 45 Gy Dose / heart = 0.8 Gy



PART : any dosimetric gain ?…



Percussion Assisted PET-CT (Prior et al JNM, 2016)

Free-breathing (6 min)

No-breathing (6 min)



Percussion 

Assisted MRI …

Beigelmann et al submitted



PO2

PCO2

Thorax

Abdomen

25 minutes

From the first … to …the second generation of PART …



The CHUV PART team !! 
with Pneumologists (A Lovis) and Physiologists (K Grant)

How useful is PART ? 

Ongoing clinical comparisons with gating / ABC and tracking systems



How to mitigate motion management : new avenues ?
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Standford University



Other example of extremely rapid radiation therapy set-up : FLASH

…with CURIE LINAC 4,5 MeV

CDR Flash

Dose rate 0,04 Gy / sec 50 Gy / sec

Time for 20 Gy 500 sec (≈ 8 min) 400 ms

…with CHUV LINAC 6 MeV



V Favaudon MC Vozenin



Flash-RT induces less lung fibrosis …
n=300 C57BL /6J





D0  orthotopic implantation of  

of 500 000 Luc+ TC-1 in the lung

Follow up by

Bioluminescence imaging

D+2
D+62

Sampling and analysis



FLASH-RT in cat with spontaneous cancer ?

29th of sept 2015

11 year old male, 7 kg with a nasal squamous cell carcinoma



Reconstructed dose distribution according to a measured single dose of 

31 Gy at the skin surface. 

FLASH-RT in cat



26th November 2015, 2 months



Potential interest

of extremely rapid radiotherapy set-up? 

- Ultra fast : no intra-fraction motion management

- No irradiation of circulating lymphocytes (better immune response ?)

- Perhaps a more pronounced differential effect ? (ex : Flash : tumor vs normal tissues ; 

Favaudon 2014 …)

- Is the effect on hypoxic cells the same ? (all electron deposit at the same time, is it mimicking 

a higher LET effect ?)

- Potential for markedly reducing the radiotherapy workload ?
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