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The FOTELP-VOX pro gram is a Monte Carlo sim u la tion tool de signed for pre cise ra di a tion
dose cal cu la tions in med i cal phys ics. It al lows for the ac cu rate mod el ing of pho ton, elec tron,
and pos i tron trans port through hu man tis sues by us ing CT scan data to de fine pa tient anat -
omy. This study pres ents the ap pli ca tion of FOTELP-VOX in sim u lat ing ab sorbed dose dis -
tri bu tions in var i ous clin i cal sce nar ios, in clud ing ra dio ther apy treat ment plan ning for sal i -
vary gland tu mors, eye mel a noma and breast can cer. The re sults dem on strate the pro gram's
ca pa bil ity to rep li cate com plex dose dis tri bu tions with high ac cu racy, in com par i son with clin -
i cal tech niques like vol u met ric mod u lated arc ther apy and 3-D conformal ra dio ther apy.
FOTELP-VOX 2024 has dem on strated ex cel lent per for mances when com pared to clin i cal
cen ter re sults, show ing a vari a tion of only 5-8 %, which con firms its ac cu racy in sim u lat ing
dose de po si tion and treat ment plan ning. There is also the po ten tial for in cor po rat ing op ti mi -
za tion tech niques to fur ther en hance the pre ci sion and ef fi ciency of ra dio ther apy treat ment
plan ning, con trib ut ing to im proved pa tient care out comes.
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IN TRO DUC TION

Monte Carlo meth ods are widely re garded as
one of the most re li able ap proaches for sim u lat ing par -
ti cle trans port and in ter ac tions, par tic u larly in fields
like ra dio ther apy and ra di a tion pro tec tion. These sto -
chas tic tech niques al low for the de tailed mod el ing of
com plex phys i cal pro cesses, where de ter min is tic
meth ods fail. In med i cal phys ics, Monte Carlo sim u la -
tions are crit i cal for ac cu rately pre dict ing dose dis tri -
bu tions in tis sues, which di rectly in flu ences the safety
and ef fec tive ness of ra di a tion treat ments. Over the
past few de cades, the use of these meth ods in clin i cal
set tings has grown sub stan tially, driven by the need for 
pre ci sion in both di ag nos tics and ther a peu tic in ter ven -
tions [1, 2]. In the field of med i cal phys ics and ra di a -
tion ther apy, sev eral soft ware tools have been de vel -
oped in or der to sim u late par ti cle trans port and
ac cu rately cal cu late ra di a tion doses. Pro grams such as
EGSnrc, Geant4, and MCNP have been widely used
for Monte Carlo sim u la tions in clin i cal set tings and re -
search [3-5]. These tools are es sen tial for mod el ing the 

in ter ac tions of ra di a tion with mat ter, op ti miz ing treat -
ment plans, and en sur ing the safety of pa tients.
How ever, each of these soft ware so lu tions has its ad -
van tages and lim i ta tions, par tic u larly in terms of user
in ter face, ac cu racy, and com pu ta tional speed.

The FOTELP, an ac ro nym for pho ton, elec tron,
and pos i tron trans port, is a soft ware tool de vel oped for
Monte Carlo par ti cle trans port sim u la tion. Orig i nat ing
in Ser bia, FOTELP is spe cial ized for the use in med i cal
phys ics, par tic u larly ra dio ther apy. Its de vel op ment be -
gan in the late 1980s and early 1990s un der the lead er -
ship of Ili} [6]. Ini tially, the pro gram was de signed in re -
sponse to the need for ac cu rate and ef fi cient meth ods
for mod el ing the in ter ac tions of pho tons, elec trons, and
pos i trons with mat ter, which are crit i cal for op ti miz ing
ra di a tion ther apy pro ce dures. Over the years, FOTELP
has un der gone nu mer ous im prove ments. Early ver -
sions were based on fun da men tal Monte Carlo tech -
niques, while later ver sions in cor po rated more ad -
vanced al go rithms to im prove sim u la tion, ac cu racy and 
speed. The de vel op ment of the pro gram has been driven 
both by tech no log i cal ad vance ments and the grow ing
de mands of us ers in med i cal phys ics, ra di a tion pro tec -
tion, and the nu clear in dus try. The mo ti va tion for
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FOTELP's de vel op ment stems from the need for tools
that en able de tailed and pre cise anal y ses of par ti cle in -
ter ac tions with mat ter, which are es sen tial for ac cu rate
dose cal cu la tions in ra di a tion ther apy. This pro gram has 
been in stru men tal in fa cil i tat ing ac cu rate ra di a tion dose
cal cu la tions, pro vid ing re search ers and cli ni cians with
a tool for im prov ing ther a peu tic pro ce dures and en sur -
ing pa tient safety. The doc u ment is avail able at [7]. The
FOTELP's ini tial ap pli ca tions in cluded sim u la tions in
med i cal phys ics for op ti miz ing ra di a tion ther apy [8, 9].
The pro gram was used to es ti mate the ra di a tion doses
re ceived by pa tients dur ing treat ment, en abling more
pre cise ther apy plan ning and re duc ing the risk of ad -
verse ef fects. Ad di tion ally, FOTELP has proven valu -
able in ra di a tion pro tec tion, al low ing ex perts to as sess
ex po sure lev els and de sign ef fec tive safety mea sures.
Fur ther more, FOTELP plays a sig nif i cant role in ed u ca -
tion and train ing for new gen er a tions of med i cal phys i -
cists and ra dio ther a pists. Its sim u la tion ca pa bil i ties pro -
vide a valu able plat form for stu dents and pro fes sion als
to gain deep in sights into the com plex i ties of ra dio ther -
apy treat ment be fore fac ing real clin i cal chal lenges.

The pro gram has evolved through var i ous ver -
sions, with a par tic u lar fo cus on FOTELP-VOX, a spe -
cial ized ver sion de signed for par ti cle trans port sim u la -
tion through the hu man body. This ver sion uses
ad vanced Monte Carlo tech niques to pre cisely model
the ab sorbed dose of pro tons, elec trons, and pos i trons.
Be fore sim u la tion, us ers can se lect be tween pho ton or
elec tron beams, ad just beam shape (cir cu lar or rect an -
gu lar), and set en ergy lev els (greater than 1 keV).
FOTELP-VOX uses CT data to de fine pa tient anat omy
and voxel com po si tion, al low ing for de tailed cal cu la -
tions of 3-D ab sorbed dose dis tri bu tions in tis sue. This
ap proach en ables pre cise mod el ing of par ti cle in ter ac -
tions with tis sue and en ergy de po si tion in each voxel,
pro vid ing es sen tial in sights into med i cal do sim e try and
ra dio ther apy [10, 11].

The next sig nif i cant de vel op ment in the pro gram 
was the in te gra tion of op ti mi za tion al go rithms to en -
hance the ef fi ciency and ac cu racy of the sim u la tions.
By in cor po rat ing ge netic al go rithms (GA), Bayesian

op ti mi za tion, and ran dom search, FOTELP- VOX was 
fur ther op ti mized to re duce the need for man ual pa -
ram e ter ad just ments and im prove the pre ci sion of ra di -
a tion dose cal cu la tions. These al go rithms al low for au -
to matic fine-tun ing of pa ram e ters such as beam
ori en ta tion, en ergy lev els, and tis sue char ac ter is tics,
sig nif i cantly im prov ing the treat ment plan ning while
min i miz ing ex po sure of the sur round ing healthy tis -
sues [12].

The aim of this pa per is to pres ent the FOTELP-
VOX 2024 pro gram, high light ing its ca pa bil i ties and
ad vance ments in sim u lat ing par ti cle trans port and cal -
cu lat ing 3-D ab sorbed dose dis tri bu tions in med i cal ap -
pli ca tions. We also com pare the pro gram's per for mance 
with pre vi ous ver sions, em pha siz ing im prove ments in
ac cu racy and com pu ta tional ef fi ciency. By showcasing
its ap pli ca tion in com plex an a tom i cal struc tures, we
aim to dem on strate how FOTELP-VOX 2024 sig nif i -
cantly en hances the pre ci sion and re li abil ity of dose cal -
cu la tions, mak ing it a cru cial tool for both clin i cal ra dio -
ther apy and the train ing of med i cal phys i cists.

MA TE RI ALS AND METHOD

The FOTELP-VOX 2024 pro gram is de signed
to guide us ers through a se quence of struc tured steps,
tab. 1, each cru cial for con duct ing ac cu rate Monte
Carlo sim u la tions. Each step is clearly rep re sented in
the main pro gram in ter face, en sur ing a smooth
workflow from data in put to sim u la tion out put. Com -
pared to pre vi ous ver sions, FOTELP-VOX 2024 is a
new mod ule based on Py thon scripts for au to mat ing
the data prep a ra tion and pro cess ing for FOTELP-
VOX sim u la tions. This ad di tion al lows eas ier and
faster setup of geo met ric mod els and sim u la tion pa -
ram e ters, par tic u larly by in te grat ing DICOM data.
The new mod ule sig nif i cantly en hances the ef fi ciency
of sim u la tions and im proves the ac cu racy of dose as -
sess ment, es pe cially in com plex an a tom i cal struc -
tures.

Ad di tion ally, the DICVOX step en ables the pro -
gram to read CT data and cre ate the HOUND.TXT file, 
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Ta ble 1. Key steps in the FOTELP-VOX 2024 sim u la tion pro cess

Step De scrip tion Key ac tion

Tis sue se lec tion Choose from pre de fined tis sue con fig u ra tion files, rep re sent ing
dif fer ent tis sue types.

Se lec tion of ei ther 11 or 21 tis sue
types based on CT data.

Ge om e try Up load CT scans, de fine a rect an gu lar re gion around tis sues,
and de lin eate the tu mor and or gans at risk (OAR).

Set voxel di men sions and spec ify
first and last slices to be in cluded.

AVOXMAT
Con vert Hounsfield num bers (CT val ues) to ma te rial in di ces

for ac cu rate tis sue rep re sen ta tion.
Con vert an a tom i cal data into ma te rial

prop er ties used in the sim u la tion.

FEPDAT Pre pare tran si tion prob a bil i ties and in put files for Monte Carlo
sim u la tion based on se lected tis sues and ge om e try.

Gen er ate in put files for pho ton,
elec tron, and pos i tron in ter ac tions with

tis sues.
Monte Carlo
sim u la tion

Run the sim u la tion, where par ti cles in ter act with the tis sue,
pro vid ing de tailed mod el ing of ra di a tion dose dis tri bu tion.

Monte Carlo method cal cu lates
ab sorbed dose within each voxel.

Dose vi su al iza tion
Dis play the ab sorbed dose dis tri bu tion in 3-D across the tu mor
and sur round ing tis sues, pro vid ing a clear pic ture of ra di a tion

ex po sure and cov er age.

Vi su al iza tion of dose maps, al low ing for the
treat ment plan as sess ment and re fine ment.



which con tains de tailed in for ma tion about the num ber
of slices, pixel di men sions, and voxel size. This file
struc ture plays a key role in de fin ing the ge om e try of
the pa tient's body and the ra di a tion source. The pro -
gram also al lows us ers to de fine pa ram e ters such as the 
Eu ler an gles for beam ori en ta tion, po lar and az i muthal 
an gles for par ti cle emis sion, and beam ge om e try
(whether cir cu lar or rect an gu lar). This level of cus -
tom iz ation pro vides pre cise con trol over how ra di a -
tion in ter acts with the pa tient's tis sues.

Key vari ables in the sim u la tion in clude voxel di -
men sions, which are de fined in the X- Y- and Z-di rec -
tions and are crit i cal for ac cu rate spa tial rep re sen ta tion 
of tis sues. Ad di tion ally, en ergy pa ram e ters, such as
ini tial and fi nal par ti cle en er gies and en ergy cut off lev -
els, play a vi tal role in de ter min ing how par ti cles be -
have within the tis sue. The source char ac ter is tics, in -
clud ing the num ber of par ti cles in the source and the
emis sion time, are also es sen tial for rep li cat ing
real-life con di tions dur ing ther apy. These fac tors col -
lec tively en sure the pre ci sion and re li abil ity of the
sim u la tion re sults. The pre ci sion of the sim u la tion re -
lies heavily on Hounsfield num bers from the CT scans
[13]. These val ues dif fer en ti ate be tween var i ous ma te -
ri als within the hu man body, en sur ing that the pro gram 
ac cu rately mod els the trans port of pho tons, elec trons,
and pos i trons through dif fer ent tis sues.

Se lec tion of ran dom val ues
ac cord ing to dis tri bu tion

In Monte Carlo sim u la tions, par tic u larly when
mod el ing par ti cle trans port, ran dom val ues are drawn
from spe cific prob a bil ity dis tri bu tions. These ran dom
val ues help sim u late dif fer ent out comes that par ti cles
may en coun ter as they move through a ma te rial. How -
ever, the pro cess of gen er at ing ran dom val ues from
these dis tri bu tions needs to be ef fi cient, as it is re -
peated thou sands or even mil lions of times to achieve
re li able re sults. Monte Carlo sim u la tions are sta tis ti cal 
mod els that use ran dom sam pling to solve phys i cal
and math e mat i cal prob lems, par tic u larly when di rect
cal cu la tion is dif fi cult or im pos si ble [14]. In the con -
text of ra di a tion trans port sim u la tions (like those used
in FOTELP-VOX), the be hav ior of par ti cles such as
elec trons, pho tons, or pos i trons is sim u lated based on
proba bil is tic in ter ac tions. To en sure that re sults are
sta tis ti cally valid, a large num ber of par ti cles must be
tracked, which makes the pro cess of se lect ing ran dom
num bers a cru cial part of the sim u la tion. The pro cess
of sim u lat ing par ti cle trans port is computationally ex -
pen sive, mean ing it re quires a lot of time and com puter 
power. Since one of the slow est parts of the sim u la tion
is the ge om e try mod ule (which han dles par ti cle in ter -
ac tions with phys i cal bound aries), it is im por tant to
make other as pects of the sim u la tion-like ran dom
value se lec tion-ef fi cient. This helps to re duce over all

com pu ta tion time and im proves the per for mance of
the sim u la tion.

The FOTELP-VOX code uses two pri mary
meth ods for se lect ing ran dom val ues from their dis tri -
bu tions:
– Nejman re jec tion method: This method is highly

ef fi cient for dis tri bu tions that de pend on a sin gle
ran dom vari able. It works by gen er at ing can di date 
val ues and re ject ing those that do not fit the de -
sired dis tri bu tion.

– In verse dis tri bu tions: For other ran dom vari ables,
FOTELP-VOX uses a method known as in verse
dis tri bu tion sam pling. Here, the cu mu la tive prob -
a bil ity dis tri bu tion is precomputed and stored in
ta bles. When a ran dom value needs to be se lected,
it is done by us ing these precomputed ta bles, mak -
ing the pro cess faster. This is par tic u larly use ful
when the same ran dom dis tri bu tions are needed
re peat edly, as it elim i nates the need to cal cu late
the dis tri bu tion each time.

The in verse dis tri bu tion method works by di vid -
ing the cu mu la tive dis tri bu tion func tion (CDF) into in -
cre ments, ei ther lin ear or log a rith mic, de pend ing on
the na ture of the dis tri bu tion. Each in cre ment cor re -
sponds to a range of pos si ble ran dom val ues. When a
ran dom num ber is drawn (typ i cally be tween 0 and 1),
the precomputed ta bles are used to de ter mine which
range this num ber falls into, and the cor re spond ing
ran dom vari able is se lected.

Here's an ex am ple: Sup pose we need to se lect a
ran dom pho ton emis sion an gle for a pho ton cre ated
dur ing brems strah lung ra di a tion. First, the en ergy of
the pho ton is de ter mined (la beled as EZ), and the en -
ergy of the elec tron that cre ated the pho ton (la beled as
EP) is also known. Us ing these en er gies, the ran dom
an gle is cho sen from a ta ble of precomputed val ues.
The pro cess can be math e mat i cally de scribed by us ing
log a rith mic in cre ments, where J rep re sents the in dex
of the se lected an gle from the ta ble of precomputed
val ues. The value of  J is de ter mined based on the log a -
rith mic dis tri bu tion of in cre ments

J RK
EZ EP

ALEM
  1 10log ( / )

(1)

where EZ is the en ergy of the pho ton, EP – the en ergy
of the elec tron, RK – the num ber of in cre ments in the
dis tri bu tion, and ALEM – the a con stant re lated to the
ma te rial prop er ties

The ran dom vari able is then se lected from a ta ble 
YS(M, N, K, J), where M cor re sponds to the ma te rial
in dex, N cor re sponds to the en ergy in dex, and K rep re -
sents the brems strah lung ra di a tion.

In FOTELP-VOX, par ti cles in ter act with ma te -
ri als based on cross-sec tions, which are prob a bil i ties
for spe cific in ter ac tions (like scat ter ing or ab sorp tion)
to oc cur. To sim u late par ti cle be hav ior, it is nec es sary
to find the cross-sec tion value that cor re sponds to a
given en ergy. The pro cess of search ing for this value is 
sim i lar to the se lec tion of ran dom val ues from dis tri -
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bu tions. If a par ti cle has en ergy EP, and the cross-sec -
tions de pend on en ergy S (I, K), the goal is to find the
in dex K that is clos est to the par ti cle's en ergy EP. This
is done by us ing a log a rith mic scale, which speeds up
the search pro cess.

The for mula used is

RATA
EP EKON

ALE
 10.

log( / )
(2)

JATA RATA K NMAX JATA  , (3)

where RATA helps to de ter mine the in dex for the near -
est en ergy, NMAX is the max i mum num ber of en ergy
points in the dis tri bu tion, and JATA gives the in dex for
the near est lower en ergy value in the ta ble.

To make the sim u la tion as ef fi cient as pos si ble,
FOTELP-VOX precomputes cer tain val ues, such as
dif fer ences be tween neigh bor ing cross-sec tions (e. g.,
EGT(K+1) – EGT(K)). These precomputed val ues are 
stored and used through out the sim u la tion, which re -
duces the num ber of cal cu la tions needed dur ing
runtime. In stead of re cal cu lat ing these val ues each
time, the precomputed dif fer ence is used, which im -
proves the speed of the sim u la tion.

The PENGEOM ge om e try rou tines

Older ver sions of the FOTELP-VOX code used
a ge om e try mod ule known as RFG.FOR to de scribe
how par ti cles move be tween dif fer ent ma te rial zones.
Start ing with ver sion FOTELP-2K3, the code
switched to us ing a more ad vanced ge om e try pack age
called PENGEOM, which is part of the PENELOPE
code fam ily [15]. This ge om e try pack age is re spon si -
ble for de ter min ing the ma te rial zone through which
the par ti cle is mov ing and the dis tance to the near est
zone bound ary. The ELEC TRONS, PHO TONS, and
POS I TRONS sec tions of the code in ter act with rou -
tines like LO CATE and STEP to cal cu late the par ti cle's 
move ment and track its po si tion. By us ing the
PENGEOM rou tines, the code can ac cu rately model
the path of par ti cles through com plex ge om e tries, en -
sur ing that the sim u la tion re sults match closely the
real-world sce nar ios. The FOTPEN.GEO file is de -
signed to de fine ge om e try and ma te rial re gions
(zones) for the sim u la tion pur poses. How ever, dis -
crep an cies fre quently arise when the di men sions of
these re gions are sourced from de sign draw ings rather
than from draw ings prop erly aligned with the co or di -
nate sys tem. Ad di tion ally, er rors may oc cur when di -
men sions along the co-or di nate axes are not cor rectly
summed. To en sure the ac cu racy of the ge om e try and
ma te rial def i ni tions, it is rec om mended to uti lize ver i -
fi ca tion tools such as PENTEST or PENVIEW, which
fa cil i tate pre cise con trol and val i da tion of the data
con tained within the FOTPEN.GEO file.

In te gra tion of ar ti fi cial
in tel li gence and al go rithms

The FOTELP-VOX 2024 pro gram has the po -
ten tial to in te grate ad vanced AI tech niques and op ti -
mi za tion al go rithms to stream line its Monte Carlo
sim u la tions, re duc ing the need for mul ti ple man ual
runs to achieve op ti mal re sults. Each sim u la tion pa -
ram e ter di rectly in flu ences the be hav ior of ra di a tion,
its dis tri bu tion, and its ef fec tive ness in tu mor treat -
ment, with the aim of de liv er ing pre cise re sults while
min i miz ing harm to sur round ing tis sues. To achieve
this, FOTELP-VOX uses ran dom search, Bayesian
op ti mi za tion, and GA to op ti mize wide range of pa -
ram e ters, tab. 2. 

The soft ware's abil ity to han dle com plex pa ram -
e ter ad just ments, such as beam ori en ta tion, tu mor po -
si tion ing, and tis sue char ac ter is tics, di rectly im pacts
the pre ci sion and ef fec tive ness of ra di a tion ther apy.
Us ing op ti mi za tion al go rithms like GA, Bayesian op -
ti mi za tion, and ran dom search, the pro gram re duces
the po ten tial for hu man er ror and en hances con sis -
tency in treat ment plan ning.

RE SULTS AND DIS CUS SION

When a user re ceives the out put from the
FOTELP-VOX pro gram, the re sults pro vide a com -
pre hen sive break down of key pa ram e ters and sta tis ti -
cal data es sen tial for an a lyz ing par ti cle trans port and
in ter ac tions within the sim u lated me dium, fig. 1. The
out put be gins by pre sent ing the sim u la tion pa ram e -
ters, which in clude the en ergy cut offs for pho tons,
elec trons, and pos i trons (ECATG, ECATE, EKATP),
de fin ing the min i mum en ergy at which par ti cles are
tracked. Ad di tion ally, the out put spec i fies the num ber
of par ti cle his to ries used in the sim u la tion (NPOC),
which en sures sta tis ti cal ac cu racy, as well as the to tal
CPU time re quired to com plete the sim u la tion, in di cat -
ing the pro gram's com pu ta tional ef fi ciency. Next, the
user is pre sented with col li sion sta tis tics, which pro -
vide a de tailed ac count of var i ous par ti cle in ter ac tions. 
This in cludes the num ber of pho to elec tric ab sorp tion
events, where pho tons are ab sorbed within the tis sue,
Compton scat ter ing events, which in volve pho tons
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Ta ble 2. Op ti mi za tion pa ram e ters

Pa ram e ters Range
Eu ler x [0, 180]
Eu ler y [0, 180]
Eu ler z [0, 180]

Beam di rec tion x [0, 180]
Beam di rec tion y [0, 180]

Tu mor cen ter x [BODY RE ACT LEFT, BODY
RE ACT RIGHT]

Tu mor cen ter y [BODY RE ACT TOP, BODY
RE ACT BOT TOM]



scat ter ing off elec trons, and pair pro duc tion and an ni -
hi la tion events re lated to pos i trons. The out put also in -
cludes the count of co her ent scat ter ing events, where
pho tons scat ter with out en ergy loss. These sta tis tics
are crit i cal for un der stand ing how ra di a tion is de pos -
ited within the me dium. The elec tron and pos i tron in -
ter ac tions sec tion pro vides in sight into be hav ior of
these par ti cles dur ing the sim u la tion. It in cludes the
num ber of ion iza tion events, where elec trons knock
off atomic elec trons, pro duc ing sec ond ary ef fects, and
the pro duc tion of delta elec trons (sec ond ary elec -
trons), which fur ther con trib ute to dose de po si tion.
Ad di tion ally, brems strah lung ra di a tion, which oc curs
when elec trons de cel er ate and emit pho tons, is re -
corded. These in ter ac tions are es sen tial for ac cu rately
mod el ing ra di a tion ef fects in tis sues. The out put also
in cludes in for ma tion on Au ger elec trons and re lax -
ation pro cesses, de tail ing any atomic re lax ation events 
that oc curred, in clud ing the emis sion of X-rays. Al -
though these in ter ac tions may be less fre quent, they
play a sig nif i cant role in cer tain types of ra di a tion ther -
apy cal cu la tions. Fi nally, the CPU time at the end of
the out put pro vides the in for ma tion to the user how
long the sim u la tion took to com plete. This in for ma tion 
is im por tant for eval u at ing the pro gram's ef fi ciency,
par tic u larly when deal ing with com plex ge om e tries or
large num bers of par ti cle his to ries.

Eye dose dis tri bu tion

Oc u lar mel a noma, though rare, pres ents a se ri ous
chal lenge in oph thal mic on col ogy due to the com plex -

ity of treat ing the tu mor while at tempt ing to pre serve
the pa tient's vi sion [16]. The pre cise tar get ing of tu mors 
like oc u lar mel a noma re quires ad vanced tools to en sure
ac cu rate dose dis tri bu tion. The re sults ob tained us ing
the FOTELP-VOX code have dem on strated its ac cu -
racy and re li abil ity in sim u lat ing 3-D ab sorbed dose
dis tri bu tions in such com plex an a tom i cal re gions. A
com par i son be tween FOTELP-VOX and vol u met ric
mod u lated arc ther apy (VMAT) was per formed [11].
The treat ment plan, which em ployed two full arcs,
aimed to max i mize dose de liv ery to the tu mor bed while 
spar ing sur round ing healthy tis sue. Key dosimetric pa -
ram e ters, in clud ing dose cov er age, ho mo ge ne ity in dex, 
con for mity in dex of the tar get, and the dose vol umes of
crit i cal struc tures, were cal cu lated for both tech niques.
The ab sorbed doses were de ter mined, with the dif fer -
ence be tween these two tech niques rang ing from 2.5 %
to 25.0 %, con firm ing that the FOTELP-VOX pro gram
can ac cu rately rep li cate the com plex dose dis tri bu tions
re quired in ra dio ther apy.

Hu merus dose dis tri bu tion

Ad di tion ally, the FOTELP-VOX code was used
to as sess the ab sorbed dose in the hu merus of fe male
pa tients un der go ing post op er a tive ra dio ther apy for
breast can cer [10]. In this study, five pa tients were
treated us ing the 3-D conformal ra dio ther apy
(3D-CRT) tech nique, and their treat ment plans were
gen er ated us ing the ECLIPSE ver sion 15.6 sys tem.
The FOTELP-VOX sim u la tions cal cu lated the ab -
sorbed dose in both the tu mor and the hu merus, fig. 2.
The ab sorbed doses for PTV and OAR were cal cu -
lated, and the vari a tion be tween the two meth ods was
be tween 0.1 % and 20 % and in di cated that the ab -
sorbed dose in the hu merus re mained be low the set
dose lim its for this bone struc ture, con firm ing that the
tech nique ad e quately pro tected this crit i cal struc ture. 

Sal i vary glands dose dis tri bu tion
and ver i fi ca tion

Ver i fi ca tion of the dose dis tri bu tion was per -
formed by com par ing the sim u la tion re sults with clin i -
cal data ob tained from the Clin i cal Cen ter, en sur ing
the ac cu racy and re li abil ity of the treat ment plans. The
FOTELP-VOX 2024 code was ap plied to as sess dose
dis tri bu tion in pa tients un der go ing ra dio ther apy for
sal i vary gland tu mors. A to tal of 10 pa tients were
treated with pre scribed doses of 56 Gy and 70 Gy, fo -
cus ing on the ac cu rate de liv ery of ra di a tion to the tu -
mor site. Key dosimetric pa ram e ters, in clud ing MinD
(min i mum dose), MaxD (max i mum dose), D95 (dose
cov er ing 95 % of the tar get vol ume), and D100 (dose
cov er ing 100 % of the tar get vol ume), were an a lyzed
to eval u ate treat ment ef fi cacy. The sim u la tion pro -
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Fig ure 1. Vi sual rep re sen ta tion of FOTELP sim u la tion
pa ram e ters and in ter ac tion sta tis tics



vided de tailed in sights into the dis tri bu tion of ra di a -
tion within the tu mor and sur round ing tis sues, aid ing
in the re fine ment of treat ment plans.

Fig ure 3 il lus trates the 3-D isodose dis tri bu tion
for a pa tient un der go ing ra dio ther apy for a sal i vary
gland tu mor, with dose lev els rep re sented through
color gra di ents. The up per left quad rant shows an ax ial 
view, high light ing the spread of the ra di a tion dose
across the tu mor and sur round ing tis sues. The up per
right quad rant pro vides a 3-D per spec tive, of fer ing a
com pre hen sive vi su al iza tion of the dose dis tri bu tion
within the treat ment area. The lower left quad rant fea -
tures a co ro nal view, pre sent ing the ra di a tion dose dis -
tri bu tion in a fron tal plane, with de tailed dif fer en ti a -
tion be tween tar get vol umes and or gans at risk.
Fi nally, the lower right quad rant shows a sagittal view,
em pha siz ing the ver ti cal dose dis tri bu tion and of fer -

ing in sight into the align ment of the ra di a tion beam
with the tu mor and ad ja cent struc tures.

The FOTELP-VOX 2024 method gen er ally re -
sults in ab sorbed dose vari a tions com pared to intensity 
mod u lated ra di a tion ther apy (IMRT), a tech nique that
mod u lates ra di a tion beam in ten si ties to achieve a
highly conformal dose dis tri bu tion and op ti miz ing tu -
mor cov er age. These dif fer ences are rel a tively small,
not ex ceed ing 5-8 % in most cases, fig. 4.

Com pared to older ver sions, the FOTELP-VOX
2024 code pro duces much smaller dif fer ences, dem -
on strat ing im proved con sis tency and ac cu racy. Us ing
the FOTELP-VOX code, dif fer ent en ergy lev els and
ra di a tion fields were mod eled to sim u late their in ter ac -
tion with the an a tom i cal struc tures. This ap proach en -
sured that the tu mor re ceived the op ti mal dose, while
ex po sure to crit i cal or gans, such as the spi nal cord and
brainstem, was min i mized.

CON CLU SION

The FOTELP-VOX 2024 pro gram has proven to 
be an ex cep tion ally re li able tool for par ti cle trans port
sim u la tions and the cal cu la tion of 3-D ab sorbed dose
dis tri bu tions in com plex an a tom i cal struc tures. Its ap -
pli ca tion in med i cal phys ics al lows pre cise mod el ing
of pho ton, elec tron, and pos i tron in ter ac tions with tis -
sues, which is crit i cal for op ti miz ing ther a peu tic pro -
ce dures and en sur ing the safety and ef fec tive ness of
ra di a tion ther apy treat ments. The re sults from
FOTELP-VOX sim u la tions dem on strate its ac cu racy
and ver sa til ity, mak ing it an in valu able re source in
both clin i cal and re search set tings. It can be ef fec tively 
used for the train ing of med i cal phys i cists, pro vid ing
them with an easily used platform to simulate and
understand complex radiotherapy scenarios.
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Fig ure 2. The 3-D dose dis tri bu tion vi su al iza tion in
pa tient CT scan

Fig ure 3. Tar get vol ume
def i ni tion and
ra dio ther apy dose
dis tri bu tion in a case
of the parotid gland
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Mohamed E. A. AI^OU^E, Bogdan A. PIRKOVI], Dragana @. KRSTI]

FOTELP-VOX  2024 ‡ SVEOBUHVATAN  PREGLED
WEGOVIH  MOGU]NOSTI  I  PRIMENA

Pro gram  je softver koji koristi Monte Karlo simulacije, osmi{qen za
precizno ra~unawe doza zra~ewa u medicinskoj fizici. Omogu}ava ta~no modelovawe transporta
fotona, elektrona i pozitrona kroz qudska tkiva, koriste}i  snimke za definisawe anatomije
pacijenta. Ovaj rad prikazuje primenu  programa u simulaciji raspodela apsorbovane
doze u razli~itim klini~kim scenarijima, ukqu~uju}i planirawe terapije zra~ewem za tumore
pquva~nih ̀ lezda, melanom oka i rak dojke. Rezultati pokazuju sposobnost programa da replicira
slo`ene raspodele doza sa visokim nivoom preciznosti, upore|uju}i se povoqno sa klini~kim
tehnikama kao {to su volumetrijska modulisana lu~na terapija i trodimenzionalna konformalna
radioterapija. 2024 je pokazao dobro slagawe sa rezultatima dobijenih iz
Univerzitetskog klini~kog centra u Kragujevcu, sa odstupawem od samo 5-8 %, {to potvr|uje
wegovu ta~nost u simulaciji depozicije doze i planirawu tretmana. Tako|e postoji potencijal za
ukqu~ivawe tehnika optimizacije kako bi se dodatno poboq{ala preciznost i efikasnost
planirawa tretmana radioterapijom, doprinose}i poboq{awu ishoda nege pacijenata.

Kqu~ne re~i: FOTELP-VOX, Monte Karlo simulacija, terapija zra~ewem, apsorbovana doza,
                          CT snimak, raspodela doze


