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© Cyclotron © Gantry
Using electric fields, the Each of the three gantries

cyclotron can accelerate the is three-stories tall and
hydrogen protons to two- weighs 200,000 Ibs.
thirds the speed of light.
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Beam ON-LINE PET system
mounted on a Rotating Gantry port
: BOLPs-RGp
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Elemental composition [%]

Body Tissue

mass density [kg/m**3]

H C N @) Ca others
Liver (adult) 10.2 13.9 3.0 71.6 0.0 1.3 1060
Adipose Tissue (adult) 11.2 51.7 1.3 35.5 0.0 0.3 970
Soft Tissue (male) 10.5 25.6 2.7 60.2 0.0 1.0 1030
Lung (adult) 10.3 10.5 3.1 74.9 0.0 1.2 260
Muscle (adult) 10.2 14.3 3.4 71.0 0.0 1.1 1050
Skeleton Sacrum (male) 7.4 30.2 3.7 43.8 9.8 5.1 1290
Skeleton Cranium (adult) 5.0 21.2 4.0 43.5 17.6 8.7 1610
Skeleton Femur (adult) 7.0 34.5 2.8 36.8 12.9 6.0 1330
Skeleton Ribs (adult) 6.4 26.3 3.9 43.6 13.1 6.7 1410
Reaction channel
A B Half life [min] 100 FF . , , ,
e 11C 20.39 160(p,X) Reaction leii:iflt:zn
1oc 0.321 e e Silbtho)
80m —— Calculation(scatstp7-Nishio)
150 2037 _ o B perimental Data
140 1.177 e " %)‘E:izﬁlsigzﬂiZz‘:t:‘i%:iz‘s‘iﬁz"frg)
160 13N 9.965 £ oofs e . Siberte)
11C 2039 (}’u [60(;§§|Ilk"zl)lon(scalstp7—leh|o)
10C 0.321 2 Coralatontscatsip?-Silberberg
A(p.X)B =
13N 9.965 s | A T e
14N 11C 20.39 g
10C 0.321
38K 7636 0 AT T : "
30P 2.498 :
40Ca 150 2.037 3(')0 4(')0
13N 9.965 Proton Energy [MeV]
11C 20.39 °

0.8

0.6

0.4



Prototype beam on line PET system

Planar PET

Prototype beam on line PET system (BOLPs) N \ N

T. Nishio, et. al, Med. Phys. 33(11), (2006).



Prototype beam on line PET system

NBOLPS (T: ’]-'1/2 ’Tm ’Np ’0-X~>Y)

= Nact (Ti’Tl/z,Np,GX_)Y)'[1—2_7-’”””2 ]‘82 &

4-m
N, (T.E,)- [ 1-exp(-0,,(4,2,.E,) n(4,,2,)-8(4.2,)) .
= gt e
; x{%.(]_z—ﬂ”m):|_|:1_2—Tm/T1/2:| 4.1
E Beam ' ! !
[ on off
A
10 F . 4 min.

s \ 10 min.

- 30 min.|
107 E - 4

Count Rate [counts/second]

0 500 1000 1500 2000

[ime [seconds

CR(r)= 3 [cr()] = % [CR(]+ X [CR(],

Calculated proton dose distribution (a) and PET =roso e srofo.t o eiie
image measured at 1 (b), 2 (¢), 4 (d), 10 (e), and N 1977‘9%1)1105”19‘”(1]%.
30 minutes (f) after proton irradiation in plan 1. 2 2




Measuerd activity image




Measuerd activity image of Head and Neck

Depth position from I.C. [mm]
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123MeV/SOBP90/G0deg./BOdeg./2.5GyE

T. Nishio, et. al, IJROBP (2010).



Change of activity dist. in treatment period

123MeV/SOBP90/G350deg./B0deg. /2.5GyEpfx.: (a) dose distribution

________

Activity distribution (delivery dose) : (b) 0 GyE, (¢) 7.5 GyE,
(d) 15 GyE, (e) 30 GyE, (f) depth profile

T. Nishio, et. al, IJROBP (2010).



Range of activity [mm)]

R(D) [%/100]

Change of activity dist. in treatment period
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Washout effect of activity in treatment period

|

F(DeliveryDose)/F(0) [%/100

Increase of washout effect
28~ in necrosis reigon !!

| | 1 1
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Activity simulation system

Activity Simulation

activity (cal.)

"\ /

G - feed back comparison

Pencil beam
Monte Carlo (GEANT4, PHITS,..)

o BOLPs-RGp
activity (mea.)
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BOLPs-RGp/ ComgtonCAMERA system
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Compton Camera system (4 @ FK)

BERNFOY TLE A =LKLY =S |
B IR FAEZ DR AE D & DB ME A ‘ s i DAl
AR E DRI T v~ BEHRINE T AT Erm———

b5 &M KFHBDEL S V—T D
TR B o T2,

PMTs

Proton depth dose

Vertex of prompt gamma

o

1111 l L - l NI N - I 1111 L
50 100 150 200 250 300 350
mm




Hybrid BOLPs/CCs C & fi i 3 kot Al th{k
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SynchroPET
Brookhaven National Laboratory

Thank you for your attention !!



