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

Brain Necrosis in Adult Patients After Proton
Therapy: Is There Evidence for Dependency on
Linear Energy Transfer?
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Purpose: To investigate if radiographic imaging changes defined as necrosis correlate with regions in the brain with elevated
linear energy transfer (LET) for proton radiation therapy treatments with partial brain involvement in central nervous system
and patients with head and neck cancer.

Methods and Materials: Fifty patients with head and neck, skull base, or intracranial tumors who underwent proton therapy
between 2004 to 2016 with a minimum prescription dose of 59.4 Gy (relative biological effectiveness) and with magnetic
resonance imaging changes indicative of brain necrosis after radiation therapy were retrospectively reviewed. Each treatment
plan was recalculated using Monte Carlo simulations to provide accurate dose distributions as well as 3-dimensional distri-
butions of LET. To assess the effect of LET on radiographic imaging changes several voxel-based analyses were performed.
Results<Tn tEi's Eatient cohort, LET adjusted for dose was not found to be associated with risk of brain necrosis>
Conclusions: A voxel-based analysis of brain necrosis as an endpoint 1s difficult owing to uncertainties in the origin of ne-
crosis, timing of imaging, variability in patient specific radiosensitivity, and the simultaneous effect of dose and LET. Even
though it is expected that the LET and thus relative biological effectiveness increases at the end of range, effects in patients

might be small compared with interpatient variability of radiosensitivity and might be obscured by other confounding factors.
© 2020 Elsevier Inc. All rights reserved.
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Study of relationship between dose, LET and the risk of brain necrosis A
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after proton therapy for skull base tumors
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ARTICLE INFO ABSTRACT

Article history: Purpose: We investigated the relationship between RBE-weighted dose (DRBE) calculated with constant

Received 15 January 2021 (cRBE) and variable RBE (vRBE), dose-averaged linear energy transfer (LETd) and the risk of radiographic

Received in revised form 27 July 2021 changes in skull base patients treated with protons.

Q\E’Zflﬁi i:ﬂ:;ig;;l:f:l:st 2021 Methods: Clinical treatment plans of 45 patients were recalculated with Monte Carlo tool FRED.
Radiographic changes (i.e. edema andfor necrosis) were identified by MRI. Dosimetric parameters for

cRBE and vRBE were computed. Biological margin extension and voxel-based analysis were employed

gg:;";ﬂ;osis looking for associlation of DRBE(VBBE) and ‘LETd with brain e@ema andfor‘ ngcrosis. . .

Linear energy transfer Results: When using vRBE, Dmax in the brain was above the highest dose limits for 38% of patients, while
Monte Carlo such limit was never exceeded assuming cRBE Slmllar values of Dmax were observed in necrotic regions,
Proton therapy brain nd tempora Most of the brain necrosis was in proximity to the PTV. The voxel-based anal-

Conclusions: WRen 100KINg at standard doSIMELTIC parameters, the hngher dose associated with vRBE

seems to be responsible for an enhanced risk of radiographic changes. However, as revealed by a

voxel-based analysis, the large inter-patient variability hinders the identification of a clear effect for high

LETd.

© 2021 The Authors. Published by Elsevier B.V. Radiotherapy and Oncology 163 (2021) 143-149 This is an
open access article under the CC BY-NC-ND license (http: /creativecommons.org/licenses /by-nc-nd/4.0/).
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Challenge

* The relationship between dose and biological effects is
complicated

 Particle therapy uses RBE models or dose weighted LET

 lonization detail on the nanometer level is neglected

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

ProtoTera



Nanodosimetric lonization Detalil (ID) and Formalism (I;)
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Particle class ¢ : Type and
energy pc

Frequency ICSD, f¢(v)

Number of ionizations in
clusters of k or more
lonizations

N = er;liacx vfe(v) [1/length]

Number of clusters of k or
more ionizations

FE=Z20 M) [Yiengenl
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ID Parameters — Association with Cell Survival
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Cluster Dose g;* In Voxel protoTera
. . (Ip) — ; Z tC IC 1
+ The same cluster dose is expected to result in the 9j~ T pov; cecili ip [/masd
same biological outcome, regardless of particle type t¢ cumulative track segment length of particle
class cin voxel |
» Different particle types with the same Ip are expected . t;
to produce the same biological outcome G = v
J
(Ip)

« Different ion beams with identical local fluence and Ip g,
are expected to yield the same biological effect



Investigate the
correlation between
radiation-induced brain
necrosis and lonization Detail
(ID) parameters in proton

therapy for skull base tumors.

PhD Obijective

Analyze clusters dose related
to ionization cluster of
different size k or larger and
correlate with necrosis risk on
a voxel-by-voxel basis.

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.
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Improve predictive
models for necrosis risk to

enhance treatment planning
in proton therapy.
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| appreciate your attention!
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