(A4 )

I EAER
E N

WFFERAJE RS

WFFERASEH 4 &

Pl ek a4

S TR N i
Sy HEASE

B RS RREA, -
WFERRFE Sy

ATl ek a4

[16he1002001h0002]
WAk 294 5 H 29H

Rk 28 A E & GEMF 2R BH O3 kR W5 E

(AAGE) ARRERZ FZIT D ERES - v AT AMTFERHREFE

IR BED AURBHRAEEMTERE T m P = 7 b

(¥ EE) Development of Medical Devices and System for Advanced Medical

Services
(AARFE) ki~ — 0 & ) T AZ A L3 IRTTHERZ S U=k S Bk
PRIR AT O BRFE

¥ 7E) Development of next generation particle therapy technology of precise
beam therapy by minimally invasive microparticle markers and
real—-time three dimensional fluoroscopy
(AAGEE) ENZRZFPENAGRERT:  REEGEE AR B R E 0 B
Bk At E
(¥&  FE) Department of Radiation Medicine, Hokkaido University Graduate School

of Medicine, Professor Hiroki Shirato

PRk 284 4 H 1H ~ FEk294 3 H31H

(FAHE) ISR BHORE T~ — % OIS X UM AR TR S X 7 A D721 DB
FHEATBA %
. ZE) Development of low invasive microparticle markers and elemental

technology for next generation particle therapy system.

(AARGE) ENLREENILFE KT KEFEPL RS SER B B 200 B
(¥  FE) Department of Radiation Medicine, Hokkaido University Graduate School

of Medicine, Professor Hiroki Shirato

I BRROBME (BIEHFRHRE)

[Fnc]

AWFZED B EYIE, BB EA 2 S DITHE(L S8 BE OBMEZ RIEIERR L. WRRRH OIE R 72
<\ ZEMHIAY < BERTROIC K0 IERE 7R MRS 2 5339 2 IR IR D 4 IRoTRIFRHAIRIEZ BT 2 2 L ThHh D, £
DIZOFTNT BENOEHITHETE  1OERAR Y 2 — A2 PIRICATHE T & 2 BIREEROWRL 7~
— N ZEHEBAN TRHRET 5, 7RO 3 KITER AT LZBFEL, 2 #D 4 KILa—rE—LA
CT (CBCT) iifg & Rl [d] THUG 3 % & LI, BIRTPOMBLF~—H DU TV Z A LFERTHENDRY 2—
LOEE 2 HENICIE A D, 2 DOREmBINZ#E L, B S LT D5~ ORI 2 TREERIC
i D T2 R P R RS O - RB RIS E 2 B 5. RIS, 4 IROTORRELSIAT 2 MRS 2 8T 7 72 IR hga T

1



AT LB D, ZERE), RN ERERRREEZR T 5720, 4 DOT —< DR 2 HetE L,
BB TN D ZMET D Z & T, {RREE, JBRGTH S AT L2 5, LITIC 4 SOWFJERSEE R
DR OWENE 277,

(WFFEBAS I E 1 BRI I8 ~ — U DB %]

<= OXHEEE T COMRBIEL | MRS OERMEZ F S S 572012, ~— 0 DA & 72 5 Wid ki
T-L U AN T DREHEAIORA L OMEIELIZ OWTREE L, MR O - DI~ — NI
—EOEBEM FOMER 25/ SELILEND D Z &, MIEEHTOmIBIEMGRO 1= DI 3dsht Ok E
AT % —E ORI Z A MNERH D Z & ZHR LT,

~— W EANEREAINAT D T2 DI E g OO MEETIX, ~X—X MRO~— Otz & o
LD EREE . ZHITEET D~ — W IEAEEORF ZA Lo, 7o, R ORIELE W
ERE— TNV ROF~O~— R ZITV, FADEARTRETHDHZ &, ALY —IBEA
MH28HZ LR ZR B OOR UCEICEE SN D Z &, fil LRI IE~ — ISk 5 RIER G
TR T RN E NS - HEMR Lz, 51T, AR —2 A REHWTIFLS oM (K, E

BE) ~0~— ) B D I AT REME O RRREZ Bihs L 7=,

FokoB G Z RIE 2, ~— 0 O RIE:- Hiks - 2 E M2 R 5 7o ORBREREE O 4 Bits L
77

(WFFEBASEIEE 2 @ Eks BB HRIA et 2 Binds i 4 YRot CBCT ZE(& DBA¥E ]

i CBCT i O FEH ARG & LC, BEFOEER T > b U —#5# 00 il X #iiRig % & Fv ¢ i
R ARBREREE AR L, B 6 L EORERE L OMER 10 BILL EOBRENFRETH D Z & 2R LT,
PSR ER OB (22O MRAESS) 13— HifRERE L RS Ch D 2 AR S /o, £72, il 4D-CBCT
RS - SRR OB & LT, ZH AL OEBET — Z1THS ZRoe~— DEERINT VT Y X A%
BIZ L. ~— 7 O =IRGUALE AT ED Imm DN THDH Z L 2R LTz, SHIZEHAT 7> P Az W
7= —#il 4D-CBCT #5 - FMERGERZ FEfi LU, WAKOCAH BRI K> TBIEIC L 2T —F 7 7 7
N FTRE CH D Z L BN LT,

[WFZEBR%ETERE 3 1 U T AL A DRKL T« R a— L7 —T 4 > 7R OB%]

BEOERN~ — I ONEFERN DX —F > bO 3 W@ EfHliT 27 v ) AAZHE L, ¥—7
Y MEBIZES S T =T ¢ & T RN K 5 RIS ERE 27l U 72/ R, R FIE & i L <, AR
NEETAHZ EETEEMICHLNI Lz, &7 —~ 1 THBEF ORI~ —BIZB LT, B
FE1mm LT bR L TR Y | KIREL & @R ERE OWN AR S D, £70, BYABEREE O£
% B &3 D IR ORI T = & OFRMEE K 2 B IR 2 R U723l 5 | FERREHE & il g
BEOEMNARRTHD Z L 2 Lz,

[(WFFEBRETE R 4 4 IRGTHRE I ARRFERERE 2 7 2R FRIBEEHE > 2 7 A DB % ]

AWFFEBAFEIE H Cl, i -~ — 3B SN B ICx LT AR A L OFEREN M 28T 5

T2 D, KLFHIBHRETHI S AT LZBFE L TV D, 207D IGRRFORGFHR AR > b K O H X i

BRST DB RH T — & 2 IERMIZFHI - SR8k T 5 AT AR T TH L, oD TF—F %2 TILE A LK

KL F-r—T 4 TEEE R LT R~ — 0 ORERSIT — & & Gloth, 3@ T 2 FRELE - IR
2



RO LOBE OMRBEIN G < 5 BALEORREZ W 5B E LI EFRZITV., ERER RS0
Rl - MRRET OHEREA B L TV D, AKEEITIINOD T AT LOMARREIERR L, BFIZETF LI,

[sx]

[Research item 1 : Development of minimally invasive microparticle marker]
We evaluated the appropriate mixture ratio of the base materials (pure gold microparticles and
calcium phosphate cement powder), and clarified that 1) the marker needs to contain gold particles
to some degree to be available for the fiducial marker tracking system, and 2) the particle size
distribution of the base materials must be calibrated within a certain range to be injected via the thin
needle.
We started the development of the specialized needle and the injection devices for the marker
implantation. We tested the marker injection into the liver on the animal experimental study (living
beagles) with the trial needles. We verified that 1) the fixation and form retention of the injected
marker in the liver parenchyma maintained within 28 days after the procedure, and 2) no
inflammatory and toxic reactions in the surrounding tissues of the marker was found on histological
examination. In addition, we started to evaluate the feasibility of the additional indication of our
marker other than the liver (such as the pancreas and stomach) on the animal experimental study.
The environment construction for the examination of manufacturing, standardization and

reproducibility of our marker also started in order to prepare for the product development.

[Research item 2 : Development of four dimensional cone beam tomography system using dual axis
imaging technique for high accurate particle therapy.)
To investigate the feasibility of dual-source (DS) cone-beam CT (CBCT), DS CBCT image was acquired
using a dual-orthogonal fluoroscopic imaging system equipped on a rotating gantry of the proton beam
therapy system. It was confirmed that the DS CBCT image was successfully obtained with sufficient
image quality, which was comparable to that of a normal CBCT image. Moreover, an algorithm to
calculate the 3-dimensional (3D) position of a fiducial marker from orthogonal fluoroscopic images
was developed for 4-dimensional (4D) CBCT reconstruction. The discrepancy between actual and
calculated marker position was less than 1 mm. Finally, dual-source 4D-CBCT image acquisition and
reconstruction was performed using a moving phantom. It was confirmed that a motion artifact could

be suppressed in 4D-CBCT reconstruction.

[Research item 3 : Development of real-time image gating technique with microparticle markers and
volumetric information]
We have developed the novel algorithm to determine the target location from the positional
information of the multiple fiducial markers inserted near the target. The simulation study showed
that the irradiation accuracy can be improved compared with the current method using one fiducial
marker. In addition, the image registration accuracy for the low-invasive marker, which has been
developed in this research project, was less than 1 mm. Consequently, minimally invasive and highly

accurate radiation therapy could be realized. The device to track patients’ body surface in 3D was
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developed. It will be applied to control the real-time tumor-tracking system.

[Research item 4 : Development of treatment planning system with novel function to validate 4
dimensional dose distribution.]
The goal of the fourth development item is to implement a system that derives the actual dose
distribution for patients who are treated with the real-time-image gated spot-scanning proton therapy
on a day-by-day basis. This requires the precise timing measurement of each spot delivery and
fluoroscopic X-ray exposure as well as the positions of the target tumor at each spot delivery timing.
In this fiscal year, we have clarified the sampling speeds required for the measurement device and
made the specification document of the measurement and recording system. We have started the
development of FPGA as well. After the measurement, a modified spot information file is created
(described later in detail) which takes into account all the uncertainties of spot position, number of
protons, and patient motion. The file is used to calculate the actual dose distribution of the patient.
We have made the specification document of the actual dose calculation software and started its

development.
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