
Adaptive Radiotherapy in patient Radiation Protection 

Michela Buglione di Monale e Bastia
Associazione Italiana Radioterapia e Oncologia Clinica (AIRO) 
University and ASST Spedali Civili, Brescia 



Line 

• Adaptive RT

• What about its utility? 

• Patient’s radioprotection during radiotherapy

• Doses during adaptive radiotherapy using ionizing radiations: are these clinically 
relevant?

• RM adaptive radiotherapy (not only for radioprotection reasons)

• Problems in ART: dose accumulation and deformable image registration

• Conclusions 



Line 

• Adaptive RT

• What about its utility? 

• Patient’s radioprotection during radiotherapy

• Doses during adaptive radiotherapy using ionizing radiations: are these clinically 
relevant?

• RM adaptive radiotherapy (not only for radioprotection reasons)

• Problems in ART: dose accumulation and deformable image registration

• Conclusions 



Adaptive radiotherapy

• Radiotherapy has evolved significantly over the years. Traditionally, treatment plans were based on 
initial scans used throughout the treatment course, accounting for changes in the patient’s anatomy 
by additional margins to targets.

• However, the field has moved towards decreasing margins with the advancement of delivery and 
targeting accuracy in order to decrease toxicity, and the increasing use of image guidance has 
illuminated patient anatomical changes such as organ deformation, weight loss, tumour 
shrinkage, and even biological changes that are unaccounted for by the conventional approach. 
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Adaptive radiotherapy (ART) addresses this by adjusting 
treatment plans according to these changes. 

ART can be conducted in two ways: 

- online (adjustments made during treatment sessions) 
- offline (adjustments made between treatment sessions). 
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Nevertheless, as demonstrated in 
panels A3-4 and B3-4, when there is a 
disparity between the anatomy on the 
treatment day and the anatomy 
during the simulation, as the 
treatment plan becomes increasingly 
sophisticated and tightly conformal 
to the original targets, the anatomical 
changes can lead to a greater 
deviation from the initial intention. 
Consequently, the coverage of the 
tumour dose is compromised, and the 
OARs receive a higher dose than 
planning
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• - ART signifies a fundamental change from 
conventional radiotherapy, as it involves 
dynamically reoptimizing the treatment plan to 
accommodate changes in the patient’s anatomy. 

• - This guarantees the preservation of accurate 
radiation dosage to the tumour while specifically 
protecting nearby OARs, thus optimizing the 
therapeutic ratio that can be achieved with advanced 
radiotherapy technology. 



On-line vs off-line ART
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Basic  workflow ART
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Basic principles of radioprotection 

• Justification of the exposition 

• Optimization of the dose

• Limitation of the maximal dose



Basic principles of radioprotection for patients treated with RT 

• Justification of the exposition  → radical/palliative treatment of the tumor→ informed consent

• Optimization of the dose → great attention to OAR, to dose distribution to G and CTV, to reduce 
unnecessary dose out of the target

• Limitation of the maximal dose → the maximal doses for general population are too low for patients 
treated with RT → but also for these patients the attention has to be posed to reduce the 
unnecessary dose and to deliver  the minimum necessary dose



Dose during ART workflow Is it clinically relevant or not?





Clinical dosimetric confirmation of adaptive procedures 
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Size-specific Effective Dose (SED) 

- Results from the Monte Carlo simulations carried out in this study have 
compared values for SEDs between phantoms of different stature. 

- This shows that patients who are shorter or lighter will receive 
(significantly) higher doses if similar exposure factors and field sizes 
are used for CBCT scans on all patients. 

“A person who is 5 cm shorter will receive a SED that is 
3%–7% greater for a chest scan and 4%–10% greater for a 
pelvis scan. 
A person who is 10 kg lighter will receive a dose that is 
11%–14% greater for a chest scan and 10%–13% greater 
for a pelvis scan. 
The differences amount to 0.7 mSv to 1.6 mSv from one 
scan, but since radiotherapy treatments are often given in 
20–30 fractions, the increase in cumulative dose can be 
significant if protocols are not optimised”
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The culture of adapting imaging exposure parameters and 
field sizes to individual patients is less well established in IGRT 
than in diagnostic radiology 

Size-specific Effective Dose (SED) 







A few dosimetric evaluations are available in the literature regarding the 
contribution of CT scanning for ART to the dose received by the patient. 

These doses are in general negligible when compared with the 
advantages of ART in terms of OAR sparing, better PTV coverage and 
reduction of the PTV volume.

The dose received because of ART by the patient varies with the target of 
the treatment and the PTV volume. Lighter and shorter people may receive 
higher doses by cone beam scanning and specific protocols may help to 
further reduce the dose received for them.

To conclude (1):



Is there a future?

Probably the MR-ART can be the future
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Conclusions 

- Adaptive RT: very useful, almost crucial, in a precise radiotherapy process

- On-line and off-line ART using cone-beam CT is much more common and can be easily used in all RT 
centres   

- Even if it is true that in patients treated with RT, the doses required for ART procedures are very low, it is 
also true that the ALARA  principle has to be adopted for each patient and optimization procedures 
should be much more diffused than now

Conclusion 2. Attention for the future
- Procedures of deformable image registration and dose accumulation are the key passages to obtain 

best dosimetric results by ART;

- ART with MRI will consent better target and OAR identification, non-invasive knowledge of tumour 
biology  and can be used better personalize the treatment and the delivered dose

- Prospective studies integrating all these aspect are necessary to confirm the still embryonal data



Thank you for your attention
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