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Dosimetric properties of protons and carbon ions

• Steep dose gradient

• Limited dose to the surrounding
healthy tissues

• Toxicity reduction with 
comparable target coverage with 
respect to X-rays

18/10/24 3Durante M, Br J Cancer. 2019



Radiobiological properties of protons and carbon ions

• Higher relative biological effectiveness
(RBE)

• More serious DNA damage induced

• Reduced dependence on cell-cycle

• Reduced oxygen enhancement ratio 
(OER) in the tumor

• Higher efficacy on radioresistant clones

18/10/24 4Nature 2014



Hadron Therapy: when?

18/10/24 Orlandi E, Health Technol. 2024 5



Hadron Therapy: when?

18/10/24 6Kim KS, Cancer Res Treat. 2021
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Hadron Therapy: when?

18/10/24 7

19 European PT Centers 

Tambas M, Radiother Oncol. 2022



Hadron Therapy: why?
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✓ Childhood cancers: reduction in normal tissue exposure and therefore in adverse effects (Spiotto 

2021, Wilson 2024, Bischoff 2024)

✓ Skull based and sinonasal malignancies: sparing of the close critical normal tissues, e.g. 
brainstem and optic structures (Grosshans 2014, Patel 2014, Iannalfi 2023)

✓ Brain tumors: promising results in terms of cognitive preservation (Dutz 2020, Flechl 2023)

✓ Locally advanced head and neck malignancies: significanlty reduced toxicity (Holliday 2015, Lin 2021, 

Chang 2024)



Hadron Therapy: why?
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✓ Soft tissues and bone sarcomas: to overcome their intrinsic radioresistance, especially if 
unresectable or when incomplete surgery is expected (Dong 2022, Ioakeim-Ioannidou 2024)

✓ Breast cancer: in the presence of cardiovascular risk factors, left-sided tumors or regional nodal 
irradiation, and to minimize contralateral breast exposure (Mutter 2021)

✓ Primary hepatocellular carcinoma, cholangiocarcinoma, and isolated hepatic metastases: 
the normal tissue sparing allows dose escalation (Qi 2015, Cheng 2020)

✓ Reirradiation: safer delivery of definitive rather than palliative doses (McDonald 2016, Lee 2023, Gaito 2023)



Hadron Therapy: why?
1. Reduced toxicity

18/10/24 Lin SH, Int J Radiat Oncol Biol Phys. 2021 / Xiang M, Cancer. 2020 10

PT was associated with a lower risk of second cancer



Hadron Therapy: why?
2. Potential improved outcomes

18/10/24 Vasudevan SS, Head Neck. 2024 11

11 studies, 3087 pts (606 PT + 2481 IMRT)

1-year OS

2-year OS

5-year OS

P=0.02

P<0.0001

P=0.004



Hadron Therapy: why?
2. Potential improved outcomes

18/10/24 Vasudevan SS, Head Neck. 2024 12

2-year DFS

5-year DFS

P=0.03

P=0.03

11 studies, 3087 pts (606 PT + 2481 IMRT)



Hadron Therapy: why?
2. Potential improved outcomes

18/10/24 Vasudevan SS, Head Neck. 2024 13

LRR

P=0.004

11 studies, 3087 pts (606 PT + 2481 IMRT)

To be confirmed…



Hadron Therapy: why?
3. Multimodal approaches

18/10/24 Jensen AD, Int J Radiat Oncol Biol Phys. 2015 / Weusthof K, Int J Radiat Oncol Biol Phys. 2024 14

2015

2024

• Carbon ion boost 24 GyRBE + IMRT 50 Gy

• The rationale is that the number of tumor
cells and hypoxia level are at their greatest
extent at the beginning of therapy

• One of the goals is the early targeting of 
stem cells

• Further research is needed to optimize
patient selection



Hadron Therapy: why?
3. Multimodal approaches

18/10/24 15Helm A, Int Rev Cell Mol Biol. 2023 / Durante M, Br J Radiol. 2020

In vitro:

- increased release of immune-stimulating cytokines

- greater impact on antigen release

- long-term inhibition of cell migration

In vivo:

- reduced damage to blood lymphocytes compared to X-rays



Hadron Therapy: why?
3. Multimodal approaches

18/10/24 Cavalieri S, Future Oncol. 2023 16

1. NSCLC, HNSCC, melanoma and urothelial carcinoma

2. At least 2 measurable target lesions

Primary endpoint:

- objective response rate (ORR) according to RECIST, 

at least 8 weeks after CIRT

Secondary endpoints:

- toxicity according to CTCAE version 5.0

- PFS

- OS

(single agent anti-PD1/PDL1)

24 GyRBE in 3 fractions



Hadron Therapy: how?

18/10/24 Tambas M, Radiother Oncol. 2020 17

2) Trials within Cohorts

3) Generalized Pairwise 

Comparison

4) Propensity Score Analysis

1) Model-Based Approach (MBA)



Hadron Therapy: how?

18/10/24 Grau C, Radiother Oncol. 2024 18

2024

CNAO

REGistry TriAL
(NCT05203250)

AIOCC Italian Registry

on Head and Neck 

Carcinoma

RARITY
AIR 

Study

HITRIplus REGALHeavy Ion Therapy 
Research Integration 

plus

Registry of the European

Reference Network on 

Rare Adult Solid Cancer 

“EURACAN”

5) Prospective data registries



Take home messages
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1. Hadron therapy appears to be a safe, effective and feasible treatment 
method, which has shown advantages over photon therapy

2. Hadron therapy has the potential to reduce radiation exposure, which 
should reduce late radiation-induced toxicities

3. It is crucial to better select patients

4. The development of clinical registries might help to elucidate current 
uncertainties

5. National and International multidisciplinary cooperation is of utmost 
importance
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