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A database with OAR parameters and priorities was created, aligning with the clinical goals in Table 1 [1]. High-priority structures, such as the spinal cord and brain stem (priority = 1), were identified as critical OARs. Consequently, the target volumes were adjusted to exclude these OARs, along with a 3 mm safety margin, for the optimization process. Conversely, for other OARs not designated as high-priority (priority = 4), the target volume was excluded from consideration within the OAR, and the resulting structure was utilised during optimization.

TCP assessment:
The linear-quadratic model (LQ) describing the distribution of the clonogenic cells surviving at the end of the treatment is used to calculate the probability of eradicating the tumour cells [2-4]. At voxel level, the cell surviving fraction is calculated (SFi), then the tumour control probability (TCPi) is calculated within each voxel, and the final TCP corresponding to a given volume (T) is the product of each voxel TCP [3,4]. Equations 1-3 show the expressions used for a single fraction which can be easily extended to multiple fractions.
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di is the dose absorbed in voxel i, fi is a modifying factor based on the level of oxygen in that voxel at each fraction and α and β are the radiobiological parameters of the tumor (Table 2), Ni is the number of remaining cells within the voxel and NT is the total number of voxels in the volume (T).

Normal Tissue Complication Probability assessment:
The Normal Tissue Complication Probability (NTCP) assessment has been calculated based on Lyman-Kutcher-Burman model [5-7]. This model uses four parameters and the normal tissue tolerance data from Emami et al. [8].
 (eq. 4)
where,
 (eq. 5)
𝑇𝐷50 is the tolerance dose, 𝑣 is the fractional volume irradiated by uniform dose D,  is the parameter that describes the volume dependence of the NTCP and 𝑚 the slope of the dose response. The non-homogeneous dose distribution in the OARs is accounted using the effective volume method [5]. Also, different endpoints of the OARs were considered as shown in Table 3 [9].
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Table 1. OAR desired clinical dose and acceptance criteria. 


Table 2. TCP parameter values.


Table 3. Parameters used for NTCP calculation for selected OARs.





