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Strong beta emit ters, like 90Y, 177Lu la belled pep tide, are used for treat ment of neuroendocrine
tu mours where there is a good ex pres sion of somatostatin re cep tors. In this work, MCNP5/X
com puter soft ware and ORNL hu man phan toms were used to cal cu late ab sorbed dose due to 90Y 
la belled DOTATOC in the pep tide re cep tor radionuclide ther apy. Tu mour was con sid ered as a
sources of beta ra di a tion and rep re sented as a sphere with di am e ter of 1-4 cm and 5 cm in liver,
pan creas, and lungs. Re sults are ex pressed as ab sorbed dose per unit of cu mu lated ac tiv ity, S –
value in units mGy·(MBq·s)–1. The far larg est dose is in tu mour it self, then in or gan which con -
tains the tu mour. Doses in other or gans, where the me tas ta sis are the most fre quent, due to the
brems strah lung ra di a tion, are much smaller and could be ne glected. The larg est dose, 8.66·10–3

mGy·(MBq·s)–1 was ob tained for tu mour with size of 3 cm. 
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IN TRO DUC TION

Pep tide re cep tor radionuclide ther apy (PRRT)
with ra dio ac tive somatostatin an a logues was de vel -
oped re cently [1, 2]. It is a tar geted mo lec u lar ther apy
based on somatostatin an a logues which uses short-
lived strong beta emit ters like 90Y, 177Lu, or their com -
bi na tion la belled pep tide mol e cules as DOTA-TOC,
DOTA-TATE, DOTA-NOC, DOTABOC-ATE etc.,
[3-9]. It has been rec om mended to use 90Y for tu mours
larger than 2 cm, and 177Lu for the treat ment of smaller
ones, both la belled pep tide [10]. This rec om men da -
tion is based on phys i cal char ac ter is tics of 90Y, which
emits beta par ti cles with the max i mal en ergy of 2.28
MeV, with the range of 11.3 mm in soft tis sue. On the
other side, 177Lu emits gamma ra di a tion and beta par ti -
cles with max i mal en ergy of 0.497 MeV, whose range
is be low 2 mm in tis sue [11]. This kind of ther apy is
stan dard nowa days in nu clear med i cine prac tice for
cur ing of the neuroendocrine tu mours (NET).   

The NET do not have spe cific symp toms, and
mainly are di ag nosed by the case in later phases of the
ill ness (me dian, 9.2 years) [12], when nu mer ous me -
tas ta sis were al ready spread out through the body.
Usu ally NET ap pear in gas tro in tes ti nal tract, al though

they can be found at in other or gans in hu man body
[13]. 

The PRRT is ap plied in tra ve nously and pa tients
spend rel a tively short pe riod in hos pi tal, up to 3 days.
Ther apy is usu ally di vided in sev eral por tions, where
each one is with ac tiv ity of about 5.5 GBq. Pep tide mol e -
cules are nephrotoxic [14-16] and rel a tively large; they
could be ab sorbed in prox i mal tu bules, be ing re tained for 
long time in re nal interstitium [17, 18]. In or der to pre -
vent re-ab sorp tion of PRRT drugs, pos i tively charged
amino ac ids (like L-Lysine and L-Arginine), which com -
pete  for drug trans port ers, are ad min is tered si mul ta -
neously [19, 20]. As a con se quence, dose de liv ered to
kid ney could be large and kid ney func tions could de te ri -
o rate se ri ously [21]. Some au thors pro posed to limit the
dose in kid ney down to 23 Gy [20]. Due to this, it is very
im por tant to op ti mize the dose in pre ther a peu tic
dosimetric study [22-25].

The 90Y is very con ve nient for this kind of ther apy 
be cause it is a pure beta emit ters with max i mal en ergy
of 2.28 MeV, the av er age en ergy of beta par ti cles is
0.934 MeV and half-life is 64 h. Max i mal range of these 
beta par ti cles in tis sue is 11.3 mm [11]. On the other
side, it is dif fi cult to de tect and mea sure 90Y dis tri bu tion
in hu man body. This can be done by mea sur ing of
brems strah lung ra di a tion emit ted by beta par ti cles. 

The ob jec tive of this work is to cal cu late ab -
sorbed dose per one emit ted beta par ti cle from 90Y, in
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dif fer ent or gans of hu man body, for var i ous lo ca tions
and sizes of tu mour. 

MA TE RIAL AND METH ODS

To per form dose cal cu la tion, well known com -
puter soft ware, MCNP5/X [26] was used. Hu man
body is rep re sented with ORNL phan tom [27] where
or gans are given as geo met ri cal bod ies filled with var i -
ous ma te ri als. Dose cal cu la tions was per formed as -
sum ing that tu mour is spher i cal in shape with di am e ter 
of 1-4 cm and 5 cm, lo cal ized in liver, pan creas and
lungs, where  NET tu mours ap pear most fre quently.
Tu mour was con sid ered as a source of beta par ti cles
since up to 30 % of ap plied ac tiv ity is de pos ited and re -
tained in tu mour tis sue. Such choice of tu mour lo ca -
tions was made af ter 10 years of ex pe ri ence in ap pli ca -
tion of PRRT ther apy in De part ment of Nu clear
Med i cine in Kragujevac Clin i cal Cen tre. The re sults
ob tained from MCNP are ex pressed in MeV g–1 per
one emit ted par ti cle. Re sults are later re cal cu lated in
mGy/(MBqs).

Tu mour lo ca tions in pa tients were de ter mined
based on di ag nos tic OCTREO scan, which was done
us ing Dual Head gamma cam era (SIEMENS,
HOFFMAN ES TATES, IL LI NOIS, USA), with low
en ergy – high res o lu tion collimators, in ma trix
256×1024 pix els, with the ta ble speed 5 cm/min. This is 
the stan dard pro ce dure for pa tients with NET ill ness.
To tally 740 MBq of 99mTc-Tectrodyd pro duced by
POLATOM, Po land, was ap plied in tra ve nously in a
sin gle dose.   

Fig ure 1 shows im ages of hu man body ob tained
by gamma cam era and lon gi tu di nal cross-sec tion view 
of cor re spond ing ORNL phan toms (on the left side of
gamma cam era im ages).

Monte Carlo sim u la tions were car ried out for the 
fol low ing or gans: liver, pan creas and lungs, as well as
the cen tral area of the ab do men, where the tu mour was
as sumed:

The liver (vol ume is 1830 cm3) is given as an el -
lip ti cal cyl in der
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Fig ure 1. The im ages of whole body scintigraphy in AP,
and PA pro jec tion, of three pa tients with NET tu mours in 
(a) liver, (b) pan creas, and (c) right lung lobe. Left of
scin til la tion im ages, the graph i cal out put from MCNP
code with ORNL phan tom are shown, with the tu mour
lo ca tions used in cal cu la tions



where pa ram e ters x0, z0, x1, a, b, and c are: –1, 37, 3, 16, 
1.20, and 3.30 (in cm), re spec tively.

Each lungs lobe is rep re sented as a half el lip soid, 
where up per part is re moved. The lungs (vol ume is
1810 cm3 for right, and 1560 cm3 for left lung) are de -
fined as

x x

a

x

y

z z

c
z z

±æ

è
ç

ö

ø
÷ +

æ

è
çç

ö

ø
÷÷ +

-æ

è
ç

ö

ø
÷ £ ³0

2 2

0
2

01 and (4)

If z z zR L R L1 2, .£ £  and y y x xR L R L< £1 1, ,, .
The let ters R and L re fer to the right and left lungs. The
ap pro pri ate val ues (in cm) for x0, z0, x1R, x1L, y1R,  y1L,
z1R, z2R,  z2L,  a, b, and c are: 8.50, 43.50, -5.40, 8, 1.50,
1, 46, 54, 55, 5, 7.50, and 24, re spec tively.

Ac cord ing to ORNL, hu man phan tom con sists of
three types of tis sues, skel e tal, lung and soft, with dif -
fer ent den si ties and el e men tal com po si tions. All equa -
tions for or gans of ORNL phan tom, with other rel e vant
in for ma tion (chem i cal com po si tions, vol umes, masses
etc.), were pro grammed in in put files for MCNP code
[28]. By com bin ing sur faces through Bull al ge bra,
MCNP forms cells, rep re sent ing var i ous or gans. 

To cal cu late the mean ab sorbed doses in other
or gans, when the source of ra di a tion is lo cated in the
tu mour, ORNL phan tom of hu man body was also
used. This model does not give de tails of hu man kid -
neys, liver and tu mour. In ad di tion, uni form dis tri bu -
tion of ac tiv ity in these or gans is as sumed. The dose in
other or gans orig i nated from brems strah lung ra di a -
tion, emit ted by beta par ti cles in tu mour.

Since the kid neys ap pear in pair, they are pre -
sented in MCNP as the un ion of re gions which con tain
left and right kid ney. The num ber on his to ries must be
in creased to en sure low sta tis ti cal er ror. As the cal cu -
la tion time in this case would be enor mous, cal cu la -
tions were done sep a rately.

For the cal cu la tions, a spec trum of elec trons
emit ted by 90Y is needed. Con tin u ous spec trum of beta 
(b) ra di a tion emit ted by 90Y was taken from ref er ence
[29]. Par ti cle en ergy was sam pled ac cord ing to yields
us ing ran dom method in cor po rated in MCNP soft -
ware. In or der to sim u late emis sion of whole spec trum
of b– ra di a tion, large num ber of his to ries was cre ated
(108), to en sure un cer tainty lower than few per cent. As 
a re sult of com pu ta tion, the F6 MCNP tally pro duces
the out put in MeVg–1 per par ti cle, which was re cal cu -
lated in the ab sorbed dose in Gy in tar geted or gans, per
one emit ted (b) par ti cle of ra di a tion from the source, i.
e. from the tu mour in this case.

Since the yields for beta emis sion of 90Y is equal
to 0.9982 ~ 1, re sults ob tained by MCNP cal cu la tions
can be ex pressed as ab sorbed dose per unit cu mu lated
ac tiv ity, S – value (mGy(MBqs)–1)  [30], which is the
most of ten used units in lit er a ture in this field
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f( )k h¬   is the ab sorbed frac tion (AF) given as 
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the ra tio of the en ergy, E, ab sorbed in tar get re gion k, to 
the en ergy E0 emit ted in source re gion h. 

RE SULTS AND DIS CUS SION

Re sults are pre sented in tabs. 1-3. The S-val ues
in or gans of hu man body, as sum ing that source is in
liver, pan creas and lung, re spec tively. As it was pre vi -
ously writ ten, cal cu la tion was per formed for the beta
spec trum of 90Y. De pend ence of S-value on tu mour
size is also shown in fig. 2.

Lo ca tion of the tu mour/source was cho sen to fit
the im ages ob tained from the real pa tients who were
treated with this ther apy (see fig. 1). Post ther a peu tic
scintigraphy is not per formed in prac tice be cause 90Y
is al most pure beta emit ter. It is pos si ble to ob tain
brems strah lung scintigraphy, but it does not sat isfy
cri te ria for quan ti ta tive es ti ma tion of dis tri bu tion of
90Y-DOTATOC [31]. Due to this rea son, pre ther a peu -
tic pre dic tion of 90Y dis tri bu tion in hu man body is of -
ten con ducted with radiopharmaceutical with sim i lar
bio ki netic [32]. Nev er the less, in some pub li ca tions
brems strah lung scintigraphy was used to mea sure 90Y
dis tri bu tion [33].  

By in spec tion of tabs. 1-3 it is seen that doses are
de pend ent on the tu mour di am e ter. Doses in tu mour
de creases with its size. This is due to the in creas ing of
tu mour vol ume and mass with the r3, while the tu mour
sur face in creases with r2, where r is the tu mour ra dius.  
In this way, frac tion of beta par ti cles which es cape
from the tu mour de creases with the tu mour size, but
the mass of the tu mour in creases with r3.

In tab. 1 doses are given when the tu mour is in
liver. The larg est doses are in gall blad der and ad re -
nals. 

In tab. 2 doses are given for the tu mour in pan -
creas. Again, doses are larger in pan creas and ad re nals
than in other or gans.

In tab. 3 re sults are given for the tu mour in lung.
Here doses in ad re nals are much smaller, while the
thy roid and stom ach are larger than in pre vi ous cases. 

How ever, doses in tu mour do not de pend on dis -
tri bu tion of 90Y within the tu mour. Sim i lar find ing was 
ob served in ref. [34]. 

In or gans where the tu mour is lo cated, dose is
larger 4 to 5 or der of mag ni tude than in other or gans.
As it was ex pected, doses are larger in or gans closer to
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the tu mour than in other dis tal or gans. Sim i lar val ues
were pub lished in [35]. Stabin et al. [35]  cal cu lated 
ab sorbed dose from point like 90Y source at the dis -
tance of 3 cm as 1.61·10–4 GyMBq–1, while in this

work value 8.66·10–3 mGy(MBqs)–1, was found.
How ever, in this work cal cu la tion was  per formed for
spher i cal source while Stabin et al. [35] used point
source, so, the re sults are not di rectly com pa ra ble.
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Ta ble 1. The S-val ues in mGy/(MBqs) to the tar get k per unit cu mu lated ac tiv ity in the source re gion h for
dif fer ent tu mour size when the tu mour is in the liver. Com par i son with Stabin et al. [35]

Or gans Di am e ter 1 cm Stabin et al. [35]
for point source Di am e ter 2 cm Di am e ter 3 cm Di am e ter 4 cm Di am e ter 5 cm

Ad re nals 0.20·10–7 0.28·10–7 0.20·10–7 0.20·10–7 0.21·10–7 0.21·10–7

Blad der 0.45·10–9 0.95·10–9 0.49·10–9 0.49·10–9 0.49·10–9 0.48·10–9

Bone sur face 0.29·10–8 0.66·10–8 0.29·10–8 0.29·10–8 0.3·10–8 0.3 ·10–8

Stom ach 0.42·10–8 0.91·10–8 0.42·10–8 0.42·10–8 0.43·10–8 0.42·10–8

Small in tes tine 0.39·10–8 0.71·10–8 0.38·10–8 0.38·10–8 0.39·10–8 0.39·10–8

Co lon 0.36·10–8 – 0.36·10–8 0.36·10–8 0.36·10–8 0.37·10–8

Gall blad der 0.35·10–7 0.58·10–7 0.35·10–7 0.35·10–7 0.35·10–7 0.36·10–7

Kid neys 0.18·10–7 0.18·10–7 0.18·10–7 0.18·10–7 0.18·10–7 0.18·10–7

Liver 0.32·10–4 0.17·10–6 0.17·10–4 0.11·10–4 0.87·10–5 0.67·10–5

Lungs 0.64·10–8 0.13·10–7 0.64·10–8 0.64·10–8 0.65·10–8 0.65·10–8

Pan creas 0.14·10–7 0.23·10–7 0.14·10–7 0.14·10–7 0.14·10–7 0.14·10–7

Spleen 0.25·10–8 0.44·10–8 0.25·10–8 0.24·10–8 0.25·10–8 0.25·10–8

Thy roid 0.07·10–9 0.66·10–9 0.15·10–9 0.12·10–9 0.14·10–9 0.17·10–9

Tu mour 0.16 – 2.68·10–2 8.66·10–3 3.81·10–3 2.0·10–3

Ta ble 2. The S – val ues in mGy/(MBqs) to the tar get k per unit cu mu lated ac tiv ity in the source re gion h for
dif fer ent tu mour size when the tu mour is in the pan creas

Or gans Di am e ter 1 cm Di am e ter 2 cm Di am e ter 3 cm Di am e ter 4 cm Di am e ter 5 cm

Ad re nals 0.47·10–7 0. 46·10–7 0.47·10–7 0.48·10–7 0.49·10–7

Blad der 0.58·10–9 0.56·10–9 0.55·10–9 0.61·10–9 0.60·10–9

Bone sur face 0.44·10–8 0.45·10–8 0.45·10–8 0.45·10–8 0.47·10–8

Stom ach 0.29·10–7 0.29·10–7 0.29·10–7 0.29·10–7 0.30·10–7

Small in tes tine 0.51·10–8 0.51·10–8 0.51·10–8 0.51·10–8 0.51·10–8

Co lon 0.43·10–8 0.43·10–8 0.44·10–8 0.42·10–8 0.43·10–8

Gall blad der 0.36·10–7 0.34·10–7 0.37·10–7 0.36·10–7 0.38·10–7

Kid neys 0.19·10–7 0.18·10–7 0.19·10–7 0.19·10–7 0.19·10–7

Liver 0.18·10–7 0.18·10–7 0.19·10–7 0.19·10–7 0.19·10–7

Lungs 0.52·10–8 0.53·10–8 0.53·10–8 0.52·10–8 0.53·10–8

Pan creas 0.65·10–3 0.33·10–3 0.16·10–3 0.79·10–4 0.33·10–4

Spleen 0.16·10–7 0.16·10–7 0.16·10–7 0.16·10–7 0.16·10–7

Thy roid 0.12·10–9 0.14·10–9 0.12·10–9 0.02·10–9 0.08·10–9

Tu mour 0.16 2.68·10–2 8.66·10–3 3.81·10–3 2.0·10–3

Ta ble 3. The S – val ues in mGy/(MBqs) to the tar get k per unit cu mu lated ac tiv ity in the source re gion h for
dif fer ent tu mour sizes when the tu mour is at the lung

Or gans Di am e ter 1 cm Di am e ter 2 cm Di am e ter 3 cm Di am e ter 4 cm Di am e ter 5 cm

Ad re nals 0.47·10–8 0.45·10–8 0.47·10–8 0.45·10–8 0.43·10–8

Blad der 0.70·10–10 0.75·10–10 0.82·10–10 0.86·10–10 0.68·10–10

Bone sur face 0.41·10–8 0.41·10–8 0.40·10–8 0.40·10–8 0.39·10–8

Stom ach 0.12·10–8 0.12·10–8 0.12·10–8 0.12·10–8 0.12·10–8

Small in tes tine 0.41·10–9 0.40·10–9 0.41·10–9 0.39·10–9 0.39·10–9

Co lon 0.36·10–9 0.35·10–9 0.35·10–9 0.34·10–9 0.35·10–9

Gall blad der 0.20·10–8 0.18·10–8 0.20·10–8 0.19·10–8 0.19·10–8

Kid neys 0.15·10–8 0.15·10–8 0.15·10–8 0.15·10–8 0.15·10–8

Liver 0.60·10–8 0.59·10–8 0.58·10–8 0.58·10–8 0.57·10–8

Lungs 0.63·10–4 0.33·10–4 0.22·10–4 0.17·10–4 0.13·10–4

Pan creas 0.25·10–8 0.27·10–8 0.25·10–8 0.25·10–8 0.26·10–8

Spleen 0.11·10–8 0.11·10–8 0.11·10–8 0.10·10–8 0.11·10–8

Thy roid 0.12·10–8 0.12·10–8 0.98·10–9 0.11·10–8 0.11·10–8

Tu mour 0.16 2.66·10–2 8.62·10–3 3.80·10–3 1.99·10–3



Nev er the less, com par i son with Stabin et al. [35] is
given in third col umn in tab. 1. Com par i son shows that 
the same or der of mag ni tude is in all or gans, but the
dif fer ence is smaller for dis tal or gans, and larger for
or gans closer to the source. Ahangari et al. [36], also
cal cu lated dose from var i ous sizes of spher i cal sources 
but, the re sults again are not di rectly com pa ra ble.

Cal cu la tions per formed here – were done with
108 sim u la tions in or der to ob tain re sults with sta tis ti -
cal un cer tainty smaller than 1 %. Other un cer tain ties
are pos si ble due to vari abil ity of size of hu man body,
tis sue den sity and its chem i cal com po si tion, etc. 

CON CLU SION

Ab sorbed dose per unit ex po sure, i. e., S-value in 
mGy/(MBqs) from 90Y, in dif fer ent or gans of hu man
body, were cal cu lated in this work. As expectable,
doses are larg est in tu mour and in or gan where the tu -
mour is sit u ated. In ad di tion, doses are larger in or gans
near the tu mour and much smaller in dis tant or gans
where they could be ne glected. In ad di tion, doses in
or gans out of tu mour weakly de pend on tu mour size.

Ac cord ing to Eu ro pean di rec tive 2013/59/, there 
is a need for es ti ma tion of ab sorbed doses in all med i -
cal ex po sure of ion iz ing ra di a tion [37]. Since there is
no bio ki netic model for 90Y rec om mended by the
ICRP, it is nec es sary to de velop such model where the
previously given re sults of S-val ues could be used for
dose as sess ment.
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Marija @. JEREMI], Milovan D. MATOVI], Suzana B. PANTOVI],
Dragoslav R. NIKEZI], Dragana @. KRSTI]

RA^UNAWE  APSORBOVANE  DOZE  PRI   90Y-DOTATOC  PEPTIDNOJ
RADIONUKLIDNOJ  TERAPIJI,  POMO]U  MCNP5/X

Peptidi  (DOTATOC, DOTATATE) obele`eni jakim  beta emiterima, kao {to su  90Y  i 177Lu,
koriste se u terapiji neuroendokrinih tumora koji imaju jak afinitet za somatostatinske
receptore. U ovom radu kori{}eni su MCNP5/X softver i ORNL fantomi qudskog tela, za
ra~unawe apsorbovanih doza   usled primene 90Y-DOTATOC.  Tumori su razmatrani kao izvor beta
zra~ewa i predstavqeni su u obliku sfera dijametara 1-4 cm i 5 cm u  jetri, pankreasu i plu}ima.
Rezultati su izra`eni u obliku apsorbovane doze po jedinici kumulativne aktivnosti, S- vrednost
u jedinicama   (mGy·(MBqs)–1). Najve}a doza je u samom tumoru, mawa je u organu u kome se tu mor nalazi 
ali nije zanemarqiva. Doze u ostalim oganima, koje poti~u od zako~nog zra~ewa su daleko mawe i
mogu se zanemariti. Maksimalna doza je dobijena za pre~nik tumora od 3 cm, 8.66×10–3  mGy·(MBqs)–1,
dok je za ostale pre~nike tumora dobijena mawa vrednost.

Kqu~ne re~i: Monte Karlo simulacija, 90Y-DOTATOC, terapija radionuklidima, dozimetrija


