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Novel Arrhythmia Treatment with Extracorporeal Radiation for Patients with Fatal
Ventricular Arrhythmia
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Stereotactic body radiation therapy (SBRT) has attracted attention as a
minimally invasive arrhythmia treatment for refractory ventricular tachycardia (VT) and has
demonstrated excellent efficacy. On the other hand, the target of SBRT cannot be visualized like a
tumor, and the method for determining the target of irradiation is not well defined. We report the
interim results of the first preclinical study in Japan (Phase Il, SRAT study), focusing on the
process of determining the irradiation field. 5 patients were enrolled in 2019, and 3 patients have
completed more than 6 months of follow-up. Underlying cardiac disease was ischemic cardiomyopathy in

2 patients and non-ischemic cardiomyopathy in 1 patient. Although there were some very serious and
urgent cases, the safety and antiarrhythmic efficacy after treatment have been generally favorable.



# X C—-19, F-19—-1, 2—19 (&)
1. BrEEBsESAIOE &

AR, D EBADEME) (VI/VE) (S5 288G H & L CL R e i #ia % (SBRT)
MER ST D, A SOBERHRIE DL 1L "RAIER IZEBISNTWDHR, = X4
TR SO BRI 72 & D IR BRI bISH SN D, — RIS E 2 S 15 5
BETHRAIMK T T2 200 BEAHODRWMERINEHR CTh 5, VT I3 25D SBRT
1%, 2012 FFICRAZ 74— FRFIZTRA Yy MR FEN > A7 & (CyberKnife®, Accuray,
Sunnyvale, CA) % FIWTHEME S 4L7-, 2015 FEITI1ZT 2> U RZBICT 5 L DOBE AR T4
+ 7 (True Beam, Varian Medical Systems) % i\ 7= SBRT {5823 it S AU, VT J 3 99% & 15
N EPHRE SN TWD, AKIGHIL Stereotactic ablative body radiation (SABR) & % U (&
stereotactic arrhythmia radiotherapy (STAR) & & FEIZIL TN 5, BUIR CIIARBRIEISHN TH D03, KEH
&N 2 O BB D AR 25 4 OIEHRIE L L TRE RAREEIN RS TWD,

2. MFEDEH
Tz 1T RENCRB T 2Rl & RERBRZ FZiid << 2019 4F 6 HICHBLARZRE T, 5 ERT

160 & Rl Uiz, i, &, EEOKE, G0HE, BEE, BAOEREDOBEERICH LN
BORH 0 FATOMRAEI THEA ORIFKINE U, REIRRE OFHmIZ I W TERERR AN 2
T, @ORRER L # — L EMME (HR-ambulatory ECG) <0, /DMBALIE FH A AN B3 Ao 15 B 2
T U7z, 1B E OGN RITBC AR L2, BE Y =7y FORET ot 2R 2PgEICT 5720
[RGB 2K T Uiz 3 B2 i LS DA+ 5,

3. WIREDFHE
1) x5

ARRBRIE, B ILAR, S ARRSE, H—HE JEEM, PR, BT Th 5, Stereotactic Radio-
regulation Antiarrhythmic Therapy trial (SRAT trial) > 2 82 T Japan Registry of Clinical Trials GRCT)
VAT LBRER LT, BRI IENE T ENCORE-S trial (CHE U7z, P8 13(1) FipetE R L=
BEFADS 3 BILLED D W0IE (2) DEMISMUEGRS LA D 20%LL E)VZE R 92 0 JiE (EF50% A i)
L7z, ICD MEZIAEN TN D.

(2) TEHREE

SBRT {5 #4512 In WG T CIIREEAREMED VT REH 5 WIZHEFLOHEE 21T 9, (1)
BB R QM EEAE R Q)RERERIEH & BT RME b 7o ik 2 AR A - Mb
L 17segment model (27w v b9 5 , BURTIL, &7 AL MZBIT D =D A a7 |XEAT
IWEE > TN, BOENTZAFTRIFIOE ST mEBRE LT, =) 7 L ICEH SRR
A M aEaRE LT

BRABFMFHLIZIE. ECG, HR-ambulatory ECG, electrophysiological study (EPS)7¢ & Dk 5 %
FV %, VT/non sustained VT (NSVT) H D 12 FFELERZHWT VT EZIRE THIF 5 kX
AndreuDetal. NHERK LT /AT X LEFARL Lz, EPS Tit, F¥ Sz VT OIEEE, Voltage
map DO F v kA 7 FHEE JRFHERED PACE mapping 512 & - T, MEEME VT OE L 720 9% VT
Fr A2V EBmET 5 EDRARTH D, HEFHEEIEROMESIT, ultrasound cardiography
(UCG), computed tomography (CT), magnetic resonance imaging (MRI), electroanatomic voltage mapping
(EAM) 72 D8RS Uiz, DpEESEM L, AR b, H NV ¥ ARAEG A 7 ST Ol S 47z
IR B3 5, BERENI I 5 #1513 Single-photon emission computed tomography (SPECT)



<> positron emission CT (PET) % E/ifi L 7=, scintigraphy (2% *"Tc-TF), 121-MIBG, '*I-BMIPP 72 &
DOFf 2 DN D, FEAREE OFHM & LT, perfusion DZ LW EIBSCERAFARFEIK, perfusion
/innervation I A~ v F, DERELL (H/M Eb) O, ORFRFTOREW I L oTilEZ B LTz,

ROLRRTIT, BERWURE &b L X% ON (Red), JFiERGEKE OFF (Green), [FHE
U A7 PEWEIB(OAR) % NG (Yellow) & L7z, OAR & L THEET XL, DU MEE (EB)
Ik, 7r. FLEERS, RIMISER7R L), Aol (BEE g, B, <&, FiikE) Thbo,
S EE A TR TA I > 7 R o =7 (Eclipse Ver 13.7, Varian Medical Systems Inc, Palo Alto)
Z T, DB & & BRI IRTE OEmEl A TZRK L, Acuros XB (Varian Medical Systems Inc, Palo
Alto, CA)7 /b 3V X AITNE U TR 25t G 7 A v b &g L, BEHARE OB & &85
ZAERC U7z, IBIRB OMEF RSN 8B 258 1T 2 ET 5, DM - iR - fRE
%G %fE L. Clinical Target Volume (CTV ERIRAVEEAIATR)IZx L T 2mm/Smm DO~ — 2 Z LK
L7zt D% Internal Target Volume (ITV WHERI{ATH), Planning Target Volume (PTV FFEIEEAI{A)
EEDTZ,

(3) 18K & TR

BsHIY =7 7 7 &' L—# (True Beam STx, Varian Medical Systems Inc, Palo Alto) % Fiv T,
B2 E Y v ¥ a CAIEML TRER FIZHEAT L7 AAPM ¥ 2 7 7 L— 7 101 O ICE-S &
U R 7 &7 2 JEillgds ~DORRE 81X < AT 572012, 25Gy OHFEIE G- &EAIRREA Y 2 — A
WNTRRINL— L LI LTz, 2 —2 B — A CT CIEMNONE % MR LT-Ek, M
WL EE) A 3 2 5 72 DI JE L85 % VO 72 volumetric-modulated arc therapy ZERf L7z, ERT
— DTSRRI T - e =2 =B 21TV o0, IREBEZLR ICD OREE) iR
ST 2 IR 28 FTRE AR CTHRERE L 72,

Fe DM B IR L GOMETH D, B~ OO REEIL, OMRBIRT  (IUHERE -
Prokne) | DR, DERITE. DR, DARRE EEDT, BRMIT, BEICEMRICHE
B NE & BURRIESG R 2 2 THE . 2. FiRRA, A 2o ICD F =y 7, i -
HbsT— % LEIX, HR-ambulatory ECG, UCG, fitiBf CT 72 E# @ HATV Y, A OHEDRAEICHE
BLRNLBIE LT, AF 50T common terminology criteria for adverse events version 4.0 (CTCAE,
ver HIZHE U TS 5, RENRINFIZNEIZ. ATP DA X2 R & ICD D a v, FHDC DY
a v 7 CiHiliL7z, 77 % 7ML, BEsIcELT To0 A& Lz,

4. BrRRRE

(1) BAEHEX

2019 427 H~2023 5 3 H L TICBER S NIZBFIL S BITH o7z, £ D 9 BAAELL EORRIEE]
BhMET LIZFIT 3 B CTh D, 1B HIZBIBMELAEIEOMI) 12X DK UHEREN & > 7223,

AL TAEEL TWe, VT ICHT 5 ICD 1FEi# O MATERRIZLZE L. VT A h—L~DFATIL
Wohiehnotz, 2 B BITEMMEOHE ICM) IZ X5 HEEOLARENYHAIV)OSHRH Y | (£
TEFFENEAS N TV, DARRRMMEZ R BT - ONCREBARBLE 20, VTIZRL

CHEH ICD F# 25807, 3 BIH X AS ITKT 5 TAVI MiATHE L . WD HCM 236 0 | HEfE
ZHE L35 1ICD EBNC K 0 BB CREH Lo, APtk VT A b — A ~17 L T ICD HEI{EHE)
L7 ~==27 /v DC T HIRMEIIH - Tz, FIRBIREDO KT 2HE T VT & PAF 123 L
TeYFur— LT IF X OGRS ST, MiEtto 72 1 i H Tl SRAT i T

10 FRICT IAF &k, 2 61H TIL SRAT2 22T I A m 2, 3 61H Tk



SRAT JitifT 6 4 HRMNTHIE & 72 > Tz, SBRT Hifh CON— 7 ORELETIL RV, (R

72 EPS B (2D T, 1 Bl B ITEXIFIEE~ v 2 7 (EAM), 2 #l H 1% RFCA FEHifE &

273, 3 Bl B3 I CTER L TWRY, fHERER LORERIRE LT, 16181 MRI JEX

JE O ICD, 2 il BB B RERE T A A 7 L VX — 3 6l BIXR e E/mEEN 2 U v B U

ERHO . DTG IR LN RAE RN TO SBRT RETFHE AR bz, 2618 & 3 #IHIX
BLREETH D | EREHE T O MK FHEER D R D b iz,

(2) BEXRER

FEBI 1 T, ()BEBRAEFFESIIATEE (AHA seg #7,12) RO TH 72, Q)G 72 B2
IXBERLER 2 bR < #1—4, 7—17 L@NALICE N0 WA RICTEEERH -7, 3)Te-TF TH
EAM |Z—E3 2 JRE72 B AR T 23558 H AL/ A3, FDG-PET BT 5 & | RiBED—H# T4
TFLFE OB IS TIRE & 72 o 1=, TBE < DAER(#15,17) D FE 7R BESETR AL . D IER &L 0 DRETEE#S,14)

T RACEBOLIE AR IRARE LS & 2 W B IR & U CHER & 70 B alREME B 2 S 2s, §Clese
oMb A B LT D Sk 2 BURBR O A FRIER R H 2Tl n 2 L b IREHRRE
DOHIZ BEYE L CHRE Z BN L2, &&Y—7 > MIEFHRA > b 5 8L EOfEE) 5 OAR
ZERANLT2#7,12,13 & L=,

FEG] 2 1TAEG] 1 & IIMARARRR Y | MO 7 0y M7 A v FMAlBE~# TRECAE A
5l L Cuvie, HIEOARARIC L D BRI - HEER - MR Y 7 ) U I BEIT LTDIREETH
V. IREEPEIZ DT D0 OMEFITER VT BAICTHFET L RN PRIz, Lo LODIEEEL
IR0 TEE#HA,10) IXHEEICHR L CWe e EEICE T 2 L ITHR o Te, ks —F v

ILARIARA b 5 AL EOfEE) S OAR ZFRSF L72#3,9,11 & L7,

FEB 3 IXIERF] 1,2 L I1X B0 | TFWRSHRD Th7ho T, ()12 #FE.0FEXIZ T Clinical VT 1%
2 FESH TR HIBE#8,9,12) i A "2 L=, L7>L., CLBBBtype VT Th 5 Z & L W A=K
DOFHEME, TAVI 2 ThH 5D Z & L 0 KEWRFHJEPFH D scar-related VT 72 E DO AIEEME S B EIX T 72
73572, HR-ambulatory ECG THfi/& S 4172 PVC 12 fFIEA TOAE#15,16) 7> B4 L TV 2(2)
RSP L 720 O DA BT RIT Ao 72(3)Te-TE/ 1BI-MIBG 2 A~ v F ik & 8I-MIBG

WR JTHETALIE & B IS TRIBESS.OARTE (#4,10-17) IZiR® bz, Zih 3FEOFE#REHKE L.
b AT N E O EATIE#12,15,16, RAAH4,10,11,13,14, & 72 572, BI-MIBG 2 HARE SN 5
KR ENEZ B L, Clinical VT £V &/ 0RESEIRO PVCIZ HARZED o, FAHE &l L
7ot FRE#A,10), EME 23 BikE U 72 {BE#11,12)1% OAR & L CRRAM L7,

Iy

X

(3) HBEABER

FEG] 1 TIHEDNCFE ST DSREMRE A B & L, &7 CTV % 8.3, PTV % 49.7ml & &
FECHE NS D Z LITHREY Lz, JEF] 2 OO0 RRRE L 1858.8ml Ll 2 BlIZ b XTI L%
3fELIER LTV, CTV L 242ml ([ E o7z, ¥ —F v "NBBERT-& 7 A > MIaEIEh
7272, PTV X 96.4ml & EI K L7245, PTVIWHV ratio 1% 3 il H Tl/hCdh - 72, JEFI 3 Tl
PTV 55.0ml &ER] 1 & RIFREEICHE/NT D 2 &3 Hk T,
TR U2, ASE~IBE T 45~55 ), B — L 1 2.6~52 n b o7z, 1B
REMIE 34~48 43T, ZAUCIXEOEE, MFRIEOFRE, = —r B —A CT . Old& DT



NOKGEE, L—P—E— AKX OMIERD, 2 EBEEh, BFTEROWNIIBHREIC
TY Iy 7 ALRIREBIZH Y | 8 - FURANIIAE TH > 72, FEB 2 IZABRITFE 5 BERFRIZ X
FRRAR A ARAN L 2o 1o fed | BERZ RS SHE D D o T, 3 Bl A Zd o o DE{BIE 7
SRR Z BT T LT,

@) BeELHE

JEB 1 1% SBRT £ HIZHEBFL L7z, 30 7 AR L=, AHFFGB LOICD fifkic £ 5
VT/VF 1381588 L7y, 20 7 H O CRIBA A DI L S 4, KIS 0 UIRTN 2 JfT S 4
2D, AR TLA RN F 2RO DL 2 LR RELERBTH -7, JEH] 2 1% SBRT S
HICHEBRBE & oz, WK 3 20 H BIC UCG IZ TREL O 5 IRIFRE RO G0, K
SR OISR 2 RS BT RIZZ L, AT A RROMERERAIOERICIZES 20272, 6
71 A O TOARREMIEEIC L 2 4 FIOBBIAFERRO Lz, Wb FRAIE G- Cik
FL7e (53 HHE,110 HH, 122 HH,156 HH, fEFt H#9+4.5 H) (CTCAE, Grade III), 7235
SBRT Hi® 6 77 AMIZE W T HLAREAREREN 4 Bl > 72, ICD A X2 M 110~128 H BT
FLTHRAEL, WTILHEERE AF 2 h U ' —& L7z VI/VF IZx9 % ATP/ICD {EB Th - 7=,
1591 6 77 A AF burden 13 1% A& TH o 7228, AF BIEOQER & LTT I A4 X 1 v OJEN
B59 2 Liviewy, PVC B Y2 MIIEHRIE D 6 77 AT 78%id Lz,
JEG] 3 TiX SBRT 8 HZIZHEIRBL & 72 o7, 14 H BIZEREDMFET % 5F 2 72 23 3K CIE
RIFIWHI L7z (Grade 1), 30 H HIZ UCG (Z THREEL D 9 IRIFHE 2358 &V 7RI RAI Tl L 7=
(Grade 1), VT/VF A X MIRSTATIC 108 BB L Tz, RS0 5 B BIZ ICD shockl
[, 21 HEIZ ATP3 [EIOAGEH Hiv, Wb 7 7 X THIRNThH -7, ZRLREITNT
DA R FHIEAEL TVRN,

i l-5)

AHEITHARIZB T 591D TO VT kT 2 BERBRIG R ORI & BKRBR ChH L, #—7 v b
REETOT =TT v TREIZWL O ORFIN D ozl ()BEBXAEHFENER QMES
HIIEH 3)FERERVTE S O AT AT E TIX e o 7o, SREIIZEAL D 22 W EF] IS S0 1 HS
Z L<72%7-%, HR-ambulatory ECG (T & 2 %&{El 12 355 0 EM & F 72 IERFe . VT/ALEEHISh
Uit 0> HHBUERAL . (CMBZ B PR AR K D A AR BE U ) L TLHERBAL R X A~ IR, (ICE BT
52 L CEKMICALZERIEE 2 HE Ule, RS2 BB S SO0, B o325 Y
AT DEZHHEBETHD,

e A

AT =T NT T b—3 a ARFUIEO BOEMEAREIREHE (269 % SBRT (3, BUH#IGREZ O b
DIZF T < IRFETE OEFE T b IRR AR FMIE S ML & 72 5 WTREMEDN & 5, MRADEAAT
KGR BR 7R R R & FREIL & 523, SBRT ITAERFIEICHERTT 5 VT OREREIE L LT
ALRERE L 720 5 D, ZOMDIIZRIRFED | fEEIIRDLZ I T 2 imiai & L TUAS 248
WA SN 7=0F, #—FT 477 av A5 Bl HEESMRIND K95 7%
WER 7' 0 7T LORRENEABE TH D,



2021

DOl

Mari Amino

Carbon beam induced upregulation of cardiac gap junction proteins and prevention of sympathetic 2021
nerve sprouting in hypercholesterolemic rabbits, leading to reduction of arrhythmia
vulnerability

Annual Report (2021) Research Report for the 33rd Novartis Research Grant

DOl

2021

DOl

2021

DOl




2021

DOl
2021
DOl
Mari Amino, MD, PhD, Shigeto Kabuki, PhD, Etsuo Kunieda, MD, PhD, Atsuhiko Yagishita, MD, PhD,
Yuji lkari, MD, PhD, Koichiro Yoshioka, MD, PhD, FHRS
Analysis of depolarization abnormality and autonomic nerve function after stereotactic body 2021
radiation therapy for ventricular tachycardia in a patient with old myocardial infarction
Heart Rhythm Case Reports
DOl
10.1016/j .hrcr.2021.01.023
Amino M, Kabuki S, Kunieda E, Hashimoto J, Sugawara A, Sakai T, Sakama S, Ayabe K, Ohono Y,
Yagishita A, Kobayashi Y, lkari Y, Yoshioka K.
Interim Report of a Japanese Phase Il Trial for Cardiac Stereotactic Body Radiotherapy in 2023

Refractory Ventricular Tachycardia - Focus on Target Determination -

Circ Rep

DOl
10.1253/circrep.CR-23-0003




Amino M, Yamazaki M, Yoshioka K, Kawabe N, Tanaka S, Shimokawa T, Niwa R, Tomii N, Kabuki S,
Kunieda E, Yagishita A, lkari Y, Kodama 1.

Heavy lon Irradiation Reduces Vulnerability to Atrial Tachyarrhythmias - Gap Junction and 2022
Sympathetic Neural Remodeling.

Circ J

DOl
10.1253/circj.CJ-22-0527

16 1 2

Amino M, Yamazaki M, Yoshiya F, Shimokawa T, Niwa R, Honjyo H, Tomii N, Sakuma I, lkari Y, Tanabe T, Kodama I, Yoshioka K.

Extracorporeal Heavy-ion Irradiation to Agedrabbit with Hypercholesterolemia Express Atrial Antiarrhythmic Effects Due to
Upregulated Connexin Expression and Suppressed Nerve Sprouting.

The 84th Anniversary Annual Scientific Meeting of Japanese Circulation Society

2020
D 5, 2, 2, 3, 4, 4, 4, 5), D
30
2020
2021

2021




Mari Amino, Shigeto Kabuki, Etsuo Kunieda, Tetsuri Sakail, Susumu Sakama, Kengo Ayabe, Atsuhiko Yagishita, Yuji lkari,
Koichiro Yoshioka

Analysis of depolarization abnormality and autonomic nerve function after stereotactic body radiation therapy (SBRT) for
ventricular tachycardia in a patient with old myocardial infarction

Holter and Noninvasive Electrocardiology (ISHNE) International Society of Electrocardiology (ISE)

2021

67 Basic Science Summit

2021

Koichiro Yoshioka, Mari Amino, Shigeto Kabuki, Etsuo Kunieda, Tetsuri Sakail, Susumu Sakama, Kengo Ayabe, Atsuhiko
Yagishita, Yuji Ikari

Changes in arrhythmogenic properties and heart rate variability after carbon-ion radiotherapy to anterior chest in patients
with mediastinum cancer

Holter and Noninvasive Electrocardiology (ISHNE) International Society of Electrocardiology (ISE)

2021

2022




Treatment plan of Stereotactic Irradiation for Ventricular Tachycardia

81

2022

vT — —
2022

2022

59

2022

vT — —
2022

2022




Mari Amino, Takashi Shimokawa, Shigeto Kabuki, Etsuo Kunieda, Atsuhiko Yagishita, Yuji lkari, Koichiro Yoshioka

Basic Study of Ventricular Tachycardia Radiotherapy Using Heavy lon in Animal Models

81

2022

Onco-cardiology —

35

2022

SRAT( ):

81

2022

2022




,1)2)
.1)

. D

)

. 3)

. 3)

)

)

2023

https://www.tokai .ac. jp/news/detail/_4_1.html

https://ww.qst.go.jp/site/press/20230328-1.html

(Amino Mari)

(10407976) (32644)
(Kunieda Etsuo)
(70170008) (32612)
(Kabuki Shigeto)
(00402777) (32644)







