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ABSTRACT

3D Isodoselines innovation with Interior Optimization (I0) for prostate tumor BED model
hyperfractionated Treatment Planning Optimization (TPO) application is further
demonstrated. The implemented data was got with additional-dual constrained evolutionary
algorithm for BED-LQ model (Biological Effective Dose) in this cancer type. Results for TPO
with 3D 10-Graphical Optimization show a number of surfactal 10 3D Isodoselines with
proven accuracy-feasibility of the novelty of the technique. Programming software for
Corresponding Author: surfactal-isodoselines methods solutions show a series of 3D 10 graphs for TPO. Applications
Dr. F Casesnoves PhD for prostate tumors radiotherapy and stereotactic radiosurgery treatments are briefed.
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Radiation Therapy (RT), Initial Tumor Clonogenes Number Population ( No ), Effective Tumor Population Clonogenes
Number ( Nefreciive ), Linear Quadratic Model (LQ), Integral Equation (IE), Tumor Control Probability (TCP), Normal Tissue
Complications Probability (NTCP), Biological Effective model (BED), Tumor Control Cumulative Probability (TCCP),
Radiation Photon-Dose (RPD), Nonlinear Optimization, Radiotherapy Treatment Planning Optimization (TPO), Nonlinear
Optimization, Treatment Planning Optimization (TPO), Artificial Intelligence (Al), Pareto-Multiobjective Optimization

(PMO), Genetic Algorithms (GA) .

I. INTRODUCTION AND OBJECTIVES

In a previous 3D Isodoselines published definition-
invention [100], for prostate treatment planning optimization
(TPO), a primary group of demonstrating graphs were
shown. This study deals with an extension/improvement of
3D Graphical-Interior Optimization obtained with perfected
software.

Therefore, a series of imaging processing 3D charts are
presented for Isodoselines in prostate cancer BED model for
TPO. The BED parameters used are based on in vivo tumor
radiobiological parameters ( o , B ), Treatment-Time
variable, Tk (delay) , and Tpowenia ONES. The previous
publications in vitro dataset is shown for comparison in
Table 2, [98].

The results comprise illustrative examples for BED
model TPO refined with 3D Isodoselines series for several
magnitudes of total doses.

In brief, a number of 3D imaging processing graphics for
prostate tumors TPO by using BED model are proven and

explained. Confirmation of findings of [100] is got.
Applications for radiotherapy TPO are explained in brief.

Il. MATHEMATICAL AND
METHOD

This section comprises the dataset that was used for
programming improvements from [100]. The mathematical
algorithms and software methods are also developed from
[100]. A reminder of in vitro dataset is included in Table 2
from [98].

Matlab Constrained GA optimization dataset is detailed,
Table 1. Constraints matrix algebra are implemented
through [Algorithms 1-5 from 100]. In Matlab and other
similar systems, the constraints can be set as a matrix
equation. Simulation dataset from comes from [20-
25,68,74,75,80,81,85-94,100] . The GA simulations results
that were done [98,100] with numerical-experimental
interval-data for GA implemented arrays were used for
imaging process. Tpoentiat IN  prostate for in vitro
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experimental data is about [ 2, 19 ] days. Table 1 shows all
dataset implemented with references for in vivo parameters
at BED-LQ model at low doses [100]. Table 2 shows all
dataset implemented with references for in vitro parameters
at BED-LQ model at low doses [98]. The reason to use in
vitro dataset, [98], in this first prostate study is that currently
the in vivo radiobiological differences differ in the literature,
note that at Tables 1,2.

Table 1.- Software implemented dataset for GA
programming with source references [38,43-45,98].

IN VIVO LQ MODEL PARAMETERS
IMPLEMENTED
LQ MODEL PARAMETERS
!Ch;g%an. Nahum, 2015, Joiner, K%%I. 2019]
R MAGN VAL
Trot [26.00 , 30.00] (Days)
" 21 (Days)
Treatmert [30 , 40] (Days)
afGy'] [009,043] [Gy']
BIGy?] 0.0313[Gy?]
Number of Fractions [37 , 45]) (Fractions)
Fraction Dose 1.00, 2.00] (Gy)
Pareto Total Prostate 01: Gy
Dose Objective Function Pareto2: 78 Gy
(89]

Table 2.- From [98], software implemented in vitro

dataset for GA programming with source references

[38,43-45].

| IN VITRO LQ MODEL PARAMETERS IMPLEMENTED
[Chapman, Nahum, 2015]

Asynchronous populations al Gy-’ ] BI Gy'l ]
of human tumor cell lines

| _[Chapman, Nahum, 2015] |
L TSU ! 0.06 ! 0.048
PC-3 0.24 0.068
DU-145 | 0.31 I 0.048
__LnCap | 049 | 0.015
INTERVAL/AVERAGE [0.06,0.049] 0.0421

FOR SOFWARE

LQ MODEL PARAMETERS IMPLEMENTED
[ From author’s refs 23,24 |

BED-PARAMETER | MAGNITUDE/INTERVAL
Thw ! [2.00 . 19.00] (Days)
Tx | 21 (Days)
Ttmetrment_ ! _[30 . 40] (Days}

_Number of Fractons | [37 . 45] (Fractions)
Pareto Total Prostate Dose Pareto 1: 70 Gy
Objective Function [29] Pareto2 . 78 Gy

111. 3D ISODOSELINES-INVENTION SURFACTAL-
SERIES RESULTS

In this extended study, 3D Interior and Graphical
Optimization methods are used in parallel-refinement to
confirm results from [98,100], with the in vivo dataset from
[23,24,97,98, 100] . The 3D imaging process, Figures 1-5,
programming demonstrate the results got with 3D 10 in
[100]. Isodoselines are cursor-marked inset within every 3D
graph. The radiotherapy planner obtains the desired
combination of fractions (k), and fraction dose (d), for a

fixed total BED dose delivery. That is considered an easy,
fast, and simple advance in modern TPO and RT research.

BOOOTELIMES WITH INTERION OF T IMZA PION BICLOOICAL EFFECTIVE DOGE MODEL
WYPERFRACTIONATID DOSE FOR PROGTATE TUMCR

IINEEN OF PG TIONS

Figure 1.- Isodoselines for a series of BED doses. Namely,
marked inset, 70,75,80,85 Gy. The Isodoselines
fundamentals for 10 calculations are implemented into a 3D
surface with two examples. Pattern intervals for plotting
were taken from PMO but with in vivo parameters. Each
BED total dose is fixed along Isodoseline, while ( k) and (
d ) parameters vary when cursor is moved along this
Isodoseline.

BOOOFELIMES WITH WTERIOR OFTIMZATION BOLOGICAL EFFECTIVE DOGE MO0E,
HIPERFRACTIONATED DOSE FOR PROSTATE Tumin
IN-BETWEEN PROOF OF SEVERAL SCHEDULES OPTIONS FOR 78 Oy

D0 DOGE 10y
. . "

NUMBEE OF FRACTIONS

Figure 2.- In this image the Isodoseline fundamentals for 10
calculations are demonstrated into a 3D surface with five
examples of fixed BED dose along the 75 Gy Isodoseline
All intermediate values are marked in-between the
Isodoseline for 75 Gy. The practical TPO usage emerges
from the figure.

BURFACE WITH INTEROR OFTINZATION FOR ISI00GELNES WITH BIOLOGICAL EFFECTIVE DOGE MOCEL
AND HYPERPRACTIONATED DOSE fOK PROSTATE FUNOR

.

- NUMBER OF FIAC TOAS

DOSE PRI PRACTION 1oy
Figure 3.- Isodoselines for a series of BED doses. The
Isodoselines can be set ad libitum within the 10 surfactal
plot. Pattern intervals for plotting were taken from PMO but
with in vivo parameters. Every BED total dose can be
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traced/fixed along any Isodoseline, while ( k) and ( d )
parameters vary when cursor is moved along this
Isodoseline, as in previous Figs. 4,5.

ISODOSELINES OPTIMAL ZONE FOR [60,90] BED DOSE
HYPERFRACTIONATED DOSE FOR PROSTATE TUMOR

BED DOSE (Gy)
= g g 2

DOSE PER FRACTION (Gy)

Figure 4.- The Isodoseline fundamentals for 10 calculations
within interval of total BED dose [60,90]. In this area the
planner can select any convenient choice for the patient
treatment. Enhanced in Appendix.

ISODOSELINES OPTIMAL ZONE FOR [60,70) BED DOSE
HYPERFRACTIONATED DOSE FOR PROSTATE TUMOR

BED DOSE (Gy)

NUMBER OF FRACTIONS

DOSE PER FRACTION (Gy)

Figure 5.- The Isodoseline fundamentals for 10 calculations
within interval of total BED dose [60,70]. In this area the
planner can select any convenient choice for the patient
treatment. Enhanced in Appendix.

IV. RADIOTHERAPY MEDICAL PHYSICS
APPLICATIONS

Table 3, modified/improved from [100], shows radiotherapy
applications for RT treatment based on biological models,
and specifically also for this study. Medical physics
principal applications for radiotherapy TPO are explained

briefly.

Table 3.- Briefing of radiotherapy and radioprotection
applications derived from imaging results.

3D ISODOSELINES RADIOTHERAPY TREATMENT
PLANNING OPTIMIZATION APPLICATIONS BRIEF
APPLICATION MEDICAL ISODOSELINES FOR
PHYSICS TPO
FIELD
Optimal Dose Fractions Patient Increase TCP, TCCP, and
Magnitude Treatment possible decrease of NTCP
Precision
Optimal Dose Fractions Patient Increase TCP, TCCP, and
Treatment possible decrease of NTCP
Precision
Planner Selection of Patient Increase TGP, TCCP, and
Optimal Dose and Treatment possible decrease of NTCP
number of Fractions Schedule
Precision
Post-RT Treatment Optimization | Better life-quality for patient.
Survival time Time Increase of
Schedule Survival
Time
Biological Models Improvements Improvements
Research in research LINAC
and Software
applications And Imaging guided
RT Treatment.
Improvements in
Gamma-Knife, and
Cyber-Knife
NTCF Models Possible Decrease of
applications Side-Effects
also at OARs

V. DISCUSSION AND CONCLUSIONS

The objective of the study was to get a series of 3D
Isodoselines charts to evidence and verify the results from
[98,100] in prostate cancer hyperfractionated RT treatment
with BED-LQ model and in vivo parameters. An improved
and rather difficult software for 3D Interior Optimization to
determine optimal surfaces and Isodoselines was
constructed. All imaging processing results comfirm the
previous studies [98,100].

The programming method has the inconvenient that the
3D surfaces are specific for each and every model and
cancer type. However, to change formulas and/or parameters
in software is not complicated. Running time for 3D
surfactal 1sodoselines is acceptable.

Succintly, an extensive prostate cancer constrained RT-
BED hyperfractionation model with 3D imaging processing
and in vivo data was performed with Isodoselines software
engineering work. Isodoselines constitute a practical result
for BED RT accurate planning. Applications for
hyperfractionated dose delivery in prostate tumors and
radiation therapy optimal TPO in general arise from all the
study.
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APPENDIX

ISODOSELINES OPTIMAL ZONE FOR [60,90] BED DOSE
HYPERFRACTIONATED DOSE FOR PROSTATE TUMOR
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Figure 4 [Enhanced].- The Isodoseline fundamentals for 10 calculations within interval of total BED dose [60,90]. In this area the
planner can select any convenient choice for the patient treatment.

ISODOSELINES OPTIMAL ZONE FOR [60,70] BED DOSE
HYPERFRACTIONATED DOSE FOR PROSTATE TUMOR
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Figure 5 [Enhanced].- The Isodoseline fundamentals for 10 calculations within interval of total BED dose [60,70]. In this area the

planner can select any convenient choice for the patient treatment.
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