




AGENDA 

• Green radiotherapy

• Radiotherapy development

• Hadrontherapy (particle beam RT) and how to do it best

• Green particle beam radiotherapy



https://www.wekiwi.it/main/sostenibilita-energia-del-futuro/
https://it.wikipedia.org/wiki/Sostenibilit%C3%A0

SUSTAINABILITY
SOSTENIBILITA’



1. Innovation through energy saving new technologies

2. Telemedicine (telehealth)

3. Paper usage reduction (treatment charts, RT plans, Q&A
documentations, instructions etc.)

4. Hypofractionation

GREEN RADIOTHERAPY



5. Strategies that improve therapeutic index like particle beam treatments, FLASH,
BNCT etc.

6. Personalised radiation oncology (new combinations, biomarkers including AI,
radiomics etc.)

7. Evidence based use of radiotherapy as an alternative to more expensive
treatments (for example, ablative radiotherapy instead of surgery, radiotherapy for
oligoprogressive disease, palliative radiotherapy).

8. Choosing wisely campaign – aiming in the resources optimisation (limitation
of waste resources)

GREEN RADIOTHERAPY



1. Define a therapeutic program forseeing the use of radiation therapy only having previously 
involved (usually, at time of the tumor first diagnosis) the radiation oncologist in defining the 
whole treatment program. 

2. Do not recommend the use of “special” techniques or radiation therapy machines without having 
previously obtained the recommendation by a radiation oncologist. 

3. Offer radiotherapy delivered with hypofractionated schedules when the scientific evidence is 
already available

4. Use short radiotherapy schedules for palliative treatments in frail patients with a short life 
expectancy 

5. Limit the use of diagnostic procedures in case of low-risk prostate and breast cancer. Avoid the 
use of serum biomarkers in early stage breast cancer.

Work in progress



BUTTERFLY EFFECT 

https://en.wikipedia.org/wiki/File:Lorenz_attractor_yb.svg

“il battito di ali di una 
farfalla può provocare un 
uragano dall'altra parte 
del mondo”



S. Espenel et al. / European Journal of Cancer 171 (2022) 242e258

LANDSCAPE OF RT DEVELOPMENT 



AGENDA 

• Green radiotherapy

• Radiotherapy development

• Particle beam RT and how to do it best

• Green particle beam radiotherapy





HOW TO MAKE GREEN PT RT 

• Planning of new centers

• Networking

• Patient selection

• Multicentric studies

• Hypofractionation



Proton Therapy with pencil beam scanning: increased conformality

Hard-to-treat-tumors



Oesophageal cancer                 Hodgkin lymphoma

Breast cancer                                 Mesothelioma
Badiyan SN et al Transl Lung Cancer Res 2018;7(2):189-198
Loap et al. Cancers 2021, 13, 3746.
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Potential benefits of proton therapy 

• Dose escalation
= improvement of local control

• Better Organ at risk sparing =
reduction of side effects

• Treatment of choice for re-RT

• Lower risk of carcinogenesis



Which patients could benefit from Proton Therapy?
§ Treat standard indications (0.6%)

§ Uveal Melanoma
§ Pediatrics
§ Base of Skull
§ Brain

§ Reduce side effects (12.1%)
§ Intracranial
§ Head & Neck
§ GU
§ GI
§ Breast
§ Lung
§ Re-irradiation

§ Improvement of local control (3.0%)
§ Head & Neck
§ Prostate
§ Bladder
§ NSCLC
§ Sarcoma

§ Lower risk of induced disorders (2.0%)
§ Breast
§ Lymphoma
§ Testis

Potential of ~ 20% of RT patients
(based on Proton Radiotherapy Horizon scanning report in the Netherlands)
https://www.gezondheidsraad.nl/sites/default/files/proton_radiotherapy200917E_0.pdf



Evidence and guidelines



Particle therapy centers worldwide 



Mazzola G, Bergamaschi L et al submitted



Mazzola G, Bergamaschi L et al submitted Iulia-Elena Cazan
August 10, 2020



Access
in adults patients

1. Clinical decision-
making tools (list)
2. Dose comparison 
methods:
• Normal Tissue 

Complication Probability 
model

• Cost-effectiveness 
modelling 

• Dosimetry comparison

Zientara N et Al. J Med Radiat Sci 2021

Who has an access to proton therapy? 
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ITALY:   LEA LIST (2022) 

https://en.wikivoyage.org/wiki/Italy



https://en.wikipedia.org/wiki/Europe



Thambas M et al. Radiother Oncol 2021, DOI:https://doi.org/10.1016/j.radonc.2021.12.004

Reasons for non treating adult pts with PT (by site)



Indications at your center are discussed…

Mazzola G, Bergamaschi L et al submitted



Logistic support for PT patients

Mazzola G, Bergamaschi L et al submitted



Hypofractionation

• Reduces overall treatment time

• Improves patient quality of life

• Increases system capacity

• Reduces direct and indirect costs

• Ecological benefit: go green

https://www.appa.org/editorial-guidelines/



Hypofractionated radiotherapy

Tumor site Examples of randomized studies

Breast Cancer START-A, START-B, FAST, FAST-
FORWARD

Prostate Cancer HYPRO, HYPO-RT-PC, PACE-B, PACE-C

NSCLC SPACE, TROG 09.02 CHISEL

Rectum Swedish trial, Polish II trial 

Oligometastic cancer SABR-COMET, SAFRON 
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Proton therapy





Percentage of publications reporting on clinical outcomes with hypofractionated proton therapy between 2001 and 2021.

Santos, A et al. The Role of Hypofractionation in Proton Therapy. Cancers 2022, 14, 2271. https:// doi.org/10.3390/cancers14092271

Hypofractionated proton radiotherapy



Santos, A et al. The Role of Hypofractionation in Proton Therapy. Cancers 2022, 14, 2271. https:// doi.org/10.3390/cancers14092271

Hypofractionated proton radiotherapy



Courtesy of Daniela Alterio



Hypofractionated PBT is a safe and effective treatment option for ES-
NSCLC; the delivery of BED ≥ 105.6 Gy(RBE) with advanced techniques 
for uncertainty management has been associated with improved 
oncological outcomes across all considered time point

Courtesy of Daniela Alterio



Marcus D et al Cancers 2021, 13, 1468. https://doi.org/10.3390/cancers13061468

Proton therapy and immunotherapy: 
improved therapeutic index? 



TAKE HOME MESSAGES 

• Particle beam RT is an innovative
treatment option for selected cases

• Indicated for difficult cases (tumor position, radioresistance)

• New combinations (immunotherapy, target therapy, surgery)

• New areas of research (biology, radiomics, hypofractionation)

• Key words for sustainability:
integration, networking, hypofractionation



https://velvetpets.it/2017/07/11/farfalle-quanto-vivono/


