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Us ing the nano-scaled radionuclides in the radionuclide ther apy sig nif i cantly re duces the par -
ti cles trap ping in the or gans ves sels and avoids throm bo sis for ma tions. Ad di tion ally, uni form
dis tri bu tion in the tar get or gan may be an other ben e fit of the nanoradionuclides in the
radionuclide ther apy. Monte Carlo sim u la tion was con ducted to model a math e mat i cal hu -
man oid phan tom and the liver cells of the sim u lated phan tom were filled with the 90Y
nanospheres. Healthy or gans doses, fa tal and nonfatal risks of the sur round ing or gans were
es ti mated. The es ti ma tions and cal cu la tions were made in four dif fer ent dis tri bu tion pat terns
of the radionuclide seeds. Max i mum doses and risks es ti mated for the sur round ing or gans
were ob tained in the high edge con cen trated dis tri bu tion model of the liver in clud ing the
nanoradionuclides. For the dose equiv a lent, ef fec tive dose, fa tal and non-fa tal risks, the val ues 
ob tained as 7.51E-03 Sv/Bq, 3.01E-01 Sv/Bq, and 9.16E-01 cases/104 per sons for the blad -
der, co lon, and kid ney of the mod eled phan tom, re spec tively. The men tioned val ues were the
max i mum val ues among the stud ied mod eled dis tri bu tions. Max i mum val ues of Nor mal Tis -
sue Com pli ca tion Prob a bil ity for the healthy or gans cal cu lated as 5.9-8.9 %. Re sult of us ing
nanoparticles of the 90Y pro vides prom is ing dosimetric prop er ties in MC sim u la tion re sults
con sid er ing non-tox ic ity re ports for the radionuclide.

Key words: nanoscaled 90Y, in ter nal do sim e try, or gans ab sorbed dose, risk es ti ma tion,
radionuclide ther apy

INTRODUCTION

Now a days, ra di a tion ther apy has been es tab lished
as a choice of the can cer treat ment or pal li a tion be side the
che mo ther apy and sur gery. To de liver the pre scribed ra di -
a tion dose to the tar get site with a nearby source, the high
dose rate and rapid dose drop off af ter can cer ous re gion
has been great ad van tages for radionuclide ther apy
sources. In some cases, like liver me tas ta sis, in ter nal
radionuclide ther apy is the best choice for the can cer treat -
ment and man age ment. In the radionuclide ther apy tech -
nique, op ti mi za tion of the meth ods and sources re quires
de tailed study of the sources dosimetric char ac ter is tics and 
meth ods ad van tages and pit falls be fore clin i cal im ple men -
ta tion. Some re search ers have con ducted stud ies on the
sources en ergy, sources size ef fects on the treat ment qual -
ity as well as the con fig u ra tion of the sources im plan ta tion
[1-6]. Oth er wise, there are many on go ing re searches on
the ap pli ca tion of the radionuclides in the can cer treat ment 
and pal li a tion. Some of the radionuclides have been ver i -

fied and val i dated as good ra di a tion ther apy out come. In
case of the yt trium-90 (90Y) radionuclide, high lin ear en -
ergy trans fer (LET) fac tor of the b– par ti cles emit ted from
the radionuclide rather than pho tons and dis tri bu tion of the 
nanoscaled par ti cles may be ef fec tive in the metastases re -
mov ing. The liver is unique in hav ing two blood sup plies –  
an ar tery (the hepatic ar tery) and a large vein (the por tal
vein). The nor mal liver gets about 75 % of its blood from
the por tal vein and only 25 % of its blood co mes from the
hepatic ar tery. When a tu mor grows in the liver, it may re -
ceive al most all of its blood sup ply from the hepatic ar tery.
90Y microspheres are in jected as beads with the ra dio ac -
tive ma te rial di rectly into the ar ter ies sup ply ing the blood
to the liver tu mor site. Since the beads are placed di rectly
into the tu mor ves sels, it does not have the pro found im -
pact on the body when com pared to other ther a pies such as 
sys temic che mo ther apy. Us ing the nano-scaled
radionuclides might have po ten tial ad van tages in this re -
gard. Us ing radionuclide ther apy for the liver tu mors kill -
ing may of fer prom is ing re sults in the treat ment qual ity
and out come be cause the ex ter nal whole liver ra dio ther -
apy might im pose a dose to the liver's nor mal pa ren chyma. 
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Tox ic ity of 90Y-microspher radionuclide ther apy af ter the
intra-ar te rial radionuclide ther apy has been stud ied and re -
ported its tox ic ity in grade 3-4 tu mors treat ment lower for
clin i cal study than lab o ra tory find ings [7-14]. We con -
ducted the cur rent study to find ing out if us ing 90Y
nanospheres in stead of its microspheres of fers the pa tient
un der go ing liver radionuclide ther apy any ad van tage? Al -
though it is ob vi ous that the prob a bil ity of the radionuclide 
par ti cles trap ping in the liver ves sels re duces sig nif i cantly
ac cord ing to the par ti cles size re duc tion. Ad di tion ally, dis -
tri bu tion of the nanoparticles will be rel a tively uni form
rather than microspheres. But, it is im por tant to find out
dosimetric ad van tages of the nano-scaled radionuclide.
On the other hand, in ad di tion to the uni form dis tri bu tion
and low prob a bil ity of the par ti cles trap ping, the dose dis -
tri bu tion around the ra dio ac tive par ti cles filled liver was
im por tant in this study. For this rea son, in ad di tion to the
liver ab sorbed dose char ac ter iza tion, a dose to the sur -
round ing or gans was cal cu lated and nor mal tis sue com pli -
ca tion prob a bil ity (NTCP) was found for the or gans. Fi -
nally, ad van tages and dis ad van tages of us ing the
nanospheres were dis cussed.n this study, the pa tient or -
gans doses from the 90Y nanoradionuclide in jected to the
liver for the metastases treat ment werestudied and es ti -
mated. Fa tal ity and non-fa tal risks as so ci ated with the
nanoparticle for the sur round ing or gans were also stud ied
in the cur rent study.

MATERIALS AND METHODS

MCNPX (2.6.0) code of Monte Carlo (MC) re -
leased by the Los Alamos na tional lab o ra tory (LANL)
was used in all sim u la tions and cal cu la tions car ried out
for this study. For the pa tient or gans sim u la tion, a math -
e mat i cal-based adult phan tom was ma nip u lated so that
the 90Y nanoparticles mod eled as a filled lat tice re sem -
bling the radionuclide ther apy ra di a tion sources in the
phan tom's sim u lated liver. Size of the mod eled
radionuclide  nanospheres  con sid ered to be 4 nano-
me ters (4×10–9 m) and each side of the voxels in the liver 
mod eled as 1 mi crom e ter (1×10–6 m). For mak ing our
es ti ma tions closer to the re al is tic sit u a tion, four dif fer -
ent pat terns of the radionuclide dis tri bu tion in the liver
were con sid ered in the sim u la tions. Dis tri bu tion of the
90Y radionuclides in the liver was con sid ered as uni -
form, highly con cen trated in the cen ter, in creas ing  the 
con cen tra tion  from  the cen ter to ward the  edges  and
with ir reg u lar dis tri bu tion. The mod eled 90Y
radionuclide was b– emit ter with the EMax of 2.28 MeV
and its half-life was con sid ered 64 hours in the cal cu la -
tions. Ad di tion ally, en ergy spec trum of the
nanoradionuclides was mod eled so they were emit ted
b– par ti cles with Emean equal to 0.651 MeV in the iso tro -
pic ra di a tion emis sion pat tern. As we know the 90Y is
pro duced by the neu tron ac ti va tion ac cord ing to the
89Y(n,.g)90Y nu clear re ac tion. The ac ti vated
radionuclide is as so ci ated with the spe cific ac tiv ity of

400 MBq/mg. It de cays through pure b– emis sion to the
sta ble state of 90Zr. For our model benchmarking and
val i da tion, nor mal ized spe cific ab sorp tion frac tion
(SAF) for an ini tial par ti cle of the emit ted b–

nanoradionuclides was cal cu lated and com pared with
the pub lished data. Mod el ing the liver as the source of
b–, the par ti cles and pro duced pho tons from b– in ter ac -
tions with sur round ing ma te rial were sim u lated and ab -
sorp tion frac tion in the liver and kid ney (for b–) and
lung for the pho tons were cal cu lated and plot ted – figs.1 
and 2 show the re sults. It was seen as a good agree ment
be tween our de rived data and pub lished data. Thus,
com par i son of the re sults with the pub lished data
benchmarked our mode for us ing for the cal cu la tions
[15-20].

Us ing the sim u la tion re sults, ab sorbed dose
equiv a lent, ef fec tive dose, fa tal and non-fa tal risks due 
to the ra di a tion, the doses were es ti mated for the pa -
tient or gans as the guide lines and tab u lated in tab. 1.

D
m

=
d

d

e
(1)

where, the mean value of de (in J) is the mean en ergy
im parted to mat ter of mass dm (in kg) by ion iz ing ra di -
a tion and a spe cial name given to D is (Gy). In the
microdosimetry where dm is very small, im parted en -
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Fig ure 1. Cal cu lated SAF for liver and kid ney in
our mod el ing. The val ues were de rived in the uni form
dis tri bu tion of nanoradionuclide in the liver

Fig ure 2. Cal cu lated SAF for the lung of used phantom



ergy is taken to ac count in stead of its mean value.
Then, D has fluc tu a tions in small masses and the fluc -
tu a tions in crease with the ab sorber mass de creas ing.
But, in our ap plied scale, the mean value of the im -
parted en ergy is in serted in the equa tion.

Equiv a lent dose (H) in Sv is cal cu lated by the
pro duc tion of D and ra di a tion weight ing fac tor wR as

H w D
R

T R T,R= å (2)

where wR is dif fer ent for dif fer ent type and en ergy of
ra di a tion. Its value rec om mended for the pho ton and
elec tron in all of en er gies as 1. DT,R is the dose in a
point due to the ra di a tion R in an or gan or tis sue T. Ef -
fec tive dose for mu la tion has been rec om mended as

E w w D
RT

= åå T R T,R (3)

where wT and wR are tis sue weight ing fac tor and ra di a -
tion weight ing fac tor, re spec tively. DT,R, is the point
dose due to the ra di a tion field R in a tis sue T. The unit
of E is same as H and is Sv.

Fa tal and non-fa tal risks were cal cu lated us ing
the ob tained ef fec tive dose and ICRP [21] tab u lated
nom i nal risk per Sv in 104 per sons. The stud ied or gans
in cluded tes tes ova ries, pan creas, gen i ta lia, leg bones,
arm bones, pel vis bone, spine bone, skull bone, rib

cage bone, clav i cles bone, scap u lae, co lon (large in tes -
tine), lungs, stom ach wall, blad der, breasts, liver,
esoph a gus, thy roid, skin, ad re nals, brain, kid ney, mus -
cle, spleen, thy mus, and uterus. Us ing our MC model
the ab sorbed dose was cal cu lated for the dif fer ent or -
gans. En ergy de po si tion in the or gans was ob tained in
terms of MeV and con verted to the J/kg unit which is
equal to the unit of ab sorbed dose (Gy). The ab sorbed
dose ob tained per par ti cle emis sion (Gy/Bq) and con -
sid er ing the to tal b– emis sion from the nanosources,
ab sorbed dose for each of the or gans was tal lied. Ad di -
tion ally, max i mum range of the emit ted b– par ti cles in
the liver tis sue was cal cu lated by the MC sim u la tion.
Be cause we as sumed that for the ra dio ac tive 90Y filled
liver, the in ter ac tion of the emit ted par ti cles with the
at oms in the liver cells and sur round ing tis sues may
pro duce Brems strah lung-ray, then, the pho ton spec tra
were also tal lied at the mod eled liver cell in the low en -
er gies and nar row en ergy bins. The spec trum was de -
rived by the F4 tally and de ter min ing the en ergy bins in 
which the pho ton num bers would be tal lied in data
card of the writ ten in put file. De rived pro duced X-ray
spec trum in the liver tis sue was shown in fig. 3. The re -
sults tab u lated in tab. 1 ob tained for the nanoparticles
uni form dis trib uted con di tion. The same val ues were
cal cu lated for the other pat terns of dis tri bu tion and the
re sults were com pared. Be cause of the fact that the sur -
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Table 1. Organ doses and risk estimation in the liver 90Y radionuclide therapy

Organ Dose equivalent
[SvBq–1]

Non-fatal risk (cases per
10,000 persons per Sv)

Fatal risk (cases per 10,000
persons per Sv)

Nominal risk adjusted for
lethality and quality of life

1. Ovaries 7.34E-01 1.69E-02 1.210E-02 6.46E-02

2. Leg bones 1.63E-03 6.36E-03 5.22E-03 8.31E-03

3. Arm bones 4.78E-03 1.86E-03 1.53E-03 2.44E-03

4. Pelvis bones 7.54E-03 2.94E-03 2.41E-03 3.85E-03

5. Spine bones 4.65E-03 1.81E-03 1.49E-03 2.37E-03

6. Skull bone 4.95E-03 1.93E-03 1.58E-03 2.52E-03

7. Spine bone 4.65E-05 1.81E-03 1.49E-03 2.37E-03

8. Skull bone 4.95E-03 1.93E-03 1.58E-03 2.52E-03

9. Rib cage bone 6.59E-03 2.57E-03 2.11E-03 3.36E-06

10. Clavicles bone 8.36E-03 3.26E-03 2.68E-02 4.26E-02

11. Scapulae 2.26E-03 8.81E-03 7.23E-03 1.15E-02

12. Colon 1.12E-03 3.83E-03 3.51E-03 5.53E-03

13. Lungs 6.42E-03 8.09E-03 6.52E-03 7.25E-03

14. Stomach 4.05E-01 5.47E-02 2.65E-02 3.12E-02

15. Bladder 1.35E-01 4.19E-02 1.62E-02 3.17E-02

16. Breasts 1.83E-02 1.45E-02 6.04E-03 1.13E-02

17. Liver 8.36E-01 4.70E-01 9.71E-01 1.01E+00

18. Esophagus 1.38E-01 2.49E-01 3.19E-02 3.41E-02

19. Thyroid 3.09E-03 9.36E-02 6.80E-03 3.03E-02

20. Skin 2.07E-05 2.07E-02 4.14E-05 8.28E-05

21. Adrenals 3.92E-03 1.44E-02 1.38E-02 4.32E-01

22. Brain 4.49E-05 1.65E-04 1.58E-04 4.95E-03

23. Kidney 4.49E-05 1.65E-04 1.58E-04 4.95E-03

24. Pancreas 6.78E-04 2.48E-03 2.39E-03 7.47E-02

25. Spleen 3.50E-04 1.28E-03 1.23E-03 3.86E-02

26. Thymus 3.06E-03 1.12E-02 1.08E-02 3.37E-01

27. Uterus 8.10E-04 2.97E-03 2.86E-03 8.93E-02



round ing or gans may be ex posed more than those that
are far from the liver, nor mal tis sue com pli ca tion prob -
a bil ity (NTCP) for the or gans near the sources were
cal cu lated ac cord ing to the ob tained data and rec om -
mended method as pre sented by the fol low ing for mu -
la tion of the rel a tive seriality model. Be low equa tions
were used for the or gans NTCP cal cu la tion. The prob -
a bil ity for con trol ling a tu mor or tu mor con trol prob a -
bil ity (TCP) can be cal cu lated us ing the fol low ing
equa tion [16]

P D
nd D

( )
( / )( ln ln )

= -
- -

e e
e eg g50

2

(4)

P(D) is the prob a bil ity of tu mor in an or gan. D50

is the dose for which the re sponse is 50 % and g is the
max i mum nor mal ized value of the dose re sponse gra -
di ent. The pa ram e ter n is the num ber of frac tions. Tu -
mor con trol prob a bil ity (TCP) for a het er o ge neous tu -
mor in an or gan is de fined in eq. (5).

TCP P D v

i

N
i= Õ i ( )D (5)

Nor mal tis sue com pli ca tion prob a bil ity for both
se rial and par al lel tis sues can be cal cu lated from
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In eq. (6) for NTCP cal cu la tion, s is the pa ram e -
ter de scrib ing the tis sue struc ture (se rial or par al lel).
NTCP for the liver and sur round ing or gans were cal -
cu lated us ing the de scribed for mu la tions [16]. The
spec tra were de rived for each of the stud ied
radionuclide dis tri bu tion sep a rately and com pared.
Dose ab sorp tion in the en ergy bins was tal lied for both
of the ir ra di a tions.

RESULTS

Our MC code cal cu la tion re sults es ti mated the
pa tient's or gans doses, ef fec tive doses, fa tal and
non-fatal risks es ti ma tions, in the liver 90Y

nanoradionuclide ther apy.In ter ac tions be tween the
90Y radionuclides and tis sue pro duced low en ergy
Brems strah lung X-ray. From the fig. 1, peak of the
pro duced Brems strah lung X-ray pho tons lies around
240 keV. Ad di tion ally, both X-ray pho tons and
nanoradionuclides emit ted b– par ti cles spec tra at the
spine bone sur face were de rived by the MC sim u la tion
and were shown in fig. 2. Then, the liver filled by the
90Y nanoradionuclides can be con sid ered as b– and
X-ray source and pho tons spec tra were shown in fig. 3. 
Some of the Brems strah lung pho tons de posit their en -
ergy far from the pro duc tion or i gin. Then, a dose of
some or gans that are far from the liver was also cal cu -
lated. Ra di a tion spec tra at the spine bone sur face were
de rived for b– and X-ray pho tons and were shown in
fig. 4. Af ter the tis sue in cluded the ra di a tion sources,
ova ries ab sorbed max i mum dose in uni form dis tri bu -
tion model of the sources in the liver. Our code cal cu la -
tion re sults showed dose ab sorp tion and the es ti mated
risks higher for the dis tri bu tion in which the
radionuclide con cen tra tion is high in the liver edges.
Ab sorbed dose equiv a lent, fa tal and non-fa tal es ti -
mated risks val ues were ob tained in the uni form dis tri -
bu tion as 7.34·10–3 Sv/Bq, 9.71·10–2 Sv/Bq, and
4.71·10–1 cases per 104 per sons for the ova ries, liver
and liver, re spec tively. The val ues were ob tained for
the high edge-con cen trated model as 7.51·10–3 Sv/Bq,
3.01·10–1 Sv/Bq, and 9.16·10–1 cases per 104 per sons
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Fig ure 3. MC de rived the b– par ti cle pro duced brems-
strahlung X-ray pho tons spec tra at the mod eled liver

Fig ure 4.  b– par ti cles spec tra at the spine bone (a), and
b– par ti cles pro duced Brems strah lung X-ray pho tons
spec tra at the spine bone (b)



for the blad der, co lon and kid ney of the mod eled phan -
tom re spec tively. Ta ble 2, shows the max i mum val ues
ob tained in the high con cen tra tion in the edges of the
liver con di tion. In con trast, lower val ues were ob -
tained for dose and risk es ti ma tion cal cu lated in cen -
tral con cen trated mod eled liver among the stud ied
mod els of dis tri bu tion. Among the mod eled dis tri bu -
tions, ir reg u lar and uni form filled liver showed good
agree ment in the re sult of dose and risk cal cu la tions
rather than the oth ers. Ta ble 2 shows that only slight
dif fer ence is be tween the two ir reg u lar and uni form
radionuclide dis tri bu tions mod els re sults. As the mod -
el ing of the dis tri bu tion pat tern in the real case is
nearly im pos si ble be cause of per son to per son vari a -
tions in dis tri bu tion, con sid er ing uni form filled liver
with the nano 90Y sources may be good es ti ma tor
model for the sur round ing or gans doses cal cu la -
tion.As it can be seen in fig. 5, pho tons have en ergy
less than 100 keV and pho to elec tric phe nom e non has
high cross-sec tion in this en ergy range with bone. Ad -
di tion ally, when the radionuclide par ti cles were con -
cen trated at the cen ter of liver, more beta par ti cles in -
ter acted with tis sue and more pho tons pro duced in the
liver. Then, the liver as a vir tual pho ton point like
source emits more pho tons. In con trast, both of the ra -
di a tion fluence had min i mum value when the
nanoparticles are con cen trated in the edges of liver. In
ad di tion, a slight shift can be seen in the peak of en ergy 
of both pho ton and beta spec tra. Dose dis tri bu tion in
the nar row en ergy bins was de rived for the spine bone
in both pho ton and beta ir ra di a tion orig i nat ing from
the liver. Fig ure 5 shows the ab sorbed dose dis tri bu -
tion in the en ergy bins.

Our study con sid ered the re ceived dose in two
parts; dose from the b– par ti cles emit ted from the
nanoparticles and X-ray pro duced in the emit ted par ti -
cles and tis sue in ter ac tions. The re sults showed that
around 34 % of the bone ab sorbed dose was due to the
beta par ti cles and 66 % orig i nated from the X-ray pho -
tons. Be cause spine bone is closer to the liver than the
other stud ied or gans and beta par ti cles ex pect to have
higher por tion in the ir ra di a tion field rather than those at 
greater dis tances from the liver, it may be de duced that
X-ray has the main role in dis tant or gans ir ra di a tion

such as brain. 8.9 %, 5.9 %, and 8.7 % of NTCP were
ob tained for ova ries, blad der and spine bone,re spec -
tively. For the tar get or gan, liver, it ob tained as 31 %.
Fig ure 1 shows that al most all of the nanoradionuclides
emit ted en ergy was ab sorbed in the tar get or gan (liver).
Fig ure 5 shows the value of dose ab sorp tion in nar row
en ergy bins. To tal doses for the stud ied or gans are also
tab u lated in the re sults sec tion.

DISCUSSION

This means that other or gans, those lo cated at dis -
tances greaterthan 11.98 mm from the liver were ex posed 
by the pho tons pro duced at the b– in ter ac tions with the
body at oms.Ow ing to a dis tance from the liver edge and
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Table 2. Comparison of doses and the estimated risk between the studied modeled distributions of the radionuclide
particles in liver

Distribution model Distribution (1)
(uniform concentration)

Distribution (2)
(concentration in liver's

edges)

Distribution (3)
(concentration in liver's

center)

Distribution (4)
(irregular concentration)

Maximum dose equivalent
(Sv) 7.34E-03 (ovaries) 7.51E-03 (bladder) 7.09E-03 (spine bone) 7.29E-03 (ovaries)

Maximum effective
dose (Sv) 3.67E-04 (ovaries) 3.75E-04 (bladder) 7.09E-05 (spine bone) 3.64E-04 (ovaries)

Maximum estimated fatal
risk (cases/104persons/Sv) 2.65E-02 (stomach) 3.01E-02 (colon) 2.28E-02 (adrenals) 2.69E-02 (stomach)

Maximum estimated
non-fatal risk

(Cases/104persons/Sv)
9.36E-02 (thyroid) 1.16 E-01(kidney) 8.93E-02 (colon) 9.31E-02 (thyroid)

Fig ure 5. Ab sorbed dose spec tra at the spine bone from
the emit ted b– par ti cles (a) and ab sorbed dose spec tra at
the spine bone from the emit ted b– par ti cles pro duced
brems strah lung X-ray pho tons (b)



ac cord ing to the emit ted par ti cles max i mum range, ova -
ries are not ex posed to b– par ti cles and the pro duced pho -
tons can reach to ova ries, while for the cen ter filled liver
model of 90Y dis tri bu tion bone sur face showed ab sorbed
max i mum dose equiv a lent. It may be at trib uted to the
fact that the bones are nearby and on the other hand, low
en ergy of the pho tons and high atomic num ber of the tis -
sue has led to photo-elec tric ef fect with high cross-sec -
tion. Au ger elec trons and char ac ter is tic X-ray pro duc -
tion also par tic i pate in the bone dose. High atomic
num ber of bone and low en ergy of the pho tons pro vided
a con di tion in which the photo-elec tric pre dom i nantly
oc curred and the ejected photoelectrons could be highly
ab sorbed in the bone tis sue. Ac cord ing to the re sults, it
can be seen that the non-fa tal risks is higher than fa tal
risks. It may be be cause of the fact that non-fa tal risks in -
clude all of the sto chas tic ef fects such as he red ity ef fects.
In the low doses, de ter min is tic ef fects which lead to
death do not oc cur, but the sec ond ary in duced non-fa tal
ma lig nan cies and he red ity risk in duc tion is dom i nant.
Mass and con se quently con cen tra tion of the re quired
radionuclide for de liv er ing 30 Gy dose to the liver can be
ob tained from its spe cific ac tiv ity. It can be de duced from 
the re sults that mod el ing the uni form dis tri bu tion may
give good re sults that are rel a tively close to real es ti ma -
tion of the or gans doses and the as so ci ated risks. The
agree ment may be due to the fact that the re sul tant of the
ir reg u lar dif fu sion of the nanoparticles in the liver tis sue
is close to a uni form one in case of the sur round ing or -
gans ir ra di a tion. For b– and pho ton ir ra di a tion of the
other or gans, the liver may be con sid ered as a vir tual
point like iso tro pic source. This hy poth e sis may be an ex -
pla na tion to why the re sults were close in the two dis tri -
bu tion mod els. This agree ment can also be seen in the ra -
di a tion fluence at the spine bone sur face in the four
dis tri bu tions study. In some cases, there are dif fer ences in 
the or gans with max i mum dose val ues. The dif fer ence
can be at trib uted to the fact that dis place ment of the
radionuclides con cen tra tion from the cen ter to edges of
the liver can lead to dif fer ence in the vir tual source char -
ac ter is tics as men tioned above. Con sid er ing the b par ti -
cles max i mum range of 12 cm in the soft tis sue and pro -
duced X-ray pho tons dis place ment of the beta par ti cles
and pho tons or i gin may al ter the other or gans re ceived
dose. The shift may be at trib uted to the ra di a tion sources
or i gin shift from the cen ter to ward the edge and vice
versa. The fluence in case of both pho ton and beta ra di a -
tions is in good agree ment for the uni form and ir reg u lar
dis tri bu tion mod els rather than the oth ers. This re sult
shows that the re sul tant of the ir reg u lar pat tern of the
radionuclide dis tri bu tion is close to the uni form one.
Then, even if the sources dis trib ute ir reg u larly, a uni form
mod el ing can es ti mate the re sult rel a tively pre cisely
rather than the other pat terns. Of the pa tient or gans, spine 
bone re ceived the max i mum dose equiv a lent in one of
the stud ied mod els. Then, it may be true to say that the
dis tant or gans re ceived dose com pletely from the X-ray
pho tons. Ac cord ing to the ra di a tion dose tol er ance of the
stud ied or gans and ob tained doses, if we con sider 30 Gy
dose to be de liv ered to the liver for avoid ing the in -
duced-dis eases, none of the or gans re ceive a dose more
than its tol er ance. But, sec ond ary in duced ma lig nan cies
may be ob served in the fol low -up pro gram. High est fa tal 

and non-fa tal risk was seen for the co lon and stom ach, re -
spec tively, and min i mum fa tal and non-fa tal risk was
cal cu lated for the leg bones of the pa tient. Then, ra di a tion 
in duced he red i tary com pli ca tions and sec ond ary can cers 
may be ob served in the long run af ter treat ment. An a lyt i -
cal NTCP cal cu la tion con ducted for the or gans re ceived
high est dose. Ac cord ing to the cal cu la tions, NTCP ob -
tained for ova ries, blad der, and spine bone were 8.9 %,
5.9 %, and 8.7 %, re spec tively. Those re sults showed that 
the max i mum NTCP us ing the 90Y nanoradionuclides in -
jected to the liver is 5.9-8.9 %. Those val ues for the
NTCP while the liver metastases are treated is low. For
the liver as the or gan in volved with the can cer and to be
treated, NTCP found was 31 %. Con sid er ing the del e te ri -
ous ef fect of the radionuclide on the can cer cells and the
in duced com pli ca tions in the liver tis sue, the nano-
radionuclide seems to be an ef fec tive treat ment method
for the liver can cer treat ment or pal li a tion. Al most all of
the radionuclides emit ted en ergy was ab sorbed in the tar -
get or gan. Cal cu lated NTCP for the or gan filled by the
radionuclide (tar get or gan) is low and com par ing the
ben e fits and com pli ca tion prob a bil ity of liver shows that
the nanoradionuclides tox ic ity is ac cept able and low. In
the cur rent work, we stud ied and eval u ated phys i cally in
de tails the nanoradionuclide in jec tion into the can cer ous
liver by the MC sim u la tion. Ob tained data can be used
injustifying that the method's ben e fits outweighits haz -
ards to the pa tient healthy or gans. In the cur rent study,
size of the radionuclides in nanoscale was 4 nm, which
of fered ad van tages such as nearly uni form dis tri bu tion
and sig nif i cant re duc tion in the prob a bil ity of the throm -
bo sis oc cur rence and en trap ment of the par ti cles at the
ves sels. Our study has ma jor dif fer ences from the other
sim i lar stud ies in this re gard.  Two ra di a tion sources of
beta par ti cles and pro duced X-ray pho tons were con sid -
ered in pe riph eral or gans dose cal cu la tions. Also the cur -
rent study dealt with dif fer ent dis tri bu tions of the sources
in the tis sue and each of the con di tions led to dif fer ent re -
sults. Ad di tion ally, our cal cu la tions were not only about
the or gans doses, but also the risks as so ci ated with the or -
gans due to the ab sorbed dose were stud ied. And, it
should be men tioned here that the radionuclides were
stud ied in nanoscale rather than mi cro-scale. This com -
par i son be tween the stud ies re veals the ef fect of the
sources size on the dose dis tri bu tion. Be sides, in our
point of view the nanoscale size of the radionuclide of -
fers an im por tant ad van tage for this type of treat ment; as
the larger par ti cles may cause ob struc tions and block ing
the vi tal ves sels. On the other hand, pre cise data scor ing
around the radionuclide ther apy sources and the ra di a -
tion tox ic ity is im por tant in terms of treat ment out come
and pro vid ing more re li able cri te ria for treat ment se lec -
tion [7, 16, 22-32].

CONCLUSIONS

This study pres ents the re sults of the healthy or gans
doses and sec ond ary ra di a tion in duced fa tal and non-fa tal
risks es ti ma tion in the liver radionuclide ther apy with 90Y
nanoparticle. The nanosources four dif fer ent dis tri bu tions
stud ied and the re sults com pared led us to a con clu sion
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that the ir reg u lar and uni form dis tri bu tion re sults are close
in the or gans doses and risk es ti ma tion. Based on those re -
sults, we pro pose that mod el ing the uni form filled or gan in 
the radionuclide ther apy can be good agree ment with the
real case data. Ad di tion ally, ac cord ing to the data ob -
tained, NTCP of the stud ied radionuclide is low both for
the healthy or gans and the can cer ous liver. On the other
hand, we con cluded from the re sults that the healthy or -
gans doses were sim i lar due to the Brems strah lung X-ray
pro duced in the beta par ti cles and tis sues. We found that in
the liver filled with the nanoradionuclides, sur round ing or -
gans were ir ra di ated by two ra di a tion sources; b– and pho -
tons. In ad di tion, it can be de duced that the main ra di a tion
field im posed ex cess dose to the dis tant or gans was the
pho ton ra di a tion. Over all, we con cluded that the nano-
scaled stud ied radionuclide is a good choice for liver
metastases and other or gans NTCP was low. Then, we
pro pose 90Y nanoradionuclide as a good ra di a tion source
for the re mov ing of liver metastases. Fu ture stud ies and
clin i cal tri als are pro posed to find ing out more de tailed and 
pre cise data in the stud ied nanoradionuclides use. In ad di -
tion, dose dis tri bu tion and side ef fects were sat is fac tory.
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Sejed Mostafa GAVAMI, Hosein GIASI, Asgar MESBAHI

MONTE  KARLO  MODELOVAWE  PRIMENE  NANOSFERA  ITRIJUMA-90
ZA  TERAPIJU  JETRE  RADIONUKLIDIMA  I  PRORA^UN  DOZA  U  ORGANIMA

Primena radionuklida nanometarskih dimenzija u terapiji radionuklidima zna~ajno
smawuje zaustavqawe ~estica u tkivima organa i doprinosi izbegavawu nastajawa tromboze.
Unifromna raspodela ~estica u ̀ eqenom organu mo`e biti dodatna korist od nanoradionuklida u 
terapiji. Monte Karlo simulacijom modelovani matemati~ki humani fantom i }elije jetre u
fantomu ispuwene su nanosferama itrijuma-90. Procewene su doze u zdravim organima kao i
fatalni i nefatalni rizici za okolne organe. Procene i prora~uni ura|eni su za ~etiri
razli~ita uzorka funkcije raspodele radionuklida. Maksimalne doze  i rizici proceweni za
okolne organe utvr|eni su u modelu jetre sa visokom koncentracijom u raspodeli sa
nanoradionuklidima. Dobijene vrednosti za ekvivalentnu dozu, efektivnu dozu, fatalne i
nefatalne rizike iznose 7.51×10–3 Sv/Bq, 3.01×10–1 Sv/Bq, i 9.16×10–1 (slu~ajeva/104 osoba),
respektivno, za be{iku, debelo crevo i bubreg fantoma. Navedene vrednosti najve}e su me|u
vrednostima modelovanih raspodela. Maksimalne vrednosti verovatno}e za nastanak
komplikacije normalnog tkiva zdravih organa iznose 5.9-8.9 %. U rezultatima Monte Karlo
simulacija, primene nano~estica itrijuma-90 pokazuju obe}avaju}a dozimetrijska svojstva
uzimaju}i u obzir izve{taje o netoksi~nosti radionuklida.

Kqu~ne re~i: itrijum-90, unutra{wa dozimetrija, apsorbovana doza u organima,
..........................procena rizika, terapija radionuklidima


