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A Challenge to New Cancer Therapy (BNCT) ! | ==m

1. Introduction " In the case of 3 x 3 arrangement of radiation sources

Ministry of Health, Labour and Welfare reported: ~30 % Japanese people die of cancer. . ~xaxis  Asystem of 6 linear equations to determine 9 intensities is obtained
v Needless to say, the cancer is a national disease in Japan. Many medical doctors and A, 1 (6 equations, 9 variables) from 6 measured values.
engineers have researched on new cancer therapies having high treatment effects. A .L A, =278=41N, + 2.0 N, + 0.91 N,
v Recently, Boron Neutron Capture Therapy (BNCT) is known as one of the most A, =387 =3.6 N, + 1.7 N5 + 0.84 N3 | This simultaneous- True value
promising radiotherapies for cancers. In this study, an image reconstruction technique has A ©® | |4:=577=43N;+20Ng+ 1.0 Ny | linear-equation ¢ N, = 10 MBq
been examined for a SPECT system to monitor the treatment effect during the BNCT inreal 4 2 A . Ay = 10.5 f 39Ny +1.9 N, +0.96 N3 | cannot be solved N, = 2.9 MBq
time. This is an important technique which has not yet been established so far. A5 = 2.78 = 3.7 Ny + 18 N5 + 091 Ne | mathematically. N; = 2.9 MBq
L 1 \_/ A¢ =19.4 = 39N, + 1.9 Ng + 0.96 N,
' ? Three radiation sources set = The 3 x 3 arrangement problem cannot be solved mathematically,
1.1 What is BNCT BNCT is a radiotherapy using neutrons. Tumors previously = at positions, 0@ . ;e the numger of vapriables are more than that of the equatio}rzs
Tumor and selectively loaded with '°B can be killed by a-ray and

'Li particles produced by neutron-"B nuclear reaction. 9. 1Mage reconstruction (radioactivity distribution
Advantage : Cancer cells are selectively destroyed eStlmathn) Wlth Cond |t|0na| prO babl I |ty

Ranges of the two particles in tissue: ~ tumor cell size.
v If 19B is accumulated only in tumor cells, the tumor cells can

selectively be killed, while neighboring cells are not damaged.
v As a result, the same tumor can be treated repeatedly
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) Accidentally, observing the equation, | found a very simple way with

“conditional probability” For an experiment in the left, a system of 3

linear equations with 3 variables is obtained from 3 measured values.

( \ (impossible for other radiotherapies). 1.0 True intensities (N71, N12, Npq) = (100, 200,300)
Counting rates (A1,A2,A3 ) — (230, 100, 270)
Neutron nuclear reaction with B accumulated in cancer cell Ny, The simultaneous-linear-equation is expressed as
A; = 0.3 X Ny + 1.0 X Ny, + 0.0 X Npy =230

YR +n—- a(1.47MeV) + "Li(0.84MeV) + y(0.478MeV)
1.2 A challenge to BNCT-SPECT

Az =O7XN11 __O'OXNIZ 'O].XN21= 100
A3 — OO X Nll T OO X le B O 9 X N21 270

Trying to calculate A, from true intensities and attenuation

terms. N1t Ni, N>
A =03 X100+ 1.0 X 200+ 0 X 300 = 230

= 30 + 200 + O

v Apatient should be fixed firmly 0.9

- W Example experiment
— on a neutron exit window. consisting of 3 y-ray
\v% v Thus impossible to rotate the sources and 3 detectors.
Y~ | patient and other measuring
~ devices around the patient.
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N L The number of SPECT views is Counting rate, A, (=230 CPS) is It tells me, if one count in 4, is detected, F o
CT %QT BNCT  limited to be approximately three. 30 CPS from N11,» - conditional probability of A; coming from N 230
360 photographing can be performed 360 photographing can NOT be performed the sum of 4 200 CPS from Ny, —| conditional probability of A; coming from N, % )

in CT and SPECT. | i 0 CPS from Na;. Fo S
n BNCT-SPECT, conditional probability of A, coming from N [i
v/ A novel real-time SPECT is required to finally establish BNCT. _ _ T P : y Ol A J 211230 )
=Murata labo., Osaka Univ. has proposed a sophisticated BNCT-SPECT system. Can this simple way be effective to estimate true values ?
In this study, an image reconstruction technique for the system was examined. — | tried to solve previous problems of 2 X2 and 3 X 3 arrangements using conditional probabilities.
— _ Idea Method The above way is available, if the true values are known. In real experiments, one does not
In '(-Eagferr?eus' ||3 = '0?(10627""&;;[\;‘ a\/ know the real values and in addition the measured values have their uncertainties.
suitable criiemical agent. L. EV y- Image reconstruction for BNCT-SPECT Now let's assume a white spectrum as below.
rays emitted from neutron-°B peaction v 478keV y-rays measured during BNCT. (N%;, N, N%,) = (200,200, 200). | tried to estimate the radioactivities
are measured with detectors putside. v Linear equations formed from the count, A , ' ' ' ' by this simple way.
y-axis (counts/s: CPS), and attenuation terms and Ap = 05 3200+ LU 200 4 0.0 x 200 = 260 v Initial values:
e A, =0.7 %200+ 0.0x 200+ 0.1 x 200 =160 NO. . NO.. NO,.) = (200 200 200
detection efficiencies, R AL = 0.0 x 200 + 0.0 X 200 + 0.9 X 200 = 180 (N°11, N12,N%21) = ( ' ' )
@l v Neutron-'°B reaction rate is determined 3, - U 0.0 07X _ v The 1St,estirr,1ation’
by solving the equations. ey = L6 X 218101+ RS 2]\(,)12 = %Voz(i = 2ol (N11, N1z, Nap) = (141,‘177, 283).
_ v Th 2nd timati
_________ From the left figure, nuclear reactions (in = @y e A0 e U N e( NI 'Or),) — (122, 186,292)
ﬁz cancer cells) possibly happen in four places It means if one count is given to A7, the c%r(m)dltlonal 11' 12' N21 ) )
/4 (M) . Simultaneous-linear-equation for the probability of coming to A, from Ny is . TRUE values of radiation intens!ﬁg:_"y close !
ffected part) 4 detector  reaction rates, N,~N,, is expressed as = (TG g W Contr'b“t'°6”0fr°m Nitis, |
(cancer affected part) f N..to A. (=230): —— x230=53.08 CPS (N11'N12'N21) — (100,200, 300)
limat Ay = Ryy X Ny + Ryy X N rom M to A4:(=230) 260 | :
collimator 1 x1 1 X2 2 Similarly, Cleary the values are approaching the true values.
X-axis @ - Ay = Ry3 X N3 + Ryy X Ny from N, to A, (=100) : 072"0 x 100 = 87.92 CPS, > =
. . A, = R XN, +R.. XN 0.0X200 _ | expect this proposed estimation procedure
Schematic measuring concept of 3 2 y4 4 from N?1 to’A3( =270) : X 270 - 0.0CPS. | 0~ applied to the image reconstruction of

- 1 4. Try agaln | - Estimate radloactlwty by
2. Experimental counting rate ..+ | simulete 478KeV rays the procedure with conditional probability

o :
____ - ofdetector .1+ * In the case of 2 % 2 arrangement

lead bricks B |  phantom

137 — s T eCeiseessdey o esse T  5 L el 0 g 60 |
o : S 2nd (—?, = The maximum
, .* m 4 | o3 S 10 o S0 value always
) 34..- i A = B True value = 8 he best estimation s 40 appears in the
e | o . .. o ? 3 ............................................................................ _._GC_)' 6 WaS found |n the 2nd g 30 |terat|0n ShOWlng
| - " . s ISEDY . 5 iteration. Unfortunately, 3 g
& , S T 5 : = 2 4 | cannot know it, c 20 the left figure.
e | f:: Co||imat0r. 9 — "_‘.f @) -'(_.)‘ E -(60 1 lm iR ..% 2 because the true 'E 10
scintillation (8mm in diameter) Q = ) = % e o 3 . values are not known. g ;

S suney meter [ "l — S ST . 4 ! ® 012345678910 012345678 91011
. - e ﬁ 8 O .°: i el il DeviatiorI:e(;?tclaosr}cir:l:;?ggrvalues
— _pltloners Py s Position Deviation between the True and estimated between iterations as a function

,, L e ” d _H z values as a function of the number of iterations. ¢ {he humber of iterations.
g - Estimation is possible in 2 X2 (2" iteration is the best). ond estimated values (deviation)
: - Deviation between iterations would become an index to —
Photograph of experimental system r'>c, . estimate the necessary number of iterations. M _ L0 MBq (+0.1) A .
An experimental system with standard y-ray sources Cross section of N; = 3.1 MBq (+0.2) VTS ClifeL
was developed to simulate the BNCT-SPECT. human head phantom. — An acceptably accurate results can be estimated by the | N, = 0.3 MBq (+0.3) 8.1 %
T proposed procedure with conditional probability. Ny = 3.3 MBq (+0.4)
* In the case of 2 X 2 arrangement of radiation sources
A system of 4 linear equations to determine 4 (4 equations, 4 variables) * Inthe case of 3 X3 arrangement T”;\‘; Vi'“fg 0 MB 33\;“ estiflngtgdlv\[/g'ues
. “yn . ; 2 — . — .
intensities is obtained from 4 measured values. Ay =3.70 = 4.0 N + 0.96 N, — 3 X3 arrangement cannot be solved mathematically. But | N, = 2.90 MBq N2 — 002 MBg
Af\éz X-axis A, =16.8 = 4.1 N; + 0.97 N, could successfully obtain estimated values by the N, = 2.90 MBq| N, = 0.05 MBq
~— N A A; =7.69 = 3.7 N; + 0.95 N, Average proposed estimation procedure with conditional probability. A 6
: verage error:
A ‘\ A]l “2“ A4 = 2.85 = 3.7 N7 + 0.96 Ng error: 5 C I I d f t k 2 =
A3 N N Mathematical T e A basic.;.estimation procgdure_ for_ image rgmnstruction of BNCT-SPECT was proposed only with conditional
1 3 solutions probability. As a result of investigation especially for a 2 X 2 arrangement problem, the procedure was confirmed to
A ) N, = 12.0 MBq N; = 0.91 MBq be applicable. This work is summarized as, Yuri Morizane et al., “Simple Image Reconstruction Technique for
4 . A N N N; = —39.3 MBq # N, = 2.90 MBq BNCT-SPECT with Conditional Probability”, PLOS ONE, which is under review now.
n -—
K ~_ 7 c4 / K N; = —46.1 MBq N, = 0.00 MBq mathematically conditional probability Future works |
N The problem becomes 2x2 | Ng = 180 MBq Ng = 2.90 MBq * Image of a _|arge_0bJeCt 7
Three radiation sourc‘es arrangement for D, ®, @ = Acceptable solutions not obtained, 2 X2 X © - Number of iterations 7
are set at positions : . i
‘and’p " and @ positions. because A and R have their uncertainties. 3x3 Cannot solve O Error propagation
in the estimation process
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