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SUMMARY

I. Project Title

Technical Cooperation for the wider uses of Ho-166 Therapeutic Agents in

European Countries

II. Objectives and Importance of the Project

KAERI has developed radiopharmaceuticals using Holmium-166 for the
treatment of deleterious diseases such as 166Ho-Patch for the skin cancer,
166Ho-stent for the esophageal cancer, 166Ho-filled and coated balloon for the
radio-brachytherapy. Moreover, 166Ho-CHICO has been recently approved as
new liver cancer drug by KFDA.

Czech has a research reactor (10Mw) which makes possible to produce
Ho-166 and radiopharmaceuticals utilizing Ho-166 can be developed through the
collaboration between Czech and KAERL

Czech has put their priority in developing the radiopharmaceuticals based on
reactor produced Ho-166 and a related fabrication will be extended to other EU
conturies including Germany, France, etc after a development of project. The
collaboration will be based on the mutual agreement for developing the between
research institutes, industries and academic institutes and further researches
should be followed by the issue of developing radiopharmaceuticals using
Ho-166.

II. Scope and Contents of the Project

NRI and NPI in Czech where the radiopharamceuticals are produced and the

development of radiopharamceuticals is conducted at were evaluated for the



present condition which provides the facilities, capabilities and other relevant

scopes for the collaboration.

To strengthen the collaboration, detailed discussions for the practical
collaboration have been made through the visitation to the research institution of
each counter part. In addition, feasible techniques required for the production of
Ho-166 has provided by Czech and KAERI held a presentation session to
present the novel effects of the Ho-166 related research including clinical

researches.

For implementing the collaboration between NPI and KAERI, an institutional

basis technical cooperation agreement(TCA) will be concluded.

Furthermore, agreement for the substantial collaboration on Ho-166 related

researches will be made after the conclusion of the TCA.

IV. Results of the Project

Technical specialists on the Ho-166 production visited each counter part for
the exchange of virtual information although present research is limited for the

only research purpose.

Transferring the technology for clinical application is facing the difficulty on
getting the authorization from the relevant administrative organization in Czech,
while the excellent effects of clinical application wusing Ho-166 has been

advertised through the several presentations.

Practical collaboration has been full-fledged through the visitation of

specialists on each counter part institution and MOU has been exchanged.

Technical Cooperation Arrangement between KAERI and NPI has been

confirmed under the mutual acceptance.

It was acknowledged for the necessities on the exchange of Agreement
between NPI and KAERI on Ho-166 therapeutic agents, therefore, it's preliminary

arrangement will be ready to be exchanged between each delegate.

_vi_



V. Proposal for Applications

In general, full assistance on the non-proliferation nuclear energy matter will
be provided to Czech from KAERI and vise versa. And the Technological
Cooperation Agreement will be beneficial and also play a major role in virtual
collaboration between KAERI and NPIL

An ultimate goal of collaboration has played on the exportation of Ho-166 to
the other European countries rather than Czech through the collaboration. To
fulfill the goal, basic foundation for the production of Ho-166 and its
commercialization into the radiopharmaceuticals are required in Czech, however,
it was found out to be the main obstacles for the accomplishment of final goal

in present.

On the other hand, it will accelerate the commercialization of KAERI
developed  Ho-166 therapeutic agents into other European countries once
authorization is acquired in Czech because the regulatory authorization for the
approval as a commercialization of radiopharmaceuticals in Czech is very similar
to other EU countries. Thereby, its commercialization of Ho-166 products in
Czech will lead to potential commercialization on other EU countries and this

would be returning to KAERI in the from of investment profits.

In conclusion, it is certain that the technical exportation of Ho-166 based
therapeutic agents that have been developed KAERI into European countries
such as France and Germany, etc. will be ensured through the successful

technical collaboration program between KAERI and NPI in Czech Republic.
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CEZ a.s.(Czech Power Company plc), 11 % Skoda Plzen a.s. (plc), 3 % Village
Husinec-REZ 9] jFF=2 FAJ = o] ).
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- R okl MY ARA NS AT

Al NRIZF 33ta &= —TL\_ Ministry of Industry and TradeZ%-¥ <&
stel AWF 1370 ZEAESL k. ol PAASHE AL VAR ATE
Development of diagnostical and therapeutical radiopharmaceuticals based on
synthetic peptides ©]t}. E3F State Office for Nuclear SafetyZF-H 77| HAE
!

1%

A

Grant Agency of CRERFH 9/ #HAS Fhstar glom, 953 =34
LS A #E A= VIR e 2ok

- Centre of fundamental and applied thermal neutron research

(Boron Neutron Capture Therapy )

- Development of radionuclides preparation on reconstructed experimental

reactor LVR- 15
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NRI®| F8 &5 77 7IgfAdAM FhHL AT A7 = oy FAHS
WAL o okE AN X221 Radiopharmaceuticals Divisions 3802 A+
= Zlsstadn E3 AR E e NS 9

A LAt g

ol ol ofy

5 BEA7E F¥gste FLYA¥E 1) 98 9942 NS 9
Cyclotron(U-120) &<, 2) *AHd ol oFF2o] 7H, 3) WAMd ok F A%, 4) A

3
2 g % Ax Folth
A A} FESt = WA E B EA e ve 2.

¢ Gallium Citrate ( 67Ga) Injection,

¢ Indium Chloride( 111In) Sterile Solution,

e Thallous Chloride( 201TIl) Injection,

¢ Sodium Orthoiodohippurate ( 131I) Injection,

e Monoiodobromosulphophtalein ( 131I) Injection

® Metaiodobenzylquanidine ( 131I) Injection

¢ Trimethyl-HIDA, DTPA, MAG3, MDP, HEDPA, and DMSA.

200039 Radiopharmaceuticals Division WAF O] ko] U84 2 F4dH
[e)
R

5 4o Q% olgel Ao BWASe 5

ko
Ll
HT ofj
o N
>
N
N,
Ho
QL
£
=
S

Na Homolce hospital®] PET Centre
ol 4X¥ Hot Lab.9lA PETS AN ot &% 718 tEAQ “FFDG A4S
& 7lEMd 2 FAREE Aty Be =82 E&de 2 23 AT “FFDG



AR WAow FRUYe]l ABFol ATk EF Teo9m W7 AL 7140
Wy} sl wAvlel A B 299 AAS A% A7t FaHn A

1) A S ekF o] 3Lt

NRIE= ARG YeFES] A4 B EASgE Aitel Bt A=HQl Law on
Pharmaceuticals(No. 79/1997 Coll.)dll uwe} A=Y 37IE HAS3td A4kstar o

WAL o] oF 3 F-(Radiopharmaceuticals Division) | Al ABAHE &= & WAL o] oFF

S AF HAGIZdE 52 9 AusrtES e Ao Z 200030 AAEE Hol whet
BEAZF vt AlEFA A48 A= 2 FHFSAEU) 7Tl B2 55 vl
1 A3tolt}

ol&el WAL ERE AFE LS 93 QA AAS Y93t o Al
2 A Fx REOA A= W EU 7|F| W& GMP 7|Fd 1&g eE 951
=

o] AlAM

< "jd State Institute for Drug Control($-2lthete] ‘2l &2 eFFehd 4’
ARG dds st :)e] AMEReEREH HF7FR] HAL o] Fo

€ 200090] U A4 R FFY PAAGE @ EASF ok,

A

O WA Sl FE
- "iodohippurate injection for test of renal function

Sodium iodide (Na''l) - solution for oral application for thyroid therapy

Thallous chloride ( TI-201) injection for myocardial perfusion scintigraphy

Gallium citrate (Ga-67) injection for localisation of tumours and abscesses

Indium chloride (In-111) sterile solution as a labelling agent

- Sm-EDTMP injection for pallation of painful bone metastases
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O XA 8} HE(Te-99mE- Kits)

DTPA kit for diagnostics of morphologic and functional changes of renal

parenchyma, diagnostics of local processes in the central neural system

Trimethyl-HIDA kit for diagnostics of various types of the gall ways defects

DMSA kit for kidney scintigraphy

MDP kit for bone scintigraphy

MAGS3 kit for monitoring of renal function

HIBIDA kit for visualisation of the hepatobiliary system and examination of
the hepatobiliary function, which is effective also at high levels of

billirubine

HMPAO kit for brain scintigraphy

2000 HElE= "'I-Rose Bengal® Ajto] FdE<]on HMPAO kitd] 529
whet AL 9 FFe] o] F oA Tt

2) PET& WA 9 %F

Na Homolce Hospital®] PET centred] MZ2 QG AlAdo] HXHo] State

Institute for Drug ControlZF-¥ WA o|okF AHibs 93 s7tE HS5slH A5
FAAAE ol g3t nEZS PFFDGS A4tsta Tk

A= Qe BE-EDGY WALSIEtA e 95 % A sta 9ow, ol EP9
7] (Pharm. Eur. requirements)dl #3&3st= F-Folth AtE AF<] AL 10
Al7F &< A = AT

% 1-42_ %6‘]—04 j:,]]_?lg]_ ol:g] %/\6}61—?(—1

= w1 |

A\

Aol M vl kA o] AT

AAl olo] gt AFAF2 State Institute for Drug Control, State Office for
Nuclear Safety ¥ Na Homolce hospital®] Ethic CommitteeZ %8 A257}5 B
o} 3= gtk

ol¢e} BlEo & FTH F-18, O-15 C-11& ©|-&3 PET & WA %F

o] e o,
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3) A3 &F

o5 EA WHE JEHo 2 FEE EAT F oy FEHIS St
213k 23} somatostatine receptorsE kil U= FIoA Y FHE& dojtA

A=d o= Tc-99m FEA|A] octreotide’} 7}A

K
o
rr

S-S bond®] cleavageo] 9% AES AGHI Utk EF octreotideE ©] &3
111 sEA g o] Azl Ao

[-131S Paclitaxel] ¥ A A7} = Fo|H 1 BatchE AAitste] SEH4HS ¢

=R A
o}-2# o] Paclitaxel’S Lipiodole] HHEA|A IFegHo=z AH
A

B7153 7t 99 XN8E 98t o] & AFolt. o]F 3
shgt=el A4871de A g3] vofstojord davt o

=

Czech Academy of Sciences®}e] 7= d3Fo =2 AZF European research
project EUREKA EU 2245 : New Generation of Reagents for Diagnostic
Radioimmunoassays®l 23Rt o] ZZAEE 73l lodine WA EHAHLAEE
o] &3t scFvele A 7tsAd ATE FH3Y FF radio-immunoassaysel] &3

A & o]t

T3 IAEAY] 7@ P A 4302 TAEA project EGY/0/013 : Utilization
of Cyclotron Facility % IAEA project CZR/4/007 : Cyclotron for Short Lived
Medical Radioisotopes®l] #odstar 1t

U}. NUCLEAR POWER AND SAFETY DIVISION

0 F28%

- Plant performance evaluation

- Fuel performance evaluation

- Safety, risk and reliability assessment
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Advanced control, instrumentation and diagnostic systems

Noise analysis

Experimental hydrodynamics research

Accident management

Core physics analyses for NPPs and research reactors

Experimental verification and validation of reactor physics codes

RPV dosimetry

Space-time reactor kinetics

Experimental measurements on the critical facility LR-0:
e in-core flux distribution,
¢ neutron fluence on the reactor pressure vessel,

e criticality issues for spent fuel storage facilities

Non-nuclear environmental studies (risk and reliability analyses).

0 Fa AT 44

- PSA level 1 for the NPP Dukovany (VVER 440/213),

diagnostic and fuel-failure predicting system for the NPP Dukovany,

diagnostic system - reactor pressure vessel internals vibration for the NPP

Dukovany,

operator support system for VVER-440 reactor shutdown,

safety analyses for DBA and BDBA, VVER-440 and VVER-1000,

broad amount of works for the verification of neutronic codes for VVER

cores.

0 F8 AT Fol

- PSA level 2 for the NPPs Temelin (VVER 1000) and Dukovavany VVER
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1000)
- preparation of the Safety Analysis Reports for the Temelin NPP,
- incidents and operational occurrences evaluation (NPP Dukovany),
- safety evaluation review of the NPP Dukovany,
- participation in the IAEA, EC and OECD international research projects,

- participation in the international users and research clubs (CAMP,
ACE/MACE, CATHARE, ESCADRE etc.)

- participation in the Phare projects.

O Nuclear Power and Safety Division operates Zero-Power Reactor
LR-0,.aerodynamic tunnel and other facilities for experimental

hydrodynamic research.

o). INTEGRITY AND TECHNICAL ENGINEERING DIVISION

O Fo&%F

Structural integrity of reactor pressure vessel and other primary circuit

components

Steam Generator repair and maintenance including SG tubes NDE

LBB assessment for VVER plants

Equipment Qualification programme

Reactor materials corrosion, irradiation assisted stress corrosion cracking,

flow-accelerated corrosion

- Reactor materials mechanical properties: fracture mechanics, surveillance

programmes, reactor pressure vessel annealing assessment
- Microstructural investigations of structural materials.

- Qualified UT NDE Testing
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0 Fa AT AA

Reactor pressure vessel surveillance programmes for all Czech and Slovak
VVER 440/213 units,

Evaluation of reactor pressure vessel annealing (2 units of VVER-440/230

type at Jaslovske Bohunice),

Application of LBB approach to VVER 440/213 and VVER 440/230 units,

Optimization of the primary and secondary circuit seismic protection system.

Reactor pressure vessel and other reactor components life extension

Assessment of steam generator tube integrity

Valve diagnostics and rebuilding dossiers

In-service inspection qualification for RPV and piping components

Assessment of microbiological corrosion

0 F8 ATFY Fof

Reactor pressure vessel and other reactor components life extension,

SG maintenance of all VVER NPPs at Czech and Slovak Republic,

Reassessment of the surveillance programmes, incl. retrospective dosimetry,

On-going qualification of cable assemties,

Loca testing with respect to the equipment functionality,

Application of LBB approach to VVER 1000 units,

Assessment of steam generator tube integrity,

Czech PISC project - probability of defect detection.

O Integrity and Technical Egineering Division operates hot and semi-hot cells,

test facilities for materials and components research, corrosion and MIC
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test loops and valve diagnostic centre. All qualified personell and

manipulators for SG repair and maintenance.

2}. FUEL CYCLE CHEMISTRY DIVISION

O FRBE
- Treatment and processing of solid and liquid radioactive waste
- Operation of storage facilities

- Research and development of waste treatment and conditioning technologies

(bituminization, cementation, vitrification)
- R&D in the field of deep geological repository planning and preparation

- Development of pyrochemical separation processes for Partitioning and

Transmutation technologies

- Research and development in the area of liquid nuclear fuel chemistry for

advanced (molten-salt) reactor systems

0 Fa A7 AA

- Experimental bituminization technology for fixing the technological
conditions and for the pre-operational verification of NPP (VVER) waste

conditioning

- High-temperature processes equipment based on "cold crucible"
high-frequency heating for vitrification technology development and corium

behavior research

- New types of chlorinated cobalt dicarbolide reagents for selective alpha and

gamma radionuclides development and testing
- Natural analog study of the Ruprechtov locality

- Safety Analysis of NPP Dukovany Surface Repository including the

near-/far-field and biosphere processes evaluation

_24_



- Realization of the non-destructive characterization of the radioactive waste

packages by gamma scanning

- Fluoride volatility technological line for the verification study of the spent

fuel partitioning process

- Electroseparation technology for the development of Molten-Salt

Transmutation Reactor fuel cycle

O The division operates hot and semi-hot cells, alpha-radiochemical

laboratories and the radioactive waste treatment facility.

v}, NUCLEAR SAFETY REGULATION SUPPORT DIVISION

O The division assists the State Office for Nuclear Safety in providing an
independent safety analysis review and technical support for licensing

processes.

B}, ENGINEERING SERVICES DIVISION

- The Division was established in 1999

- It is independent on Temelin management.

0 Fa Y%

- to ensure Scientific Supervision of Temelin Nuclear Power Plant
Commissioning provided in accordance with the Statute of Scientific
Supervisory Group - SSG ( approved by the Board of Directors of CEZ a.s.
) and contract concluded between CEZ a.s. and NRI Rez plc.

- SSG assists the Temelin operator by supervising over fulfillment of the

nuclear safety related requirements during NPP Temelin commissioning.
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Al. REACTOR SERVICES DIVISION

0 F28%

Irradiation of materials in instrumented reactor capsules and in high

pressure reactor water loops
Water chemistry control and corrosion in the NPP primary systems

Production of radioisotopes for medicine, pharmacy, research, agriculture

and industry
Production of silicon semiconductors

Neutron beam experiments for neutron scattering, neutron diffractography

and neutron capture therapy

Activity transport in the NPP primary circuit and reactor shielding
In-core instrumentation

Reactor dosimetry

High-temperature sensors development

Testing of radiation resistance of chemical compounds
Sterilization of medical and pharmaceutical materials

Radiation technology - crosslinking, polymerisation, grafting
High-dose dosimetry

Radiation chemistry related to nuclear technology

Neutron and Gamma ray transport and shielding calculations
Neutron metrology

Reactor pressure vessel fluence calculations (DORT, TORT, LEPRICON)

Fission products calculations, actinide inventory (ORIGEN 2).
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0 F& ATAH

- Assessment of cable aging

©)

©)

The division operates a 10 MW research reactor, a pressurized and boiling

reactor water loops and hot cells.

The division also operates CENTRAL ANALYTICAL LABORATORY

%€ CENTRAL ANALYTICAL LABORATORY

N

Advanced analytical techniques development
Advanced analytical services

Production of labeled compounds

S FR AT A4

Development of precise and accurate methods for safeguard control of

nuclear material,
Analytical methods for experimental facilities,

Investigation of cementation barriers permeability in radwaste repositories,

using diagnostic radioemanation method,

Analytical methods for the determination of low concentrations of

hazardous long-lived radioisotopes in surroundings of radwaste repository,
Monitoring of radionuclide pollution in forest ecosystems,

Analytical services in the network of IAEA analytical safeguards

laboratories

C-14 labeled compounds production
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3. 7L Y9AE (LVR-15)

7} 4urd g

(29 7) LVR-159] A X9 23
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LVR-159 A ZAlE &3

ar =

S 2 s7] 98k 5719 Hot CellS z+F1

A WA Hot Cell2 7]2o]% &l channel2 AAZ FH-of
ZAH ®A49 FdEte AA
3+ Ad

grI7F A H o Ao

ZAE AlEe 207 2 414 Hot CellolA] #HE3kal lom, 34| Hot Cell
loop ¥ probe®] ZAAE AAL F AAES 913t o] &= oW AR ZANE
S ZHE Hot Cell7}A] ZA} ChannelS A4Y4E F =

o] Ax|=o] Ut

E Cell?] Ao 214 Hole
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o] AAZE ol§el e 2 YT FHHL ok

material testing experiments of the reactor pressure vessel at water loops

and material testing at irradiation rigs
- activation analysis with the pneumatic rabbit system
- experiments at beam tubes in the field of basic and applied research

- irradiation of iridium for medical purposes, irradiation for

radio-pharmaceutical production
- irradiation of silicon single crystals

- experiments at the thermal column in the field of neutron capture therapy

<3 3> ATEAAE(LVR-15)9] 54

maximum reactor power 10 Mwth

maximum thermal neutron flux in the core 1.5 x 10" n/m*s
maximum fast neutron flux in the core 3 x 10" n/m’'s
thermal neutron flux at the end of the beam tube 1 x 10° n/m*'s
thermal neutron flux in irradiation channel in fuel 1.2 x 10" n/m*s
thermal neutron flux in irradiation channel in reflector| 9 x 107 n/m’'s

1) EXPERIMENTAL FACILITIES

- high-pressure water loops
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vertical channels for material testing (rigs)

vertical irradiation channels

pneumatic rabbit system for short-time irradiation

nine horizontal channels (beam tubes)

thermal column

- hot cells

Bofs Hof Vg @ ARG ATAAY o} PAAS o8 TN 2
AFEAN AN AT S JE BRAD T IR FF0 PAITAALE]
o] AZE olgtel YAHI Yok

A7) o] A4S olgstel YaEy Y WAYTAALE e 2

O WA FE A2S 9
Ho-166, Fr-169, Re-186
O WAV AF

: M0-99/Tc-99m, Sn-113-In-113m, W-188/Re-188

0 WAL &b A Co-60, 1r-192, Ta-182, Au-198

@)

: 5-35, Na-24 &
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<¥ 4> LVR-159] A S 9L A AL

oH
Jm
2

rotary irradiation channel DONA

max. neutron flux density diam. 83 mm

-2 x 107 n/mz-s

narrow channel in Be reflector

max. neutron flux density diam. 40 mm

-9 x 107 n/m*s

narrow channel in H2O reflector

max. neutron flux density diam. 40 mm

-9 x 107 n/mz-s

narrow channel surrounded with fuel

max. neutron flux density diam. 40 mm

-9 x 107 n/m*'s

wide channel surrounded with fuel

max. neutron flux density diam. 62 mm

-9 x 107 n/m*s

wide channel in H2O reflector

max. neutron flux density diam. 62 mm

- 16 x 10® n/m’'s

wide channel in H2O reflector

max. neutron flux density diam. 83 mm

- 1,6 x 10" n/m’"s
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4. A= NRI=HY] 8 3AA

oA A vho 2ol B 1EALEE 2 AALAG B o] AAW ool
o dAEHAFA} AZAF7IHHS] FHL 199549 3¢ AHE A& EHTA
o] J¥o =z AIZ NRIZ 19959 39 59 Memorandum of Understanding between

U
Nuclear Research Institute ReZ plc and KAERIS A 235t

o

—_

s r

oz

A4 Boha o]§3Ae Astel PRV A uP 718 AT L A
Rol FYAA THS BHOZ s glov 8 HY

r

k-3
.

T FEFAY FHEAZA 19959 8¢ NRI £2%S 33 djsido] A4
°f R&D & Witstal

&5 WEste] Mouel AZ2" 67) Zokll W =
+ 87l Project®] action pland] $¢]3te] ROD 24 st

@ Evaluation & Innovation of the Nuclear Reactor Materials

(@ Expert Exchange in the Area of PSA & Severe Accident

@ Research on Experimental Thermal Hydraulics for Advanced

Reactors

@ Research on Fuel&Reactor Physics Area

® Research on Cladding Corrosion Tests

©® Development& Commercialization of New Radiopharmaceuticals

(@ Radioactive Waste Management

Joint Research & Development on Decontamination,

Decommissioning and Radwaste Recycling Technology

gy @A7EA 199739 3 E LVR-15 04?32 o] &% ZAMEE HAste
RPV material specimens irradiatione A|¢|slie AAZQ] FHL o]FoAA X
st e AAeE FEHY A Jido] Bagh Zﬂgi
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5. AlZ WAL o] oFF &l 3] Al (Lacomed Ltd.)

Labelled Compounds for Medicine Czech Republic

19923 AHHA Wz7F 3ALE A NRIOA AAEE 238 2 288

=
YA E B BARTES FFHL Y YA ol

acomed s.o.

LABELLED COMPOUNDS FOR MEDICINE
CEZECH REPUBLIC

Agshe WY Ee ey o
- Thallous chloride[T1-201] : myocardial perfusion scintigraphy

Gallium citrate[Ga-67] : localization of tumours and abscesses

Sodium orthoiodohippurate[ 1311 | - test of renal function

Bengal rose[I-131] : functional examination of liver and hepatobiliary system
Sodium iodide[I-131] : thyroid therapy

Indium chloride[In-111] : as an labelling agent, may be used for labelling of

monoclonal antibodies

Sm-EDTMP injection[Sm-153] : palliation of painful bone metastases

E3F Te-9m EAE 93 EASFEE2 =3 2o

- DTPA : diagnostics of morphologic and functional changes of renal
parenchyma
DMSA : kidney scintigraphy

- HIDA : diagnostics of various types of the gall ways deffectes
- MAG 3 : monitoring of renal function

- MDP : bone scintigraphy
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- HIBIDA : hepatobiliary system scintigraphy and examination of the

hepatobiliary function

ol H-3, C-14 5& ¥A3 3%
ol9lol = F IA} FFete AR

- Tc generators

- wide range of radio-, lumino- and enzyme-immunodiagnostics kits for
diagnostics of thyroid tumours, bone metabolism, infection diseases, in
endocrinology, gynecology, cardiology, diabetology, immunology and
hematology

- radiochemicals

- radiotherapy sources Ir-192

- equipments ( gama-spectrometers, luminometers, shakers )

s

T3 9= 1570 3AMe] WA ES Y THEsE o
< o FAE Fdste Aot

- BR.A.H.M.S. Diagnostica, Germany

- 1ZOTOP Institute of Isotopes Co. Hungary
- BIOMEDICA, Austria

- ORGENICS Ltd., Israel

- Diagnostic Products Corporation, USA

- NEN Life Science Products, USA

- DPC Bierman, Germany

- DuPONT PHARMA, Belgium

- ORION Diagnostica, Finland

- IZINTA - Trading Co. Hungary

- ALIMA Inc.,, USA

- DSL Inc., USA

- POLATOM Radioisotopie Centre, Poland

- INCSTAR Co. USA

- Axis Biochemicals ASA, Norway

- MDS Nordion S.A., Belgium

- Immunodiagnostic System Ltd., England
Nucletron B.V., Netherlands

o2
ol
o
=
fass

o 2
= T
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Al 2 A NPI of the ASCR &%

NPIE 7]&st7] oldd -4

d 9171382 The Academy of Sciences of the
Czech Republic (ASCR)®l o 3} 3

A

AR F NPIol thate] 71%stun gk
1. ASCR Yu&3s o Q=

7t dWrE

The Academy of Sciences of the Czech Republic (ASCR)2 A Z7} AZ&E=Z 4}
Zlol2 R #e =Y mEk Czechoslovak Academy of Sciences®] HFE T2
71802 19923 Czech National Council (Act No. 283/1992 of the Collection of
Acts)oll &Jste] 2 H A

ASCRA 29 2BAT/ o Beraiots] Zrlole 23 2 Azdte £
Sol g Hae AW £ES skl =Fsm, BeH AN FE] 9%

ol7]&o] AA" Al JHe] FH8HE(Scientific Division)l i) Division of
Mathematics, Physics, and Earth Sciences, 1ii) Division of Chemical and Life
Sciences, iii) Division of Humanities and Social Sciences% F3td 60 o7 A7
TS FHae™ 64009479 HPow FAH g

ASCRE 71941 4319 8S Agsha 77h AFAE FH FaAre] ol
of ZAFn F7h AA 2L FAAFZ2YES FAHT 9o slEoln L I3
A4 Age FEsHs] Aste] $FAT ¥ AYREe FY FAL A5t

s k.
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Supervisory

Committee

Council for

Academy Assembly

President of the ASCR

Vice Presidents

Head Office
of the ASCR

Academy Council

Presidium of the AC

Service Units

Sciences
Academy .
_ Advisory Grant Agency
Appraisal .
o Committees of the ASCR
Commissions
Mathematics, ) .
] Life and Humanities
Physics and ] ]
Chemical and Social
Earth ) )
) Sciences Sciences
Sciences
(1Y 9) ASCR ZA %
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Mathematics, Physics and Earth Sciences

Section of Mathematics, Physics and Computer Science

Section of Applied Physics

Section of Earth Sciences

Life and Chemical Sciences

Section of Chemical Sciences

Section of Biological and Medical Sciences

Section of Bio-Ecological Sciences

Humanities and Social Sciences

Section of Social and Economic Sciences

Section of Historical Sciences

Section of Humanities and Philology

(L¥ 10) Scientific Divisions of ASCR
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2. Nuclear Physics Institute
7b 4wt A%

NPI= ASCR®] Mathematics, Physics and Earth Sciences Division®] Section of
Mathematics, Physics and Computer Science®l &% 671 AF7]#<] styolt}. 6
7N AT7]#2 Astronomical Institute, Institute of Computer Science, Institute of
Information Theory and Automation, Institute of Physics, Mathematical Institute,
Nuclear Physics Institute©] T}

NPI= 19551 A% Czechoslovak Academy of Sciences 4t3}e] Institute of
Nuclear Research®] Physics Section©] #&] %o 1972d Ay ¥ 7]#olth

1994'd o= ASCR 4Fs} Institute of Radiation Dosimetry”} NPIZ &% At}
U

NPIE 712 A7 Eokd A/ZdYA &8 A7=2 FHo=z We 2 72}
WALA Y] nuclear spectroscopy (&3 oll #gE AT, Fol&(Heavy ion)d] T=&
23%st kg 2 hyper-nuclear physics, ~3t& 2] ¥ neutron scatterings ©]-§
solid phase o #3 AFE FPstaL Y
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Director

NPI Scientific Council

Director’s Office

Director’s Office

Department of Theoretical Nuclear Physics

Department of Nuclear Spectroscopy

Department of Neutron Physics

Department of Nuclear Reactions

Department of Radiopharmaceuticals

Department of Accelerators(Cycrotron)

Department of Radiation Dosimetry
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Tk, NPI ¢FA}

19553 Czechoslovak Academy of Sciences(CSAS) 4Fsl Nuclear Physics
Institute = AYHE A2 Y=o Nuclear Research InstituteZ 7)™ = 1t}

9723l = & A7a7E A e driEe s FeHNew T 2 71#e]
Czechoslovak Commission for Atomic Energy®] Nuclear Research InstituteZ ]
HAt & 7]#2 FF Nuclear Research Institute Rez, plcZ T = Aot

o] A7l sMEE Z|ZAF7|Ho] dAEFoeH o] 7|#HE dAHe] Nuclear
Research InstituteZ 7§ 3 = 1t}

1979'd Nuclear Research InstituteZ} =33t 2 Low Temperature Physics
Department= 3Z2}s}ol] $]X] gt Institute of Physics of CSASZ o] #E AT}

1993 o= A2 EHel wel CSASY] A5 7]1#Sl ASCRE NPIZF o] #= Ut

1994del= #}A NP7} 33| ¢ Institute of Radiation Dosimetry”} NPI|
HaE o™, Czech Environmental Institute’} 33 2T Neutron Activation

Analysis Laboratory”7} o] #=| 1t}
Zh. NPI 4 3 o
1) Department of Radiopharmaceuticals

o] BAE A2o] =AE HAZA 1998 =
FEEE U-120M= o] &3 WA o ofFol B A7 g 3 Ads A AF

AA Aol B8R = Mo|ZREELS o] ArRoblNE AF AEHT
ow oo Fad Qi FAAL ANl o]gHL AUtk
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A= Hot CellE°] ZEFo|7 HAGAAE S AR om QC AFAS HA5%
ok FEgE NPIZF WA O ekES] A T35 st A=
A g 53t

PFFDG A4te 19980 FaHAon, # S 93 Rb-81/Kr-81m HA 7]
o] 2F8AYAHE 20009 FE FE o g v sty AR AR Y F

wote] ARSI T

=
<)

o

[o:

Ho-1665 ©]-&3%F endoradiotherapy % 359 X 54| 7l
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(PLA-MS), '“Ho-macroaggregates (MA) 2 33k X858 '"“Ho foils 5 723}
al ek

Ho-1662 Nuclear Research Institute Rez plcollA ATFELAZE o] &34
"“Ho(n,¥)'*Ho ®¥F-3-© 2 neutron flux= 10" n/cm’ s 2 WAISIAIA AaE g

ok AA o] AFEUARE o] 83l 3.7 GBq/mge] Ho-166S A4+ 4= )

2) Theoretical Nuclear Physics.

Hypernuclear physics.

Interactions of hadrons with nuclei.

Non-nucleonic degrees of freedom - exchange currents.

Interacting boson model of nuclei and beyond.

Standart model of elementary particles interactions and beyond.

Mathematical physics.

3) Nuclear Spectroscopy.

Low-energy nuclear electron spectroscopy.

- Heavy ion physics : Investigation of nuclear matter under extreme
conditions (collaboration with WA98, TAPS, HADES).

- In-beam nuclear spectroscopy.

- Research with anti-Compton spectrometer.

- Low-temperature nuclear orientation studies of beta-decay.
- Experiments on multi-detector correlation system.

- Applications of radionuclide X-ray fluorescence analysis (R-XRF) and neutron
activation analysis (NAA) in archeological, biomedical and enfironmental

studies, and for quality assurance.
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4) Neutron Physics.

Residual strain measurements.

Neutron optics.

Small angle neutron scattering (SANS).

Neutron interferometry.

Radiative neutron capture.

Nuclear analytical methods.

5) Nuclear Reactions.

- Reactions with light nuclei.

- Study of light exotic nuclei using radiactive beams and few-nucleon transfer

reactions.
- Low energy reactions in few nucleon systems.
- Study of light induced drift applications.
- Study of radiation-induced mutagenesis.

- Accelerators (cyclotron).

6) Radiation Dosimetry.

- They are supported by Technical and Economic Administration, and by
Director’s Office. Joint Laboratory of the Radiation Chemistry of the
Nuclear Physics Institute ASCR and of the Nuclear Research Institute plc

also works at Rez.
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Memorandum of Undex;standing
between
Nuclear Research Institute ﬁ(_ai plc
and

Korea Atomic Energy Research Institute

Nuclear Research Institute ReZ pl¢ (NRI Rez) and Korea Atomic Energy Research
Institute (KAERI), hereinafter refeited to as the Parties, récognize their mutual interest
in promoting cooperation in the peaceful uses of nuclear eneigy. To this end, the Parties
agree to undertake the activities as set forth below.

- Article 1 - Objectives of Cooperation

The general objectives of cooperation are to pravide oppertunities to exchange ideas,
information, technology, personnel and to collaborate on subjéct matters of mutual

interest.

Article 2 - Fields of Cooperation

The Parties will cooperate in the fields of nuclear energy for peaceful purposes. The
collaborative activities under this Memorandum of Understandmg (MOU), hereinafter
referred to as the Collaborative Program, will be outlined in the Annexes to this MOU
* by mutual agreement of the Parties. The contents of the Collaborative Program will be
subject to modifications or suppléments from time to time as agreed upon by the Parties.

Article 3 - Methods of Cooperation

The principal methods of cooperauon include the transfer of information from one party
to the other; meetings organized to discuss spec1ﬁc and agreed topics, visits of or
attachments by teams or individuals rcpresentmg one party to facilities of the other party,
the 1mplementauon of joint research projects or specific projects sponsored by either
party, and using one party$ facnhtles built ar.to be built, to do R&D work desn'ed by

the other party.



Article 4 - Coordination

‘A coordinator will be designated by each party to provide a central point of contact in
each organization, and through whom all communications and arrangements for
cooperation will be made. The Parties may establish a joint meeting for the effecpve
coordination of cooperative activities under this MOU, composed of representatives
designated by each party. The meeting will conduct a joint review and formulation of the
'Collaborative Program and take place altemately in the Czech Republic and the
Republic of Korea. Within the framework of the Collaborative Program, coordinators
of the Parties may agree to carry out specific projects by concluding separate
arrangements between them, if necessary.

Axticle 5§ - Sources of Finance

The cooperative activities under this MOU will be, in principle, based on financial
support available to each Party. Such financial conditions will be specified in the Anne-xes
to this MOU which outline the details of the Collaborative Program pursuant to Article
2 above. The Parties may depart from this general principle in financial sources by
mutual agreement, when necessary. Prior to being involved in any specific projects
according to Article 4 above, the Parties will determine the detailed terms and conditions

including financial sources to be set out in separate arrangements.

Article 6 - Transfer of Information

All proprietary information transferred under or arising from the use of information
transferred under this MOU may be made available for noncommercial pr.ograms'of
either party, but shall not be disseminated or published or transferred to third parties

without mutual written agreement of the Parties.

Article 7 - Intellectual Property Rights

Prior to carrying out any cooperative activities which may create or furnish an int?llectual
property, the Parties will agree on the terms and conditions applicable to it on an
equitable basis in the form of the Intellectual Property Addendum to this MOU.

Article 8 - Amendments

Any amendments and supplements to this MOU are subject to mutual written agreement
of the Parties.



Article 9 - Term & Termination

This MOU will be in effect for an initial period of five(5) years from the date of final
signature of the Parties and will be extended automatically for additional periods of
two(2) years, unless it is terminated at any time at the discretion of either party upon
ninety(90) days advance notification in writing by the party seeking to terminate the
-MOU.

IN WITNESS WHEREOF, the Parties hereto have executed this MOU.

On behalf of NRI Re¥ On behalf of KAERI
Signature Signature

Dr. Frantiek PAZDERA Dr. Jae-In SHIN

Name Name

Director General President

Title i Title

5 March 1995 o 5 March 1995

Date . Date



Annex I .
to Memorandum of Understanding
between 5
Nuclear Research Institute Rez plc
and
Korea Atomic Energy Research Institute

The Parties have agreed to carry out the following projects within the framework of
the Collaborative Program:

(1)  Integrity and Materials Related Problems

(2) Nuclear Safety Research

(3) Radioactive Waste Management

(4)  Advanced Reactor Technology

(5) Reactor Physics Research

(6) Radioisotopes Production and Radiation Application

For NRI Rez For KAERI
Signature: %4/// - Signatu&}_u—@;-*
Name: Dr. FrantiSek PAZDERA Name: Dr. Jae-In SHIN

Title: Director General Title: President

Date: 5 March 1995 Date: 5 March 1995



Responsible Managers:

NRI Rei KAERI
MOU JFELGL S JVAD) 2) V. N—
Administration Tibor KANTOR
(1) Integrity and Materials Related Problems )
' Jitf ZDAREK s
(2) Nuclear Safety Research .
Ivo VASA e
(3) Radioactive Waste Management
Lumir NACHMILNER ..ccovciiririnennnen.
(4) Advanced Reactor Technology ) '
: Ivo VASA e
(5) Reactor Physics Research .
Viadimir LELEK = cveeieeeeees

(6) Radioisotopes Production and Radiation Application
Jan KYSELA = e



Meeting Minute

Participants
NPI Side
Mr. F. Melichar
Mr. Kropacek
Mrs. Chistkova
KAERI Side
Mr. Kyung Bae PARK
Mr. Byung-Chul SHIN
Mrs. Sun-Ju CHOI
Mr. Young- Don HONG

BACKGROUND

As of July 2000, KAERI representatives visited the NPI to discuss the possibility of
bilateral technical cooperation for the development of Radiopharmaceuticals based on
Ho-166.

During the visit, NPI expressed their interest in the production of Ho-166 therapeutic
agents at NPI and the commercialization of those in Czech Republic and European
Countries as well.

NPI and KAERI expressed their mutual interest in collaboration to jointly develop Ho-
166 therapeutic agents at NPI.

Also, KAERI and NPI recognized that the commercialization of Ho-166 therapeutic
~ agents in Czech Republic as well as in the European Countries should be implemented
through the joint collaboration in that Ho-166 is a radioisotope produced using a
research reactor with a 26.8-hour half-life.

From these points of view, KAERI proposed the implementation of bilateral Technical
cooperation for the technology transfer of the information on the production and
application of Ho-166 therapeutic agents especially Ho-166 Chitosan Complex.

The information included the production technology and clinical trial.

As of December 2000, KAERI was allocated research grant from the government for
the implementation of this cooperation.

As a consequence, KAERI proposed to NPI to exchange the representatives for setting
up the cooperative relationship. :



PURPOSE

This meeting is aim to materialize the bilateral cooperation on the production and
application of high specific radioactive Ho-166 and its related therapeutic agents at NPIL.
This will be achieved by utilizing existing facilities at NPI.
As the first stage of relationship, NPI and KAERI are initiating a technical cooperation
to extend the applicability of Ho-166 Chitosan Complex in the Czech Republic to the
point where it can be effectively used to treat the malignant and benign diseases such as
liver cancer, rheumatoid arthritis. The collaboration items will be extended to other Ho-
166 related radiopharmaceuticals.
The purpose of this meeting is to establish cooperative relationship between two
organizations for the production and applicationof high specific radioactive Ho-166 and
Ho-166 therapeutic agents at NPI, to identify practical condition and difficulties, to
develop a plan to overcome the difficulties, and lo set up the future milestone.
Therefore, NPI and KAERI discuss the following items;

- Cooperation activities

- Cooperation fields and methods

- Coordination of cooperative activities

- Fiscal management

- Transfer of information

~ Intellectual property

- Future plan, etc.

CONTENTS OF DISCUSSION

Cooperation activities
The collaboration activities are to provide opportunities to exchange information,

technology and personnel for the production of Ho-166 therapeutic agents including
their applications.

For efficient implementation, KAERI shall provide information and production
technology of Ho-166 and Ho-166 Chitosan Complex to NPI as well as arrange to
transfer the clinical application techniques to the staff of the Medical Center designated
byNPL f

The implementation of joint research projects on other items will be added agreed upon
by both organizations. )

Fiscal Management



The cooperative activities will be, in principle, based on financial support.

Unless otherwise, the costs associated with performance of the work shall be the
responsibility of the organization that incurs the costs.

For visiting scientists, all costs shall be the responsibility of the staff member’s home
organization unless otherwise agreed upon prior to the visit.

The host organization shall provide all reasonable conveniences to the visiting scientist.

Information Transfer
All proprietary information transferred may be made available for noncommercial
programs, but shall not be disseminated or published or transferred to the other

organization without mutual written agreement.

Coordination
A coordinator will be designated by each organization to provide a central point of

contact in-each organization, and through whom all communications and arrangements

for cooperation will be made.

Intellectual Property Rights

At present, KAERI offered its intellectual property rights on Ho-166 Chitosan Complex
and Ho-patch to Dong-wha pharmaceutical company. It means that KAERI does not
have any right on the commercialization of Ho-166 Chitosan Complex.

Therefore, the commercialization of Ho-166 Chitosan Complex in Czech Republic as
well as in the European Countries will be agreed between NPI and Dong-wha
pharmaceutical company. So does the Ho-patch for skin cancer treatment.

To carrying out any new collaboration activities which may create or fumish. an
intellectual property, both organization will agree on the terms and condition applicable
to it on an equitable basis in the form of the Intellectual Property Agreement.

Future Plan
Both organizations should conclude the Technical Cooperation Agreement or

Memorandum of Understanding on the production of Ho-166 therapeutic agents and
their applications in Czech Republic.

After the conclusion of that, the representatives composed of KAERI experts and
medical staffs will visit the NPI for providing the technical mformatlon on the
production and clinical applications of Ho-166 therapeutic agents.

First of all, NPI shall confirm the possibility of mass production of lugh specific
radioactive Ho-166 and the clinical applicability of Ho-166 Chitosan Complex. Also,



NPI shall acquire the admission for the practical uses of Ho-166 Chitosan Complex
from its health-related govemment organization, especially for the treatment of liver
cancer and rheumatoid arthritis.

NPI shall designate the Medical Center for carrying out its clinical study.

In case of attaining the fruitful results, both organizations will cooperate to

commercialize those in the European Countries.

ITEMS OF UNDERSTANDING

Both organizations agreed to conclude the Technical Cooperation Agreement or
Memorandum of Understanding on the production of Ho-166 therapeutic agents and
those applications in Czech Republic.

Also, both organizations agreed a visit of KAERI experts and medical staffs to the NPI
for providing the technical information on the production and clinical applications of
Ho-166 therapeutic agents.

NPI side agreed to acquire the admission for the practical uses of Ho-166 Chitosan
Complex, from its health-related govemnment organization, especially for the treatrment
of liver cancer and rheumatoid arthritis.

NPI side agreed to notify the designated Medical Center for carrying out its clinical
study.

Both organizations agreed to exchange newly developed applications of Ho-166 and the
results of clinical trials in Czech Republic and in the Republic of Korea by means of
arranging seminars, exchanging technical papers, and so on.

Both organizations agreed to cooperate for getting the government authorization from
other European Countries when Ho-166 preducts commercialized by means of
assigning its role of NPI and KAER], respectively. In this case, a separate agreement

will be prepared in due time.

SIGNATURE

NPI Stde qg KAERI Side 1
Moéa(/ BY: @B Crrh

. Melichar Kyung Bae PARK

Date : May 17, 2001 Date : May 17, 2001



Technical Cooperation Arrangement
Between
Korea Atomic Energy Research Institute
And
Nuclear Physics Institute
Academy of Sciences of the Czech Republic

Preamble

This Technical Cooperation Arrangement (hereinafter referred to as TCA ) is
made on_day of 2001 between Korea Atomic Energy Research Institute, a
corporate body established under the Korea Atomic Energy Research Institute
Law, 1973, having its principal place of business at 150 Duckjin-dong, Yusong-ku,
Taejon, Republic of Korea (hereinafter referred to as KAERI ) and Nuclear
Physics Institute of Academy of Sciences of the Czech Republic, established in
1956 by the Presidium of former Czechoslovak Academy of Sciences and being
a part of Academy of Sciences of the Czech Republic in the sense of law
283/1992, having its principal place of business at CZ-250 68 Rez near Prague,
Czech Republic (hereinafter referred to as NPl ).

WHEREAS, KAERI and NPI (hereinafter referred to as  Parties ) consider the
advantages that may be obtained from a close scientific and technological
cooperation ; and

WHEREAS, the Parties consider the common desire of both Parties to cooperate,
on the basis of equality, reciprocity and mutual benefit, in the nuclear physics
and chemistry.

NOW, THEREFORE, in consideration of the foregoing and of mutual promises
hereinafter set forth, the Parties agree as follows :

Article 1 Objectives
The general objectives of cooperation are to provide opportunities to exchange

ideas, information, technology, personnel and to collaborate on subject matters of
mutual interest.



Article 2 Fields of Cooperation

The Parties will cooperate in the fields of nuclear physics and chemistry. The
collaborative activities under this TCA, hereinafter referred to as the Collaborative
Program, will be outlined in the Annexes to this TCA by mutual agreement of the
Parties. The contents of the Collaborative Program will be subject to modifications
or supplements from time to time as agreed upon by the Parties.

Article 3 Methods of Cooperation

The principal methods of cooperation include the transfer of information from one
party to the other, meetings organized to discuss specific and agreed topics,
visits of or attachments by teams or individuals representing one party to facilities
of the other party, the implementation of joint research projects or specific
projects sponsored by either party, and using Parties facilities, built or to be built,
to do research and development work desired by the other party.

Article 4 Coordination

A coordinator will be designated by each party to provide a central point of
contact in each organization, and through whom all communications and
arrangements for cooperation will be made. The Parties may establish a joint
meeting for the effective coordination of cooperative activities under this TCA,
composed of representatives designated by each party. The meeting will conduct
a joint review and formulation of the Collaborative Program and take place
alternately in the Czech Republic and the Republic of Korea. Within the Fields of
Cooperation, coordinators of the Parties may agree to carry out specific projects
by concluding separate arrangements between them, if necessary.

Article 5 Sources of Finance

The cooperative activities under this TCA will be, in principle, based on financial
support available to each party. Such financial conditions will be specified in
Subsidiary of this TCA which outline the details of the Collaborative Program
pursuant to Article 2 above. The Parties may depart from this general principle in
financial sources by mutual agreement, when necessary. Prior to being involved



in any specific projects according to Article 4 above, the Parties will determine
the detailed terms and conditions including financial sources to be set out in
separate arrangements.

Article 6 Transfer of Information

All proprietary information transferred under or arising from the use of information
transferred under this TCA may be made available for noncommercial programs
of either party, but shall not be disseminated or published or transferred to third
parties without mutual written agreement of the Parties.

Article 7 Intellectual Property Rights

Prior to carrying out any cooperative activities which may create or furnish an
intellectual property, the Parties will agree on the terms and conditions applicable
to it on an equitable basis in the form of the Intellectual Property Addendum to
this TCA.

Article 8 Amendments

Any amendments and supplements to this TCA are subject to mutual written
agreement of the Parties.

Article 9 Entire Agreement

This TCA constitutes the entire agreement between both Parties and supersedes
all previous negotiations, representations, undertakings and agreements heretofore
made between both Parties with respect to the subject matter, and shall not be
modified except by the mutual agreement in writing by duly authorized officers of
the Parties hereto.

Article 10 Governing Law

The validity, construction and performance of this TCA shall be governed by and
interpreted in accordance with the laws of the respective countries of the Parties.

Article 11 Dispute



Any differences or disputes arising from the interpretation or application of this
TCA shall be settled by an amicable effort by both Parties.

Article 12 Term & Termination

This TCA will be in effect for an initial period of five(5) years from the date of
final signature of the Parties and will be extended automatically for additional
periods of five(5) years, unless it is terminated at any time at the discretion of
either party upon six(6) months advance notification in writing by the party
seeking to terminate the TCA.

Article 13 Notices

Any notice or other communication to be given by one party to the other party
pursuant to this TCA will be given in writing to the respective addressee set forth

below :
If to KAERI :
Name : Pyoung Hoon Choi
Title : Head, Office of International Cooperation

Address : Korea Atomic Energy Research Institute
P. O. Box 105, Yusong, Taejon, 305-600
Republic of Korea

Telephone : 82-42-868-8288
Facsimile : 82-42-862-8465
E-Mail : phchoi@kaeri.re.kr
If to NPI :
Name : Jaroslav Dittrich
Title . Scientific Secretary

Address : Nuclear Physics Institute ASCR
CZ-250 68 Rez
Czech Republic

Telephone: 420-2-2094-1147



Facsimile : 420-2-2094-1130
E-Mail . dittrich @ ujf.cas.cz

Either party may change its address for purpose of receipt of notice by giving at
least thirty(30) days prior written notice of such change to the other party, in the
manner prescribed above. Any notice so transmitted will be deemed to have
been received on the date upon which it was hand-delivered or sent by facsimile,
or if mailed, on the thirtieth(30th) day following the mailing thereof.

IN WITNESS WHEREOF, the Parties hereto have executed this TCA.

On behalf of KAERI On behalf of NPI
Signature Signature

Name Name

Position Position

Date Date



AGREEMENT
Between
Nuclear Physics Institute
And
Korea Atomic Energy Research Institute
On
Holmium-166 Therapeutic Agents

BACKGROUND

A Technical Cooperation Arrangement (TCA) between the Nuclear Physics
Institute of the Czech Republic (herein after NPI) and the Korea Atomic Energy

Research Institute (herein after KAERI) was signed on

The TCA provides that the both sides may collaborate on technical projects
related to the peaceful use of nuclear energy as a Collaborative Program. These
collaborations may include the exchange of scientists and engineers and the
implementation of joint research projects in which the NPI and the KAERI agree

to share the work and/or costs.

The NPI and the KAERI (herein after referred as to the Parties) recognize their
mutual interest in collaboration to produce Holmium-166 therapeutic agents
developed by the KAERI using the NPI facilities as well as to jointly develop

new Holmium-166 therapeutic radiopharmaceuticals.

The Parties wish to jointly collaborate under this agreement for the
commercialization of Holmium-166 therapeutic agents in the Czech Republic as
well as in European Countries.

The Collaborative project would benefit both Parties.

Article 1- OBJECTIVE

The contents of this collaboration can be confined to the production and

application of high specific Holmium-166 and Holmium-166 therapeutic agents.



The collaboration items shall be extended from time to time in writing as
appendixes of this agreement as agreed upon by the Parties.

The Parties should agree to the commercialization of Holmium-166 therapeutic
agents in the Czech Republic as well as in European Countries in the form of a
separate agreement on the terms and conditions.

This will be achieved by utilizing existing facilities at the NPL

Article 2- COLLABORATION ACTIVITIES

The collaboration activities are to provide opportunities to exchange information,
technology, and personnel for the production of Ho-166 therapeutic agents and
their applications.

NPI shall confirm the possibility of the mass production of high-specific
Holmium-166 and the clinical applicability of Holmium-166 therapeutic agents.
KAERI shall provide information and production technology of Holmium-166
and Holmium-166 therapeutic agents developed by KAERI to NPL

2-1 Fields of Cooperation

The contents of this collaboration will be subject to the production and
application of high-specific radioactive Holmium-166 and Holmium-166
therapeutic agents at NPI.

Supplements of collaboration items will be annexed from time to time as agreed

upon by the Parties.

2-2 Methods of Cooperation

The principal methods of cooperation include the transfer of information from
one party to the other, meetings organized to discuss specific and agreed upon
topics, visits of teams or individuals representing one party to facilities of the
other party, the implementation of joint research projects or specific projects
sponsored by either party, and utilization of one party’s facilities for R&D work

agreed upon by the Parties.

Article 3- COORDINATION

A coordinator will be designated by each party to provide a central point of



contact in each organization. All communications and arrangements for

cooperation will be given in writing to the coordinator.

Article 4- FISCAL MANAGEMENT

The cooperative activities under this agreement will be, in principle, based on
financial support available to each Party.

Unless otherwise agreed upon by the Parties, the costs associated with
performance of the work described in Article 2- Collaboration Activities shall be
the responsibility of the Party that incurs the costs.

For visiting scientists, all costs shall be the responsibility of the staff members
home organization unless otherwise agreed upon prior to the visit.

The host organization shall provide all reasonable conveniences to the visiting

scientist.

Article 5- TRANSFER OF INFORMATION

All proprietary information transferred under or arising from the use of
information transferred under this agreement may be made available for
noncommercial programs of either party, but shall not be disseminated,
published or transferred to third parties without the mutual written agreement
of the Parties.

Article 6- INTELLECTUAL PROPERTY RIGHTS

Prior to carrying any collaboration activities, which may create or furnish an
intellectual property, the Parties will agree on the terms and condition applicable
to it on an equitable basis in the form of the Intellectual Property Agreement

separate from this agreement.

Article 7- DURATION AND TERMINATION

This agreement shall become effective upon the date following the signatures
below and shall remain in effect for a period of five years, unless permanently
terminated or extended by an amendment to this agreement.

The parties may mutually agree to continue joint activities, which are not

completed at the time of termination or expiration of this agreement, until such



activities are completed.

Either Party may terminate this agreement at any time by giving thirty days
written notice to the other Party.

Even if this agreement is terminated, Article 5 - Transfer of Information and

Article 6 - Intellectual Property Rights shall be effective.
Article 8- AMENDMENTS

Any amendments and supplements to this agreement are subject to mutual

written agreement of the Parties.

IN WITNESS WHEREOF, the Parties hereto have executed this agreement.

On behalf of NPI On behalf of KAERI
Signature Signature
Name : Name :
Title : Title :
Date : Date :



Appendix 1

Production of Holmium-166 Chitosan Complex at NPI

1. Introduction

The NPI and the KAERI are initiating a collaboration to extend the applicability
of Ho-166 Chitosan Complex in the Czech Republic to the point where it can be
effectively used to treat malignant and benign diseases such as liver cancer and

rheumatoid arthritis.

2. Scope of Work
KAERI side

KAERI will provide the following information to NPI to produce the
Holmium-166 Chitosan Complex.

- Production of Holmium-166

- Preparation and Quality Control technique of Holmium-166 Chitosan

Complex

KAERI will arrange to transfer the clinical application techniques and the results
to the staff of the Medical Center designated by NPL

NPI side

NPI shall acquire from its health-related governmental organization the
admission for the practical uses of the Ho-166-chitosan complex especially for
the treatment of liver cancer and rheumatoid arthritis.

Also, NPI shall designate the Medical Center for carrying out its clinical study.



NPI

Signature

Name :

Title :

Date :

KAERI

Signature

Name :

Title :

Date :
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Czech has put their priority in developing the radiopharmaceuticals based on reactor
produced Ho-166 and a related fabrication will be extended to other EU conturies including
Germany, France, etc after a development of project. The collaboration will be based on the
mutual agreement for developing the between research institutes, industries and academic
institutes and further researches should be followed by the issue of developing
radiopharmaceuticals using Ho-166.

To strengthen the collaboration, detailed discussions for the practical collaboration have been
made through the visitation to the research institution of each counter part. For
implementing the collaboration between NPI and KAERI, an institutional basis technical
cooperation agreement(TCA) will be concluded. Furthermore, agreement for the substantial
collaboration on Ho-166 related researches will be made after the conclusion of the TCA.

It will accelerate the commercialization of KAERI developed Ho-166 therapeutic agents into
other European countries once authorization is acquired in Czech because the regulatory
authorization for the approval as a commercialization of radiopharmaceuticals in Czech is
very similar to other EU countries. Thereby, its commercialization of Ho-166 products in
Czech will lead to potential commercialization on other EU countries and this would be
returning to KAERI in the from of investment profits.

It is certain that the technical exportation of Ho-166 based therapeutic agents that have been
developed KAERI into European countries such as France and Germany, etc. will be ensured
through the successful technical collaboration program between KAERI and NPL
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