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Moving lung tumours



Seppenwoolde et al, IJROBP, 2002
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Which breathing 
manoeuvre 
should be used ?



Nøttrup et al 2008



Nøttrup et al 2008



Nøttrup et al 2008



4D PET/CT



Patient surface motion, AAPM TG 76, 2006 



What about coaching?



Is coaching 
necessary?
Spontaneous respiration



Comparison: free breathing vs. 
coaching

Typical breathing curves without and with coaching

→ increased breathing amplitude



Spontaneous breathing Coached breathing

Typical respiratory pattern with and without coaching 

3mm

3mm Gating window



Breath-hold techniques:



Nøttrup et al 2008



Intrafraction and 
interfraction variations

Nøttrup et al 2008
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Intrafraction and 
interfraction variations

Relation between interfraction variation and total motion span
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Hugo et al, R&O 78 (2006) 326



Int. J. Radiation Oncology Biol. Phys., Vol. 72, No. 5, pp. 1385–1395, 2008



In conclusion – the problem of protons 
for lung targets is not solved by:

- Proper selection of non-moving tumours
- Treatment planning based on 4D-CT
- Re-design of margins
- Audio-coaching of the patient



Probably a combination of many
things is needed:

- Repeated (daily?) imaging
- Adaptive planning (plan of the day?)
- Advanced audio-visual coaching
- Gating (or breath hold techniques?)

- Apnea during anaesthesia?



THANK YOU FOR THANK YOU FOR 
YOUR YOUR 
ATTENTION!ATTENTION!




	4D PET/CT

