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The germanium-68/gallium-68 (*Ge/*Ga) generator has high spatial utilization and requires little
maintenance, making it economical and easy to produce. Thus, the frequency of use of ®Ga
radiopharmaceuticals is rapidly increasing worldwide. Therefore, this study attempted to develop an
automated synthesizer for the routine clinical application of ®Ga radiopharmaceuticals. The
automated synthesizer was based on a fixed tubing system and the structure was designed after
adjusting the position of the parts to reflect the synthesis method. Using various components that can
be supplied in Korea, the automated synthesizer was manufactured at a much lower price cost than
that of a commercialized automated synthesizer sold by companies. ®Ga-DOTA-[Tyr3]-octreotide
(®Ga-DOTATOC) was synthesized to evaluate the performance of the automated synthesizer.
%Ga-DOTATOC could be synthesized with about 65% of non-decay corrected yield, and the
synthesized ®¥Ga-DOTATOC met all quality control standards. We have synthesized ®Ga-DOTATOC
more than 100 times, and only faced a few problems caused by mechanical errors. In this study, we
successfully developed a simple automated synthesizer for ®Ga radiopharmaceuticals with high
reproducibility. As various ®Ga radiopharmaceuticals have recently been developed, it is expected
that the automated synthesizer developed in this study will be useful for routine clinical use.
Copyright © 2023 The Korean Society for Clinical Laboratory Science.
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AdE 21|t fIsl] 2 E go 2 Ap|E thi AlA
o] 35} H| 9] F-AH|7F o] &= thelo] QleH12]. o]
HJg] Ga-682 EHZQ] germanium-68 (Ge-68, ¥H17]
270.89)9] ®AMY B3 (radioactive decay)°ll SJsiA W=
0J]7] Hj2o]| Ge-68<S Z o] ZXAIA THE BGe/PGa Al
H&oJEl(generator)oll A A -§-=3t0f A& 4= UTH13,
14]. E3], ®Ge/®Ga AFZoIE = 228717 H]§) =
717} 2ot 57H 87t Al {AE7EA Q] SA4] 2ot 7A|
Zolw, AAkAlo] 7HASE | diZol] A1 = Ga-68 #A4]
A QJoREe] ARERIEZE §4 5] S7Fstal UTH15-171.
oAM= 2014d A9l =79 PR - R4 Bt
AL B Ga-68 o=EdQE|=(%EHE) (DOTA-
[Tyr3]-octreotide, DOTATOC) PET7} Al9]&7]|&& 1%
=0} A WEH] S e, AB7E A =H3 2A) AF
L5 A, 202149+ Ga-68 HBAEC|UFFU-11
(prostate-specific membrane antigen-11, PSMA-11)
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A 52937] 278 Aol ARGE] L QUTH18,19].
Ga-08Za&/d P stdas A8 2 (physiological
conditions)ollA] Ga’* 9] AlBMIEIE © A2 i A% &
sl da|o] E(chelator)2t g2 0 2 ZA9ta 4= glo] A&AL
71 SFgFE(small organic molecules)o|y 1EAFEZ
(macromolecules)ol] 75t S8R0 & 4] & 4= Q=7
o] ATH20]. Ga-68 FA| WA FE-S Rhee e &
7I¥(manual method)¥ AFSHILAIE AHESk= AHEA/d
H(automated synthesis method) 2.2 W& 4= 3l=d], A}
SRS T 138 7HIES AMESH= 7P ER(cassette-
based system)¥¥ 1FH FH AIAHE Aok W
(fixed tubing system) O & 53 4= QItH21]. Ga-68< 68
9] Bl A -2 RE71E 7HA| AL Qlof BlE A el 4] =
oo} 51, =2 oflfA|9] FHRH8I%, Ema: 1,899 keV,
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2 AollA 7St Ga-68 A FAI Q)RR %18 AEet
A= AAS Bl ARE719F FEO] ARGl 7haRt
IAE FH AlA" 9HAS AAste] Al&stl ek Figure
14). 533421 9] HRI912 solid edge (Siemens Digital
Industries Software) Z& T3-S ARg5o] AABIH AL, BPAF
‘JoJorZe] g WS Rigslo] RESL] fIRE 2 T AE
WA B L 2 E A AV 54 Ga-68
& %Ge/®Ga Ao E| 2R E] FGAF AL Ag5lo] -G23}
=], FAVIE AFEol] Ga-68S &S = UE FAP H
I(syringe pump)E 5 Joll viA[sI3Att. Aol AREE]
= Ho} R H = HIARY T HAF-8-olof] OJe} Rl 79 wet
o] Heloles & EAIZ oH, T HEgol R/ ARRE
RHSk= 2ARE7 | = AREARR] Alof ARt | = A d A
Hof| uiR[5IiTt. ARG o] 2R AlQR 7EAE ARESIe] Kt
38712 ol 5ot s AAeI o, ¥R3-8719] 7t izt 4

B S 4 YRS WS71E A,
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STk

2) SH=90] ME

FAP| Iz FUSHA FAVIE 4L o= == AH1
HE Egfo|H(MD5-HD14; Autonics)S AFS5Ho] HEIE X
Holslom, A Adud 2S Aol 270 & AAsilct
(Figure 1B). Ga-68 34| A Q|22 M Al FE 95T ~
100C oA BESSER o] 5 9f3f ¥h-E-71+= Xt 150C7HA]
7tgo] 7Fsote s AlAstglon, HNs & A58 7E
ARESHo] 25CT7HA] YA 4= A== A&kl ¥H8-7]19]
2= gRE 2 2 EA(NUX4; Hanyoung Nux)E Ak
&oto] 245t E3FHRS-E7] W AleFe] wHkE 9i5to]
n 1Y g HEE 31T = Q=S WS HEE7] Wil
25HQith. AleF 9 749 o] 5& RSty SR HE
&8 co] & ¥ H (Birkert) & ARSI YL, FEE= WS
o] 923} polytetrafluoroethylene (PTFE) (Teflon™;
Bohlender GmbH) &2 AMESIAT. ARs T 3412} A
of mEIHTIo] HloJe 4l 3 AZ= LS ElectricAte]
programmable logic controller (PLC; XBM-DN16S)E A}
B3It AS A A2 Pg AR A 52 Sl A
FZFAX|(FDR120-24; Orient Electronics)?} AUZRA7]
(TPR-2N: Hanyoung Nux)2 g5t 0H, & lo] = HE.

9 o [ o



Korean J Clin Lab Sci. Vol. 55, No. 4, December 2023 255

Syringe pump 2

Figure 1. (A) 3D design of gallium-68
I (Ga—68) radiopharmaceutical automated
e synthesizer, (B) photograph of the fixed
tubing system-based automated synthe—
sizer for Ga-68 radiopharmaceuticals.
Abbreviation: HCI, hydrochloric acid.
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Figure 2. Screenshots of (A) the in-house—developed software interface to operate processes for ®Ga-DOTATOC radiosynthesis and (B) sequence
set up program.

£ AILJeE 78 ARRESS A4l et A 9 EAFS 1] & 2 7S ARSIt Figure 2B).
f1sh H] tiol] dxst3ict
2. AsEEX g Bt

3) T*SE=IH ME 1) A2k

Ga-68 IA| WAMI Qg A& A5 JEAE Alofsh= RE A9k Sigma-Aldrichol A Fufstd o, 719
T2 OB PP HEY), RE, WE AP HE 24 A glo] AHB3IIE ®Ge/*Ga AUH|o]ElE iThemba
/719 AAE ALt FYSHA ] —53 Jefsto] HAIRIsIAH LABSY 1.11 GBq AlE-& ARESIRAL, Ga-689] -2 flst
(Figure 2A). A 4y A $PARE Hke719] 2= 5 o] 0.6N ¥AF-8H(Rotem Industries)S o] ARSI
25 s AAREe = ShHo| UFEMM ARSA T = t}. DOTATOC A7=42 FutureChemollA] 7+je}31.0H,
DUER T 5 JeE ARSIt 59], ¥R8719 &5, 7kA 4-(2-Hydroxyethyl) piperazine-1-ethanesulfonic acid
O] 57, Al Y, AP BE &5 5O S&EZ Ao & (HEPES):= GERBU Biotechnik GmbH A|&-& AR&5ITt.
UEE = TS ARSIt ERFARGA T AR Z42te] 9 SepPak® C18 7FEE]A], CM7FEE]A], Alumina N 7FEZ| A=
A TG0 et Al AAE Aot 5 =R ARl 4 4, Watersol A FHiSIAL, Strata-X 7FEZ]|A= Phenomenex
HEGAIZE HES L 9 A HIo] £ 58 2HT Q. AIBS ARSI

www.kjcls.org



256 Jun Young PARK, et al. Automated Synthesizer for the Synthesis of Ga-68 Radiopharmaceuticals

2) *Ga-DOTATOCY] &4

Ga-68 FA] WAPIOIoRE AT o] 45 W7IE 9]
8] ®Ga-DOTATOC FA1 2] RJARS: 7|20 & 13715 A |35}
Atk ®Ga-DOTATOC FAIHC] FHgupde thea} i),
Ga-08 HA] A 2oE -8 A5 2] AHA AL
HIE A18510] 1.4 mLo] 0.6N BAF-8HS BGe/%Ga A
Flo]Elof] & -8E3t Ga-68 X2 H7[51aL, FHA A}
7] PIE ARE51] 2.5 mLO 0.6N GAH-BHS BGe/%Ga A
udoelo] &2 &% Ga-68 842 1 mL2] 2.5M HEPES
|oHo] Hiyte ¥-3-87|2 ol sAlFth. FEVIAE ARSI
200 pL2] DOTATOC Z+-&4-2 ¥8-87]°f ¥-2 95T
A 10827 HES ST BES-871E 35C 2 Y2 Rl S AE7}
AR HEGHS Strata-X 7HER|A| ] BA|7] & Zho] FARE
o 9 HEPESE AAH] Hdte] 10 mLe] FARRS(W
Pharmaceutical)& 7tE | A]of| 853t 7TEZ A of| T2}
= %Ga-DOTATOCS 1 mLe] o&F2(200 Proof, United
States Pharmacopeia grade) 2 &&3 & 9 mL2] Aj=]4]
A4~(JW Pharmaceutical)?} &35l on, JAEF/HAZE
Alumina N 7FE2]2]2}0.22 um B3 DE|(Supor™ AEF; Pall
Medical)& 2H|2 TIAIZ] & B Hlo|Y=2 &7k

3. e

®Ga-DOTATOC FA140) Are=teh= 4 Fl(Furopean

pharmacopeia, 9th Edition 2019, monograph number
2482)9] A3 L thehel=eld ARbA[ ol whet 434, €]l
AR, EAR(FAIRRF0E, o|ds), MF-8riAd, 4
Ol 2 5L AIpH), B-8/d01EAIR, ot L/ AlY, <t
A, NS4 TS AT

Zd ﬂl.

1. NSBLERI NAY 7}

A Ga-68 A PAMIQIRE A8 542 Al
28 B2 Q) A e ol JiE S AlEAl
% 294k ukS719) 71 W Wizt en wWiE B ofH g 5}
31t ¥Ge/®Ga AIEIZRE Ga-68 85 LS
71&0 8 e S} $ Y Hlo|Ud7A] ool ol 5E A
A % A28 ARE0 & olslgion, ¥Ga-DOTATOC FA
o] PP TWG 7|30 2 A% A] & 35+4.58(N=50)°]
2w rh AEIAYA] AR 5 v F7]802 k379
719 9 YZhew, ME 2 A13S 5 A7 HhU1E 95T R
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714 A HEGE7 | Y 2= 94 +2C 9.0, 35T 2 YZhA|
$87| Y == 42+2T (N=10)t}. 248710 gH4duk
Al ARESh= Aot SRt Fule] FAGHHAS Y2
8Ga-DOTATOC 3 & 130 & T2 A5l uf
gio|t WHO| ZEo] ofwdt FAIE YRR Ak
(N=20), ZFE ) 2l T2 73039 AR53/378A] 719] oF
T IRESER] Qdodtt

=

W ot o

Ga-68 FA| YAV Q|ekE A8 AFs e/ gA| e T2 I3 S
A1&510] BGa-DOTATOC ST AJEAS ZAeH 5 A
A P8-S S ARGBH= Aok ARga1o] AFEg A1
58 BrIslsie WA, ¥Ge/®Ga AFoE 2] Ga-68 &
HRAE B7Fol7| fls AldEolEo 0.6 N B4k&HS 1 mL
ZEFa, &5 7170] 888 CRC™-15PET WAl
7](dose calibrator, Capintec)® &35l tHFigure 3).
Aol ARBE BGe/Ga AolEl: Ga-68 8% &
AT Al 27] 1 mLoAE= 0.4+0.1 Mbq (30.0£10.0 pCi)
o] & %|glon, T WA HElo A= 474.3+4.8 Mbq (12.8+
0.1 mCi)o] 8&=]aL, A HA E&olAi=572.4 + 8.5 Mbq
(15.47£0.2 mCi)o] =50, v HA BEloA=8.5+
3.7 Mbq (1.68+0.1 mCi)°] 8&=IATHN=3). 271¥ L 671
d T U O = AlFsto] B4 A 8EE =AY &
EATE I mo] 13 = A2l FUsIIL). 2] &
8 27 2] 3] Ga-68 FA| AP QJoRE A8 A5
PR AP | HEE ARESIo] AR AT} 27] 1.4 mL

FiRgOH o2 82 9 3712 2.5 mLE 8F Al 7K

X

fob o oX

=3 4 QITh 25 pg® DOTATOC AT-EELS AR83510]
g4 A1 344.1+25.9 Mbq (9.3+0.7 mCi)2] ®*Ga-DOTATOC

1S G5 4= AR, A= PS50 ug o= F71
A #S w) 384.8+40.7 Mbq (10.4+ 1.1 mCi)O.& AJAteF
o] Z7F5FAEHN=20). 50 pg2] AHAE 7I=0= A1
] Strata-X 7FEE| A} Alumina N 7FE 2] R]of] ZEF61= 1}
ARs9] ek 712} 20.747.8 Mbq (0.56+0.21 mCi), 31.1+
3.3 Mbq (0.84+0.09 mCi)°I3ict.

g5

3. BT B}
Ga-68 TA| WAPOIORE A8 AT Agstol
395 “Ga-DOTATOC FA11e] 4 A1 4] BE Ak

H A 7138 BESIHEH Table 1). L B F5ot
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Figure 3. Elution profile and fraction

o 1 2 3 4 5 6 8 9 10 collection from germanium-68/gallium—63
Elution volume (mL) generator.

Table 1. Data summary of the QC for ®Ga-DOTATOC

QC Test Method Acceptance criteria Results Guideline
Appearance Visual inspection Clear, colorless solution Pass KP, EP
pH pH meter 4~8 6~7 EP
Radionuclidic identity Half-life Ga-68: 62~74 min 67+3 min EP

Gamma spectroscopy 511, 1,022, 1,077, 1,883 keV 511 KeV

Radiochemical purity Radio-TLC 97% %Ga () >99% EP
Radionuclidic purity Gamma spectroscopy 511 keV299.9% >99.9% KP, EP
Chemical purity HPLC HEPES<200 ug/V Pass EP
Residual solvents Gas chromatography Ethanol: £10% (v/v) <10% (v/v) KP, EP
Membrane filter integrity Bubble point test Supor® AEF (Pall Medical): 46 psi Pass EP
Foreign insoluble matter Visual inspection No particles Pass KP, EP
Bacterial endotoxin Limulus amebocyte lysate test 17.5 EU/Vimax <175 EU/mL  KP, EP
Sterility Tryptic soy broth at 20C~25C No growth observed after 14 days Sterile KP, EP

Fluid thioglycollate medium at 30C~35C

Abbreviations: QC, quality control; ®¥Ga-DOTATOC, gallium-68 DOTA-[Tyr3]-octreotide; KP, Korean Pharmacopoeia; EP, European Pharmacopoeia;
TLC, thin-layer chromatography; HPLC, high performance liquid chromatography; HEPES, 4-(2-Hydroxyethyl) piperazine—1-ethanesulfonic
acid; EU, endotoxin units; V, volume; Vima, maximum recommended volume in millilitres.

Rom, E-8AolEAITE Al R WEER| ol HARS

vkE3 2olE J#i5(radio-thin layer chromatography)
2 YAt e g 7151998 i) ®Ga-DOTATOC F4+
Ao WA GE= 97% oldol|den, thsmtalEAl7]
(multichannel analyzer)2 HAMIHE SEAIY A] o|HZL
HAETR] Aott. 7IAT R 0kE T31(gas chromatography)
E ARESo] ZEF-EATA Al ok A2zt ofwRt 5718
T ASEA] ok, ofekS2 10% H|TEe 2 HEE| o] 7|&H
ANE TSI AN S7IE 1081t A= &85t
Y715 4RSSt A3 Ga-689 W7 | 7162 ~745)°) F5t
Sl3oH, pH S71E ARSI pH S Al 7181 (pH 4.0~
8.0/2 9I=319ict. F Aol ®Ga-DOTATOC FeA o]
A= olutt a7, @71+, D Ae] S4]0] Wa=|A] ¢

ok, AEEA AJF A] 17.5 EU/mL v|gke 2 QJAFEL 7]
of] F35}ct.

N

R
ALY IR A 240N 2 AN 91 7] oA AR
WAPIOIORE SRR Aol SR g 317k
T3 A el Azlo] e Al fA R} S
4 eo] QI L, T 7]ollA] e ST
B F-18 ] WAMIOIORE BHL SIRt S0l AL 7P
ENS AN AT BofEl ek, FHERS
ol BAT AJop U AmFo] B B3 1514 7HIES A
Sk Mg o] 413 1HHsh, TN B2 F M ER

Or_?l:
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AREE 8719 FEE XS dffof oh= HAZZo] AT 7L
AEHo] H]sf} AJita]-8o] A5t o] itk ARSAF Hog
I} oRFO| AR FA/] SN FHIEH ] B 51|t
7 ER2 A 2ARIA 243k 7 ES ARESlof SHEE A
oF 9l S gHbH o] o] PEA I T 7 IAH 2 E=
T30 Q77 HRE A9 A 4= Q1= o] gl sEA|RE AL
e T AL AR ARES thHstslo] 3] o 4
AL, FAPHIAYE 8- 72 S 21gE 4= Qlek. o]
of & AtollA= FHiold 3T 4= s 52 ARSI 7]
0] sk AFS T/ FIRELE 1/3~1/47VE 02 A9
ARE Hl8o] A E= IHE FH A|AHMHo] A8y
Ga-68 HA| HAMIQIeRE -8 A5/ FAIE 7Hdsiirt.

AV QIeRE a3t d Aol thddt Fgo] ARG
Ga-68 A AV 2JoRE+= & pH 3~40jl4] eguk3o] o]
Fojx B g 2 Atofli= Alek 2l 7EA9] ofF A] WekE/do] ¢
Solal 74kl ARgo] 7Ks3t PTRE A 2] FEE ARSHILY.
Ga-68 HA] HAMIQJRE T Al 2AME7]of B11 Alke
HiH S 2Asto] T2 o) bt AR HES-E 7|2 oA
A 21719 SIsHkS-S =33t 3], AfEof e =21
Hof| w2t [71 4 A5 AR 2 A A HEO] ZH
AR etof oh,| Y7} olof g}, R = ARE
o|u & A AR} Al AHA)7}-golsfoF Skl 17 A 1L
A7} Hsfof gttt Tt 7] HHE & & ol s i =
ARE S BFE A |E S ol 8ol HEE I S =
7| 2ol -SHAKO| B2 HE Tt =0 {A|H4THH
2]oto] 4801 HIAMI QR A a3 g A of| ol AREE L
Utk ojof] & ¢AtollA Ik v A 117t Aqt et AES- 7t
7 & ieo|E WE S AREsIo] Aok Y 7]H|9] o] 52 2 Hs}
Aot E3F Ga-68 A A 2] =2] /RS- A] HEgH 9]
pH7FR11 Ga-68 -85 Al BARS ARSI 2 FALS HA|sk
el A A 2k W2l ido] A3t EAAE ARES)
of A&kt

BGe/®Ca AICTEI 2] B4 Ga-682 57 Helo] 1%
£jo] 825t} kA 2 Ao ®Ga-DOTATOC 3o
A BGe/®Ga AUH|O|EIZEE Ga-68 8% FINFS &
Sf) Ga-0682] ®Als0| 71 Hol U= 28-S sttt

p

N

www.kjcls.org

2 o] AR83F 1.11 GBq ®Ge/®Ga AlUgo]el= T
A 281t A EEoflA 7 B2 Ga-680] &&5%12H,
UEA o] F Ga-68-2 A 2] -8&=]A| 24Tt olof AP HI
£ AMESo] 7P 2 BRG] Ga-68S2 5T = =8F
T1hS ot g0l 85Ut Ga-682 A =4t
pH 3~40A 7F 12 2] 8- YEfi= 208 B
I JQEH6, 71. E AFLollA 1 mLe] 2.5M HEPES 893} 2.5
mL2] Ga-68 §&H& & Al pH7}F 3~3 4% HAHRS
g3t pHO) 0 B2 Ga-68 WAMI 2R T4 Al Ga-68
|EH Hul=2.5 mLE 217Y5I9). 53], Ga-68 85 &
SAIA Al Ga-68°] 7 Ho] 8&5= A9 &5 F2
BGe/®Ga Aol vlh 234 Xjol7} YAk B o]
A= iThemba LABSAF] 1.11 GBq ®Ge/®Ga Ao]E
£ 7|1Z202 AR &= 1.5mLE H71513L 2.5 mLE &
S5 W) 7F 58 RS 2] Ga-68S S5 4= QIIA
BUgH A 2A) 1.85 GBq ®Ge/*Ga AU oE 2] - 2
71 1.6+0.2 mLE H7]8}3L 2.5 mLE 53192 o 7 =
L HARSS B2 5 AQTHN=4). o]o] ®Ge/®Ga A FolE]
Fruf] Al AR& A HEEA] Ga-68 8% BEAIES AA|5l0] Z]4]
BEFYS 22 T ARESke A AR

B A Lof|A A&t Ga-68 FA| WA QJoRE A8 2153t
A= AA| QoA ARk AV QIeRE S R Aok =

aﬁ

W
Ao 2 gheolflo B g FUT FAS HAMI S A&54
O AAIsE 4= QofoF gttt Ga-68 HA| WAMIJoRE 18- 2}
SRS ARgsto] A Al oF 65%2] 4~&(non-decay
corrected yield)& ®¥Ga-DOTATOCS 38 <= 9l9l.oH,
oF 1003] o] T2 AlgstA 71414 QFE Qs 4
g0l ZAN7H 871 A2 A 2] TSR] Aottt o, 22 ARS
O = Q5| =24 AllAo] ool A W71 2%t U
H T RolR= Ao A=A, o= 7140 s
H8719] 71 255 S & TR oA 259 4 g
= AT =N AT 4= QI TS Ga-68 *AMIQ|eE
A& AEFIFAE AREslo] HJH AV g2 HE= T
T3 A 7S WEESSIeI) £ Aol A AR Ga-68 3
A YAV S| oFE A8 A5/ A= 2= 71 ol A Trfisk=
‘st AR Het 7HA o] v Al = BE2
ARESE] diizol f-A1 S Bl-go] AHgtA%le] itk ESE 1L

=21
lutetium-177°4 indium-11153 -2 <5 A5
A BA| PAMGQJeRE Tdiol e 5-86HA AREE 4= QS Ao
2 AlREC) 22 ookt Ga-68 HA| WA olekEo] jHtE]



AL AL YFAE RIe 7oAl Q0 B & Y Ga-68 HA]
AP ok A8 ARSI = AolA F-85HA ARSE
= U Ao 7]t

O OfF

i T

Germanium-68/gallium-68 (¥Ge/®Ga) AHHolel=
Ol=-871&57100 vls =717t Aot 37H 87t Al FAH
7 A5l Ga-68 FA| AP 2JelEo] 4kl o] 7HHS |
oizof] AlAA o= AR} 54 5] S7Fstal Qlet. olof &
Aol A= ARH|Eo] Wom ARgo] il FA|HS7-Eoljt
Ga-68 HA| PAMIQ|oRE A& A s A& 7dstazs} st
AL 7 AollA] iR ARSI o AR FE e TR
= ol B4k AESE AREste] A RS RSl
A IR TS 7idsto] ARAL HOYd S =3Irh 3L
AE 9] Al RS B3l Aol ool fle= ikl
51901, ®Ga-DOTA-[Tyr3]-octreotide T4 T2 IS A}
&sto] 24 Al FYE HA] et QAL 7S TS
AT 2E g55190t I TSR Ga-68 HA] A
OJokEo] 7]l Qlo] & AE Bl /iRt AN SRR A
| ARSI = 55 Hrh 7-85IA AR E Z 02 AlaH
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