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POP ART PT
The Patterns Of Practice for Adaptive and Real-Time Particle Therapy (POP-ART PT) questionnaire 
aims to determine the status of Adaptive Particle Therapy (APT) and (Real-time Respiratory 
Motion Management RRMM) implementation worldwide.



>90% response rate for Europe and Japan

>50% response rate for the US

Europe:
Ɇall centres are equipped with PBS

Ɇ70% treat moving targets

Ɇ95% use APT 

ɆĄ 50% for 4D indications (mainly lung)

ɆAd-hoc offline adaptation 

POP ART PT

Reasons for adaptation per treatment site

Trnkova et al. oral presentation ESTRO 2021



In Europe no center performs online APT (plan 
libraries or daily adaptation).

A majority of European centres would like to 
improve APT workflows and would like to 
implement it for more indications

The main barrier for the extension of APT is the 
lack of integrated and efficient workflows

POP ART PT

Barriers for extending APT

Trnkova et al. oral presentation ESTRO 2021



4D adaptive proton therapy is just translated into the clinical practice with a 
lot of potential for further development , increasing impact.



Challenges

Ɇinterplay effect

4D dose reconstruction & accumulation

100%

Modern PT facilities are equipped with 

pencil beam scanning (PBS).



Challenges

Ɇinterplay effect

4D dose reconstruction & accumulation

100%

Modern PT facilities are equipped with 

pencil beam scanning (PBS).

PBS-PT treatments are susceptible for 

interplay effects.



Challenges

Ɇvarying motion

4D dose reconstruction & accumulation

den Otter et al. doi: 10.1002/mp.14345



Challenges

Ɇanatomical changes

4D dose reconstruction & accumulation

Fast tumour regression during radiotherapy^

^Wang et al. doi: 10.1186/s12885-020-07617-3

Inconsistant patient setup*

*Ribeiro et al. doi: 10.1016/j.radonc.2021.01.014


