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Targeted Radionuclide Therapy (TRT) in Japan (2022~23) @Q'STW

 Health care insurance covered TRTs in Japan
beta-emitters
— @ 1-131 Nal: Graves disease
— @’ 1-131 Nal: Differentiated Thyroid Cancer (DTC)

_® o - Metastati umors Supply
- B Y- . CD20+ -cell Lymphoma stopped

— ® 1-131 MIBG: pheochromocytoma & paraganglioma
— Approved in 2021

— ® Lu-177 DOTATATE: Neuroendocrine tumors
— Approved in 2021

— @ Lu-177 PSMA-617: Metastatic mMCRPC : Under Clinical Trial

— ®~ Cu-64 ATSM and other beta emitters : Under Clinical Trial
alpha-emitter

— @ Ra-223 RaCl2: Metastatic Bone Tumors of mCRPC (from 2016)
— ®~ Several New Alpha Emitters: : Under Clinical Trial

Problems in Japan:
-Severe shortage of TRT inpatient room
Most of Radionuclides & TRT agents imported =Domestic Production needed




@ast "Special Subcommittee for securing Medical Radioisotope
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National Action Plan in 2022 aiming to have successes within 10

years

- @D Promotion of initiatives for domestic production and
stable supply of important isotopes

« @ Development of systems and structures for promoting the
use of isotopes in medical settings

« @ Promotion of research and development that contributes
to domestic production of isotopes & radiopharmaceuticals

« @ Strengthening research infrastructure, human resource
development, and networks for isotope production and
utilization

Ministries and agencies cooperation to promote TRT: A breakthrough in Japan

http://www.aec.go.jp/jicst/NC/senmon/radioisotope/index.htm 4
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National Action Plan in 2022 aiming to have successes within 10

« D Promotion of initiatives for domestic production and

stable supply of important isotopes: At-211 & Ac-225

« (@ Development of systems and structures for promoting the use
of isotopes in medical settings

« @ Promotion of research and development that contributes to
domestic production of isotopes & radiopharmaceuticals

- @ Strengthening research infrastructure, human resource
development, and networks for isotope production and utilization

Ministries and agencies cooperation to promote TRT: A breakthrough in Japan
O HIFERW -1 IN-23ViBR, F - ERBGR, AN ROM[RDSCEET HI 0. BHT SBFIREBO S EEEHE—(CL TIRDED

http://www.aec.go.jp/jicst/NC/senmon/radioisotope/index.htm 5



R&D achievement of QST in 211At production method

Vertical irradiation system

« Solution for non-self-
supported targets (powder,
granule, shots and others)

Glove box for safety
At-211 handlin

A - ml >

T

Creation of Harmonious Diversity
-
@QST

 Bending Magnet : horizontal
beam line — vertical beam

« Solution for low melting
point's targets (Ga, Bi, etc)

Nagatsu K., Hasegawa S., et al. Appl. Radiat. Isot. (2014)



21IAt astatine: Japan leading the way in manufacturing research @QST

e 100% a-emitter without gamma ray: Halogens [k
Half life : 7.2 hours 7.2A|: oER Nze
a-decay (42%) 6 ? l: -7' .: 7;’ ’f:

e Mean energy : 6.79 MeV sessamer” TSI S G
il

e Ray range : 55-70um g, 516 ms alals s x BB
. . . . 329y Mok |mroon | ex ey | mx | e

e 211pg X-ray: imaging is available N MR "’l‘u
e For production: middle > cyclotron =Pb e TR
. EC:HLEEFifE SUBL ® a—‘!z N:L'gh ‘nswk Sk

e Bi-209 (alpha,2n) At-211 ——

Problems:

= At-211 can be
produced only by middle
or large sized cyclotron:
QST, RIKEN, Osaka U.,
Fukushima MU in Japan.

= At-211 cannot be
produced by reactors.

= The half-life of At-211
Is only 7 hours: thisis a
big problem for supply
network for clinical use
of radiopharmaceuticals.

For nation-wide supply of At-211 : An innovation is needed.

A new small sized cyclotron (can

S0 Results in Physics be installed in usual hospitals) is
.. AL Volume 33, February 2022, 105090 under R&D in Osaka U and

. . others. Further R&D is needed.
Beam dynamics and characteriza_._ - e

of a new high-intensity compact air-
core high temperature
superconducting skeleton cyclotron
(HTS-SC)

Air-core (skeleton)
structure

High-temperature

HW. Koay o @&M.Fukuda o & H.Kanda, I. Yorita - superconducting
(HTS) coils
Field shaping Linear (Easy-operation)
Saturation No
Weight < 5 ton (light)
Magnet size Compact (R < 60 cm)
Rooms for Subcomponents Spacious and flexible
Power consumption Lower (cheaper)
Stability and reproducibility High 7



QISS (Quantum Innovation for Safe and Smart Society) Research Project / Osaka U.
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iSS

for Safe and Smart Society

Quan
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QiSS consortium

AIM: to realize nationwide clinical supply of At-211(T1/2=7.2hr)

QiSS adopted in 2017.9.20 with
Total Research Expenditure: 6 million dollars

Leading Secretariat: Osaka University

Participating institutions:
RIKEN

Nagoya University

Kyushu University

Tohoku University

Tohoku University

Kyoto Institute of Technology
QST

JAEA

J-PARC

Nagoya University

Nagoya University

Institute of Physical Structural
Science

Participating Companies:
TOYOTA

Nihon Medi Physics

Telix Pharm Japan

Fuji Rl Pharma

Sumitomo Heavy Industries
Atox

Metal Engineering

Chubu Electronic Power
Fuji Electronics

Socio Next

Kyoto Medical Technology
Shimafuji Electronics
Nihon Systemware, etc

Air-core (skeleton)
structure

High-temperature
Superconducting
(HTS) coils

Linear (Easy-operation)
No

[K2% - IEARREE]

[EpEHRa)
KERAE BALSHRT - Liast —
(70 7 MEYER) [ } ZEBAY - WK BE
R 5 AMAS - B0 EE
EfE TF ES [
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In addition, QiSS
Supporting Two nation-wide At-211
supply system:

@ Short-life Radionuclide Supply Platform :
for basic research (2016~)

@ RI Collaborative Academic Inter-

Disciplinary Platform : for clinical research &
trial (2023~)

Research Plan Chronology (planned in 2018)

<5 ton (light)
Compact (R < 60 cm)
Spacious and flexible
Lower (cheaper)
High

2018 2019 2020 2021 2022 2023 2024 |20256 2026 2027 2028
FE
EIWPEHAERERM 4R EIEE R AR
At-211 . o . . PMDA
radiopharmaceuticals Non-clinical POC First in Human Corplrate Il clinical trial approval
High-intensity 1 Design development . Creation of Full-Jcale supply of At211 3
compact accelerator actual maching '
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Ac-225 : useful but having big problems in production and supply

225Ac is produced by 22°Th generator at present

- 229Th comes from atomic fuels (available only in USA, Russis, and
EU, the export / import strictly limited)

+ 229Th generator can produce very - At present :
small amount of Ac-225 Total production :
(229Th comes from nuclear fuel: 233U ) 50,000MBq/ year —

225Ac-PSMA-617:
10,000/year - only
2,500 patients can be
treated

Th 229 generatOr A U.S. Department of Energy
225Ra Yield = >99% National Laboratory
225Ac Yield = 99.2 +
0.5%
229Th Recovery =
>99%
225Ac purity
< 0.0001% 229Th
< 0.0001% 225Ra

Every year, 140,000
patients die from
prostate cancer in

. US: Oak Ridge NL - US 16 > mCi/week . '€ World
- Russia: Joint Stock Company, Obninsk — Ac-225
EU and US 50mCi/m Short Supply

Total production in the World : about 50,000MBq/y 9




Th-229/Ac-225

O generator

At present

23U (160k a) >
229Th (7.3ka) >

225R3 sel) S225A¢
Machin  Th-229 Solution

e Natural Process
Instituti

on
Pros Only One Current

Method

Cons Short Supply
Reactor Problematicin the
Regulat Presence of Th
ion Law Impurities

Th-232
Nuclear
Q Spallation

232Th(p,x)?25Ra >
225AC

cyclotron

Large Scale Accelerator
(100 MeV+)

INR
=

Easy in Handling of Th-
232, 110nCi/g-Th

Ac-227 Impurities: may

Tri-Lab, NorthStar [#

Ra-226
Neutron Capture

226Ra(3n,2B)**°Th
—>225Ra >2%Ac
228Ra(n’v)229Ra
—>229Th*

reactor

Nuclear Reactor

ORNL

Challenging production

—
OBRINSK* i*i TRIUMF

ﬁ CNL

IAEA/JRC Ac-225 Workshop 2018 Feasible Candidates for Ac-225 synthesis Methods (st

Ra-226
Photo Nuclear
Reaction

226 Ra(y, n)ZZSRa
>25A¢

..........

Ra-226 Nuclear
Transmutation

226Ra(p,2n)?*°Ac

Linear accelerator

cyclotron

Linear Accelerator, etc

ANL, NIOWAVE

Hitachi,Tohoku
@ U, Tokyo U.

Very Low Yield

be problematicin GMP  path : 10g of Ra-226 is

as Medical Use Short Supply necessary :
Short Supply

Problematic in the Problematic in the No Problem

presence of Th
Impurities

presence of Th
Impurities

Small Scale Accelerator
(<25 MeV)

JRC, ZAG, DKFZ

lj SCK-CEN
iy
@,  KIRAMS

Convenient with small
scale, relative high
yield

50mg of Ra-226 is
necessary -

Short Supply

No Problem

10



TAT Project at QST : 225Ac Production BT

Ra-226: T,,, = 1600 years
-Ac-225: high yield production in one Ac-225:T,,, = 10 days

batch has not established worldwide AMED: government funding study

QST focused on the use of project "CiCLE” started in 2018, by
226Ra needles for brachytherapy Nihon Medi-Physics (NMP)

stored as medical waste C:CLE @

Tra nsm utation path - |:-'-“!.I'¢||¢Irlnmral;lunfarl.'-'-llnicill:r;;g“mm —
“CRADLE Building” in Chiba
*?°Ra(p, 2n)2**Ac Est'd in Sep. 2019 |
+ chemical separation + cooling Investment: 3.3Bi JPY
= about 30M USD

*QST: A trial of Ac-225 cyclotron

1 i European Journal of Nuclear Medicine and Molecular Imaging (2021) 49:279-289 agatsu, SUZUk,, et al
p rOd u Ctl O n S u Cceed ed I n 2 O 1 7 htlps:f!dai,urgf10.100?!500259—021 05460 7 o Eur J NUCI Med MOI
ORIGINAL ARTICLE Imaging 2021

Cyclotron production of 22°Ac from an electroplated *°Ra target

Kotaro Nagatsu' - Hisashi Suzuki® - Masaml Fukada - Taku Ito™2 - Jun Ichinose? - Yoshlo Honda'-2 -
Katsuyukl Minegishi' - Tatsuya Higashi® - Ming-Rong Zhang'

ZZGRa
capsule

Sediment 226Ra targets NMP succeeded in cyclotron

production of the world’s first
GBq amount of 225Ac by the
transmutation in April 2022

-
Y




225Ac Production R&D/ Import/ Distribution status in Japan

Higashi, Nagatsu, et al. Processes 2022
The situation of Ac-225 production is always in flux

~— Supplier — .- === Import trend ----------‘ tﬁ"is.aﬂpﬂ'”_"ﬂeﬂt_

NIDC
a NIDC [ 5eiloeuen cenrea
BB 1ANAGED BY THE LS. DEPARTMENT OF ENERGY ISOTOPE PROGRAM

L B N N N N N § | ‘

ij GMP
b

GLOBAL MORPHO PHARMA

. J

Kitaoka A. Supply and demand status of
medical isotopes (2021) in Japanese
(modified). Available at
http://www.aec.go.jp/jicst/NC/iinkai/teir
ei/siryo2021/siryo18/index.htm

-

Research Institutes

Supplier —@QST

Ei «& TRIUMF TRIUMFJ

111 MBq
(3.0 mCi)

141 MBgq
(3.8 mCi)

297 MBq
(8.0 mCi)

457 MBq
(12.4mCi)

@

? MBq
(? mCi)

7~ Import/Distribute =
Q £ RCNP
==

Multidisciplinary PhD Program for

Pioneerin, go antul mBeam Applcatm
AWORTE-LERRMARRTO

Osaka Univ.

Japan Radioisotope Association

\ 7

Production R&D - sell (plan)

™Y B E3SHE

----------

Charged particles Electrons

vvvvvvvvvv

k Electrons /

NMP-QST,/Univ Tokyo-QST-ELPH-Tohoku Univ,” 12
HITACHI-KURNS-Kyoto Univ+ELPH-Tohoku Univ,”



SasT "Special Subcommittee for securing Medical Radioisotope
Production and Utilization” & Action Plan in,
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National Action Plan in 2022 aiming to have successes within 10

years

« (O Promotion of initiatives for domestic production and stable
supply of important isotopes

« @ Development of systems and structures for promoting the
use of iIsotopes in medical settings

« @ Promotion of research and development that contributes to
domestic production of isotopes & radiopharmaceuticals

- @ Strengthening research infrastructure, human resource
development, and networks for isotope production and utilization

Ministries and agencies cooperation to promote TRT: A breakthrough in Japan
O HIFERW -1 IN-23ViBR, B - ERBGR, AT ROM[RDNSCEET HI 0. BHT IBFIRBO SR EEEHE—(CL TIRDED

http://www.aec.go.jp/jicst/NC/senmon/radioisotope/index.htm 13



Great concern in Japan: Reqgulation of radionuclides | ($QST

* The use of radionuclides is regulated by Radionuclide

Control Act. Clinical use of radiolabeled pharmaceuticals is pae L
regulated by Medical Care Act. ‘ ‘

(1) Administration of radiolabeled pharmaceuticals is ‘
permitted only in designated-controlled-areas (with special

radiation protection system) by these laws.

* (2) Administration of radiolabeled pharmaceuticals with
higher amount requires an inpatient room in designated
—controlled-areas (with special radiation protection system)

 (3) The total amounts of radionuclides and radiolabeled
pharmaceuticals available in a designated-controlled-area
per day, year, etc, are strictly regulated by these laws.

| Designated TRT inpatient room ‘ Radiation monitor room for . .
in controlled area ventilation and drainage tank Strict regulatlon results

u‘ !”m I —b)ﬁﬁ) o in severe shortage of
| . o -

i

@TRT inpatient rooms &
@designated-controlled
-areas

i
.

in Japan.
14



TRT: I-131 RAI Therapy for DTC in Japan
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I-131 RAI therapy has
been struggling against
the shortage of
radionuclide inpatient
room

Out-patient “ablation”
using 1.1GBq is increasing
steadily from 2010

Annual numbers of RAIl-treated cases of post operative DTC in Japan:
10000 r In- out-
1 88 patient patient
c 200 —o 200
©
g ~__ 158
@ 8000
S \.\ 138 135
= (7000 —~—_ 150
§ 6,000
s
5,000 —
7]
? / \rec\
g 4,000 '
3]
© |3000
=
€ |2000 — %:\
< o779 | |2880| |2sto| |2871) |(3018) 3067 %%)
1,000 vgos | |17 [1E7A 202 . 1 )
D 1 1 1 1 11 1l 11 1l \ L 1 L J §
2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 o
Annual Cases | 8.5 15.5 20.0 215 2
of R‘Al perbed | cases cases cases cases

RAIl inpatient rooms in Japan:
in full blast for RAI therapy
using more than 3.7GBq for
more than 20 years

R24. HAET 7 ERHREO S

Higashi T. Kaku Igaku 53:27-43, 2016

Need to increase

the dose

e T7TV—¥ar il Bh HIE
Remnant ablation Adjuvant therapy Cancer treatment
WREEHEN R VWEZZ N5 E (B EZH THREETEX WS, AR RIS R & B e
AREBE (2B IEF MRS SN RREEESEAET S L2 2 |45 E8F 2B 2 BHaonsE
LD BEIC BT SO E

B ST L JRAE HTET DREDTHH
5 , I)’.7~5Afi (;H({. : | .')’.7—:".-1 (,;H(!'
(100-150 mCi) (100-200 mCi)

Conventionally performed
“Ablation” was actually
Adjuvant therapy

Japanese Clinical Guideline
for Thyroid Cancers 2018
(<2010 First Edition) :

Concept change of I-131
RAI therapy results in
severe shortage of
radionuclide inpatient

room 15




New Regulation of radionuclides in 2022:
“Hospital rooms with special measures (HSM)”
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 Administration and clinical use of some radiolabeled pharmaceuticals
with higher amount is strictly regulated and only permitted in an
Inpatient room in a designated controlled area by Medical Care Act.
— Strict regulation results in severe shortage of TRT inpatient rooms in Japan.

From 2022, due to a revision of Medical Care Act, only in case of Lu-

177, which does not evaporate and does not need special ventilation

system and drainage tank for radionuclides, TRT using Lu-177
radiopharmaceuticals is allowed to be performed in a simplified TRT
inpatient room, “Hospital rooms with special measures (HSP)”.

REAN (£3)

Radiation monitor room for
ventilation and drainage tank
pa— -y

— J ‘.‘L.‘:' s J'\\: ‘
NG T AoNg

RN

Only minimum radiation
protection procedure is
required

No need to have special
ventilation system,
drainage tank &
monitoring system

A solution of
@TRT inpatient rooms
in Japan!

This simplified TRT room: HSP is

« much cheaper in
maintenance and

- easier to construct or

prepare
as compared to a traditional TRT
inpatient room. 16




The impact of “Hospital rooms with special measures (HSM)” &QST
In 2021, Japanese PMDA approved PRRT by 177Lu-DOTATATE “Lutathera ®“
“ “ @ National Insurance fee of HSM: set high : :
N/ @ HSM: already installed in > 70 hospitals 2lig) el EE T

the problem of
@TRT inpatient
rooms in Japan.

® Hospitalized care of Neuro Endocrine

— o
‘ % Tumor (NET) patients is only needed for
[ O
N

(’ 1~2 days in an inpatient TRT room

In 2022, FDA approved mCRPC-PSMA therapy by 177Lu-PSMA-617 “Pluvicto ®“

The NEW ENGLAND

A Imaging-Based Progression-free Survival 7 oursaLy MeDicing ORIGINAL ARTICLE

100 No. of Events, . . . .

ol X No. of patiené Median Lutetium-177-PSMA-617 for Metastatic Castration-Resistant
ERE mo Prostate Cancer
£S8 7 V7Lu-PSMA-617+  254/385 8.7 ) )
3 ﬁ =1 Standard Care Oliver Sartor, M.D., Johann de Bono, M.B., Ch.B., Ph.D., Kim N. Chi, M.D., Karim Fizazi, M.D., Ph.D., Ken Herrmann, M.D.,
‘E :ﬁb 60 177 y-PSMA-617+standard care Standard Care 93/196 34 Kambiz Rahbar, M.D., Scott T, Tagawa, M.D., Luke T. Nordquist, M.D., Nitin Vaishampayan, M.D., Chas?;n El-Haddad, M.D.,
.g o 50 Alone Chandler H. Park, M.D., Tomasz M. Beer, M.D,, et al,, for the VISION Investigators™
© o
& 2 404 Hazard ratio for progression or death,
o % |
£8 30 R RT), Sartor, et al. N Engl J Med
A k
3 2 srdiidamadoe 100 2021;385(12):1091-1103.

104
0 Study of 177Lu-PSMA-617 In Metastatic Castrate-Resistant

0™ 7| Prostate Cancer (VISION) Phase III finished.  Metastatic
No. at Risk castration-registant prostate cancer 831 cases. Comparison

Sundudcaresione " 6 s 6 14 1 7 7 5 2 o o | between 177Lu-PSMA-617+SC v.s. Standard Care

At present, it is concerned that hospitalized care of
patients will be needed for 2~5 days in an inpatient TRT
room because of strict regulation in Japan.

- Various deregulation efforts are still underway to resolve issues. 17
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National Action Plan in 2022 aiming to have successes within 10

- (D Promotion of initiatives for domestic production and stable
supply of important isotopes

« (@ Development of systems and structures for promoting the use
of isotopes in medical settings

« ® Promotion of research and development that contributes

to domestic production of isotopes & radiopharmaceuticals

- @ Strengthening research infrastructure, human resource
development, and networks for isotope production and utilization

Ministries and agencies cooperation to promote TRT: A breakthrough in Japan
O HIFERW -1 IN-23VBR, F - ERBGR, AN ROM[RDSCEET HI 0. BHT IBFIREBO SR EEENE—(CL TRDED

http://www.aec.go.jp/jicst/NC/senmon/radioisotope/index.htm 18



%4Cu-ATSM:
A very-first Japan-made TRT radiopharmaceutical

Cu-ATSM was at first developed as a cancer-imaging agent as °Cu-ATSM

Hac CHs HaC, CH,
Iiznc-er - />—<
th /” " » e
with I
©2CuU-ATSM /L /? - ”T)\S t.

62Cu CH3 CH, 64CU cHs
64Cu-ATSM was developed in a theranostic approach

ﬁ Phase | Clinical — A First Timein Japan to have a QST Press
¥ Study of TRT agent Clinical Study of Japan-made TRT agent §§'1e;‘7§,17

(Fujibayashi Y et al. J Nucl Med. 1997)

64Cu-ATSM j A
84Cu B* (0.66 MeV, 19 %), ( l’ 150 MBq/kg
B (0.58 MeV, 40 %), )\t gg't'iz?] M
EC (44 %). , _ o AT
Tip=12.7hr - /' Natlonal Cancer I_’ 99 MBa/kg,
TRTand PET imaging for » Center & Shase 1
Hypoxic Cancer; e Kanagawa r 60 MBq/kg, 1
i Cancer Center Clinical Study
QST Chiba: GMP manufacturmg Supply : Clinical Study 30 MBg/kg, Completed

in March, 2023
Target: GBM and other
brain tumors

Phase II Clinical Study

A start-up company ”LinkMy
19




2LIAt-NaAt: [211At] sodium astatine 211At-MAB G: Meta-[211At]astatobenzylguanidine

2LIAt-NaAt:

_ and produced %At NaAt for the
D. Thyroid Cancer

treatment of refractory DTC

TID\ - BE -AN— MEREARZFKIRDIHD
BEREF7Z SUT—aVEMmOaIt

&

OPERA

P AR
B @RI

HETSv T2 —A LA
yosookOy -
P B 2%
BrRzmm €
MAMSME _ mrueni
BEEFCRFART O bﬂnﬁﬁ%%%

i‘l! BREPREHR

In 2021, Osaka U. Drug
discovery venture “Alpha
Fusion Inc.” was settled.

qmx TR ]
Nation wide At=311 ﬂlpha Fusion Inc.
— network————

Osaka Univ. substituted lodine to At ,

I He
Halogens|*
2
N Ne
M ll i3 n 77l £l
5 6 7 8 9 10
Al | Si B S |CISIAT
PNEZOL | TR v an a b =2
13 14 15 16 17 18
Ga | Ge | As | Se | Br
WL | RN (= 3 L. 2T
31 32 33 34 35 36
o | Snu NShil) - Te @] Xe
A0 X TAE, Fily EL S &4
49 50 51 52 53 54
T | Pb
FUIL ®

81

82

Bi Po‘ At |JRn
ERRA s TASF, 1

83 84

Clinical study of 211At-NaAt has
started from 2021 at Osaka Univ.
for the first time in the world

2LIAt-MABG:

Pheochromocytoma

QST substituted Iodlne to At and produced 211At
an alpha emitter, and finally synthesized MABG
which has a similar structure to MIBG Zalutsky 1996

Ishioka 2016
N e :
(*31-MIBG) \PIJ]H/ (211At-MABG) NH
Meta-[3111] Meta-[?11At]

iodobenzylguanidine astatobenzylguanidine

QST Press Release 2016/6/06

".. :

UNIVERSITY

FUKUSHIMA [T AZA
MEDICAL

TREIR 37 B R A

1231-MIBG 21IAt-MABG

EE'FH?

|Synthesizer Unit |

Preliminary Nonclinical study

Clinical study of MABG has
started from 2022 at FMU for

the first time in the world oA




TAT Project at QST : Anti-PDPN antibody @QsT

Anti-podoplanin (NZ-16) antibody for malignant mesothelioma

Mesothelioma: Refractory malignant tumor
in pleura. Main cause of the diseases is
asbestos exposure.

Morbidity more than 10,000 person/year
(900 in Japan) TOHOKU

Increase in patients is expected world wide Developed by Prof. ;0 1oheled  90Y-labeled 225Ac-labeled
Yukinari KATO

NZ-16 with DOTA : 3 types of RI  (OMB%) (3-7_'7"56;) (18.5kBa)

{’o/;"»’%a\ AMED preB 2021. Adopted

»’%} AMED Advanced Anti-cancer

S O Research 2022. Adopted

Tu

RI5=> &

100 2|25Ac _ Tu:tumor

i
|

g ] 90y IL_

@ 50 P<0.01

®  Junlabeled

Pr0.01
N 0 T T T T T T T 1 -
https://www.qst.go.jp/site/press/20210923.html L e

Days after injection

-> To obtain approval and commercialization for the first Japan-made ?>°Ac-agent 21
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TAT Project at NMP : Achievement of CICLE project (@QST

Anti-MUC5AC antibody (NMK89) for pancreatic cancer: Theranostics Approach

QST:

226Ra(p, 2n)??3Ac
+ chemical separation + cooling

Transmutation path

Pa n Cl‘eati C Ca ncer: (c)pancreatic adenocarcinoma
One of the most refractory ca. o
in the world. LR © " X, ST
Morbidity about 40,000 : '"
person/year in Japan with
5YS rate of 8.5%.
Increase in patients is
expected world wide

. 'i-'!-.

N

MUCS5AC expression

Table 1. (continued)

MUCSAC immunostaining

non n Negative ~ Weak  Moderate  Strong  Positive
Tumor entity TMA  analyzable (%) (%) (%a) (%) (%)
Tumors of the digestive Adenomatous polyp, low-grade 50 22 364 182 13.6 318 63.6
system dysplasia
Adenomatous polyp, high-grade 50 30 40.0 16.7 10.0 333 60.0
dysplasia
Adenocarcinoma of the colon 50 36 833 0.0 83 83 16.7
Adenocarcinoma of the small 10 6 66.7 0.0 0.0 333 333
intestine
Gastric adenocarcinoma, diffuse 146 113 558 8.0 88 274 42
type
Gastric adenocarcinoma, 144 115 60.9 16.5 52 174 39.1
intestinal type
Gastric adenocarcinoma, mixed 62 54 64.8 93 56 204 352
type
Adenocarcinoma of the 50 39 282 23.1 17.9 308 718
esophagus
Squamous cell carcinoma of the 49 31 96.8 0.0 0.0 32 32
esophagus
Squamous cell carcinoma of the 50 26 92.3 0.0 0.0 7.7 7.7
anal canal
Cholangiocarcinoma 120 100 79.0 1.0 7.0 13.0 21.0
Hepatocellular carcinoma 50 48 100.0 0.0 0.0 0.0 0.0
Ductal adenocarcinoma of the 50 33 364 242 6.1 333 63.6

Pancreatic/Ampullary

adenocarcinoma
GIST

Rico, et al. Technol Cancer Res Treatment 2021

AMED: government funding study project "Medical
Research and Development Innovation Infrastructure
Creation Project (CiCLE)” started in 2018, by Nihon

Medi-Physics (NMP) @ CiCLE

Eyclic innovatian for Clinical Empawarment

ClinicalTrials.gov

About This Site v Find Studies v Data About Studies v StudyBasics v PRS Info v

RECRUITING @

Safety, Tolerability, Pharmacokinetics, Radiation Dosimetry, and PET Imaging Properties of 89Zr-

labeled hNd2 (NMK89) in Patients With Pancreatic Cancer

Sponsor @ Nihon Medi-Physics Co., Ltd.
Information provided by @ Nihon Medi-Physics Co., Ltd. (Responsible Party)
Last Update Posted @ 2023-11-13

[z] @ | [ + Expand all content ” — Collapse all content
I Study Details Table View No Results Posted | Record History _

On this page
| Study Overview Study Overview

SR e R L oA Brief Summary Study Start (Actual) ®
articipation Criteria This trial will be a non-randomized, Phase | trial to evaluate safety, 2023-10-31

tolerability, biodistribution, radiation dosimetry, pharmacokinetics and P8

an imaging properties following an infusion of 37 MBq (1 mCi) of 89Zr{abeled  F"™a1y Completion (Estimated) @

and Investigators hNd2* (NMK89) in patients with pancreatic cancer that are positive for 2024-03-31
Publicati Study Completion (Estimated) @
~ ~ *hNd2: Recombinant humanized Nd2 (anti-human MUCSAC monoclonal
1dy Record Dates

antibody) 2024-03-31

More information
Official Title Enroliment (Estimated) @
A Phase | Trial to Assess Safety, Tolerability, Pharmacokinetics, Radiation 10

Dosimetry, and Positron Emission Tomography (PET) Imaging Properties of

89Zr-labeled hNA2 (NMKB9) in Patients With Pancreatic Cancer Sy e @)
Histologically Positive for MUCSAC Interventional
Conditions @ Phase ©@
Pancreatic Cancer Phase 1

NMP succeeded in starting their CiCLE-
related First-in-Human trial in Oct.
2023 using Zr-89 MUC5AC antibody. 22




SasT "Special Subcommittee for securing Medical Radioisotope
Production and Utilization” & Action Plan in,

;%r(l)/\%o%ic Energy Commission (JAEC)# s

ERAESIAT7AVN-TBE - FIRHEET V3275

P33T 5 UREOEE 2022%E5H31BRFHEES
BREFEB|AOME — ERDENZ - SR B DRR y ‘\
.+ [£5J)27122] o STATAY-TOKRRISEEIEE T ZHFIFOERE| |- WS- HRICSMOREA :
(BHCERESDETITIERS DE . TFUR - DEEORY NI —REs Dr UESAKA Mitsuru
PEOFIE) NOEEORED =73, o STATAYR-TRUZDFHNION «ampeg 2 MEN
- BEEERETIRESOTE BRSO
o STATAY - THE - FIREIEETIARER

National Action Plan in 2022 aiming to have successes within 10

years

« (O Promotion of initiatives for domestic production and stable
supply of important isotopes

« (@ Development of systems and structures for promoting the use
of isotopes in medical settings

« @ Promotion of research and development that contributes to
domestic production of isotopes & radiopharmaceuticals

- @ Strengthening research infrastructure, human resource
development, and networks for isotope production and
utilization

o - (W P

Ministries and agencies cooperation to promote TRT: A breakthrough in Japan

http://www.aec.go.jp/jicst/NC/senmon/radioisotope/index.htm 23
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211At & 225Ac Production R&D/ Import/ Distribution status in Japan &QST
211 225 i upplier
At supply Ac import/supply [ﬁs ppl

2 TRIUMF
@® Short-life Radionuclide Supply Platform (from 2016)
& @ RI Collaborative Academic Inter-Disciplinary ~— Supplier =, .- === Import trend ._________‘___tsr_osza_vv_of_n*_mgni
4

Platform (from 2023) e !
= 1 111 MBq L.- /— Import/Distribute ~——
———R NI ! (3.0 mCi)

HBTS5y T2 —4 HiLAS - Network of 5 ENIDC i i & RoNe
sisoieo. | suppliers in Japan : ! 4 i oba
wrmemneos-| + Unification of : (38 mo? 'Pm- ;

graeEm O supply system i <1j N
h s A GMP
@;iﬁ?go ;;%;gg + Supporting At- ij\x, 297 MBq - O
O:)mm;_mggg;;gy- 211 research GLOBAL MORPHO PHARMA (8.0 mCi) OsakaUniv.
(o) - - Japan Radioisotope Association
N 2 i \

BwERRey s  CHUEEEREY Y- A ﬁfgﬁsﬂjmﬂﬂ% Production R&D- ¢l (ol
Rt roauction +sell (plan)

e (VG B8
Charged particles Electrons
T osn -

KURNS  ToMOKU

‘ \ Electrons /

& NMP-QST/Univ Tokyo-QST-ELPH-Tohoku Univ,/
Researchinstitutes  ;raci-kURNS-Kyoto Univ- ELPH-Tohoku Univ,

- IPPE

OSAKA UNIVERSITY \

https://www.rcnp.osaka-u.ac.jp/~ripf/index.html Kitaoka A. Supplyand demand status of
medical isotopes (2021) in Japanese

(modified). Availableat

http://www.aec.go.jp/jicst/NC/iinkai/teir
&i/siryo2021/siryo18/index.htm

FMU own supply system

Fukushima MU

C:CLE

Cyelic Innovation for Clinkcal Empowsenmant

BRI TR
mas O @
a5kl ©
DiER

FUKUSHIMA

2 5 TR T BRI A

T R
= GHARRIC

S irake

EHRE @

S LENBERNTE S~

2 SCREERIAR Y —

=30
ZRRIQPIETFIBETS 2 4




TRT in Japan: Potential use of reactors &QST

FY2020 Research Fund: “Research and development towards establishing self-sufficient technology for
medical Rl using domestic nuclear infrastructure” Naoyuki Takagi
Japan Medical Isotope Co., Ltd., Kanazawa University, Mitsubishi Heavy Industries, Ltd.,
Japan Atomic Energy Agency

o 22Ac production: R&D accelerated world-wide

e Production by reactor is being focused ‘. ‘;

JAEA: Fast breeder reactor-Joyo (Higher fast neutron flux,
higher heat removal amount than light-water reactor)

225Ac¢ production method @

T, S R N

226Ra(n, 2n)225Ac o .

Neutron irradiation over a wide range of
226Ra —>HEFERGY (N, 2n) > 225Ac energies
225Ac production method @ A0 e e s e
230Th(n 2n)229Th — 225Rg — S U S

2230c > 229ThuEEE

— 2299ThIIRL—-5-RiE Mi%”g
7 54;7 o Egi‘mgﬁ
Problem : S iithe AL
- how to obtain Ra-226, Th-230 ST neut;;n ——
- Production system with GMP level | irradiation Capsule for irradiation

https://www.tcu.ac.jp/news/all/20201126-33360/ 25
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National Action Plan: Follow-up in 2023 : JAEA @QsT

IE{E EET EwKR BEE
u 5 — — N
miE B 95y ILOLES Kok 30 mCi (1.11 GBq)
e SRR . RERERORE
Irradiation, Transport emlca - BAREZERZS P
Target . g dismantling Domestic 68
- ®
é B o1 AR DR EICKHERRRDEIE 177 mCi (6.55 GBq)
@ Iﬁ“’%- ﬁ-i?;_ GRYZHBERORYRAHS {8548 : 57 mCi (2.11 GBq)

REFRE TN ERBER Q‘)

) § . A RRSE (BRATHT) :Z:',;:’ tgﬁl’ IAEA - SINEEF £MAE:77 Ci (2.85TBq)
"SI LOBE Bt | BB e um #B5 | Global Radium- M- BF A— )L CHEEFHH BEHY 22 Ci(0.81TBg)
é:?;f ) B '%‘Sﬁ%iﬁ(ﬁﬁﬂi&) ) N ) 226 M‘af\agement +2023/6/5~9 Technical Meeting(web) BRAREHE 6C(0.22TBqg)
-BEH A T LA AR A RONER/ R -Ac-225DAHL Initiative

e —BRELIETORE e
i Y KAME{* FrTEILIEL / ORI S RE

N7

Sector of Fast Reactor and Advanced Reactor Research and Development s SeFARD

F1ci 37GBq).ﬂ0)226Ra§1 cycIe(GOE) - #1 Ac-22535.5GBq(0.96 Ci )Rk b 2 =
I~ 8 3 #2~ Ac-225 24.2GBq(0.65 Ci) AR aian (SRMESHAEEE i ES = ;“”’
R 5 ﬂﬁ-mg s Ac_nm\\/ B7HUA7 LAk @EAN, LERERD RERB :lknuz(x‘{:/ww)
T - b s .1 [Ci (3.7 GBa) R
w| 608 — w0 e D] Tt it el D [ﬁszﬁueu:t
W Ac-225(Ac-227E A) P >
2 2 (REDOHREIEE 2Gi (74 GBq)/y) o | JPOR NERE R/ R - (T3 Ll ey T
= BF N AT LAK
* [maxrrer-manmm [“*"'7‘"" RNRBRAGRSE
Foos RFART LR
; ey | e
&% [ mzaman-roraosacon | o-mmnmnt bR ey
5 il RFALRTLEE, I ! ! !
2257¢ | — SR RIS AR - A BB [RHHRRIS A - WS {EPRERREE-#RETE
10 1 Ra-226 BFNLATLLE e I‘!” "
' Jlmrnl j
: i 1] 1m 1 in e I
5 i i (n,y) R || RHRE (Rs-226) - — S Rato mc: RULHEELY
0 60 120 180 240 P
B8 fdav] ? . oo b
Ra-226 : 37GBq — Ac-225:35.5GBq | @
- At 60 days Implementation of test =

irradiation in 2025 26



Where to have TRT :Mobile Controlled Area for TRT (MCAT™) | QST

A solution of Mobile Controlled

OTRT inpatient rooms & Area for TRT ... _

@designated-controlled-areas (MCAT™) @&
in Japan! ,

e Expensive budget is needed
for initial construction &
renewal of each traditional
TRT inpatient room (about ¢ Patent pending : 2020-025584

5million dollors. 5 {EA) MoBILITY
¢ Easiest installation and decommission
¢ Anytime, anywhere, as well as in emergency

. Alpha emitters dc_) npt need  compact
thick wall for radiation ¢ Only 3-cars parking space (footprint)

4 Minimum, but full-satisfactory equipment/utilities

pI’O.t ection ACCESS-FRIENDLY
« Trailer house type TRT room & Best way to perform emerging 225Ac treatments
wou |C| be OK fOF A| pha ¢ Solution for shortage and disparities in cancer-care
. TRT TRAILER
emitter ¢ Approx. 10% installation cost than building

4 Quiet and comfortable inside than imagine.

In 2022, Nuclear Regulation Authority approved MCAT™ in Radionuclide Control Act. 5,




WHO will take care of TRT practices in Japan

reation of Harmanious Diversity

The number of specialist: #
USA (Population 300M)

(@@S
Oncolog

Diagnostic #4,500
Radiology NLﬁﬁear Medicine
#40,000 .5 500

% Diagnostic Radiology® M E VS
subspeciality & L T Nuclear Medicine
EMEREEBEETI—XRIEHSH,
HAEMI-=4—dhyr | FEPLET L | iR TN A

Japan (Populatlon 120M)

= T =¥ i

ﬁ Radiation Oncology
Diagnostic Radiology :J'— }\ #1,000

#5,000 \
y BESTMEDET
FEHMIZ1362 A 7245,
O EHSHEMEE TR S,

Nuclear Medicine (Concurrent position) &;‘#

#1,000 12

Feb. 1. 2022: Atomic Energy Commission, Medical Radioisotope Production and
Utilization Subcommittee: Prof. Yoko Takano’s presentation: modified

Population per specialist :
USA:

Diagnostic radiologist : 7,500
Radiation Oncologist : 66,667
Nuclear Medicine Physician
(independent position) :

60,000
HA :
Diagnostic radiologist :

26,000
Radiation Oncologist : 130,000
Nuclear Medicine Physician
(concurrent position) : 95,450

Need for training education program for
experts (doctor, medical radiology
technician, medical physicist, nurse, etc )

28




Problems of the development of TRT/TAT in Japan @asT

-v\:To secure raw materials, to develop methods of synthesis
-s—*’j!'o develop new TRT agents, start clinical trials
-s-"To establish companion diagnostics: theranostic twins

« To establish standards of clinical dosimetry for beta emitters

« To establish standards of dosimetry and release criteria for alpha
emitters because of its multiple decay scheme Innovation

Where Shortage of location of therapy, (1) radionuclide-controlled-
__--Aarea, (2) inpatient room in radionuclide-controlled-area, (3) total amount
of radionuclide pharmaceuticals available in radionuclide-controlled-area.
« How: To make TRT/TAT agents in GMP level
« How: Japanese Guidelines for radioactive pharmaceuticals: enough for
-=< imaging agents, not enough for TRT agents
. Who & How: To cultivate Human Resource: TRT experts in medicine,
——- fadlology dosimetry, nursing, etc.
« For citizen to accept this new radiation therapy
* Problems in logistics, regulations and radioactive wastes

Social Innovation 4




Closing remarks @QsT

“Japan’s Action Plan for Production and
Utilization of Medical Isotopes”

TRT/TAT scientific fields is booming & medical markets are
glowing with supports from Japan’ s Action Plan.

Clinical trials of At—211 labelled agents including NaAt & MABG
have already been in progress.

Accelerator production of Ac—225 was already established in
AMED/CiCLE research project and an Ac—225 labelled agent is
in a non—clinical study.

For TRT, Who, Where, How to perform: important aspects,
especially Where: “Hospital rooms with special measures
(HSP)” and “MCAT™” are attracting attentions.

“All-Japan” cooperation including Atomic Energy Commission,
QST, FMU, Osaka U, & others is need to strive to develop

technological and social innovations for further promotion &

spread of TRT/TAT. 20
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Thank you for your

attention.

Stay safe and
healthy!

FERPRYXOVE
Fr3758—
F—1KA

31



	スライド 1: “Japan’s Action Plan for Production and Utilization of Medical Isotopes”
	スライド 2
	スライド 3
	スライド 4: "Special Subcommittee for securing Medical Radioisotope Production and Utilization“ & Action Plan in 2022
	スライド 5: "Special Subcommittee for securing Medical Radioisotope Production and Utilization“ & Action Plan in 2022
	スライド 6
	スライド 7: 211At　astatine: Japan leading the way in manufacturing research
	スライド 8
	スライド 9
	スライド 10
	スライド 11
	スライド 12
	スライド 13: "Special Subcommittee for securing Medical Radioisotope Production and Utilization“ & Action Plan in 2022
	スライド 14: Great concern in Japan: Regulation of radionuclides
	スライド 15: TRT:　I-131 RAI Therapy for DTC in Japan
	スライド 16: New Regulation of radionuclides in 2022:   “Hospital rooms with special measures (HSM)”
	スライド 17: The impact of “Hospital rooms with special measures (HSM)”
	スライド 18: "Special Subcommittee for securing Medical Radioisotope Production and Utilization“ & Action Plan in 2022
	スライド 19
	スライド 20
	スライド 21
	スライド 22
	スライド 23: "Special Subcommittee for securing Medical Radioisotope Production and Utilization“ & Action Plan in 2022
	スライド 24: 211At supply
	スライド 25
	スライド 26: National Action Plan: Follow-up in 2023： JAEA
	スライド 27
	スライド 28: WHO will take care of TRT practices in Japan
	スライド 29: Problems of the development of TRT/TAT in Japan
	スライド 30
	スライド 31

