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Abstract

Purpose: Since the preparation of ®Ga-labeled radiopharmaceuticals involves complex multi-step processes, implementing
automated synthesizer is essential to minimize operator radiation exposure and ensure consistent product quality. This study aimed
to enhance user convenience by optimizing the hardware and software of a newly developed cassette-based automated synthesizer.
Materials and Methods: This optimization study evaluated a cassette-based automated synthesizer developed by BIK Therapeutics.
For the labeling process evaluation, [**GalGa-DOTA-TOC was synthesized using the manufacturer-supplied dedicated disposable
cassette. To optimize the synthesizer, the program sequence, graphical user interface (GUI), cassette manifold identification, and
reagent vial label designs were improved under multi-faceted approaches. Results: Through process optimization, the total synthesis
time was reduced by approximately 14.3%. The revised GUI visualized the temperature profile of the reaction vessel as a real-time
graph and positioned the active sequence information on the main screen, enabling immediate response to potential process
anomalies. Furthermore, the readability of the cassette components and reagent labels was enhanced, and color-coding was
applied to the precursor vial labels to prevent human errors. The system stability was further reinforced through root-cause analysis
of operation failures and immediate feedback control, ensuring high operational reliability. Conclusion: This study successfully
accomplished the multi-faceted system optimization of a prototype automated synthesis module for immediate clinical application
of ®Ga-labeled radiopharmaceuticals. The refined GUI and precisely adjusted synthesis sequences simultaneously secured both
user convenience and operational stability. This platform is expected to offer high practical utility as a reliable domestic automation
infrastructure for the stable in-house supply of high-quality radiopharmaceuticals.

Keywords: Gallium-68, Radiopharmaceutical, Automated Synthesizer, Optimization

Ch-8 B 5919149 Gallium-68 (“Ga)y2 2F 685-2] HIZE7| 2 71 o, WhAMY B3 3hAof| A oF 89%,0] &2 FHALE
A FRAAGE S (Positron Emission Tomography) B/ E 5ol 2| 2ske H2]4 £/448 2l&th1-3]. 8teha o

Received July 23,2026 Revised August 21,2026 Accepted September 07,2026

a This is an Open Access article distributed under the terms of the Creative Commons CC BY 4.0 license (https://creativecommons.org/licenses/by/4.0/) which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.


https://creativecommons.org/licenses/by/4.0/

Optimization of a Domestic Cassette-Based Automated Synthesizer for Ga-68 Labeled Radiopharmaceuticals

2 Ga¥ o] 22 -8l Aol A 1,4,7,10-tetraazacyclododecane-1,4,7,10-tetraacetic acid (DOTA)U 1,4,7-triazacyclononane-1,4,7-triacetic
acid (NOTA)2} 2+ A2l 2](Macrocyclic) Z o] EA|et v 9] ZAHS g/dsto] QA e 253 AT 4= JltH4,5]. ol2igt 3t
&2 Hho e

HIE O 2 $Ga HERO| E f Ao =2 &2 WAM )7L 7Hssto] /oM AdURH S e 913t
[%Ga]Ga-DOTA-TOC X A A Z1ThS: 915t [%Ga]Ga-PSMA-115-0] 9] 28511 Qlthe.
Germanium-68/Gallium-68(*Ge/**Ga) || 2l| 0| E] 2 - E] £-53}F 8GaS E-85t0] Y-8 FAMIoJoFEo 2 ZA5H] YA+ 1L
2 A ¥hg, A pH 24, A1 9 22] FA| 5 5 oA 34 o] £REETHT8] E5] 3 3 5 WEE = dlollyA] WAL
Ao = RE AYate] mjE-g 2 aslelal Ak FA o] AN Qe EE AAibet7] flalii= A d g9 E]o] 44 olnk
9]. 2737 WA Q| okE AAs A= I E 7 AlAES AR ohE WHAlE FE ARESIRI oW, o= o tE AR H &
ZA#2] 7] (Good Manufacturing Practice, GMP)& &-&0t1 WAk S e 4= Q= Y &]-8 7HA| E(Disposable Cassette) 7|
gko] A|A”lo] BE 7|2 Abe] FaL It 10-12].
Ul A @ A 7| Tl FEE = A E AFe A= TR 9] o227t =T ofoll U HAM el ek
FAZ Jzets 7\ skl SAH4 Rl Ak S S H ek} X ] 7 ] = 7|8te 2 gt FHH| E 7]Hke] A5 3 d g7t
ZNEE] At ohet, sl u] 7F AR 4 Aol 2-85]7] 9l5lA = stEfojet Alo] AL E]|o] HRtol] A 5 AEAdo] A
Elojof o, FFA Q1 34 Alo] H it &4 S Sloh 28 34 ’igeoll that 4517} A3 x| ojof ghTH13,14]. ofof] & A
TollA At ZHE AL A E 7|8 25 MR E T o2 AJAR] QP 9 AREAF Ho & e stsl| 9J3t | Asks

agsteic

[¢]

—

0

1. 2 FH| 5L A%

¢}

=

2 Atol|A= Blofo] A o] Bl 2} E A(BIK Therapeutics, Korea)AtollA] AA] B A2 7HME 7149F A5t 2HE S 4]
BIKBox*E th/d 0.2 2|43} A5 43513 thFig. 1). “Ge/*Ga A2 0| E]+= iThemba Labs (South Africa)2] 1.85 GBq &% A&
2 Ao oM, #Ga 0] 22 EE317] At 2 H2 0.6 N GAF &Y(Rotem Industries, Isracl) S A-E-5FATE FEA] §ES- A] pHE| &
AS Qs 4FH 0 2 2.[4-(2-hydroxyethyl)piperazin-1-yl]ethanesulfonic acid (HEPES)S GERBU Biotechnik (Germany)Atel| A <Lofs}
o AFESHR AL, FARE4™ (Water for injection)+= THSHFE-3- (Korea) A &2 AHE-SH3I T

Syringe Pump Cassette Valve Program
Control Unit e

Reactor Control Unit

Fig. 1. Photograph of the cassette-based automated BIKBox® synthesizer and program for ®Ga-labeled
radiopharmaceuticals.
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Fig. 2. Graphical user interface of the BIKBox® cassette-based automated synthesizer: before modification (left) and after
modification (right).
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Fig. 3. (A) Comparison of the manifold before and after modification: (left) the conventional unmarked manifold, and
(right) the optimized design with designated labels (A, B, C) on the manifold. (B) Numeric port labeling (1-5) on the
cassette manifold for precise line and vial connections.
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Fig. 4. Comparison of the reagent vial label designs for the BIKBox® cassette-based automated synthesizer: (left) original

design featuring company information, and (right) redesigned label simplified with color-coding and port identification
numbers.
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Fig. 5. Software communication sequence error observed during the automated synthesis process of the BIKBox®
cassette-based automated synthesizer.
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Table 1. System operational parameters and hardware/software features before and after optimization of the BIKBox®
synthesizer.

Feature / Parameter Pre-optimization Optimized System
Inter-process Delay Time 3 seconds 1 second
Washing Process WEFI* 5 mL x 3 times WFI 10 mL x 2 times
Motor Drive Speed Baseline speed for all steps - Reagent transfer & washing:
2 times baseline
- Manifold line purging: 5 times baseline
Residual Line Purging No dedicated line purging step Added manifold and line purging step post-reactor
transfer

Total Synthesis Time 35 min 30 min
Measured Product Radioactivity Baseline +5 %(Theoretical)
Software GUI & Real-time Monitoring ~ No real-time reactor temperature display ~ Linear graph display for actual reactor temperature
Reagent Kit Identification No color differentiation between reagent kits Color-coded kit labels:

* DOTATOC (Yellow)

« PSMA-11 (Green)
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