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Analytical models of radiobiological response in ion beams are used in studies on improving treatment plan-
ning in proton therapy. The best known models are Carabe [1], Wedenberg [2] and McNamara [3]. They
relate response of the system (i.e. cell survival) with beam characterication (kinetic energy, linear energy
transfer, ion type) and tissue radiosensitivity expressed by parameters of linear quadratic model (alfa, beta).
These approaches has been used in studies of variable RBE in proton therapy. Application of these models
require time-consuming and complex simulation of particle transport to establish spatial distribution of dose
and linear energy transfer (LET).

We propose a simplified approach where particle transport is replaced by two analytical models applicable to
pencil-beam dose delivery systems. Spatial dose distribution is calculated using the Bortfeld [4] model and
LET distribution according to Wilkens [5] model. Both models assume power-law approximation of energy
loss per unit distance are valid for uniform media. The predictions are within 2-3% agreement with particle
transport simulations using Monte-Carlo codes.

All models were implemented in open-source program code library called libamtrack [6]. The library is
written using ANSI C and is freely available on Github service https://github.com/libamtrack. It is designed
as a shared library to be used by scientific programmers in their own modelling codes.
To facilitate the use by regular users a web interface was provided, exploiting modern technologies capable of
compiling C code directly into JavaScript and WebAssembly languages. This web interface offers calculation
of dose, LET and RBE as a function of depth for various media and beam configuration.

Combination of analytical models describing proton beam properties (Bortfeld, Wilkens) with radiobiological
response models offers a way for fast model tuning and comparison in uniform media. We believe that the
public implementation in the open-source library extended with user-friendly web interface may lead to wider
application and futher development of analytical models in proton therapy.
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