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This pa per il lus trates the po ten tial of the FOTELP-VOX code, a mod i fi ca tion of the gen -
eral-pur pose FOTELP code, com bin ing Monte Carlo tech niques to sim u late par ti cle trans -
por ta tion from an ex ter nal source through the in ter nal or gans, re sult ing in a 3-D ab sorbed
dose dis tri bu tion. The study shows the com par i son of re sults ob tained by FOTELP soft ware
and the vol u met ric mod u lated arc ther apy tech nique. This plan ning tech nique with two full
arcs was ap plied, and the plan was cre ated to de stroy the dis eased tis sue in the eye tu mor bed
and avoid dam age to sur round ing healthy tis sue, for one pa tient. The 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. Good agree ment of the re sults for ab sorbed dose in the hu man eye was ob tained
us ing these two tech niques.
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IN TRO DUC TION

Monte Carlo based pro grams have been the
dom i nant tools in nu mer i cal ex per i ments sim u lat ing
ra di a tion fields, and es pe cially in ra dio ther apy plan -
ning, in re cent years [1, 2]. Par ti cle trans port sim u la -
tion prob lems may be clas si fied into two cat e go ries.
The first cat e gory in cludes sim u la tions in which the ir -
ra di a tion me dium's ge om e try is de ter mined by tech ni -
cal con struc tion us ing stan dard geo met ric shapes
(plates, disks, spheres, cyl in ders, etc.). An other trans -
port sim u la tion topic is the or gans of live be ings,
which con sti tute a col lec tion of geo met ric ones [3].
Be cause of the use of com puted to mog ra phy (CT) in
the treat ment plan, sev eral ad vances in ra dio ther apy
have been noted in dose dis tri bu tion, op ti mi za tion,
and pa tient po si tion ing. This was ac com plished by es -
ti mat ing and ad just ing the ra di a tion dose to get the op -
ti mal dose dis tri bu tion for the in tended growth while
pre serv ing healthy cells [4]. The ab sorbed dose in oc u -
lar can cer may be cal cu lated us ing voxelization of CT
im ages. The prep a ra tion of sim u la tion data is based on
the di men sions and num ber of voxels, as well as
Hounsfield num bers [5, 6].

Oc u lar can cer is a rare tu mor, and its treat ment is
a chal lenge be cause of  a ne ces sity to de stroy the tu mor 
with min i mum vi sual loss. Pri mary oc u lar can cers
arise in side the eye ball. Sec ond ary oc u lar can cers oc -
cur some where in the body and then spreads to the eye. 
Lung, and breast can cer most com monly spread to the
eye [7]. Sec ond ary can cer is more com mon than pri -
mary oc u lar can cer. In adults, pa tients of both sexes
are equally rep re sented, while their av er age age at the
time of di ag no sis is about 60 years and the most com -
mon type of this can cer is pri mary intraocular.

Treat ments for this type of can cer in clude sur -
gery, che mo ther apy or ra dio ther apy, or a com bi na tion
of these be cause even af ter sur gery, there is a risk of
mi cro scopic tu mor cells in the tu mor bed. Most re cur -
rences are lo cated in the near ness to the tu mor bed.
That is why it is im por tant to pro vide that a post op er a -
tive tu mor bed is ir ra di ated with ap pro pri ate ra dio ther -
apy tech niques. The con ven tional ra dio ther apy tech -
nique, in the past, used a sin gle enface elec tron beam
or AP beam. De liv er ing ra di a tion was per formed us -
ing wedged an te rior and lat eral fields di rected at the
tar get vol ume. How ever, this is tech ni cally very dif fi -
cult due to the lo ca tion of can cer. The de vel op ment of
tech nol ogy has al lowed ad vances in ra dio ther apy that
have en abled more ac cu rate and conformal dose de liv -
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ery in the case of oc u lar can cer [8, 9]. Es pe cially the
vol u met ric mod u lated arc ther apy (VMAT) tech nique
that uses con tin u ous chang ing multileaf collimator
(MLC) move ment, gan try ro ta tion, and dose rate with
less mon i tor units (MU) and de liv ery time [10], al low -
ing greater spar ing or gans at risk of achiev ing good tu -
mor cov er age [11]. For this pur pose, it is pos si ble to
use sys tems de signed for rou tine clin i cal use, which
uti lize in-house de signed worksheets for dose cal cu la -
tion based on rel e vant pa ram e ters in tro duced by the
ICRP pub li ca tions [12, 13].

Sev eral sci en tific stud ies have shown the ad van -
tage of ap ply ing the VMAT tech nique in the treat ment
of oc u lar can cer [14, 15], In this pa per, the dosimetric
re sults ob tained us ing the FOTELP pro gram and the
VMAT plan ning sys tem at the Uni ver sity Clin i cal
Cen ter Kragujevac were com pared. The pre sented re -
sults in this study con firm that this pro gram could help
in the im ple men ta tion of Monte Carlo meth ods in clin -
i cal prac tice.

MA TE RI ALS AND METHOD

The use of voxels in the FOTELP pro gram re -
quires the lim i ta tion of a por tion of the space so that an
en vi ron ment within a parallelepiped can be ir ra di ated
with a par ti cle source. If the source is lo cated out side
of the ir ra di ated re gion, the men tioned space should
in clude a por tion of the sur round ing air. A par ti cle's in -
ter ac tion with the ini tial voxel is iden ti fied by the

voxel re lated to the den sity. The ad dresses of the voxel
are then as signed di men sions and six planes to its
parallelepiped in each co-or di nate sys tem. The tech -
nique con tin ues un til the par ti cle's fate is com plete, af -
ter ver i fy ing whether the par ti cle on that path has any
in ter ac tions and mod el ing these pro cesses. This tech -
nique uti lizes voxel ad dresses and tem po rary voxel
place ment co-or di nate lev els. This pre vents planes
that de fine fixed ge om e try in other pro grams from be -
ing loaded into the ge om e try. The GEMVOX func tion
is used by the FOTELP pro gram to tem po rarily place
only that cur rent voxel in the co-or di nate sys tem. As a
re sult, mem ory space is saved, and the sim u la tion
takes place with only one voxel. To sim u late par ti cle
de liv ery, it uses Monte Carlo tech niques. When par ti -
cles are car ried from an ex ter nal source via the hu man
body, as a re sult, the ab sorbed dose has a 3-D dis tri bu -
tion. A user can choose be tween a pho ton or elec tron
beam of any shape be fore this stim u la tion. On the
other hand, the en ergy should be more than 1 keV to al -
low for the com pu ta tion of the 3-D dis tri bu tion. The
CT data is used to char ac ter ize the anat omy of the pa -
tient.

Fig ure 1 il lus trates the FOTELP-VOX soft ware
in ter face, with all the pos si bil i ties for mon i tor ing par -
ti cle trans port. The FOTELP-VOX of fers two pre de -
fined tis sue con fig u ra tion files: one con tain ing 11 tis -
sues and the other con tain ing 21 tis sues. The user can
sim ply choose which file to use in the sim u la tion. Se -
lect ing this step dis plays the in for ma tion about the pa -
tient's ge om e try. Gen er ally, the user must load a CT
im age.
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Fig ure 1. View of the pho ton dose plan ning menu in FOTELP-VOX



A rel e vant tis sue rect an gle should con tain all
voxels of the pa tient's tis sue, but at the same time, it
should have min i mal size, with as lit tle air around the
body as pos si ble. The pro gram dis plays the ini tial rect -
an gle af ter the im age is loaded. Us ers can mod ify the
rect an gle's X-Y po si tion and size. The user must also
de ter mine the first and last slice of the tis sue rect an gle.
The next step is de fin ing the tu mor cen ter.

Af ter the pa tient ge om e try has been de fined, the
user launches AVOXMAT which pre pares the se lected 
por tion of the CT im age for sim u la tion by trans lat ing
Hounsfield's num bers into cor re spond ing ma te rial in -
dexes ap ply ing from file MA TE RIAL.dat, and file
FEPDAT.inp file as in put file for the Fepdat code run -
ning. A user must run the FEPDAT ap pli ca tion af ter
run ning the AVOXMAT pro gram. FEPDAT pre pares
the tran si tion prob a bil i ties and in put files for all se -
lected ma te ri als (tis sues) needed for the later Monte
Carlo sim u la tion by FOTELP-VOX code. When all
pre vi ous steps are com pleted, FOTELP-VOX starts
the Monte Carlo sim u la tion. This step can be re peated
with pre vi ously pre pared data if the un cer tainty is not
sat is fac tory. Af ter the sim u la tion is fin ished, de pos ited 
doses in CT-de fined voxels (file REDOSE.txt) will be
dis played over the CT data. Pro gram DICVOX and
VOXELVIEW load CT data as at the be gin ning, and
then read REDOSE.txt to make an a tom i cal im ages via
im age dose dis tri bu tion, nor mal ized to the max i mum
in each slice.

Us ers can change the pal ette for the de pos ited
dose dis play as well as the trans par ency level fig. 2.
File REDOSE.txt con tains the de pos ited doses in tu -

mor cube voxels. This file can be dis played by click ing 
on the Show but ton. Also, by se lect ing this op tion the
tu mor dose and sta tis ti cal un cer tainty will be dis -
played.

A pa tient with con firmed left eye pri mary oc u lar
can cer is in cluded in this re search and he was im mo bi -
lized in the su pine po si tion us ing a ther mo plas tic mask
and ac cord ing to stan dard pro ce dures scanned with CT
(GE Dis cov ery CT590, GE Healthcare, United States)
with a 2.5 mm slice spac ing. Gross tar get vol ume
(GTV) was de fined as gross tu mor vol ume us ing CT
and MRI scans. Plan ning tar get vol ume (PTV) was de -
lin eated with a 5 mm mar gin from GTV. The lo ca tion of
the tu mor bed was in the left eye ball, the PTV vol ume
was 39.7 cm3 (the vol ume of the eye ball is 6.2 mL).
Also, the ra di a tion oncologist con toured or gans at risk
(OAR) right lens, right eye ball, op tic nerve, op tic
chiasm, pi tu itary, brain, and brainstem. Treat ment 
plan ning  was  to  op ti mize cov er age of at least 95 % of
PTV with 95 % of the pre scrip tion dose and pro vide
max i mum pro tec tion for or gans at risk. The pre scrip -
tion was nor mal ized to 60 Gy at 30 frac tions at 6 MV
and two full arcs VMAT plan was gen er ated for the pa -
tient us ing the ECLIPSE ver sion (15.6) (Varian Med i -
cal Sys tems, Palo Alto, CA). Us ing DVH di a grams, and 
cal cu lated val ues of CI, HI, and DHI in dexes, a quan ti -
ta tive eval u a tion of the plan was per formed. The ra di a -
tion con for mity in dex (CI) is a mea sure of tar get cov er -
age and the con for mity of the high dose re gion to the
PTV, and it is de fined as [13]

CI
V

V
RTOG

RI

PTV

= (1)
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Fig ure 2. The ap pear ance of the
VOXVIEW pro gram in ter face



where VRI ref er ence isodose vol ume, VPTV [cm3] PTV
tar get vol ume. Per fect con for mance gives CI = 1 while 
lower val ues of CI mean poorer plan qual ity.

The ho mo ge ne ity in dex (HI) is a ra tio be tween
the max i mum dose in the tar get vol ume and the ref er -
ence isodose [16] was cal cu lated as

HI
I

RI
RTOG = max (2)

where Imax is the max i mum isodose in the tar get, and RI 
is the ref er ence isodose. Smaller val ues of HI in di cate
better dose ho mo ge ne ity in the PTV.

Dose ho mo ge ne ity in dex (DHI) is de fined as a ra -
tio be tween the dose reached in 95 % of the PTV vol -
ume (D ³ 95 %) and the dose reached in 5 % (D ³ 95 %)
of the PTV vol ume

DHI
within PTV

within PTV
=

³

³

D

D

95

5

% ( )

% ( )
(3)

RE SULTS AND DIS CUS SION

Oc u lar can cer can be a sig nif i cant ex am ple of how
voxelized ge om e try can be used in ra dio ther apy. As an il -
lus tra tion of the use of CT data to sim u late trans port by
the FOTELP-VOX pro gram in voxelized ge om e try, CT
data of a pa tient eye is used. A CT scan of the pa tient's
head was used, with voxel sizes of 0.5 mm, 0.5 mm, and
1.0 mm. The mel a noma was thought to be spher i cally
formed and lo cated at the bot tom of the eye. A ther apy
plan  was  cre ated  us ing  FOTELP-VOX  soft ware and a
1 cm ra dius cy lin dri cal pho ton beam with a mean en ergy
of 6 MV. A to tal of 108 pho ton his to ries were used in the
sim u la tion.

The plan ning ac cep tance cri te ria for OAR are
listed in tab. 1. Plan ners ad justed the plan ning goals
for in di vid ual cases in con sul ta tion with the at tend ing
phy si cians due to vari abil ity in the an a tomic re la tion -
ship be tween PTV and OAR across each case.

As shown in tab. 1. FOTELP-VOX and VMAT
meet the clin i cal re quire ments, and they are com pro -
mised so that other OAR like the brain also meet the re -
quire ments. 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 %.

For a se lected pa tient, fig. 3 shows dose dis tri bu -
tions rep re sented by 95 % isodose lines from the two
full arcs VMAT.

A stan dard dose-vol ume his to gram (DVH) was
used to eval u ate the clin i cal treat ment plan, fig. 4. In this 
case the ir ra di a tion of the eye, DVH cal cu la tion in di -
cated that the treat ment plan sat is fied the dose-vol ume
con straint  placed on the tu mor bed. The DVH showed
that about 50 % of the right eye vol ume re ceived 5.2 Gy, 
the right lens re ceived 3.2 Gy in max i mum, while about
6.3.% of the brain re ceived 60 Gy.

Cov er age of PTV for the VMAT tech nique was
within the lim its of clin i cal ac cept abil ity with a V95 of
99.6 % The HI, DHI and CI were, 1.076, 0.959, and
1.204, re spec tively. Max i mum isodose in the tar get
Imax, and RI is ref er ence isodose was 6457.0 and
6000.0. The num ber of MU per field was 242 and 246.
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Ta ble 1. The OAR plan ning ac cep tance cri te ria, VMAT
and FOTELP-VOX de liv ery pa ram e ters and mean dose
in tar get tu mor

OAR FOTELP-VOX
(in Gy)

VMAT
(in Gy)

Contralateral lens, Dmax < 10 Gy 3.2 2.5

Contralateral eye ball,
Dmax < 45 Gy 12.3 13.3

Brainstem, Dmax < 54 Gy,
D1 < 59 Gy 24.5 22.8

Op tic nerve, Dmax < 54 Gy 27.2 25.2

Chiasm, Dmax < 54 Gy 31.9 30.8

Pi tu itary, Dmax < 50 Gy 25.21 28.0

Spi nal cord, Dmax < 48 Gy 1.2 0.9

Brain, Dmax  < 68 Gy 67.5 63.6

 Dmean 62.5 60.8

Fig ure 3. Dose dis tri bu tion in
VMAT for one
intraocular can cer pa tient



These, as well as other dosimetric pa ram e ters, can be
found in tab. 2.

The VMAT tech nique gave good but mixed re -

sults for spar ing or gans at risk. The contralateral eye -

ball and spi nal cord are ir ra di ated at a very low dose.

CON CLU SION

The main ob jec tive of this pa per is to il lus trate

the po ten tial of the pro grams in the treat ment of eye

mel a noma. The FOTELP-VOX is voxelized ge om e try 

Monte Carlo trans port al go rithm based on CT data.  In

the treat ment of intraocular can cer, a ra dio ther apy plan 

can be made us ing the VMAT tech nique. The VMAT

achieved good ho mo ge ne ity and con for mity for tar get

vol ume and de liv ered a small dose to the contralateral

lens and eye ball. How ever, it in creased the low dose

vol ume of the OAR.
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RASPODELA  APSORBOVANE  DOZE  U  QUDSKOM  OKU
SIMULIRANA  KODOM  FOTELP-VOX  I  VERIFIKOVANA  VOLUMENSKI 

MODULISANIM  LU^NIM  PLANOM  TERAPIJE

U ovom radu ilustrovali smo potencijal FOTELP-VOX koda, modifikacije FOTELP  koda
op{te namene, koji kombinuje Monte Karlo tehnike za simulaciju transporta ~estica iz spoqa{weg
izvora kroz unutra{we organe. Kao rezultat dobijamo trodimenzionalnu distribuciju apsorbovane
doze. Studija pokazuje pore|ewe rezultata dobijenih softverom FOTELP i VMAT (Vol u met ric Mod u -
lated Arc Ther apy) tehnikom. Primewena je tehnika planirawa VMAT-a sa dva puna luka i napravqen je
plan kako bi se uni{tilo obolelo tkivo u le`i{tu tumora oka i izbeglo o{te}ewe okolnog zdravog
tkiva, za jednog pacijenta. Izra~unati su pokrivenost dozom, indeks homogenosti, indeks uskla|enosti
mete i zapremine doze kriti~nih struktura. Dobra saglasnost rezultata za apsorbovanu dozu u qudskom 
oku dobijena je kori{}ewem ove dve tehnike.

Kqu~ne re~i: melanom oka, FOTELP-VOX kod, apsorbovana doza, VMAT


