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Abstract

School of Engineering, the University of Tokyo is considering domestic production of Ac-225 using an electron
linear accelerator. In order to promote domestic clinical research on radiopharmaceuticals, it is important to establish
a self-contained production system. The production method is based on the idea of irradiating the Ra-226 target with
~y-rays to generate Ra-225 in the 22°Ra(v, n)??°Ra reaction, and then Ac-225 that spontaneously decays from Ra-225 is
chemically extracted. The energy / power of an electron linac was assumed 35MeV / 35kW, and the Ra-226 which has a
melting point 696 C, melts at high power irradiation, so it is necessary to devise a target design. we will report Ra-225 /
Ac-225 production amount study and thermal design calculation with various engineering conditions.
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Table 1: Theranostics Examples

Therapeutics
1311-.CLR 1404

Diagnostics
1241.CLR 1404

Target of Treatment

Primary or matastatic

brain tumor (Glioma)

225 Ac-PSMA-617 68Ga-PSMA-11 Castration-resistant

7Lu-PSMA-617 prostate cancer

62Cu-ATSM 64Cu-ATSM Brain tumor

21 At-MABG 1231.MIBG Pheochromocytoma,

131 .MIBG 1241.MIBG Neuroblastoma

211 At-Trastuzumab  %4Cu-DOTA- Breast cancer,
Trastuzumab Colorectal cancer

89 7r-Trastuzumab

1y Trastuzumab

Table 1 IZIBERH L BWEROB HVRFAINTH D, &
T ) AT 4 7 ABEPE/INT VB MEHEERE SO F
ED%ERT [1-4], HKERWFEETIE Ga-68 TEWi%
TV, Ac-225 THREBIPTMERIIIRR A DIEEEITS
FLIZEHLTWS,
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1.2 22°Ac-PSMA-617 DEfESE
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Figure 1: %8Ga-PSMA-11 PET/CT scans of treatment with
17TLu-PSMA-617 and ?* Ac-PSMA-617.
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Figure 2: Schematic of 22° Ac-PSMA-617 mechanism.
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Figure 2 1Z 22° Ac-PSMA-617 DEFI#RF O AX % R
9, Ac-225 130 TSR TdH 5 PSMA-617 HTHF L —
MEAKE LTRELTE D, PAMEREE CEIXNS
(L2 725 T2 [6],

1.3 Ac-225 DHEEAR

225 Ac-PSMA-617 IZE I 22753 » LTI T
WBEDOD, FERITHS RID Ac-225 AR L TWB R
FERH B, LD Table 2 12172 Ac-225 DHETFED
F2DO%ERT [T

Table 2: Ac-225 Production Method

Method Facility Capacity Amount of Ac-225
[GBq / month]

229Th generator ORNL 150mCi of 22°Th 22
ITU 46mCi of 2*°Th 1.1

282 Th(p,x)**° Ac TRIUMF 500MeV, 120A 11266

(Cyclotron)

226Ra(p, 2n)?*° Ac Cyclotron 20MeV, 5001A 3983

22Ra(v,n)***Ra  Medical linac ~ 18MeV, 26A 48.1

BAEDELREEF R, W EFHEROEREE T
» 5 Th-229 7 6 HARET 5 Ac-225 #fitE L CTHE5
HiETHS, LU Table2 IZRT EDI21 » HIZES
N5 Ac-225 3B GBqREETH 5, 1 MOELETH 10
MBq 7 Ac-225 DHBEEDOHZTHD I L2 EET S
e, kK oEIE T 0ERTS 2 e AERI NG,
FITHA47ubuURETTAF v I EAVZINIESE
& BBEFREPBET TV B [8-10],

2. ER® AC-225 Nk
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QST (ET-RIFHMseREME) Tid 4°CaCO3 % fHFF
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& —’y ME 18 MeV. 3 pA. 3 WD &/ TS X
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P 5 Ac-225 % Bk, fhH
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Figure 3: Ac-225 production process with using an elec-
tron linac.
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Figure 4: TENDL-2019 cross section data [13].
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Ac-225 DINE % FHHE T 572912 PHITS (Particle and
Heavy Ion Transport code System) % Fi\ 7z [14], PHITS
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Table 3: Irradiation Parameter Details

Item Value Unit
Energy 35 MeV

e~ beam Current 100 LA
Beam FWHM 3 mm

W converter Thickness 3 mm
Diameter 10 mm

Ra-226 Thickness 1 mm

target Shape Disk
Composition  Ra-226 100% -
Radioactivity 15.8 GBq

Figure 5: PHITS&ANSYS simulation relationship.
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EMTED, ZOHKED%E ANSYS DYHLDAD B T —
TNT77ANMZEL, BRFZ—=7 v N ORES % HE
U7z, AFETIE Ra-226 OFlTH 5 696 C% FE 5 &
WS HHER R CHEZED T,

32 Ra-226GBqA—X—Y3Ialb—vav

F9ER 10mm, EX Imm O Ra-226 X —7"v b %
MEL, %ﬂﬁ‘z IS 100% D Ra-226 £ UL CEIREZ1T-
7z, Figure 6 IZMESF > I 2L —> 3 Y DIKkR & ANSYS
Tt &7 -7z Ra-226 X =7 v N DIRES G %ERT,
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Figure 6: Irradiation system and temperature distribution.

Figure 6 DIESHARDOMITBFD I I v 7 A% KL T
BY., BFRO—WBR UV ITATF A NN—X—%@E
LTRa226 2= NETEELTVWBEFL NS
R—2ry D OFBEIMEBER TIZHE & ZABKEL,
TRA =R —PETCIR Y —LBDILKR, T N—&— }:
2=y NEOEBORAE, 32 NN— X —DEADHE
&8‘1%%&%%2&6‘9‘ EMNTED, £/, ZOEHE

IHEWTIE Ra-226 X —7 v MRMIIZ He A %I
ﬁtbf\mméﬁﬁélwonmﬁbfméohd%
R — f;b@ﬁﬁmﬁ%ﬂﬁ»? IR &S IR &
235 e, RATEERERMEO ERIGK 100 pA &
o,

Table 3 IZHH/NT X =X —DFHMIZOVWTOE LD
R, TOBBYIalL—v 3T, Ra2251F 19
GBq. Ac-225 % 1 [EO#iH T 0.89 GBq. 4 HDHIHT
1.8 GBq DINENE SN BEH L 257z,

33 RVT AT UNEEMR GBq A—X—X =7 v b

B O EBNEL2WET 5720, BREEZHIFEH
¥xE#E Xz, Ra-226 2 —7 v b OBE NFEMAIZ & >
AFUMEBHAZEL., 2—=7Y NOEMN XV T AT UIKIZ
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Figure 7: W plate contact type target system and tempera-
ture distribution.

V= ARDILRP X VI AF a3 /)N—X— ¥ Ra-
226 =7y N DR RE LT, AMEHIXERE
INBHLDOD, Ra-225 DINEDLWADT 2, TD-OEE
WX B HiEE L o7z, BUZETEE R T ZDITIX
B AV B R EZ 5050, 35 MeV, 500 A O
FHDDOETFE—LPRNINE Z & ot 25 &
ULCTRYITATVEEIRUT,

Figure 8 I BVmiZ R L HNREDOBEKRE 7 F 710K
?o%ﬁQJE@D% B % 500 pA, BVREREE
2000 (2% EF 5 & Ra-226 D% FEISEH L 7>
770 ﬂ ’7’/ M IZ 17.5 m/s DRED He /A &R T
ZEeEMBMELTWS, ZOYIal—Ya T Ra225
12 10.8 GBq. Ac-225 i% 1 [a 4T 5.08 GBq. 4 [AD
it T 10.26 GBq DINEL B SN B EIH L 7257z,
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Ra-226 Target Temp vs Heat coefficient
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Figure 8: Relationship between heat transfer coefficient
and center temperature.
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Figure 9: Ra-226 176MBq target Irradiation system and
Temperature distribution.
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Figure 10: Milking calculation.

ZDYIal—¥ 3T Ra225 1% 143.44 MBq. Ac-
225 1% 1 [FIOHH T 63.64 MBq. 4 [FIOHH T 108 MBq
DINENFONDFHEE Rz, BEHEZ—TY b5
ORI % 0.95, Ac-225 DFEHRIHEEZ 0.7 2922
71.82 MBq ® 22°Ac-PSMA-617 235 5 5t HIZ 72 5,

Table 4: Domestic Demand Forecast for 22° Ac-PSMA-617

Xofigo (***RaCly)

Annual sales Price Number of prescriptions
¥ 9,400,000,000 ¥ 684,930 1~6
Estimated number of patients Estimated number of CRPC patients

2,287~1,3734 8,000

225 A¢-PSMA-617

Ac-225 radioactivity in a single dose Average number of prescriptions

10 MBq 4
Estimated annual supply Number of required manufacturing facilities
320 GBq 37~38
Table 4 1Z 225 Ac-PSMA-617 % JH\ 7= U A P 7

DREMIGED TR ZRT, FEE D H 5 EBHGTMERT
NRDSA DB TH DY — 7 4 TD 2023 RO
5P [15] & #fifinx & CRPC & D#UE #iat L, HH 0
TEEEZMAE L7, 1 HIZ 71.82 MBq @ 2?°Ac-PSMA-
617 ZBETE DA 1 » HIZ 10 HEB L7223 5
ERENT 40 FREOREERABE L 125,

4. SERORBLEELD
4.1 HhPEFER e Rn 7 AEEE

35MeV. 500 puA O & ARG % Ra-226 X —
7y MR U T 5 & 225Ra(y,n)*%Ra Kt ®
226Ra(y,2n)??Ra KIGIZ & > T 1012718 =K —orh
WTFT7 Ty I ANHKET L, OB P BE
LB,

Ra-226 (£ 1600 4£ T Rn-222 (2H#E£ 5, S K
VH AR =7y NS O EHRAHEO M BS54 R Y
PobFEETLEO, =7y hOBEHPHE 7o 2
DEHBL R Y B BEL 55,

42 &

VA4 70bar0ihnsd, BFI4Fv2iikd
Ac-225 BLE B BEMNRINENB/ SN BEH L 2 - 72,
&0 EHMRBGREH 21T AT, Ac-225 BEIZE L /2@
FAFVIDARY ZDPRE L., WMELE L —LNT
A—R— HGEHRERNEERDE N TELLEZXS
Nz, £HEBMIZESND Ac-225 OARFYIHIH A E
BWHRIE UTHHATE Sl 5720, BT Ac-225
DOMBFEAAADRIE 2 RS B 28E S 27 L& L
ETHD, £7-Ra226 X—7 v b OHFFEDHE P %
MARDOPREELEETH S, SHRITEILKRENHEE L v
X —TODEKRZBEL T, HENREEN A 72 EOMR
RIZH D FATHEZ N,

HEE
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EEEPSVIalb—YarvoRtEAH»SY 7 MU
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