
MC  ES TI MA TION  OF  OUT-OF-FIELD  OR GAN  DOSES  FROM
SCAT TERED  PHO TONS,  PHOTONEUTRONS,  AND  CAP TURE

GAMMA  RAYS  IN  PROS TATE  RA DI A TION  THERAPY

by

Mohammad MOHAMMADZADEH 1 and Asghar MESBAHI 1,2*  
1Ra di a tion Ther apy De part ment, Imam Hos pi tal, Tabriz, IRAN

2Med i cal Phys ics De part ment, Med i cal School, Tabriz Uni ver sity of Med i cal Sci ences, Tabriz, IRAN

Sci en tific pa per
UDC: 615.849.5:539.12-18

DOI: 10.2298/NTRP1002078M

In the cur rent study, the out-of-field or gan and ef fec tive dose for ex ter nal ra di a tion ther apy of
pros tate can cer was es ti mated by the MCNPX Monte Carlo code and a math e mat i cal phan tom.
Or gan doses from scat tered pho tons, photoneutrons, and cap ture gamma rays were cal cu lated
for an 18 MV pho ton beam. Our re sults show that scat tered pho tons are the main con tri bu tors
in out-of-field pa tient doses. The re sult ing ef fec tive doses from scat tered pho tons, neu trons,
and cap ture gamma  rays  amounted to 723 mSv, 134 mSv,  and 45 mSv per a 72 Gy pros tate
dose, re spec tively.  In con ven tional treat ment, the to tal ef fec tive dose from the three ra di a tions
in the cur rent study was 902 mSv per a 72 Gy tu mor dose. Tak ing into ac count that the risk fac -
tor for a sec ond ary can cer of an adult male pa tient is 2% per Sv, the prob a bil ity of sec ond ary
can cer risks of 1.8% and 6.3% were ob tained for the con ven tional and in ten sity-mod u lated
treat ment of the pros tate, re spec tively. Our study sug gests that, tak ing into ac count all con tri -
bu tors to or gan doses – in clud ing scat tered pho tons, neu trons, and cap ture gamma rays –
out-of-field dose cal cu la tions can pro vide a more re al is tic es ti ma tion for sec ond ary can cer risk
anal y sis, as well as a wider range of ther a peu tic tech niques for com par i son.
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IN TRO DUC TION

Ra di a tion ther apy of pros tate can cer is one of the 
more ef fec tive tech niques in treat ing pros tate ma lig -
nan cies. Both con ven tional and in ten sity-mod u lated
meth ods have re sulted in rel a tively suc cess ful out -
comes for pros tate can cer pa tients. The ap pli ca tion of
in ten sity-mod u lated ra di a tion ther apy (IMRT) and
three-di men sional conformal ther apy in the treat ment
of pros tate can cer has re sulted in higher tu mor dose
ad min is tra tion, ac com pa nied by a lower nor mal tis sue
dose [1]. Us ing mod ern ex ter nal ra di a tion ther a pies,
the 5-year free dom from re lapse in pa tients with the 
T1/T2  dis ease (T1 through T4 de scribe the tu mor size
and sta tus of spread ing) has been re ported as amount -
ing to 65-85% [2]. De spite a greater dose of ra di a tion
de liv ered by these meth ods, the tox ic ity of the ther a -
pies has de creased con sid er ably, be cause a smaller
vol ume of the nor mal rec tum re ceives high doses [2].
Thus, com pared to other types of can cers, the dis -

ease-free pe riod and sur vival rate in pros tate can cer
cases have in creased dra mat i cally. By in creas ing the
life span of pros tate can cer pa tients, the prob a bil ity of
sec ond ary can cer risks from re ceived out-of-field
doses could prove to be sig nif i cant [3]. In re cent years,
sev eral stud ies have re ported on the whole body ef fec -
tive dose from ra di a tion ther apy treat ments [4-12]. It
was found that us ing a multi-leaf collimator can de -
crease the amount of scat tered pho tons and, con se -
quently, cause a mod er ate re duc tion in out-of-field
pho ton doses. In ra di a tion ther apy of the pros tate, high 
en ergy pho tons are em ployed to pro vide the re quired
pen e tra tion of the pel vic re gion. On the other hand,
photoneutrons are pro duced in high en ergy pho tons
(>10 MeV) and be come a sig nif i cant source for un -
wanted, out-of-field ex po sure for the pros tate pa tient
[13]. These neu trons with an ef fec tive en ergy range of
2 MeV have an av er age qual ity fac tor of 20 [14]. Nu -
mer ous stud ies have been per formed to iden tify the
char ac ter is tics of the pa tient re ceived dose by
out-of-field pho tons and neu trons [1, 4, 6, 9, 15-18]. In 
ad di tion to ex per i men tal in ves ti ga tions which were
car ried out us ing an thro po mor phic phan toms and di -
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odes and thermoluminance do sim e ters, some in-vivo
stud ies have also proved that, with high en ergy pho -
tons, the dose re ceived by the pa tient can be even
higher, due to photoneutrons in con ven tional treat -
ments. In re cent stud ies, the Monte Carlo (MC)
method and math e mat i cal phan toms have shown their
ca pa bil i ties in es ti mat ing or gan spe cific doses from
pho tons and neu trons [19, 20]. In a MC study on pros -
tate can cer, the con tri bu tion of scat tered pho tons has
been de ter mined us ing the MC method, but neu tron
doses were not cal cu lated [9]. In a study by Kry et al.
[5], or gan doses from scat tered pho tons and neu trons
were mea sured us ing a Rando phan tom and
thermoluminance do sim e ters for dif fer ent con ven -
tional and IMRT treat ments of the pros tate. In ad di tion
to this, neu trons cap tured in the body tis sue of the pa -
tient and con crete walls of the room can gen er ate
gamma pho tons which may have a sig nif i cant ef fect
on the pa tient out-of-field dose and the ef fec tive dose
of pros tate can cer pa tients un der ra di a tion ther apy in -
volv ing high en ergy pho ton beams [19, 21, 22].

The aim of the cur rent study was to cal cu late the
spe cific or gan doses and the ef fec tive dose from scat -
tered pho tons, photoneutrons and cap ture gamma rays
for con ven tional and IMRT treat ments of the pros tate
with 18 MV pho ton beams us ing a MIRD-based math -
e mat i cal phan tom and the MCNPX MC code.

METH ODS AND MA TE RI ALS

Linac sim u la tion and beam mod el ing 

A Varian 2300C/D linac with a multi-leaf
collimator (MLC) (80-leafs) was sim u lated for cal cu -
la tions in the cur rent study (fig. 1). The MLC axis was
along the lat eral axis of the pa tient. A val i dated model
of linac for an 18 MV pho ton beam was used in the
study [23, 24]. The MLC leafs were set to build a cir cu -
lar beam with a di am e ter of 10 cm at the isocenter. This 
ar range ment was used for all four beams in con ven -
tional treat ments. To cal cu late the dose to the or gans
out side the treat ment vol ume, two com po nents should
be con sid ered. First, the scat tered pho tons from the
tar get vol ume and leak age ra di a tion from the linac
head have to be taken into ac count. The sec ond com -
po nent is re lated to the photoneutrons pro duced
mainly in the linac head [21, 25]. To val i date our
model for pho ton leak age, a wa ter phan tom was lo -
cated un der the linac head at a dis tance of 100 cm from
the pho ton source. A sphere with a di am e ter of 5 cm, at
a dis tance of 1 m from the source out side the field size
of 0 cm × 0 cm was de fined and the pho ton dose tal lied
by a *F8 tally. The ra tio of this dose to the dose in the
wa ter phan tom at dmax for a 10 cm × 10 cm field size
was con sid ered as leak age ra di a tion [9]. It amounted
to 0.07%, less than the 0.1% limit for clin i cal linacs.
The sim u la tion also con firmed the suit abil ity of the
lead shield ing for our linac model. To sim u late real

treat ment con di tions, a treat ment room with a di men -
sion of 6 m × 6 m × 4 m was sim u lated and the
math e mat i cal phan tom and linac sit u ated in the cen ter
of the treat ment room (fig. 2).

Monte Carlo mod el ing for pros tate treat ment

The MIRD-based an thro po mor phic phan tom
was built us ing MCNP4X MC code 2.4.0. [26]. The
phan tom re sem bled an adult man weigh ing 70 kg (fig.
3). An 18 MV pho ton beam model of Varian 2300 C/D
was used to ir ra di ate the pros tate of the phan tom. A
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Fig ure 1. Sche matic representaton of Varian 2300 C/D 18 
MV MC model used in the cur rent study

Fig ure 2. Sim u lated ge om e try of Varian 2300 C/D linac
head, math e mat i cal phan tom and treat ment room walls



four-field box tech nique, in clud ing two lat eral fields,
an an te rior and a pos te rior one, was sim u lated. The av -
er age or gan dose from the four fields was cal cu lated
and, based on these val ues, the ef fec tive dose was cal -
cu lated. The rec tum and blad der were par tially ir ra di -
ated by the di rect beam.

A spher i cal cell with a ra dius of 2 cm at the ap -
prox i mate lo ca tion of the pros tate within the blad der
and rec tum was de fined to re sem ble the pros tate tu mor 
and score the de pos ited en ergy at the isocenter. To
avoid the pri mary ra di a tion ef fect on the es ti mated ef -
fec tive dose, the rec tum dose and ir ra di ated part of the
skin were ex cluded from ef fec tive dose cal cu la tions.
The math e mat i cal model was po si tioned at a source-
to-axis dis tance of 100 cm from the pho ton source.

Dose de po si tions from scat tered pho ton cap ture
gamma rays were tal lied in the se lected or gans of the
math e mat i cal phan tom by a *F8 tally which scores the
de pos ited en ergy in terms of MeV [26]. Us ing the mass
of each or gan in terms of kg and con vert ing the en ergy
from MeV to joule, the ab sorbed en ergy was cal cu lated
for each or gan. For neu tron dose cal cu la tion in the se -
lected or gans, the F6 tally which scores an en ergy de po -
si tion av er ag ing a cell in terms of MeV/g was used. The
sim u la tions were per formed in two steps. In the first
one, the in put file was run for pho ton dose cal cu la tions.
En ergy cut-offs of 10 keV and 500 keV were used for
pho tons and elec trons, re spec tively. In the sec ond run,
the en ergy de pos ited by photoneutrons and cap ture
gamma rays was sim u lated. In or der to ob tain more ac -
cu rate re sults, the sta tis ti cal un cer tainty of MC re sults
for the tu mor dose was less than 1%, but it var ied for dif -
fer ent or gans in the out-of-field re gion. In gen eral, the
sta tis ti cal un cer tainty of MC re sults for all cal cu la tions
was less than 3%. For can cer risk cal cu la tions, tis sue

weigh ing fac tors and the co ef fi cient of can cer risk were
de rived from ICRP 103 (tab. 1) [14].

Ef fec tive dose es ti ma tion for IMRT treat ments

The ef fec tive dose cal cu lated for con ven tional
treat ment was then used for IMRT ef fec tive dose cal cu -
la tions us ing a mod u la tion scal ing fac tor. The re sults of
pre vi ous stud ies sug gest that an in crease in the ef fec tive 
dose could be ex plained by the in crease in the num ber
of mon i tor units re quired for IMRT [5, 9, 10, 19, 27]. In
other words, the rel a tive in crease in the out-of-field
dose at trib ut able to IMRT can, partly, be ex plained by
the in crease in the mod u la tion scal ing fac tor (MSF). In
the cur rent study, the MSF of 3.5 for an IMRT with 7
beams rel a tive to the con ven tional box tech nique was
used for dose cal cu la tions, as re ported by a sim i lar pre -
vi ous study [9]. In all sim u la tions, in clud ing con ven -
tional and IMRT treatmens, a dose of 72 Gy was pre -
scribed for the tar get vol ume, in clud ing a sphere
re sem bling a pros tate and an in te rior wall of a rec tum.
In ac cor dance with pre vi ous stud ies and tak ing into
con sid er ation the new ICRP guide lines, 2% per Sv was
con sid ered in or der to de ter mine sec ond ary can cer risk
for el derly pa tients un der go ing pros tate ra di a tion ther -
apy [9, 14, 28].

RE SULTS 

Out-of-field or gan equiv a lent doses from scat -
tered pho tons, photoneutrons and cap ture gamma rays
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Fig ure 3. Rep re sen ta tion of a math e mat i cal male
phan tom plot ted by the MCNPX MC code
(a) fron tal  view  at z = 0, (b) lat eral view at x = 0

Ta ble 1. Tis sue weight ing fac tor and nom i nal risk
co ef fi cient used in the cur rent study for equiv a lent dose
cal cu la tions de rived from ICRP 103 [14]

Tissue
Tissue

weighting
factor

Nominal risk coefficient
[cases per 10000 persons

per Sv]

Thyroid 0.04 33

Lung 0.12 114

Esophagus 0.04 15

Stomach 0.12 79

Liver 0.04 30

Spleen 0.12 –

Pancreas 0.12 –

Kidney 0.12 –

Adrenals 0.12 –

Small intestine 0.12 –

Large intestine 0.12 –

Bladder 0.04 43

Testes 0.08 20

Skin 0.01 1000

Bone marrow 0.12 42



are shown in tab. 2.  Also, the to tal equiv a lent dose for
a num ber of se lected or gans is shown in the last col -
umn of tab. 2.

It should be taken into ac count that other stud ies
[9] and  in ter na tional au thor i ties [14] have pointed out
that or gan doses can not be used for ab so lute sur vival
and haz ard pre dic tions. How ever, in ac cor dance with
pre vi ous stud ies, when con sid er ing the newly de vel -
oped tech niques, or gan doses can be ex ploited in ben e -
fit-risk anal y sis. Ac cord ing to ICRP103, “there are sit -
u a tions in which the use of an ef fec tive dose is not
ap pro pri ate and in di vid ual or gan and tis sue ab sorbed
doses should be used in stead. These in clude ep i de mi o -
log i cal stud ies, as sess ments of the prob a bil ity of can -
cer, as sess ments of the pos si bil ity of tis sue re ac tions,
or as sess ments of doses when treat ment or med i cal
sur veil lance are needed”. How ever, in some pre vi ous
stud ies, the risks of sec ond ary pros tate can cer have
been es ti mated for cases based on ICRP60 and
NCRP116 pro vided tis sue and ra di a tion weight ing
fac tors and can cer risk [28, 29]. To com pare our re sults 
with the re ported data, the ef fec tive pros tate dose was
cal cu lated and sec ond ary can cer risk for some se lected 
or gans tab u lated in tab. 3. Ad di tion ally, the ef fec tive
dose was cal cu lated us ing the ICRP 103 tis sue weight -
ing fac tor and MC cal cu lated or gan doses. The re sult -
ing ef fec tive doses from scat tered pho tons, neu trons,

and cap ture gamma rays were 723 mSv, 134 mSv, and
45 mSv for a 72 Gy pros tate dose, re spec tively. The
pho ton equiv a lent dose was 5.4 and 16 times higher
than neu tron and cap ture gamma rays equiv a lent
doses, re spec tively. The to tal ef fec tive dose from the
three com po nents stud ied in the cur rent study was 902
mSv for a 72 Gy tu mor dose.

As stated pre vi ously, the or gan and ef fec tive
dose for IMRT treat ments can be es ti mated by mul ti -
ply ing the MSF and the de rived ef fec tive dose for con -
ven tional treat ments. Ef fec tive dose cal cu la tions were
de ter mined for 7 beam IMRT treat ments us ing a MSF
of 3.5 pro vided by the sim i lar stud ies of Stathakis et al. 
[9], and Howell et al. (2005) [17]. An ef fec tive dose of
3157 mSv was ob tained for IMRT treat ment. Tak ing
into ac count the sec ond ary can cer risk of 2% per Sv for 
an adult male pa tient, a prob a bil ity of a sec ond ary can -
cer risk of 1.8% and 6.3% was ob tained for con ven -
tional and IMRT pros tate treat ments.

DIS CUS SION

As seen in tab. 2, dis tant or gans re ceive a
higher neu tron equiv a lent dose than the pho ton
equiv a lent dose while, for the  or gans close to the
pri mary beam, the pho ton equiv a lent dose dom i -
nates. It should be men tioned  that  the  ra di a tion 
weight ing fac tor of 20 was used in equiv a lent dose
cal cu la tions for neu trons, while a fac tor of 1 was
used for pho tons. The ra di a tion weight ing fac tor for
neu trons was a rounded av er age value con sid er ing
the mean en ergy of 0.3-0.8 MeV neu trons pro duced
in ra di a tion ther apy ac cord ing to the ICRP103 re -
port. The equiv a lent dose from cap ture gamma rays
was smaller in com par i son to the one of scat tered
pho tons and neu trons. How ever, if we con sider the
ra di a tion weight ing fac tor of 20 for neu trons, it can
be con cluded that the ab sorbed dose from cap ture
gamma rays is higher than the neu tron dose in rel a -
tively deep or gans. In our study, the pho ton equiv a -
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Ta ble 3. Or gan equiv a lent dose in terms of Sv and the
prob a bil ity of sec ond ary can cer (cases per 10000
per sons) per a 72 Gy pros tate dose

Organ
Equivalent dose (SV)
per 72 Gy tumor dose

Number of cases per
10000 person

Thyroid 1.58E-02 0.5

Lungs 7.85E-03 0.9

Esophagus 1.45E-02 0.2

Stomach 2.84E-02 2.2

Liver 3.85E-02 1.2

Bladder 4.45E-02 1.9

Testes 5.72E-02 1.1

Skin 5.15E-02 51.5

Bone marrow 2.87E-02 1.2

Ta ble 2. Scat tered pho ton, neu tron, and cap ture gamma
dose equiv a lents for pros tate can cer ir ra di a tion with an
18 MV pho ton av er aged for the four field-box tech nique.
Pho ton and neu tron doses for the rec tum are ex cluded
from the calculations

Tissue or
organ

Photon
equivalent

dose
[mSv/Gy]

Neutron
equivalent

dose
[mSv/Gy]

Capture
gamma

equivalent 
dose

[mSv/Gy]

Accumulated
equivalent
dose from

photons and
neutrons
[mSv/Gy]

Thyroid 4.5 13.2 4.3 22

Lungs 6.4 3.4 1.1 10.9

Esophagus 8.4 10.5 1.3 20.2

Stomach 26.9 8.7 3.8 39.4

Liver 37.3 12.9 3.3 53.5

Spleen 29.9 10.9 6.8 44.4

Pancreas 34.3 13.1 3.6 51

Kidney 32.3 14.0 2.5 48.8

Adrenals 16.2 8.8 2.1 27.1

Small
intestine

29.0 14.7 4.2 47.9

Large
intestine

53.4 10.9 5.3 69.6

Bladder – 55.1 6.7 61.8

Testes 47.6 28.7 3.2 79.5

Skin 24.6 45.1 1.8 71.5

Bone
marrow

20.1 17.1 2.7 39.9



lent dose was higher than the neu tron equiv a lent
dose in all or gans ex cept for the thy roid. It is in close
agree ment with the re sults of Reft et al. [27]. More -
over, the re sults are in close agree ment with the re -
sults of Barquero et al. [19]. They cal cu lated the ab -
sorbed or gan dose from neu trons and cap ture
gamma rays us ing a  math e mat i cal phan tom for an
18 MV pho ton beam. How ever, they did not es ti -
mate the con tri bu tion of scat tered pho tons in the or -
gan ab sorbed dose. Also, the ef fec tive dose was not
cal cu lated in their study. Our re sults for the or gan
ab sorbed dose from scat tered pho tons and neu trons
are com pa ra ble with the mea sure ments of Kry et al.
on an an thro po mor phic phan tom [5].  In an other
study, Vanhavere et al. stud ied the out-of-field or -
gan doses from an 18 MV pros tate treat ment and the
re sults showed that the or gans far away from the
pros tate, such as the thy roid, re ceive higher neu tron
than pho ton doses [10]. 

Ac cord ing to our find ings which were tab u lated
in tab. 3, higher sec ond ary can cer risks are ob tained
for skin, stom ach, blad der, liver, and bone mar row.
Based on this, it was con cluded that both the equiv a -
lent dose and nom i nal risk co ef fi cients are higher for
these or gans, es pe cially for the skin. How ever, for the
tes tes the dose is higher than for other or gans, be cause
of its prox im ity to the pros tate. But, be cause of the
smaller nom i nal risk co ef fi cient for tes tes, the re sult -
ing sec ond ary can cer risk is smaller in com par i son to
those of other or gans, such as the blad der or liver.

Data de rived from ep i de mi o log i cal stud ies have
shown that  an  ex po sure to  ion iz ing ra di a tion above
50 mSv to 100 mSv in creases the risk of sec ond ary
can cers such as pros tate can cer and breast can cer in
pa tients up to 30 years fol low ing the pri mary treat ment 
[30]. Fur ther more, stud ies have shown that in duced
can cers in crease with time af ter ra di a tion ther apy. In
the case of el derly pros tate pa tients, in duced can cers
in crease for about 1.5% at a time dis tance of 10 years
af ter treat ment [31]. So, our es ti mated can cer risk of
1.8% is com pa ra ble with pre vi ous re sults. A sta tis ti -
cally sig nif i cant and very small in crease in sec ond ary
can cer risk af ter ra di a tion ther apy has been re ported
by sev eral in ves ti ga tions [18, 30, 32]. In cases of pros -
tate can cer, sec ond ary lung can cers show an in crease
of 4% to 6% com pared to pros tate sur gery. In a study
by Followill et al, at trib ut able sec ond ary can cer like li -
hood was es ti mated as high as 4.5% and 8.4% for
IMRT with 18 and 25 MV pho ton beams, re spec tively
[4].

Al though equiv a lent doses for spe cific or gans
have been pub lished in pre vi ous stud ies, only one or
two ra di a tions par tic i pat ing in the to tal out-of-field ab -
sorbed dose were re ported. For ex am ple, Kry et al.
showed that neu trons are a sig nif i cant con trib u tor to
out-of-field or gan doses and that the es ti mated risk for
con ven tional and IMRT from neu trons amounted to
1.7% and 5.1%, re spec tively [6]. A sim i lar study on

IMRT by an 18 MV beam re vealed that the dose equiv a -
lent from photoneutrons could lead to a 2% like li hood
of sec ond ary can cer for a 70 Gy tu mor dose [33]. How -
ever, it is worth men tion ing that a can cer risk co ef fi cient 
of 5% per Sv was used in the ses stud ies. In the MC
study by Stathakis et al. on con ven tional and IMRT of
pros tate can cer, the scat tered pho ton dose was cal cu -
lated and a whole body equiv a lent dose of  780 and
1450 mSv for a 72 Gy tu mor dose ob tained. Our ef fec -
tive dose from pho tons was very sim i lar to their re -
ported value for con ven tional pros tate treat ment. How -
ever, they did not cal cu late the neu tron dose
con tri bu tion and based on pre vi ous stud ies [5], it was
as sumed that the neu tron dose could be 2 mSv to 5 mSv
for the same num ber of MU used in their study. Based
od this, they con cluded that this might cause an in crease 
of 4% to 10% in can cer risk to the pros tate pa tient. 

The re sults of the study by in vivo mea sure ment
show that, for pros tate pa tients treated with 18 MV
IMRT, the out-of-field pho ton dose equiv a lent was up to
7 times  greater  than  the  neu tron dose equiv a lent and
that  the  neu tron dose equiv a lent var ied by 2 mSv/Gy to
6 mSv/Gy for dif fer ent ther apy ma chines. In our study,
the pho ton equiv a lent dose was 5.4 times higher than the
neu tron equiv a lent dose which was slightly smaller, but
in agree ment with the study.

CON CLU SIONS

Our re sults have shown that the pho ton equiv a -
lent dose is the dom i nant source of the out-of-field ef -
fec tive dose for pa tients un der go ing pros tate ra di a tion
ther apy. But the neu tron equiv a lent dose is an other
strong con trib u tor. Also, the ef fect of cap ture gamma
rays can not be ne glected for 18 MV beam treat ments.
De vel op ments in can cer treat ments and, con se quently, 
the in crease in the life span of pa tients might per mit
sec ond ary can cers to ap pear af ter pri mary treat ment.
There fore, in or der to find a prac ti cal strat egy for solv -
ing this prob lem in the near fu ture, we be lieve that it is
nec es sary to have es ti ma tions on pa tients’ ef fec tive
doses from dif fer ent ra di a tion ther apy tech niques so as 
to make re li able risk-ben e fit com par i sons be tween ra -
dio ther apy tech niques. Oth er wise, our study sug gests
that for out-of-field dose cal cu la tions in ra dio ther apy
tech niques em ploy ing high en ergy pho ton beams, tak -
ing into con sid er ation all con tri bu tors in or gan doses
in clud ing scat tered pho tons, neu trons, and cap ture
gamma rays, can pro vide more re al is tic es ti ma tions
for sec ond ary can cer risk anal y sis and re li able com -
par i son of dif fer ent tech niques.
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Mohamad MOHAMADZADEH, Asghar MESBAHI

MONTE  KARLO  PROCENA  DOZA  U  OKOLNIM  ORGANIMA  KOJE
POTI^U  OD  RASEJANIH  FOTONA,  FOTONEUTRONA  I  GAMA

ZAHVATA  U  RADIOTERAPIJI  PROSTATE

U radu su procewene efektivne doze za organe koji su izvan direktnog poqa zra~ewa, u
slu~aju radijacione terapije kancera pros tate, primenom MCNPX Monte Karlo koda i
odgovaraju}eg matemati~kog modela primewenog fantoma. Doze u organima koje poti~u od
rasejanih fotona, fotoneutrona i gama zahvata prora~unate su za slu~aj 18 MeV-skog fotonskog
snopa. Na{i rezultati pokazuju da glavni doprinos doze u delovima tela koji nisu direktno
izlo`eni snopu poti~e od rasejanih fotona. Ukupna efektivna doza koja poti~e od rasejanih
fotona,  neutrona  i  gama  zahvata  iznosi 723  mSv, 134  mSv i 45  mSv  pri  predatoj dozi pros tate od
72 Gy. Za konvencionalni tretman razmatran u ovom radu, ukupna efektivna doza koja poti~e od ove
tri komponente zra~ewa iznosi 902 mSv za dozu od 72 Gy koja je predata tumoru. Imaju}i u vidu
podatak da rizik od sekundarnog kancera kod odraslog pacijenta mu{kog pola iznosi 2% po sivertu, 
prema na{im rezultatima verovatno}e dobijawa sekundarnog kancera iznose 1,8% i 6,3% u slu~aju
tretirawa kancera pros tate konvencionalnom i intenzitet-modulisanom tehnikom, respektivno.
Na{a analiza pokazuje da, prilikom prora~una doze organa koji nisu derektno izlo`eni snopu,
uzimawe u obzir svih vrsta doprinosa koji poti~u od rasejanih fotona, neutrona i gama zahvata,
pru`a mnogo realisti~niju procenu rizika od pojave sekundarnog kancera.

Kqu~ne re~i: radioterapija, prostata, rizik sekundarnog kancera, MCNPX pro gram


