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The development of next generation four-dimentional planning systems for
ultrahigh-dose rate tumor tracking radiotherapy.
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We have been trying to develop the ultrahigh-dose rate tumor tracking
radiotherapy systems. In this project we have achieved the developments of next-generation
four-dimensional computed tomography acguisition methods using the fiducial markers implanted close
to the tumors as the surrogate signal of respiratory motion, and original methods to calculate dose
distribution to the moving organs with more accuracy at the specific respiration phase. Using these
methods, we recalculate the previous treatment data of the patients with lung tumors and recognized
ultrahigh-dose rate stereotactic body radiotherapy (SBRT) with tumor tracking systems could make
normallung dose significantly lower than usual, especially when their respiratory motion range was
more than 10 mm. We found these methods have the potential to work for the relief of affliction for
the patients with lung or abdominal tumors with respiratory motion by reducing the treatment time
and normal tissue damage in SBRT.



¢ X C—19, F—-19—1, Z—19, CK—19 dm)

1. WFFEBRAE Y PO &

2 NIZ 1A, BAICHERT D Enbil
LOBEIZBNT, MBEhnoziiohn
B AEHE ] TEEE I BB LW AUTRIE)
& U THERBIBEA IR ST D, EAL
FHOHHRIE R (/N S WP I &5V VRS EE CHRUH

BEEPTIEDLZLDOTX HBENE 4.

B UARA B 00 TR B BRI
(IMRT : O DD E—LDH THEDR
BT & HAE IS L S B2 0 b E MR By
iz B2 L DOTEHMEHE) XD
& T BRIB IR BT 03 8N S 4y, SREREE
ROBINLIIE 72 E 1T DN TUIE, Z DRI
ZAHNDHZEESZL ORERPRLTET,
L2~ L, RN S lsas 12 45 1 2 MR PERS
B0 ke (BK) [c oW\ Tk, 2okt
R RRICALE RS A B R D C E E 7 i
Th D, TMAILTAIVETITI 27 o T2l
5 DB REfAT 2 JEIC iR o —F v v
AT LEAWEIERE S IMRT BB
I W30 BUWER. et OB
5 R TIE R ATRE & & C & 72 iR
DOREEIGIN A FEARFER & L CHEBLL, S0
Pl A 1572, L L. EEIREED B LK
FHEREIC & > T —E R o0 Bl 1k ob 3 K
IRIEB & D72 & FHREER L L IR~ D FRE D
HEoMNE oz, £ 2T UL EOBFFERF
Z TENVAZIBIR L7208 & i D IR R
FCTELVAT LI OBRBICORITDLZ L
T, T OMBERZRR L, BE OB
WIZORTF b7 nintE X7,

RTRT A7 A (Real-Time Tumor Tracking
Radiotherapy System) (XA D EE 172
HELEE&ER~—IOMNEZY T LA
LAZRRBEE L~ — T DNREIE ONLIE I K 7o Iy
\ZORET 2D TRER FEHIRST ) 2 AT6E

THVATLATHY, MROZEZZITO
T UM ST R IE ~ O TE L SRR R 12 B
N T JE PR g~ O B BRI 7R & o v
BHER RS THD(X 1), LrL, R
SHREREINZ 30~60 0 UL EAZET 5 2 &b,
BE~OAHNKE | FEBNZ L > TEL
EREOREMRICHRET DL ERnbo

Too WAL WG 2 FRA Rl L L FH O
BHERELTERTI I OTHD, LoT,
ZOFEI K DB T, FEES) O
BHESITERT 2 R EMMEEZ D . Rl
JEFIIERE DB X . Thiab o TE X T
VU REE) 2T 52 ENALNTND,
IEfEICFER B 2 RBLT 27201213, I8
BE EOEIN~— B 7200 Tixe < ST
CHESNTAN~—hEar— &
L CHMR SN CT MigBNLETH D,
F 7o, FEEDOHLH O RERALAR D 7 TS &
17 9 RTRT OIAHEFHE A IEFEITAT O 7201
L BEE R O R ENEIZI o T kR RO E)
VERLAR Z AT Bl U R AR 21TV
PREDMENER T D MER D D,

[y ue [

B 1. YFEICE A Sz R INE s &
FABERERE, 2 HHDOBRBEMIZLY
JESE D =R IehLE 2 I FRE & 7> TV D

2. WFFEDHW
FROEREEI AN~ — I —% Y
47—k & L7=#i7=72 ADCT #ipfgik o B %
& Z U HED IRPFEEHEEHRE © TR
T4 R TTIBPRETEIE DS | 2B T o7z,

3. MRk
(1) SyncTrax % 7= BhiRIB B BRIG
BWTARRFAZAGICHITLE S &3 2
L, MEEE LD 2 LK EAER) L
ZEZHD, YPETEA S TOHTE AR B
HEEICBWTIEEBRERRN OWRER T 7
v k=TT 4 H 7Y —— A(FFF) Ml
HAREL 7o TS, I LEDE—LT 1
T 7 AIRERO E— L L B D729, FFF



O PR ESMI T TEEICHONTt
Y R )
(2)4 WIENMABERBEHZ I T 2 R By

et EE DB & W R0 0 dx i Ak 2 17
Do

4DCT ERIZHAE | AT « [ EN 721 T
E—HEEL LN TERN 2 EGZREET
2% A (deformable image registration) % Jiis
M L. RTRT ([ZBWTHRE 24T 9 K& DI
W AH T OO IE e 72 B
RTRT (23 TR A HIhE I S U B TRROE
THZENTE D, 4 Wonk oA FHERE R
b &I, B EAT O RERALAE & £ DRI FE
HIE O Feaif b 217 9,

4. WFFERCR
[k 27 A AR

T it R LT ek LR R SRR TR R
(SBRT) % fitifT L 7= 10 fillc- >\ T, FFF Off
A FE L OMENRT A—F L5258 8%
BHT 0T T =0 S AET 4 BT o T,
BIEBNZ DU THEE R S5 (gating) & internal
target volume(ITV) % (non-gating) & £ Y
isocenter(IC) 4L 5 &
volume(PTV)-D95 %7 D 4 7°F A ERL L |
WRDOTTy N2 T T4 VEHYOE—
A(FF) & LB L7z, PTV WA X E¥MHEIX
gating+#¥ C 38.5cc, gating—#f T 50.6¢cc T o
72 PTV Wi KR, &I FFF BE2S FF
BEX DA RIS GEIZIZ
PTV WHtEE —MEIXMEE CAZE ORI >
7o IEHRHRRET FFF BEAS FF BE X 0 Ko
7oo WITHK /T A—H 2O T FFFIFF D
72L& PTV ¥4 ZORREZRF Lz, IC 45
7T KT D PTV-DI5%IXPTV 1 X L i#
WEOHEZZRDT (K2), 7272 L PTV %A
A DR/ S 22 E B C LR B RORE oD
FLENNRT A—ZEICKE B E 52T
WHAREELEZ N, UEXD | PTV
100cc A 7N S WATFESE (6325 SBRT (2

planning  target

A ERB A BiET, £z,

I 2.5%A1H) L7278,

BUWT FFF L FF L LISIERIZGETH D &
EZz oz, LY A XORXBIEEIZOW
TIHERDIBRFANPVLETH D,

3

2 * Gating

| » Non-gating
=0 n
2 0 200 40 60 80 100 120
2 -1 -
<

2 R

3

4

PTV size [cc)

X 2. IC ALJ5iz
R D R ME

BUF 5 PTV & & EG Y A

[*F-RL 28 4 Al R

HERE & REIE ONAH X L O E /NS T
D12, MEE S U R E AL $E
REAT-TZBEOEED# X 2 X—2 L L
72 4DCT g 2 253 8N &I L, BEg AT
BEINT-&B~— I OMNEEBE O X
T LTz, ZO&B~— I OEE 2L
T, 4DCT Wifgz g2 2 & T, WEME
Sa kT L7- ADCT Witz G L7z, £7-,
FKERRTICIRGSNL2 e 77 7 AL
RS T LR~ — L DLk AE1T
-7,
Fo, MEHRICLEL R DIBEFIE AT
LOWEFEEITo Tz, BB THEAL TV D EHR
FEEZRCToH 5 TrueBeam 7 7 > b=
T4NE—FY, ELOWTREE DEL X
OV R B b 2 S B AR 5 2 W Tl E
L7z, &b, ZOWELILE—LT—F %
BEHLT, BHEBRBREFTRER I —-FTHD
EGSnrc/BEAMNrc % AT, ERFAI#EEED
~y FMEEEZET V7L, BMEHEOL &
ERDETNERKE LIz, ZOET /VITHE
il & 2%UNT—E Lz, ZOETVEHA
L C.ADCT g DANAH CT mifg i LT,
MREFEETo 7,



[k 29 42 Al )

WEPERS B 4 1 O BRALIT 6T 2 B #R
BRI & LT, BrlEh RBBEE OB 21T
W, BREBAEI T TE, ZOMEIX, 2
ﬁmﬂg@xﬁ BB A WD Z & T,
BEFICEB L &R~ — OB & 2 Hi
RUBRIZ 10 FEAR S, EST AT A
Do ZOEHEREIZ, HOFFEMBEICEE~
— BN E T L & OB A RS 5 Mk
RIS ZFTRE L 5, Ll ARIBHR I
Jis U 72 O BRIB R T A3 SE L T U722 U
DD, Fexld, RIBHN L3 mm OFEHET
EHar[ETH L Z LA L, ZOFH A K
(RN € N 7SN TN 224G S G i i
URXLDRIEEAT o7z, £To. IBFEFHRIFZ
B SN 5 MUKkoE CT Hifg 2 3o, SEHHE

LB CT Wi Okt FIEZ2 B L
INEIRFEFEOBREHFHE T LI Y XAIZ
A U7z,

F7-. MEAFEO-DIZ, BBERMES D
HEHwz (K3), 612, HFEDER
Mgz er 7 haraiEEfAnWCET Y v
TEATV, ZOETNAEEH LT, MEEIC
xtLCL EARIBBI U RIEIR 217 > 72 6 #iC
BLT. B Lo ERE T L) X%
WTC, EMRIBEI B BIRIR O EFHR 21T -
7o S OMERPERBEN S KX VIT L, BifkiE
W RRIE R I, i oD FR AR B 2 (K9~ 5 =
EFRETH D | FER MR DY 10 mm A8 2
LA, FRCHEITHD Z L EH LT LT,

Creating average CT and
summing hing tumor
volume by using the

Creating average CT and
summing fung tumor
volume by using the
optimal phases T

au_{lxlnhaxi

¥

4 3. MR FHIE LS IS L 7o 2R AT
ZE5H LT, MkBAIBENRE OME5y
mzRitd 2,

5. TERRER
(ﬁ%ﬁ%%\ﬁ
=)

(MRS ) (it 5 1)

(D Shiinoki T, Onizuka R, Kawahara D, Suzuki T,
Yuasa Y, Fujimoto K, Uehara T, Hanazawa H,
Shibuya K.: Estimation of patient-specific
imaging dose for real-time tumour monitoring in
lung patients during respiratory-gated
radiotherapy. Phys Med Biol. 21;63(6).2018.
DOI: 10.1088/1361-6560/aab242. 2 Hi & v

Gy e ONEHERT 8812

@ Shiinoki T, Kawamura S, Uehara T, Yuasa Y,
Fujimoto K, Koike M, Sera T, Emoto Y,
Hanazawa H, Shibuya K.: "Evaluation of a
combined respiratory-gating system comprising
the TrueBeam linear accelerator and a new
real-time tumor-tracking radiotherapy system: A
preliminary study" . J Appl Clin Med Phys.
18(4):238: 2017 .DOI: 10.1002/acm2.12125. #¢
n)u%@

@ Fujimoto K, Shiinoki T, Yuasa Y, Hanazawa H,
Shibuya K.: Efficacy of patient-specific bolus
created using three-dimensional  printing
technique in photon radiotherapy. Phys Med.
38:1-9.:2017 .DOI: 10.1016/j.ejmp.2017.04.023.
HHH Y

@ Hanazawa H, Takahashi S, Shiinoki T, Park
SC, Yuasa Y, Koike M, Kawamura S, Shibuya
K.:Clinical assessment of coiled fiducial markers
as internal surrogates for hepatocellular
carcinomas during gated stereotactic body
radiotherapy with a real-time tumor tracking
system. Radiother
Oncol,123(1):43-48:2017 .DOI:
10.1016/j.radonc.2017.02.010. #FHidH v




(® Shiinoki T, Hanazawa H, Yuasa Y, Fujimoto K,
Uehara T, Shibuya K.: \erification of
respiratory-gated radiotherapy with new real-time
tumour-tracking radiotherapy system using cine
EPID images and a log file. Phys Med
Biol,21;62(4):1585-1599:2017.

DOI: 10.1088/1361-6560/aa587d. 2 #i & v

(] Gt 510)
(D Shiinoki T. Uehara T, Sera T, Yuasa Y,
Fujimoto K, Koike M, Hanazawa H,

Shibuya K, Patient-Specific Quality
Assurance of Respiratory-Gated

Radiotherapy for Lung Using New
Real-Time Tumor-Tracking Radiotherapy
System: 59th Annual Meeting & Exhibition
of American Association of Physicists in
Medicine(AAPM), Denver, 2017.7

@ Shiinoki T, Kawahara D, Onizuka R,
Suzuki T, Yuasa Y, Fujimoto K, Uehara T,
Hanazawa H, Shibuva K, Estimation of
Patient-Specific = Imaging  Dose  for
Real-Time Tumor-Tracking in Lung During
Respiratory-Gated Radiotherapy : 59th
Annual Meeting & Exhibition of American
Association of Physicists in
Medicine(AAPM), Denver,2017.7

® Hanazawa H, Shiinoki T, Takahashi S,
Park S, Nabeya K, Fujimoto K, Yuasa Y,
Koike M, Tanabe Y, Kawamura S, Shibuya
K,Analysis of dosimetric parameters with
or without flattening filter in gating and
non— gating stereotactic body radiotherapy
for lung tumors: planning study. 58th
Annual Meeting of the American Society
for  Radiation  Oncology  (ASTRO),
Boston,2016.9

@ Shiinoki T, Sawada A, Uehara T, Yuasa
Y, Koike M, Kawamura S, Shibuya K,
Feasibility study of markerless tracking
using dual energy fluoroscopic images for
real-time tumor- tracking radiotherapy
system.58th Annual Meeting & Exhibition
of American Association of Physicists in
Medicine(AAPM), Washington ,2016.7

® Shiinoki T, Kawamura S, Koike M,
Yuasa Y, Uehara T, Fujimoto K, Hanazawa
T, Shibuya K, Duel modality verification
for respiratory gating using new real-time
tumor- tracking radiotherapy system. 58th
Annual Meeting & Exhibition of American
Association of Physicists in
Medicine(AAPM), Washington ,2016.7

6. WFIEiE
(OWFFEfREE

A =7 (SHIBUYA, Keiko)
LR« KEEBEE R 50RE - %
s &5 : 50335262

(Qrge s

HEAR f# (SHIINOKI, Takehiro)
AR - EEH R RE - Bh#
oeE &S 30610456

JIFS 1 (KAWAMURA ,Shinji)
iR+ 4 ] EFR BN 780 - =
WEE &5 10543291

EE % (SAWADA, AKira)
FABERR RS ERERE - B
Fget2&5 © 80543446



