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Up to now, in the field of basic medicine from micro—level to animal level, to track
and quantify the three—dimensional spatial information along the time axis in real-time
has not caught up with the accuracy in the field of clinical medicine. By handing big
data of “motion in life, a new idea of real-time radiotherapy and a new precise
four—-dimensional computed tomography has been developed based on the data of actual tumor

motion in the human body.

AR ERA
(BHAHAL = 1)
[ERES TN MEESET & &t
2009 4 & 9, 500, 000 2, 850, 000 12, 350, 000
2010 4 8, 500, 000 2, 550, 000 11, 050, 000
2011 41 8, 500, 000 2, 550, 000 11, 050, 000
2012 4 8, 500, 000 2, 550, 000 11, 050, 000
I
&t 35, 000, 000 10, 500, 000 45, 500, 000

e EHRIRE
B E DR - B« WESREEIRE S « iHiRe 2
X —U— R HRRIRE, BB, EEE, AR X

1. WML IO 5

BB X, (RN CTRE 72 & CE < D EEORRLENE LT,
(R D EHRRIG IR O 2 1) E X877

JTIER L RIERR OB X ICBE T A %% < 2. WHEOEK



E T2 OFREIC X 2B RIBER 2 5 1
LoULn b B b LLE TOAREEA~F]
ML, Flemiats, EROFREITHELT
LHZEEBEET D,

Ny R A oA EnHiic, V7
XA LCLER AR 2 42 2 D BB Bl &
IR - NEM LUV THIREICT D & & BT,
vt b ~OBEIBIRAR T A2 S 5 IS
MroEic L0 TEVABIERS: ) 26 LERA
W) X DEBFES) ~ORELZX D, FFH
HIEGHA TH D AERDOARE TH LD [THIAT
REZREhE ) ZHAx DEWBISLE L THIZL,
FDERITH D EMOARE ZMIA L., IR
TR E D D 7= DRFFEICIEE S| 5,

3. WD ITk

AR - /BN - AR L UL TOENAIBER
Bl L OB AE R FR G 2 BHFEAFZE L 72 8
5. ARFIEIC L0 g A O T O RTRIR
DFIE L LTo T8FEHERY) Al
I U7 R IE 51T O .

(1) FpEENABIEINFZE, (2) In
vitro ®7 L — k L CTEEIT MO AE
BB EOSE.  (3) /NEMWOBIER > 7 A
N TOBRBEIRFZOMFE,  (4) b Mids
N COBVEBIEH O E1T 9,

4. WFFEE R

(1) R EdEic, /7 L Lol
GINLBEEETHTRO LB TH,
SIITEDOBIGE 2T TEZ D L, BB
B o MREHTIZ G D FTREMEAS BN 2 & D3RI X
iz, HEROEABIIEF O SR 21T 5
ZLEDEENPTINTZ,

O X MBPEEICEF SN L DOETH
kT > 7 B VERRAT D>
5. HMBFEIZ E BB
WAL, iz @&i
KA ABERET L

EREE LT, d
QAR ~ D Jcht —
NEO TR & FEHF 0<s

FINAT O BRI, A7
Wreh G & A e TR DTk 2 BN
HZ LT, AVIELSRRTE S Z LR

Stz (FR) . EMKBHNRKN 21T 5 56
X Linear—quadratic model (LQ model) %l
U728 ) 7208 B0y B AL oS A B+

LigEtated, 777 4 WVERIRIELZBRIE L
776

(2) O&HRDAHIBEAHR S 23 AR T
DENZZBE LT Z A NF-kB R LOX & D
BIRRH0 | HIE D 7 L EE N~ DR O
3 WILHIBIE R AMEEE LT, HUNRRIBS 12 1S
R U7z b bR B ORHERE. AB49 MR iR
TEREDSRAAT LV bITET 5 A U =X A0F,
TIOFUREE RN ITED—DTh D
FilaminB O3B E&H L, BHEEDOTLHEE &
T ZERHBNERST,

(3) ~UAMKNDOEENIZIT 28513
Bla U7 va A MZEMM., B HBiTEih oB)
Wi & 2/ NBV N O 55 F O BB B
iz Lz, Vo727 —FLR—F—
W KR DD OEIFIE L~ L D =IRIT
ZERINCB T D EHMBMZ1T5 Z LB TE,
E&EIBH~D L EBENE ST, /NEW OB
ZIEHATRE & T A AP B A S 2N L
B RIRFENABRR 2 ATREIC L, £ DAL
BN LTe, BREIMRAEE~ U X ORI AL
NODOBIRTFRIAZRTENLEZ2EDN A
7 CRIFFIZEBHI L, 2ORNBEEZERET D 3
WoCEMABENE A SER L, REE~ 7 A D in
vivo 38 NA A= U T K DB RAEY
TR CE 2 FIENHESLS
7o

(4) b M COHBMIZHEDOHH~ T A
TIE7e < . KREEMW) ORNENL RS - BhiABHR
HRET D EBR A AJREIC LTz, KEW OB ARIB bR
FEERDFIREIC I D &, APEIIMEHIE L 5
ATREMEDY R, FEERENY) O RN TR A R
DEMH AT, < 7 IV DOO—EH~
DR RIS DB % MRT & ATENENTIC & -

TIBHRRA L7z flid7e <o AFZED R0

ALl oTe, 2HBOYILOFTHHIRE 2 Hu.l
& LSBT 3 IO M 217 IR E0E



MITEFENERTH Y | ITEHEE S L THW
7~ IRERIEEN 12 & B DAL TR D HAVTZ A,
172 H R ORI CHEfGHT A, 178 & b I
iDL BE N (TR

(5) & MZBET 2858

OO & 2 A B OEYRIBEF O 72 12 THAL
D~ —N—DORANT R ITT H TR
DT, i, B, T HEBOMETE
RS T R R B O Bl 2 IS LT R
— N~ = — DO ANEEMESL, SL— )
B8R L. BRIRAICH U X @R &%
KRR — NV EWMOIAR, AOFHER<
RTRT JEAT 472, ZHICE D, REIEIC
BN — I~ — T — O NITE MR AT E
720, TR ETLLEIC RTRT DAL T
XD EDHA LT,

@ S DS BRIR TS CTHE/ NS 2 RERETHY 72
b Z . LW E TR LIER X 3 kot
MR 2R F F, T2 L%
%%ﬁ’bkoﬁﬁr®@%®Mlﬁﬁ®
HOBEDORBIZTELT HXR—RAT 1
/7%»%?5ﬁn%ﬁoto

@ &~——DRbYIZPETHE DIE 5
Z R U7-ALE D8 FDGI AN 2 CFMIS0% F
U7 iB a7 82t L, B 72koco
i AB I E O W SRR 5 O T REME A R S
Nz . RPN HS U 7ZPETHRIA 25 H L ¢
. GRS E TR E SV PETEEE A

yyyyy
At

X #RIES (13Gy) &
F18-FMISO PET [#if%

KRBT

WC, NIE OMERS T & TIERI 2 Bt L,

350kBa 2’ & AVITHIRAL T X 7223, i@ DR
Dactivityld#kBqTH 5 & T, ko
FEE TITE AL < | BrizeBR O &
LC.RIZa—7DORA~DOERMELPE
THEDOSNEDO1 0~1 0 0fEDHEN

~ENT,

FTo. BHBIEREEHE - R EEER L
FIRBHEAA - T T —TL LT
FMISO-PET Z FH\ 7= BHEA E0 98 FE A 12 361 5 i
BORIEFEA A — v 7 OB A §im X 5
PRFER CHERB L7z, XBRPREFIZ L 0 SCeVIT
FERENE IS N O FMISOEFE DR T 23589 b A7

(EX), FRBESRE~— I —0 ZEYAIC X

0. XERERGT 241 ISR LBl ST,
FaDuBHEE T /L~ 7 A 2B W T, *H-FLTOJE
5~ D EFE TR 7 R 6 55 [ 74 12 3 B IR
TL, ZO%KME & BITHRAIZEIE L,

@ FRBEHAT 2 AV ZIURIE CT e 3
Zh& Bz, AT TIEEV BB S BRI R

IAEIA! mmm

D&~ —H—OENE ORI SV TERE)
DOAARZ R L, G — % 2 X5 LT
ﬁ%%?éi&%%%bt & O FERE G &
LEIELTE T 7o A ERE LEREST

~&%%%®%®@%®7 HNZHS AL
FHOENZGE > TR L, Bl A T o772 (F
),
ARFEICB T H2EEEGOMENEB X
UK TS E S (Axial 38X Coronal
Wri) % FRCICRT, &~ — I —0EE R
HAD - FEFHINCHD LItk TAELD E
B2 DI DEE RGO A A O RBILE
- ﬁﬁ#%@ﬁ% Lo THibILTEY
R ER G E 7o TS, ZNTHRE
D?mkiiN&mi%ﬁ%@hﬁﬁCiﬁF* il
WS R AL, ZAUTRFIS RS ImIZ B0
T%ﬂﬁ%ﬁ§<&orwétbf%ék
Ezbhb,
ARRFCIEEFIE L7277 > P AICx LT,
EEoOMoEhxZ2@EMA LG AEEELT

HAESEZXS L, MR AT -
to_h X0 R TC AR IZ 31T D IR
FES3 AR DML DS EE I 5 2 D R A2 T3
HZENTARRE 20T,



® Wil B ~ BB U BRI L 0 |
FAFARERE D I HTHIH 83-93% CTH E i
B 7e < ARENR ST, T2 TORE
MR+ THY X BENHHBRIBE TOMR
FNTRE T,

5. ERRERLE
(BFFEAREESE . WFZE 03 M OV HERFZE 12
X THR)

HEsEam 0] (B 200 1)

1.

Aoyama H, Onodera S, Takeichi N,
Onimaru R, Terasaka S, Sawamura Y,
Shirato H: Symptomatic Outcomes in
Relation to Tumor Expansion After
Fractionated Stereotactic Radiation
Therapy for Vestibular Schwannomas:

Single—Institutional Long—Term
Experience, Int J Radiat Oncol Biol
Phys, 1;85(2), # #t A , (2013),
329-334 doi:

10. 1016/ j. i jrobp. 2012. 05. 003

Okamoto S, Shiga T, Yasuda K, Ito YM,
Magota K, Kasai K, Kuge Y, Shirato H,
Tamaki N: High reproducibility of
tumor hypoxia evaluated by
18F-fluoromisonidazole PET for head
and neck cancer. J Nucl Med, &#if,
54, (2013) 201-207. doi:
10. 2967/ jnumed. 112. 109330.

S. Ishihara, M. Yasuda, T. Nishioka,
T. Mizutani, K. Kawabata, H. Shirato
and H. Haga:Irradiation—tolerant Lung
Cancer Cells Acquire Invasive Ability
Dependent on Dephosphorylation of the
Myosin Regulatory Light Chain, FEBS
Letters, #miA, 587, 732-736 (2013).
Masahiro Mizuta, Hiroyuki Date,
Seishin Takao, Naoki  Kishimoto,
Kenneth L. Sutherland, Rikiya Onimaru,
and Hiroki Shirato:Graphical
representation of the effects on tumor
and OAR for determining the
appropriate fractionation regimen in

radiation therapy planning. Medical
Physics 39 (11), 6791-6795 (2012),
doi:10. 1118/1. 4757580, A7t
Matsushima, A. & Tanaka, M. :
Neuronal correlates of multiple
top—down  signals during  covert

tracking of moving objects in macaque
prefrontal cortex.

J. Cogn. Neurosci. 24: 2043-2056
(2012) T B H doi:
10. 4236/cellbio. 2012. 11001

Kato M, Asaka M. Recent Develop —ment
of Gastric Cancer Prevention. Jpn J
Clin Oncol. 42: 987-994, (2012)
Onodera Y, Nam JM, Hashimoto A, Norman

10.

11.

12.

13.

(=% ER)

1.

JC, Shirato H, Hashimoto S, Sabe H.
Rabbc promotes AMAP1-PRKD2 complex
formation to enhance f1 integrin
recycling in EGF-induced cancer
invasion. J Cell Biol. 197, 983-996,
(2012)

Enoki R, Kuroda S, Ono C, Hasan MT,
Honma S, Ueda T and Honma K:Topological
specificity and hierarchical network
of the circadian calcium rhythm in the
suprachiasmatic nucleus. Proc.Natl.
Acad. Sci USA. 109:21498-21503, (2012).
doi: 10.1073/pnas. 1214415110 A F¢
Sakakibara—Konishi J, Oizumi S,
Kinoshita I, Shinagawa N, Kikuchi J,
Kato M, Inoue T, Katoh N, Onimaru R,
Shirato H, Dosaka—-Akita H, Nishimura
M:Phase I study of concurrent
real-time tumor—tracking thoracic
radiation therapy with paclitaxel
and carboplatin in locally advanced
non-small cell lung cancer. Lung
Cancer 74(2):248-252, (2011) #H#HH
Shimizu S, Osaka Y, Shinohara N, Sazawa
A, Nishioka K, Suzuki R, Onimaru R,
Shirato H, :Use of implanted markers
and interportal adjustment with
real-time tracking radiotherapy
system to  reduce intrafraction
prostate motion, Int J Radiat Oncol
Biol Phys, & &t A, 81(4) (2011)
393-399, doi
10.1016/j.1ijrobp. 2011. 04. 043
Onodera Y, Nishioka N, Yasuda K, Fujima
N, Torres M, Kamishima T, Ooyama N,
OnimaruR, Terae S, Oizumi S, Nishimura
M, Shirato H: Relationship Between
Diseased Lung Tissues on Computed
Tomography and Motion of Fiducial
Marker Near Lung Cancer. Int J Radiat
Oncol Biol Phys. &t A, 79 (5) , (2011),
1408-1413, doi:
10. 1016/ j. i jrobp. 2010. 01. 008

Tadano, S., Giri, B. : X-ray Diffraction
as a Promising Tool to Characterize
Bone Nanocomposites, Science and
Technology of Advanced Materials
12-6, (2011) pp064708 (1lpages). = #t

T. Nishio, A. Miyatake, T. Ogino, K.

Nakagawa, N. Saijo, H. Esumi:The
development and clinical use of a beam
ON-LINE PET system mounted on a
rotating gantry port in proton therapy,
Int. J. Radiat. Oncol. Biol. Phys.

76 (1), 277-286 (2010) e

(3} 311 1)

HHEEE, A)IIEM, Kenneth
Sutherland, B AEM, A, AR
S &, R, BMABERENIC X D4
B OWFFHE R 7R BLE BT & A TEhEAT,
%5 155 [B] 0 ARBREEAS RS, HAUKREE, 3



http://www.ncbi.nlm.nih.gov/pubmed/21397973
http://www.ncbi.nlm.nih.gov/pubmed/21397973
http://www.ncbi.nlm.nih.gov/pubmed/21397973
http://www.ncbi.nlm.nih.gov/pubmed/21397973
http://www.ncbi.nlm.nih.gov/pubmed/21397973

1.

H 28 H 2013 4

Oizumi S, Shinagawa N, Yamada N,
Asahina H, Sakakibara—Konishi J, Inoue
T, Kato N, Shirato H. Insertion and
fixation of gold markers using new
disposable insertion system for
Real-Time Tumor—Tracking Radiotherapy
against lung cancer. 3" International
Conference on Real-time
Tumor—tracking Radiation Therapy with
4D Molecular Imaging

Technique. Sapporo, Japan 8/FEB/2013
¥ B Kk . Invasive Migration of
Irradiation Survived Human Lung
Adenocarcinoma Cells in 3D Matrix,
31 [EFLIREBS N A v Ry T A (R
{i#f) . 2012. 7. 23-24, JeifgE K5 (FLIRT)
ICF#E] : IGRT 1T PET Z W5 7= D K
WEWFSE, LR T A EREEREHRRIA
JEIZF1T % PET/CT O #&El. 5551 A HA
BRSNS, 2011.10.29. o< E
EpE=E (o<1

Y. Ohtsubo, K. Tsutsumi, K. Sasaki, K.
Wakui, and H. Date. Microdosimetric
Kinetic Analysis of the Lesions in
Bio—Cells by Radiation Exposure.
PROGRAMME GUIDE & BOOK OF ABSTRACTS of
14th International Congress of
Radiation Research (ICRR), 40-09, p329,
Warsaw, Poland, The Palace of Culture
and Science, 2011.8.28-9.1

Tanaka, M. “Neural mechanism of
timing: a role for the cerebellum” :
David Mahoney Center Laboratory
Seminar. Organized by Michael E
Goldberg. New York. Columbia
University Medical Center . 2011. 11. 17
T. Nishio, A. Miyatake, T. Tachikawa,
M. Yamada, “The beam ON-LINE PET
system mounted on a rotating gantry
port for proton therapy in National
Cancer Center. Kashiwa,” PTCOG 48,
Heidelberg, University of Heidelberg
Germany, September 28 - October 3, 2009
Honma S. Photic regulation of phase and
tau; adaptive role of a kinase in the
SCN. Salve Regina Collage, New Port
Road Island. Gordon Conference on
Chronobiology, July 19-24, 2009

(] (Gt 24 1)
S. Takao, S. Tadano, H. Taguchi, H.
Shirato: Computer Simulation and
Analysis of Three-Dimensional Tumor
Geometry in Radiotherapy, Applied
Biological Engineering — Principles
and Practice, 662(29-46), InTech,
(2013)
T, H)IE—, FEREMER. eJhEN
g, “EREHOB ISR B
&, (2012)
Tanaka, M. & Kunimatsu, J.
“Thalamic roles in eye movements”

In: Oxford Handbook of Eye Movements
(S.P. Liversedge, I.D. Glichrist, S.
Everling, Eds.), pp. 235-256, Oxford
University Press, UK. Z&ZiA (2011)

4. Kuge Y et al.: Molecular Imaging for
the Assessment of Tumor Malignancy and
Response to Therapy. Tamaki N, Kuge Y
eds. Springer (Springer
SciencetBusiness Media), Heidelberger,
(2010), pp. 19-29/303pages

5. Honma S and Honma K. Single cell
neuronal circadian clocks
Editor—-in—Chief: LR. Squire, New
Encyclopedia of Neuroscience,
Elsevier, pp.843-847, (2009)

(PE £ pEME)

ORI GF 2 1)

1. &% ¥—7 vy MIEBIEERS IO

—5y MR A E

FHAE - A)IERE, mmEss, R, &
BEE, y¥xRA - J—HFHF—F K

R - AbiEE KF

FEfH : PCT/JP

FKe2 1 2011/075225

HFEAEH B : 20114E11LH 1A

ERA DR [E5E

2. &R HX—F v MIEBHERERL LY
—7y MR E

FUAE - g)IERL, EEHESE, REF—, &
MEs, rxA - J—YH¥P—5F

MERIZE ¢ dbiEE K

FEEE : HrRE

&5 1 2010245624

B4R H 200104411 H 1 H

EWNA O] EWN

6. WAL

(D) AR
H+  #s (SHIRATO HIROKI)
ALHEE K - RFPLEFIER: - 2%
Fged25 1 20187537

(2) WFge o
A XL (HONMA SATO)
ALHEE K5« REFPLE R -
WA T- 2%
FgeE e - 20142713
EA EEBE (TAMAKT NAGARA)

AevEE K5« KRR e R - 2%
FgeE &5 : 30171888

T #w (KUGE YUJI)
bl K5 - T4 -7 $eBtvh- - #f%
r7ed 25 1 70321958

JKH  TEFL (MIZUTA MASAHIRO)
AevfEE K5 - fFWA R - Bz
WFgeE &5 1 70174026

3% JR4T (DATE HIROYUKI)

bHEE K - KRB R 2 TR - Bid%
Wr7ed 23 1 10197600

HHd  Eff (TANAKA MASAKI)

ALHEE R« KFEBEE SR - 2%
WFgeE &5 : 90301887

FH 7k (HAGA HISASHI)



JeEE K5« KR B FF7eht
- WEEHR

WF7e&3 5 00292045

PEE 8 (NISHIOKA TAKESHI)

JbHEE K5 - KBRS TR - 8%
F7eE 25 1 80271659

g Joi (KATO MOTOTHUGU)

Ayl K5 - AbiEE Kbt - B
W& 5 60271673

A fdtw] (CHAMOTO KENJI)

AbHEE KT - BEFRHIBERTZERT - Bh#k
Wrge 32+ 50447041 (H21 D Fr)

IR Hash (OTIZUMI SATOSHI)
LB K - ALHEE KRR - HEHUR
W7eE%& S - 10421968

A7 3L (MATSUNAGA NAOFUMI)
KT - ESRER - 7

WFeE 5« 40157334

TPA B (OKIMOTO TOMOAKT)
bR AT 2 — - ZIERE
WrgeE%&5 « 20295067 (H24—HHEMFZE%)
BJIl fniEE (HAYAKAWA KAZUSHIGE)
LK - B - #Hi%

WFgeE 5« 70114189

THE  #Hys (NISHIO TEIJI)
ISTATEE NESL S AR o 2 — -
WG R BR 38 & o Z — kL - R B 3D
KRAEMTFE - 2R

WFeE 5« 40415526

{EEF 7% (TADANO SHIGERU)

JEHEE R« KRB TFEWF5eR - B
WFgeE 5 - 50175444

)1 IEff (ISHIKAWA MASAYORT)
AeHEE K5 - REFPEE SR - 2%
WFgeE 5« 80314772

/NEFSE BE/ (ONODERA YASUHITO)
eviE K5 - REFEBEE 2SR - Bh#
WFgeE 5 1 90435561

iy = (SHIBUYA KEIKO)
R - RS - B

WF7e3%& 5 - 50335262 (H24 D7)

YT 2= (HAMADA TOSHIYUKI)
ALHFE R « KPP e -

R ERAT

e FR - 20360208 (H24 D Fx)

S f7th (ONIMARU RIKIYA)

ALHFIE R T « KFBElE AR - HE#dR
Wrge# a5 - 80374461 (H24 D Ix)

VA fd— (SHIMIZU SHINICHI)
bEE K - KFEBEE SR -

R THEBER

e FR - 50463724 (H24 D Fx)

+J/= FnZ (TSUCHIYA KAZUHIKO)
AbyfEE K5 - AbviEE RSP - HEHER
WF7e43%& 5« 60580892 (H24 D 7»)

g fEME (KATOH NORIO)

bHEE K% - KRFEPBEE SRR - B
e FR - 80572495 (H24 D Fx)

AT BZET (KINOSHITA RUMIKO)
LB K5 - KBRS R - BB
WFze3%&5 : 70507582 (H24 D I»)

J: I #7 (INOUE TETSUYA)

JbEE K% - e Kbt - Bh#

WF9eE 35 1 10431363 (H24 D Fx)

/NEFSE (2l (ONODERA SYUNSUKE)
ALHEIE K« KFEBEE SR - LB
Wraes3 5 : 30374458 (H24 D #r)

E B EE> (TAKAO SEISHIN)

eHEE K - RFEPEEETEFR - Bh#
WFge 2= - 10614216 (H24 D7)

A Hin= (KAGA KICHIZO)

ALHEE K« ALHE KR « Gl
Wroes3 5 : 80224335 (H24 D #r)

(3) MR TEE

JET B (TERAE SATOSHI)

AeviiE K5 - dbiEE Kb - #E2E%
W7ea%& 5 40240634

/NP #h4 (ONODERA YUYA)

Ay R« dbHEE KEPEEE - FEAT
FgeE 5 1 10272064

Ve #h4 (SAKUHARA YUSUKE)
eifE K5 - AeiEE Kbt - Bh#
WFgeE 5« 40374459

B fEF (MANABE NORIKO)

AbviE K« dbHEE KEPEE - FEAT
WFgeE 5« 70463742

Fefff K (ABO DAISUKE)

AeviE K - dbiEE K - B
WFgeE 5 30399844

JORE  $E (KATO FUMI)

AbviE K - dbigE RKFEEE - Bh#
FgeE 75 1 80399865

FF% Z— (KHIN KHIN THA)
A K5 - REFPLE SRR - FHTBh
WFFeE&5 1 20451445

B Yy I (NAM JIN-MIN)

B R« REEBEE ISR - B TBhE
WFgeE 5 © 60414132

3% 2% (SABE HISATAKA)

bHEE K - REFPEE SR - 2%
FgeE&5 1 40187282

KRR IESZE (INUBUSHI MASAYUKI)
Oh) B SR R F R B FIERT « 20 1A A —
UYL E— - BFEE
WFFEE&7 70399830

S W3 (SHINAGAWA NAOFUMI)
ALHEE K5 « REFPLEFWER - Bh#
FgeE 5« 20431372

FRA PP ZT R

(KENNETH SUTHERLAND)

AeHEE K5 - REPLEZIER - B
WFgeE &5 1 30451446



