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TESI S CALI SI YOR MU?

AHI zl andiricirdan proton demet. el de ediliyor mu?
tl er |t

v2012' de gerceklesen kabul tes I nden bar en
AHedef sistemler.i Il st nlmuwarak radyoizotop el de ed
v 2012 de gercekl esen kabul testlerinden i1tibaren

A 18F-FDG, ?°1TICI, *234-Nal, ¢’GaCitve 1*inCIl;Ra d y o f ar nilarsedttiilkilyeorri mu ?

v 2012 de gercekl esen kabblrtesktilpgdendkedei ti bar en

A Tesi st e aldryeotfialrama b ® &1 ki emi ?

v 2017 %/I|II‘1’LSH-EDG|ik| |l bagkayan ve deylalnietddain’, on
ruhsatl andirma c¢cal 1 s maltalimrniinnl etra nma nzl aSnangalsnkyIBaakbi
ruhsatina sahiptir.

A Tesiste Uretilen UGrdnler sati Il 1 yor mu?

v 2018 yWd-Nalentdkai n add__e sati1s1 il e UrEDhevletseat 1 s1 bas
DMO Sagl 1 k Mam&ey o flazseantd gglieantk )ima kt ad 1 r .

A Hi zIl andirrici sistemi A-&ecnaelvicsuma laalrtiy aypaip 1 kluilyloarn 1nhuz

v 2015 yi1l i1 nda®e bperraj dleesriistytrAdt 4l mekt edi r .
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PHT 0 NKURULMA AMACI

A Nultdeer TepKal | armadyozatop ve Radyofarmasoétiklerin
tretimi

Vv 2%&)([—|_1|(83|)(FDG) lyot-123 (Nal), Indiyum111(InCI3), Gayum67(Gacit), Talyum

A Geltecekte tulkemizdeki talebe gore, diger t € brbaidy o1 z o't
tretimi

V Galyum68, Tc99m, B a kb6d, Paladyurdl03 lyot-124 Karbonl1l, Azot13 Oksijenl5
gibié

A Ar-Gefaaliyetlerininy ap €l ma s é

v Protonh € z | a nddagynéideedizikamalzemet a h r iarnnlzHesektdrtestlerie
v EndlstriveSanayi ht i y eevapvareceldean | faaiaetlerirylritilmesi

A Egitim
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RADIOISOTOPE3SN NUCLEARMEDICINE

A Diagnostics,
SPECTRadioisotopes |,
Tc-99m, TH201, Ga-67,1-1 2 3, €é
PETRadioisotopes , €
18, Ga-68,2Zr8 9, é
A Therapeutics,
Beta Emitters,
I-131, Sm-153, Rh-186, Y-90, Lu-177,€
Alpha Emitters
Ra-223,%°A c é
Brachytherapy Isotopes
I-125, 1I-192, Pd-103,Cs-1 31, é
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SPECT - “Single Photon Emission Computed Tomography”

A SPECT scan is most commonly used. "Single Photon Emission” means that the
radioactive substance used emits ionising gamma radiation in all directions.
This gamma radiation is detected outside the body.

“Computed Tomography” means that a

3D technique is used.

PET - “Positron Emission Tomography”

APET scan is more detailed (higher resolution) than a SPECT scan.
This camera uses a different type of radioactivity, namely
positron radiation. The isotope used in the examination
emits positron radiation (emission), which interacts

with an electron and transforms into gamma

radiation. This is then emitted in two opposing
directions. These decay events are observed by

aring of detectors and a computer forms

a 3D image of these events.

Gamma detector




Production is most

RADIOISOTOPEPRODUCTIONIN CYCLOTRON effective via cyclotrons @
AND REACTOR

on

124Te(p , N )124'

68Zn(p, An)64Cu
66Zn(d,a )%+Cu
64Zn(n,p)%Cu

Production is most
effective via reactor

191)r(n ,A) 192|r

* Varlous production routes for Mo-99 are being examined. ¢ . . .
** The direct production of Tc-99m via accelerators is being examined.
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POMo/ M Tc Generator

Global reactor capacity for molybdenum-99

About 80% of nearly 30 million anually

radiodiognostic

Karpov, Russia
RA3, Argentina

RIAR, Russia
LVR15,
Czech Republic 1

|4

Safari,
South-Africa

are carried with **™Tc (140 keV)

Source: 2016 Medical Isotope Supply Survey, OECD-NEA

Currently available global reactor capacity for medical isotopes (OECD-NEA).
N.B.: The Russian and Argentine reactors only produce isotopes for local use.
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Muclear reactor
L] ® i
o8 4 3 U;:murn 3 Mo-00 3 :
. foet :
MNeutrons from Core fission Te-99m extracted
a nuclear reactor from generator

Reactor with new target (Northstar)

MNeutrons from
a nuclear reactor

[
G — (] — e ] —
.. rget :

Te-00m extracted
from new ganarator

Accelerator (Shine medical technologies)

o — [ — [ ] —
® salts :
Meutrons from Core fission Tec-99m extracted
accelerator from generator
Accelerator (Northstar and Lighthouse)
—p
= ——> [t — | ww | —> ,
--._‘—b ‘
Photons from Te-%9m extracted
an accelerator from new generator
Cyclotron (Triumf/Advanced Cyclotron Systems)
- Tc.00m
e - _— produced
C —___® 100 —_— on-site
e gY | teget |
Protons D




TAEK-PHT

1231-Nal (Sodyum lyodiir)
‘ 37 MBg/mL 1.V
Enjeksiyonluk Cozelti

NEDEN 123-Nal ve?°TI-TIC| ?

ASagl 1 k Bakanl i1 g1 tar TAEK-PHT
garant i | i 4 Ur idnden .’._ 01TICI (Talyum Kloriir)
O N
ASat 1 s dnces. hast anel| e¥s \ ; | - ’EnlekSIyonluk(;ozeltu
- ;R::'-t llll‘KJ[w‘-'
tabl osu di kkate al i1 nmi g L5 (%4 ((
v Ambalaj q‘}' oomm‘r’r e
ADMO Sagl 1 k -Dédat ket ve E (7’
Uzerinden sati1 s, TAEK-Pig k..

1231-Na

A2020 yil 1 ikinci yar si} s

I ~ Ambalaj gekli; Kurgun arhi tagyio iginde kauguk tipak cam flakon
pandemiyg agmen sati1 sa basl'a

i!gg ormu; intravencz (1,V) solsyor

TAEK-PHT
201TICI (Talyum Kloriir)
Etkin Maddesi
Flak
Sal Nerelerde kullanilir; = 71 iera
Amba—’% Yan dmril; 72 96 saat

YEFAM/2020 ; Ambalaj sekli; Kurgun 2t



PHT PERSONEL YAPISI

rax Efitim d¢gzeyi Mesl|l ek daj él ér
= Engineer
= 20-30 ‘ = Phd.
“ = 31-40 ’ = Ms. Degree " = Physicist
= 41-50 ' = Greduate ®= Chemist
" oLe0 = High school = Technician
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Akl | et me
Al reti m

A Kalite Kontrol

AKal 1 te Y©°%nel
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GMP AND TSE EN ISO 9001:2015
CERTIFICATED PRODUCTION FACILITY

TURKISH MINISTRY OF HEALTH
Turkish Medicines and Medical Devices Agency
Certificate Number: TE£ (P (201G (2 L. ole

Issued for Medicinal Products for human use

CERTIFICATE OF GMP COMPLIANCE OF A MANUFACTURER

MEDICINAL PRODUCTS FOR HUMAN USE

Munufiacturer's Name/Address: Turkish Atomic Encrgy Authority Saraykoy Nuclear Research and
Trwining Centre Proton Aceelerator Facility, Atom Cad, No: 27 Saray/KAZAN - ANKARA

Activities Performed: "F radicisotope, "F-FDG (Fluorodeocyglucose) radiopharmaceutical, "1
radioisotope, "' 1-Nal (Sodinvm h-.mm lioph. leal, ™11 rad pe, M TICT (Thallous
Chiloride) radiopharmacentical, *"Ga radioiyotope, * (m(n (Gallium Citrate) radiopharmacentionl,
Mt radiotyotope, " InCly (Indium Chioride) radiopharmacentionl production.

The company above is o manufacturer of pharmaceatical products that s subject to inspection
by our Agency in regular intervals in nccordance with the requirements of current “Good
Munufacturing Practice (GMP)," as recommended by World Health Organization (WHO)

ACTIVE SUBSTANCE(S)*

Maunufacturer's Name/ Address: Tuwrkish Atomic Energy lmhnrm Sarayhoy Nuclear Rexearch and
Training Contre Proton Accelerator Facility, Atom Cad. No: 27 Saray/KAZAN « ANKARA

"R EDG (Flworodeocyglucose), "'1-Nal (Sodlum Todide),

MU (Thaltony Chioride, ' GaCir (Gallium Cltrate), " InCl (Indi
(Thallony .rt e, * GaCir (Galtium Citrate), "’ InCly (In nmng‘gﬂ m/anfaC'l'U"ng prqcil

Chemical Name: 2-deaxy-2-/" Flftuworoglucose, |1} Sodin

s ranm e P @AUCHs are consistently pr
§ S R S qucllity standards. It is desig
' ' - jnvolved in any pharmaceu

Agency in regular intervaly in nccordance with the requirements of m
Practice  (GMP)," as recommended by World  Health  Organizinie
commercialization or distribution of acitve substance(s) in the country u! m.mn[auuu or
import

Active Substunce(s) Munufucture

TAEK-PHT GaCit, TAEK-PHT InCly

*This section is only for API Manufacturers.

te is valid until 34

apaoez-en )

EK / APPENDIX

. KALITE YONETIM SISTEMI BELGESI

QUALITY MANAGEMENT SYSTEM CERTIFICATE

Partner of

Beige No / Certhcate No  KY-TR2T1T-RIS

Belgall Kurubsg Adi, Adresi
Name and Address of e Certifed Organization
K-Q
TSEISO-EN
9000

Belge Kapsem::
TS EN 1SO 9001:2015

-RADYOIZOTOP
- RADYOFARMASOTIK

ORETIMI

ce (GMP) is a concept that ensures
pduced and controlled according to
ned to minimize the risks to ’rhe patient
lical production.

\3

Salge Tanhi

TS ENISO 900122015

PRODUCTION OF

DIOLSOTOPE

Date of Centificate: 95.06.2018

PHARMACEUTICALS

RADY ASYON VE
WES! BASKAN

I7 RAMRAMANKAZAN

a-:)é: 1802590001
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SKKLOTRON

YEFAM/2020

Ve

A Type: CYCLONE-30 (IBA)
A Proton beam energy: 15 -30 MeV

Ve

A Maximum proton current: 1 .2 mA

(variable )

Ve

A 4 Beamlines

A Dual beam

Maintenance
Vacuum Pumps
lon Source
Stripper Folls
Vacuum Guages
Target Systems

T > I D



TENMAK PHT

U ~7000m?k a paah I
A 13 ofis
A 3t op loadmatst

A 12laboratuvar
A 5depo
A 2 kafeterya

o
Ltk |

wnag

ey
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SOLIDTARGET 2°*T-TClI

Copper plate iselectroplated (70-1 0 0  Oyrenriched matarials
Target istransported by pneumatic transport system

Beam energy : 28-29 MeV

Beam current 200250 OA

Irradiation time: depend on activity , optimum 9 -10 hours.

o T T To o
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T T> To o T

ITITIT ClI J ret i mi

Active material recovered from the target at the end of bombardment is Pb-201

Pb-201 is then quickly purified to eliminate the TI-203 target material

Pb-201 is left to decay to TI-201 for roughly 30-35 hours

TI-201 is then purified to remove the remaining Pb-201 T1-203 (p,3n ) Pb-201
Pb-201 recovery efficiency is higher than 98% Pb-201 —TI -201(74 h)

Azos :ﬁ-'N*(fzrr):(D'Nr 'J(E)'(I_E_/;{h)

= .N I Ef dE _f_f
Y,,5(f)=A-N (:):j-— o(E) ———-(1—e*)
T
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Hg 200 | H
23.10 ‘ 13.18




o I To

GAS TARGET *%3|-Nal

High purity of the Xe-gas used as target material (99.8%)
The Xe-124 transfer from the storage bottle to the target
and the recovery of the gas  after irradiation to the
bottle is made cryogenically with liquid nitrogen,

through stainless steel pipes.

Beam energy : 29 MeV

Beam current 50-7 0 OA

Irradiation time: depend on activity , optimum 5 -10
hours.

Despensing Module 123Cs

YEFAM/2020

123

Target System




Aktivite (GBq)

IMPORTEDRADIOISOTOPES

Two days a week

1 batch /day

~37 GBqg/batch

~3375 GBq/year (45 weeks)

Too Joo Jo I

10000000

10000000 | 3138980 1219890

1000000 576613
Sasaada 586175
179080 ;70777
73480 53789
100000 59197 30015 100000
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10000 3355 2422 : 4648 2788
‘ 1317 g4e
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100 ; 49 . 92
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14 ]_,
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Quality Control Laboratories

ARadionuclidic
oGamma Spectrometry
oDose Calibrator

ARadiochemical
oHPLCs e
OTLC e c = e elz=E
oElectophoresis

AChemical g J
oGC Al man 50402

oPolarograph 616,1 qu' {: -

MMicrbiological quality control tests b [
oBET | = 3
oSteritest pump /4- —r e = = ';H =,
oLAF and Biosafety cabinets y .
olncubators / :

oAuoclave etc.
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Paketleme ve Sevkiyat
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R&D VAULT

x TAEK Project ¢ | nst a Dfl @t iLavn Current
Irradiation Systenat TAEKPAF é (Complatedn 2019

x Design and Production of 68Ge68Ga Radionuclide
Generatofstartedin April 2019

x [rradiation Systemsfor lon Beam Analysis Techniques
(PIGE,PIXE,RBS))/ startedin May 2020

x METU Project

Idle Channel: 1127 : 4204.8 keV Counts: 246

234 Pu239 Am241

4-iaw Current

S QUIMAtor 7 N § Heasureiment

Current
measurement
detector

Energy

measurement
Vacuum system

detector




DESIGNAND PRODUCTIONOF %8Ge\°sGa
RADIONUCLIDE GENERATOR

A PET tipi bir radyoizotop
AYar | d YA¥67.7 dakika,
A Bozunum: *3 bozunumu 89.1%,

ADo ¢

rudan ya da
uareti |

] ener a
ebi | mektedir

A SSGaETDA, %8GaPSMA,8GaDOTA gibi

radyof arommamloan k

k ul

IBA selected to Equip IRE’s new Radioisotope
Production Unit Dedicated to Cancer

Diagnosis

The Institute of Radioelements (IRE) has commissioned the Louvain-la-Neuve-based company
IBA to install a particle accelerator for the production of radioisotopes for the diagnosis of
numerous cancer types such as neuroendocrine tumors and prostate cancer

Louvain-la-Neuve, Belgium, September 15t 2020 - IBA (lon Beam Applications S.A.,
EURONEXT), the world's leading provider of solutions for the diagnosis and treatment of
cancer, and IRE, the world leader in the production of radioisotopes for diagnostic and
therapeutic applications in the field of nuclear medicine, announce today that they have signed
a contract for the installation of a cyclotron with an energy of 30 MeV (mega electron volt) on an
IRE site. Commissioning is scheduled for 2023.

Belgium is internationally recognized for its significant role in the advancement of nuclear
medicine. These two Belgian companies, world leaders in their field, are joining forces to install
this new cyclotron, the Cyclone® IKON, that will enable IRE to produce Germanium-68 (Ge-68),

the raw material for the Germanium-68/ Gallium-68 (Galli Ad® and Galli Eo®) generators, for
which demand is growing rapidly. These generators are manufactured on the Fleurus site by its
pharmaceutical subsidiary IRE ELIT to serve hospitals around the world.



HEDEF MALZEME

ADokrudan | retim

Hedef mal zeme ze¥Zmi nl el

K a t é y a d a N i t r i q@zn(a m |) t t L cavity for metal powder L ‘:Sjn presset: into cavity

A Reaksiyon

%8Zn(p,n )%8Ga '—h'.

IBA Niobium target

IAEA TECDOC -1863/2019




JENERAT¥R

HCI
A6gG e Z e n g I n I e Il t I r I I mtIGh_l_ Mﬂ‘(&ll Z e m( i Ga-68 collection vial
-%zel ti si I |l e kapl ama.
colun(:?l +— Lead shielding




| S1 NL AN AEDERN HAZIRLANMASI
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8Ge/**Ga RADYOK ZOEODIERAT¥R

AKaté Hedef Sistemine uygun
geometri,

AVakum alténda
AAkém ve Sécakl
AEnerji ¥I-¢mg

e




PROTON DEMETK
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Hedef ||l é&nl ama ve

FWT-60dozimetrikf i | m Gzerindeki protAaAPRHAM@EM gay¢ | Kapl anmi s |
Carlo kodu ile benzetimi.
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| L1 NLSOWRASINDAOLUL RMDYON! KLkDLER

110sn1uAT73um half life unit

8d
Beam Energy
GeT1
Ge60
Ge6B
Gaé8
Ga67
Zn65
Cué7?
Nis7

activities after
GeT1

1

TR 3

T TF a o

618
356

M,z
m2

14

min

23

23

FLUKA (kBq)

38,7

ara

16,6

16,6

14,57

6,69

7,83

26,5

29

163

143

0.4

7.7

24

24

errors ara hidden

a3
az
179
179

36

15,69

746

9,16

256
29
176
04
10
15,4

05

90

25

25

335
36,9
19,3
19,3
9,57

9,55

10,7

230
29
19.0
0,5
2,7

15,7

0,6

10,5

26

26

334
426
19.2
19,2
19.8
16,77

10,7

14

229
33
189
05
55

f

16,5

06

1.2

27

27

279
514
193
194
30.6
16,69

1.1

123
1,57

19,1
40
19.0
0,5
11
16.4

0,7

12,1
18

28

28

296
53,8
18,7
18,7
65,1
16,92

132

12,1
1,57

203
42
184
05
18,2
16,6

08

19
1,5

20

29

294
1.1
174
174

16,51

13,1

12,5
2,34

201
47
171

0.4
288
16,2

08

123
22

Efficiancy (#) Activity (kBq)
0,0002 0,000
0,00214 0,000
0,000002183 gr
0,000001566 gr
0,000051219 gr

1106

1077

1115

1377

810

122
846

Cross error (%)

-100,0

-100,0



Activity (kBq)

110
100
90
80
70
60
50
40
30
20
10

* Ge69 + Ge68
Cob57 GeT71

Gab8 * Ga67 + Zn65 + Ni57 O Co56

8d

22

23 24

YEFAM/2020

25 26 27

Beam energy (MeV)

Activity (kBq)

30,0
27,5
25,0
22,5
20,0
17,6
15,0
12,5
10,0
75
5,0
2,5
0,0

¥ Ge69 ¢ Ge68

Cob57

Ge71

Gab8 ¥ Ga67 + Zn65 + Ni57 O Co56

25 26 27

Beam energy (MeV)

29

30
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7

FEen T e mime Mg 6 15 ® A 10 dk. 30 0 A10dk
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So T deReyler | s I nil @almamid mdedefing 6 z U nilmidgid iherhangibir problemo | ma dtestetmeka ma c s § § ¢

hedefli z er ¢ @ d aameyleriger ¢c e k| e.Hedefinb & sma g O ¥ ki @ ime gemekli parametreleroptimize e d i | .mAysrti
I S1 nd amamraahedeftid @ rveg d 2img Inenmr d 1 q@amt € r i metah dceektabotpiuvarddn a z 1 ralyabni a ne ki i
¢ 0z gelstiimé d e | mliaszti irbua o gk z e | germahyimekstraksiyonu ¢ gerekliolanoptimums a r t delalenmesii ¢ |
cal 1 symal derontalgma®950u z e r hirmedneeldee d i | .mi st i r




S é cdankylers o J dekeylerdemelirlenenoptimums a r,t § a n lhadefenygglanarakééGe eldes;

j enekolanuriay U k | evemessniep ait 0o r neyini;projenincdhe v a nplanlahar; al 1+ smBul ar d

cal | sPrall’ladudd unan s 1 «d)k ihdierries i(mdd s o @mékte 6lupppemtuine r | |

e
s ar tbeldenmesinden sontatim | sl eml er bu hiucr el

erde gercekl esti
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SONUC¢ VE DEKERLENDKRME

A Tesisal t yiaeplh Isa nradydizotepk a d y o f almraestyinpik | weaAk-Gea
faaliyetlerinedevamedilmektedir

A Mevcuta | t yv &pil d1am e sminekgerekiyor

AUni ver sbtel thn wlainda yetkili kamu k ur u ml atnatejik p h a n
dogr ul tnitelklupnogblarek at 1| Vem& $ y af paiyddaan camemalsiitd i r

ANUKI| Bleag! andahaktkili ar as tve tr engh i su yt geudl aavm@ ilesise
entegrebirGo r it nt Mdrkeznad t ydaijpga isn Ul mel 1 di r

A Kurumlar, Gni ver seé tdeilgeearr a st merkederinde 6 § r e rdesiek
me k a ni z ngaill ¢ca reinndgerekiidic me s |

AUI k ekrd yzn aileRrittkiir t nlie e § nb g b heudldnmelidir
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