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Same LET, different track structure

Fundamentals

▪ Absorbed dose is weighted by RBE=1.
▪ Proton RBE varies from 0.9 to 1.7 and is influenced by LET at 

the microscopic scale
▪ Biological effects depend on dose, fluence, fractionation 

and track structures

  Supposition

▪ Similar ionization 

clusters result in similar 

biological effects

▪ Cluster size 𝒗 correlates 

with DNA lesion size

▪ Ionization clusters in DNA 

segments cause complex 

damage

https://rdcu.be/dWFVW

DOI:10.3390/cancers11111671

Size 𝒗 =5

Large size of  𝒗 

https://doi.org/10.1118/1.4758060
http://dx.doi.org/10.3390/cancers11111671
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Post-proton therapy complications
Can LET and RBE predict the risk of brain necrosis in patients undergoing 

proton therapy? No relationship was found
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• The relationship between dose and biological effects is 

complicated

• Particle therapy uses RBE models or dose weighted LET

• Ionization detail on the nanometer level is neglected 

Challenge

Solution

• The current PhD work focuses on correlating the frequency 

of large ionization cluster per unit of mass (cluster dose) 

with clinically important endpoint such as brain necrosis



Nanodosimetric Ionization Detail (ID) and Formalism (𝐼𝑝
𝑐) 
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Voxel j 𝑃𝑐

Particle class c : Type and 

energy

Frequency ICSD, 𝑓𝑐(𝜈)

Number of ionizations in 

clusters of k or more 

ionizations 

𝑁𝑘
𝑐= σ𝑣=𝑘

𝑣max 𝑣𝑓𝑐(𝜈) ൗ1
𝑙𝑒𝑛𝑔𝑡ℎ         

Number of clusters of k or 

more ionizations

𝐹𝑘
𝑐 = σ𝑣=𝑘

𝑣max 𝑓𝑐(𝜈) ൗ1
𝑙𝑒𝑛𝑔𝑡ℎ      

 



ID Parameters – Association with Cell Survival 
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same 𝐼𝑃 

same SF

Same LET 

Diffrerent SF  

Biol. 68 (2023) 175013



Cluster Dose 𝒈
𝒋

(𝑰𝒑)
 in Voxel j 

• The same cluster dose is expected to result in the 
same biological outcome, regardless of particle type

• Different particle types with the same 𝐼𝑝 are expected 

to produce the same biological outcome

• Different ion beams with identical local fluence and 𝐼𝑝  

are expected to yield the same biological effect
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𝑔𝑗

(𝐼𝑝)
=

1

𝜌0𝑉𝑗
 σ𝑐∈𝐶𝑗

𝑡𝑗
𝑐 𝐼𝑝

𝑐 Τ1
mass

𝒕𝒋
𝒄 cumulative track segment length of particle 

class c in voxel j

𝛷𝑗
𝑐 =

𝑡𝑗
𝑐

𝑉𝑗

𝑔
𝑗

(𝐼𝑝)
=

1

𝜌0

 σ𝑐∈𝐶𝑗
𝛷𝑗

𝑐  𝐼𝑝
𝑐

Τ1
mass



PhD Objective
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1

Investigate the 
correlation between 

radiation-induced brain 
necrosis and Ionization Detail 

(ID) parameters in proton 
therapy for skull base tumors.

2

Analyze clusters dose related 
to ionization cluster of 

different size k or larger and 
correlate with necrosis risk on 

a voxel-by-voxel basis.

3

Use data of proton patients 
with treated for skull base 

tumors to identify potential 
links between ID parameters 
and brain necrosis risk on a 

voxel-by-voxel basis.

Improve predictive 
models for necrosis risk to 

enhance treatment planning 
in proton therapy.



I appreciate your attention! 
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