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Why need to develop Ga-68 generator ?

Steve Jobs
1955-201

Steve Jobs cofounder and innovator of Apple
Computer died on October 5, 2011 from complications
of pancreatic cancer, he was 56 years old. Jobs made
a huge impact on the culture of America with these
techy gadgets that Americans absolutely love.

8Ga-DOTATATE PET/CT, **™Te-HYNIC-Octreotide
SPECT/CT, and Whole-Body MR Imaging in Detection

of Neuroendocrine Tumors: A Prospective Trial J Nucl Med 2014; 55:1598-1604
DOL: 10.2967/numed.114.144543
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Outline

* (Ga-68/Ge-68 Generator

Why need to develop Ga-68 generator ?
Ga-68 will become the Tc-99m of PET/CT
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Use of ¢8Ga as PET nuclide

Irina Velikyan (Theranostics, 2014)
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68Ga properties
+ Physical properties ®8Ge/%8Ga generator.

+ Halflife T,,, = 68 min
* Positron branching 89% (PET nuclide) 68Ge

. . [ EE XSS R XX 2
* Available via a ®Ge/*3Ga generator 1 (p,: n)

270.8d
» Mother %8Ge cyclotron produced (T, = N

271 d) 6’/Ga | %8Ga
« Chemical properties of Ga BT '|31+ 55%.‘;”1

* Trivalent metal

« Chelation chemistry

« Applicability

+ Short half-life useful for molecules with
fast biokinetics (Peptides, Ab-fragments,
small complexes,...)

%8Ge/%8Ga generators --- currently in use

SGe™Ga
Gencrator 09,2005

,Heidelberg" ITG Cyclotron/EZAG EZAG iThemba IPL
Organic Matrix Titanium-dioxide Tin-dioxide

Elution

5.5N HCI 0.05N HCI 0.1N HCI 0.1N HCI 0.6-1N HCI 1NHCI

and......-7
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An organic adsorbent resin for Ga-68 Generator

(S UR A 3 ]
Process o
Eluent ul: . -
' Ga-68 eluent | o
Stationary \/ : :‘:: g “Z V : :: :‘1: i:wl:::::::’rr;: pHY
phase io 0.2M Trsodugn curare
Filling with the organic resin o U - 02MTrsodimeimicpHY
(N-methyiglucamine group) o e e s |
VvV 4% -68-trisodium citrate ;4 k% b & [
Ga-68 eluate ) i
Eluate (flow rate: 0.5 mL/min) M\ _
HO. ” o "
l Ge-68/Ga-68 generator [ feiiakcaiiine

Scheme of %8Ga Generator

. . a-09 solid target U.ag Y% Enrched *a
irradiated target 26 MeV proton © 12000pAh
Dissolution ‘ Dissolution and filtration I- === -‘ Ge-68 120 mCi ‘
elute Ge-68 10M HNO, washing conditioning
60ml. 0.01M NaOH O 9 9 25ml x 3, 10M HNO; 20ml. 10M HNO;
| ;
flow rate 0.2ml/mun l v l ¥ flow rate 0.4ml/min |o
o . Amdoxime chelating resin, .
Ge-68 purification $910.1g LD.0.7cm === ======== Yield=70%
(3 — (2) - W
I — ' (4) ! — Radionuclidic
o -
Ge-68 elute Washing (B) ing (A) conditionin
T VT Washing (A) g
. P S
sul. 02M Trisodium || G0ml, 00 Tsgdium 0 30mL. pH 8NaOH| | 20mL. pH| 8 NaOH
L@ !
= ¥ L4 ¥ 9
CRB-02 resin 0.3g iradiated by Co- | flow rate 0.5ml/min
- jon | i h i cmne. T m e === Yield = 99.2%
Ga-68 adsorption 60, 2x104 Gy . 1D.0 Sem | vie °

Radiochemical
urity 100%

Ga-68 extraction

Ga-68 application
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Process results for 8Ga Generator
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The Gallium-68 Generator

Quality control

| VFS=64K
65536
2%
5:3;
49152+
32763+ z :
B
—— i —
0 500 1000 1500 2000
keV

Figure of MCA spectrum for Radionuclide purity
After step I purification of S-910 resin
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Quality control

| VRS =3K
327638
2
£
24576+
16354 +— g
8192+
] E £
[ nen— LT I 2
0 ’L ! 1 |
0 500 1000 1500 2000

keV

Figure of MCA spectrum for Radionuclide purity
After step II purification (S-910 resin with heated)

Quality control
|  ¥ES=33K
32768
24576+
2
16384
81921
I
0 i — I —
0 500 1000 1500 2000
keV

Figure of MCA spectrum for Radionuclide purity
After step III purification (Anion exchange with 4N HC1 washed)




Hot cell with robots

Hot cell
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Solid target and adsorbent glass column

Ga-68 generator configuration
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Outline

« Our systematic innovation

Irradiation Product with Minimal Impurity

Method of Purification for Recycling of Ga-69 Isotope

The dual-core Ga-68 Radionuclide Generator

Automatic Synthesizer Apparatus for Producing Ga-68-DOTATATE

Method Used to Yield Irradiation Product with Minimal
Impurity for Solid Target for Ga-68/Ge-68 Generator

\,ﬁ‘;\\ \\ (& E=8Mev|

& 3 MeV
L) \\\ = 26 MeV
- \\ 25 MV
13
i
i

e 2 eV
Ferieration Depth {mm -
D (mm)
]5 © Ga-68H:FE > FZHET az E?.i:fd States Patent =§Eii EN F

8Ga(p,2n) =+ 88Ge

3
68Ge =——> 68GQ _VB,. 6871
275d 68 min

US 8239159, 2012
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Method of Purification for Recycling of Ga-69 Isotope

United States Patent

Process Lietal

METHOD OF PURIFICATION FOR

HECYCLING OF GALLIUM-69 1501 PE

Irradiating gallium-69 plating target I Ga-69 & Ge-68 eluent J nventors: Ming-IIsin L, Toopusn County (W
materials Hein-Han Hskeh, Taoyuan County (TW)
v

: US8894860 B2. 2014
: \ lon-exchange resin J
Dissolving largclazlijlcnals with nitric \\/

\ Filter out Ga-69 solution 1
v
lon exchange resin I Neutralizing Precipitation J

&

The
1 Initexd
L - O fbe
Obtaining germanium-68 Drymg e

containing radioactive acid solution A 4

for producing gallium-68 i
or producing gallium I REC}‘CIlng Ga:!Oﬂ& Reused J

The dual-core Ga-68 Radionuclide Generator Structure

US8802014 B2, 2014
United States Patent

0 [ 2| Li et al.
w \ Sodium Hydrogen ] == w S
= Y Citrate Chloride =

GA-68 RADIONUCLIDE GENERATOR

The dual-core %Ge/*®Ga-Generator configuration

i 0.1M 01M o STRUCTURE
e, S S
::: Shiskded Chamber ::: Inventors: Ming-Hsin Li, Taoyoan Connty (TW);
::: n : _________ Lead Turngsten ::: Jin-Jenn Lin, Taoyuan County (TW);
::: . | ::: Ther-Jen Ting, Tacyuan County (TW):
::: L L : ::: I-Lea Dai, Teoyuan Courty (TW)
] ' =
" "s!
i Stone - :s
¥ IVINYIDenZane A4 BE, 1 : a0 168 o=
#  Copolymer [ Ges Ga : ; MIGe/*Ga ) .
[ column I e
] ! nif
i
41

iE\B-o-Rad glass
B
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Automatic Synthesizer Apparatus for Producing
Ga-68-DOTATATE and Method Thereof

= &
e = S

US9266084 B2, 2016
United States Patent

Li et al.

AUTOMATIC SYNTHESIZER AFPARATLS
FOR PRODUCING
REAMOPHARMACEUTTICAT TUNIOR
IMAGING AGENT GALLIUM-68-IM¥TATATE
AND METHOD THEREOQF

Applicante: Ming-Hsin Li. Taoyuan County (TW),
Hsin-Han Hekeh, Taoyuan County [TW)
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Ga-68-DOTATATE

Outline

 New drug application
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Principle of Ga-68 Positron Emission Tomography (PET)

B* (positron)
/

positron scatters in
tissue losing energy

nucleus
511 keV, N O—e

yes «—| coincidence ?

3. { positron
% range

Pair annihilation L
annihilation

producing two photons

Ga-68 DOTATOC PET vs.SPECT and CT

Comparison of 3 Imaging Modalities: PET, SPECT, and CT
P

Parameter SPECT (%) CT (%)

Sensitivity
Specificity
Accuracy

97 (69/71)
92 (12/13)
96 (81/84)

52 (37/71) 61 (41/67)
92 (12/13) 71 (12/17)
58 (49/84) 63 (53/84)

The added value in diagnostic
accuracy has an important influence

. THE JOURNAL OF NUCLEAR MEDICINE - Vol.
on patient management 48 + No. 4 » April 2007
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DOTA-somatostatin analogue
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New drug Nano-PET/CT imaging at INER
8Ga-DOTA-PEG,-SP90 in 4T1 solid tumor

| Animal model :

4T1 breast tumor-
bearing mice
No.2
Tumor 6.89 6.48 3.67
_ Bio- Kidney 38.58 15.40 11.90
distribution _
( %ID/g) Liver 6.15 6.58 3.81
Muscle 3.80 4.90 2.34
T/M ratio 1.81 1.32 1.57
T/Liver ratio 1.12 0.99 0.96
T/Kidney ratio 0.18 0.42 0.31

Uu 2. Uble

UNK BQML

Ga-68-DOTA-PEG2-SP90-BT-483-2h

Targeted drug delivery systems
mediated by a novel Peptide in breast
cancer therapy and imaging
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Conclusion

« 63Gais a promising PET isotope
 Independant from cyclotron

« 50mCi Generator are available

« Use s established in PET centers

But:
* Not yet registered as radiopharmaceutical
» Logistics must be improved
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