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Bo ron neu tron cap ture ther apy is based on neu tron cap ture by 10B and cre ation of high en -
ergy al pha particle and re coiled 7Li ion which have ranges com pa ra ble to cell di men sions. The
MCNP5/X code is ap plied for cal cu la tion of the ab sorbed doses as well as dose dis tri bu tion by 
depth in pan creas can cer and the or gans of the an a lyt i cal and voxelized Oak Ridge Na tional
Lab o ra tory phan tom, which rep re sents the hu man body. The depth dose dis tri bu tions for
ther mal, epi ther mal neu trons, and neu tron spec trum, show that the ab sorbed doses are the
larg est ex actly in the can cer, in all cases. It is found by this sim u la tion that the epi ther mal neu -
trons are the op ti mal choice for BNC ther apy. They de liver a sim i lar dose to can cer as the ther -
mal neu trons but, spare the healthy tis sue more than the ther mal ones.
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IN TRO DUC TION

The Bo ron neu tron cap ture ther apy (BNCT) is a
type of ra dio ther apy, based on nu clear re ac tion 10B (n,
a)7Li. The prod ucts of this re ac tion (al pha par ti cle and 
re coiled lith ium ion) have the range which is com pa ra -
ble to the size of the cell. Car cin o gens have a higher
bind ing af fin ity for 10B than a healthy cell. Af ter in fu -
sion of agents with bo ron for clin i cal treat ments, an ir -
ra di a tion is fol lowed by a collimated beam of neu trons
[1-7]. Neu tron beam pa ram e ters were de fined by In -
ter na tional Atomic En ergy Agency [8]. The ad van tage 
of us ing epi ther mal neu trons above the ther mal is es -
pe cially ef fec tive in the case when the can cers are lo -
cated deep in the body. Neu tron cap ture on 10B, en -
ables de liv er ing the ther a peu tic dose to the can cer
cells, while healthy tis sue can be speared. This type of
ther apy gives an   ad van tage over con ven tional ra dio -
ther apy, es pe cially in the pres ence of metastases of
whole or gans, such as the brain, liver, lung, pan creas,
spleen, pros tate and bones [9-12]. Ex per i ments on the
mice and rats also con firmed the suc cess of this ther -
apy [13,16].

In this work, BNCT for possible treatment of
pancreas cancer using neutron beams, is investigated.
The MCNP5/X software [17] for neutron transport

simulation  was  used  and  doses  in  organs of interest in
ORNL phantom [18-20] were calculated. Organs of the
ORNL phantom were  filled with voxels by dimensions
of 1 cm ´ 1 cm ´ 1 cm in order to obtain depth-dose
distributions in them. It is assumed that the cancer with
dimensions of 2 cm ´ 1 cm ´ 2 cm is located in the
pancreas. 

 Ab sorbed doses for dif fer ent con cen tra tions of bo -
ron in pan creas can cer, us ing ther mal, epi ther mal neu -
trons and real neu tron spec trum for BNCT, were cal cu -
lated.

MA TE RI ALS AND METHOD

The pur pose of this pa per is to in ves ti gate the
ben e fits of the ap pli ca tion of BNCT to can cers that are
found in the pan creas. The BNCT is said to be very
well used in treat ments of can cers in cer tain or gans
such as lungs, liver and the brain it self. The MCNP5/X 
code and ORNL  phan tom were used to sim u late the
neu tron trans port from the source to the can cer and the
tar get or gans [21-23]. 

Pan creas and the sur round ing or gans were rep re -
sented as a set of voxels in or der to ob tain dose dis tri -
bu tion in the di rec tion of the collimated beam, and to
min i mize dose in healthy tis sue. To en sure iso tro pic
neu tron field in can cer, ir ra di a tion was sim u lated in
an te rior-pos te rior (AP) and pos te rior-an te rior (PA)
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ge om e try. Two op po site neu tron beams were con sid -
ered in this sim u la tions, in or der to ob tain uni form
neu tron flux dis tri bu tion in side the pan creas. The can -
cer size was sim i lar, but still dif fer ent com pared to pre -
vi ous work [11]. In this study can cer was rep re sented
with four voxels, each 1 cm ́  1 cm ́  1 cm, fig. 1. The
co or di nate or i gin is at the cen ter of the lower base of
the trunk of ORNL phan tom, z-axis is ver ti cal, x-axis is 
di rected to the right, and y-axis to the back of phan tom. 
Coordinates of can cer in this co-or di nate sys tem are x:
from 3 to 5 cm; y: from –1 to 0 cm, and z: from 37 to 39
cm, i. e., can cer size is 2 cm ́  1 cm ́  2 cm.  Po si tion of
the or gans of in ter est are marked with num bers in fig.
1: 1 – pan creas, 2 – can cer, 3 – liver, 4 – stom ach, 5 –
blad der, 6 – arm bones, 7 – spine, 8 – kid neys, 9 – rib
cage and 10 – skin of trunk. The cross-sec tion (shape)
of the neu tron beam was cho sen to be the same shape
as the pan creas and collimated with di rec tion to wards
the can cer. En ergy of the neu trons used in the cal cu la -
tion was taken as 0.025 eV to rep re sent the ther mal
neu trons, 1 keV for epi ther mal neu trons and neu tron
spec trum ob tained from the re ac tor, as it was de scribed 
in ref. [11].

In this study, three cases were con sid ered: can cer 
tis sue was in jected with 25, 50, and 75 ppm of bo ron. It 
is as sumed that the con cen tra tion of bo ron in healthy
tis sue is about 10 % of the ad min is tered con cen tra tion.

For each neu tron source, sep a rate in put file for
the MCNP pro gram was writ ten. In ad di tion, to tal dose 
was taken into ac count, in ac cor dance with the lim ited
ca pa bil i ties of this ver sion of the MCNP code. The
sim u la tion com prised 107 in de pend ent his to ries to
achieve sta tis ti cal un cer tainty (1s) lower than 3 %.
Out put of MCNP cal cu la tion was de fined as F6 tally
which gives an ab sorbed dose in units MeVg–1 per par -
ti cle which are later con verted in Gy per one par ti cle. 

Cal cu la tions were per formed on AEGIS04-KG
clus ter, which is an in te gral part of the Eu ro pean Grid
Ini tia tive (EGI) and Ser bian Na tional Grid Ini tia tive.

RE SULTS AND DIS CUS SION

The can cer in pan creas, pre sented on fig. 1, was
ir ra di ated with two sep a rate neu tron beams in AP and

PA geometry, un der the as sump tion of uni form ir ra di a -
tion. The re sults of doses for AP and PA ir ra di a tion
were summed to give dose per par ti cle from both ge -
om e tries. The depth dis tri bu tions of ab sorbed dose
(dose in voxel) are pre sented on figs. 2(a), 2(b), and
fig. 3, for ther mal, neu tron spec trum and epi ther mal
neu trons, re spec tively. It can be seen that ab sorbed
doses have the high est val ues ex actly in the can cer, in
all cases.

The dose depth dis tri bu tions for 25, 50, and 75
ppm (1 ppm = 10–6) of bo ron con cen tra tion in can cer
are shown in figs. 2 and 3. It is ev i dent that the ab -
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Fig ure 1. The hor i zon tal cross sec tion of ORNL voxelised
phan tom with a plane pz = 38 cm

Fig ure 2. The dose depth dis tri bu tion for ther mal
neu trons (a) and neu tron spec trum (b)

Fig ure 3. The dose depth dis tri bu tion for epi ther mal
neu trons



sorbed dose in creases with the in creas ing of the con -
cen tra tion of bo ron in the can cer. 

From figs. 2(a) and 2(b), it can be es ti mated that
the can cer dose from neu tron spec trum is about an or -
der of mag ni tude lower than for ther mal neu trons.

By in spec tion of fig. 3, ob tained for epi ther mal
neu trons, it can be seen that doses in the healthy tis sue
are lower than doses ob tained by ther mal neu trons and
neu tron spec trum, fig. 2. These re sults are sig nif i cant,
be cause it is im por tant to pro tect healthy tis sue and to
achieve the de sired ef fect to kill can cer cells. The o ret i -
cally it has been proven that epi ther mal neu trons are a
con ve nient choice for BNCT.

Ta ble 1 shows the re sults of the ab sorbed dose in
aGy per neu tron for sev eral or gans, and the can cer, for
the con sid ered spec tra of neu tron and var i ous con cen -
tra tions of 10B in the can cer. The ob tained re sults con -
firm that the dose in the can cer is much higher than in
healthy or gans for all three neu tron spec tra. The dose
ra tio in can cer and healthy or gans is the low est for the
lungs and the high est for the pel vis and blad der.

In clin i cal stud ies [24-26], con sid er ing rel a tive
bi o log i cal ef fec tive ness (RBE), the au thors re ported
that the op ti mal BNCT pa ram e ters and char ac ter is tics
of the pa tient's can cer, which is the C/H ra tio (C is a
can cer dose, H is healthy or gan or tis sue dose) ³3, de -
pend ing on the type of can cers.

The larg est can cer doses were ob tained in the
case of ther mal neu trons for all three con cen tra tions of
bo ron. The sit u a tion is some what more un fa vor able
for can cer doses in the case of epi ther mal neu trons. In
the case of a real neu trons spec trum ob tained from nu -
clear re ac tor, the doses re ceived by the can cer are be -
tween the val ues for the pre vi ous two spec tra.

 It can be seen that in the can cer, the dose from
ther mal neu trons is an or der of mag ni tude larger than

that for epi ther mal neu trons and is nearly three times
greater than for the real spec trum of the neu tron.

Com par i son of doses in other or gans shows that,
in the case of ther mal neu trons, ma jor ity of other or -
gans re ceive larger doses than in the case of epi ther mal 
neu trons, ex cept for the blad der.

The goal of ra dio ther apy is to de liver the
planned and op ti mum dose to the can cer [11, 24], but
also to pro tect the other or gans as is rea son ably achiev -
able for a par tic u lar case. The o ret i cally, it is more ap -
pro pri ate to use epi ther mal neu trons for BNCT of pan -
cre atic can cers for the rea son that other healthy or gans
are spared.

CON CLU SIONS

The BNCT is a newer treat ment method for both
lo cal ized can cers and metastases. The goal is to de -
liver as much as pos si ble larger doses to the can cer tis -
sue, and to pro tect healthy tis sue and other or gans. The 
BNCT showed in cred i ble signs in treat ments of can -
cers in lungs and liver, as well as brain metastases. In
ad di tion, we can con clude that this method is very use -
ful as a pre treat ment ap proach and gives us an op por -
tu nity to get a better view on fur ther treat ment. The use 
of BNCT is also pos si ble with pan cre atic can cers, and
this is es pe cially ef fec tive with the collimated beam of
epi ther mal neu trons. The healthy or gans and tis sue,
that are on the way of the beam, re ceive far lower doses 
than the tis sue of can cer. The BNCT is, there fore, one
of the most prom is ing meth ods of new gen er a tion
ther apy, es pe cially in the treat ment of can cers, which
are not op er a ble. 

The re sults of this work sug gest that BNCT with
epi ther mal neu tron beam could be ap plied for the
treat ment of pan creas can cer.
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Ta ble 1. Doses in or gans (in aGy per neu tron) for dif fer ent con cen tra tions of 10B in pan cre atic can cer

Or gans Epi ther mal neu trons Ther mal neu trons Real neu tron spec trum

25 ppm 50 ppm 75 ppm 25 ppm 50 ppm 75 ppm 25 ppm 50 ppm 75 ppm

Liver 60.40 59.06 58.15 295.29 289.71 286.32 102.23 100.48 99.26

Stom ach 191.94 190.26 189.14 1835.97 1823.38 1816.30 607.56 604.32 602.36

Blad der 10.03 10.02 9.97 7.81 7.71 7.64 6.81 6.79 6.74

Esoph a gus 90.65 117.54 143.42 545.89 727.14 907.49 138.49 176.82 213.96

Co lon 38.06 37.87 37.71 81.25 80.35 79.83 39.10 38.75 38.51

Pel vis 15.96 15.89 15.83 21.65 21.41 21.23 12.19 12.10 12.02

Rib cage 37.73 43.97 57.32 501.63 643.94 935.01 69.67 81.91 107.89

Spine 69.49 84.61 115.89 500.74 641.40 928.18 68.09 82.28 112.41

Kid neys 90.12 89.29 88.76 675.85 670.9 667.73 95.95 94.35 93.38

Pan creas 224.24 220.79 218.61 1469.81 1437.83 1422.67 589.59 581.77 577.18

Spleen 260.92 356.62 418.69 3036.41 4725.13 5835.56 412.28 558.38 652.72

Ad re nals 159.00 156.63 155.01 1493.07 1478.35 1468.27 179.79 175.47 172.68

Gallblader 89.49 88.55 87.95 336.05 331.71 329.53 127.42 125.97 125.12

Heart 71.52 88.08 97.82 288.33 362.83 406.09 105.25 129.36 143.67

Lung 6.11·103 10.25·103 13.45·103 25.62·103 39.10·103 47.50·103 7.17·103 11.59·103 14.77·103

Can cer 25.54·104 40.67·104 52.56·104 196.5·104 240.16·104 256.41·104 54.18·104 81.51·104 100.14·104
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PROCENA  DOZE  U  PANKREASU  POMO]U  MCNP5/X
SOFTVERA  ZA  TERAPIJU ZAHVATA  NEUTRONA  BOROM

Terapija zahvata neutrona borom je tip ra dio terapije, koja je zasnovana na neutronskom
zahvatu 10B, da bi se dobila alfa ~estica visoke energije i uzmaknuto jezgro litijuma, ~iji je domet
reda veli~ine }elije. Softver MCNP5/X je kori{}en za prora~un apsorbovanih doza, kao i
raspodele doze po dubini u tumoru i organima  analiti~kog i vokselizovanog ORNL fantoma, koji
predstavqa qudsko telo. Izra~unate apsorbovane doze za termalne, epitermalne neutrone i
neutronski spektar, pokazuju da su najve}e vrednosti upravo u tumoru, u svim slu~ajevima. Dobijeni
teorijski rezultati pokazuju da se terapija zahvata neutrona borom mo`e koristiti za le~ewe
karcinoma pankreasa. Ovom simulacijom je utvr|eno da su epitermalni neutroni pogodan izbor za
terapiju, jer je isporu~ena doza tumoru pribli`na kao kod termalnih neutrona, ali bivaju
po{te|eni ostali organi.

Kqu~ne re~i: terapija zahvata neutrona borom, MCNP5/X softver, apsorbovana doza,
..........................pankreas, kancer


