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ABSTRACT

Objective: To compare and observe the differences of 18F-FDG produced using FDG citrate and FDG duo citrate cassette on
the GE Healthcare FASTlab2 Synthesizer system following standard operating parameters.

Study Design: Quasi-experimental study.

Place and Duration of Study: Armed Forces Institute of Radiology and Imaging, Rawalpindi Pakistan, from Sep 2020 to Aug
2021.

Methodology: Comparison of 18F-FDG produced using FDG citrate and FDG duo citrate cassette on FASTlab2 consists
of evaluating the estimated yield uncorrected (EYUC), estimated yield decay corrected (EYDC), radiochemical purity (RCP),
synthesis duration and tracer volume in both cassettes. Sixty Batches of each FDG citrate and duo citrate cassettes were
utilized to obtain the required results.

Results: Results acquired by comparing the mean yield of FDG citrate and FDG duo citrate cassette were 74.98+8.92% for
EYUC and 86.35+10.26% for EYDC for the FDG citrate cassette. At the same time, the mean RCP turned out to be 99.58+1.06 %
for the citrate cassette and 99.9+0.35 for the duo citrate cassette. The mean synthesis duration of FDG was 24.21+0.76min and
24.75%0.43min for the citrate cassette and duo citrate cassette correspondingly, and the volume of the tracer was 3.5ml for both
cassettes.

Conclusion: The results obtained by comparing these two cassettes were within the range of acceptable limits as claimed by
the manufacturer, with a single cassette offering more yield as compared to a duo cassette, while the radiochemical purity, pH
and volume of the tracer were found to be identical in both cassettes.

Keywords: EYDC (estimated yield decay corrected), FASTlab2, EYUC (estimated yield uncorrected), pH and Volume of the
tracer, RCP (radiochemical purity), Synthesis duration.
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INTRODUCTION

18F-FDG is a widespread radiopharmaceutical
employed in PET-CT imaging used for diagnosis, sta-
ging and restaging of cancer and evaluation of
physiological metabolisms within tissues in the body.!
After FDA approval of FDG in the 1990s, utilization of
FDG PET/CT has remarkably increased for imaging
purposes in the fields of neurology, cardiology and
oncology.? Due to the short half-life of fluorine-18-
based radiopharmaceuticals, it is compulsory to pro-
duce FDG in a radiochemistry lab or nuclear pharmacy
close to the clinical imaging center.? In the past, FDG
was manufactured utilizing electrophilic fluorination
of 3,4,6-tri-O-acetyl-D-glucal (TAG) or D-glucal

The primary difference between the single citrate
and duo citrate cassettes is the frequency of batches
produced from each cassette, as two consecutive runs
could be carried out in the case of duo cassettes

Correspondence: Dr Rizwan Bilal, Department of Orthopedics, Armed
Forces Institute of Radiology and Imaging, Rawalpindi Pakistan
Received: 17 Jan 2022; revision received: 21 Nov 2022; accepted: 23 Nov 2022

without exposure to the workers.> In contrast, it is
placed to the extreme right in the case of the duo
cassette. FASTIab citrate cassette is preferred over the
phosphate cassette due to its higher ethanol content
which is responsible for radiolysis inhibition and
overall stability.® Moreover, due to abbreviated new
drug application (ANDA) requirements set up by
FDA, the citrate cassette is more suitable than the
phosphate cassette.”8

The complete procedure is automated and carried
out in a shielded and controlled environment, which
ensures minimum exposure to the operators working
inside a hot lab as radiation workers are exposed to a
significant amount of radiation during radiopharma-
ceuticals manufacturing and dispensing processes.8?
This study checks whether significant differences exist
between the yield and quality of 18F FDG produced
using duo and single citrate cassettes.

METHODOLOGY

The quasi-experimental study was conducted at
the Armed Forces Institute of Radiology and Imaging
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(AFIRI), Rawalpindi, Pakistan, from September 2020 to
August 2021 after getting approval from the Ethical
Committee (certificate number 0062). The sample size
was calculated using a WHO calculator with the
reported prevalence of 50% of both cassettes.!

Inclusion Criteria: All cassettes manufactured and
quality certified by GE Healthcare and within the limit
of expiry date were included in the study.

Exclusion Criteria: Cassettes from third-party manu-
facturers and those past the expiry date were excluded
from this study.

A total of 120 batches, sixty of each single and
duo cassettes, were utilized in this study. A simple
convenience sampling technique was used to assemble
the data. F18 is produced as fluoride ions from the
bombardment of accelerated protons in O18 water. GE
Minitrace 9.6 MeV cyclotron can produce up to
2700mci of F18 for 2 hours on 50pA. Fluoride ions are
then transported in the form of irradiated water via a
transfer line to the radiochemistry module.

Automated radiochemistry modules have over-
taken the traditional techniques and homemade
systems employed in the 90s for radiopharmaceutical
labelling.® These systems are supplied with commer-
cially prepared cassettes which are sterile and are
manufactured according to GMP, and capable of auto-
mated rinsing after the labelling procedure.!® Fastlab,2
is used in the radiolabelling of radiopharmaceuticals.
The irradiated water containing radioactive F18 is
transferred from the cyclotron to the synthesizer,
which is already on standby to receive activity and
start the radiolabelling process.

The Ge Healthcare FASTlab2 synthesizer is sup-
plied with prepared reagents filled cassettes (FASTlab
duo citrate cassettes or FASTlab citrate cassettes)
consumed during the process. After performing some
preliminary steps, the synthesizer is ready to receive
the activity from the cyclotron. Radioactive F18 is
transferred as liquid 2.7ml to the synthesizer, trapped
in the QMA cartridge. At the same time, the residual
water is recovered in the vial placed alongside the
synthesizer.

Then 0.5ml of eluent mixture (containing kry-
ptofix, Potassium carbonate, Acetonitrile and Water) is
passed through the QMA cartridge, and F18 trapped
there is moved onto the reactor vessel. After this step,
temp in the reactor vessel is increased, and the drying
process starts to remove unwanted chemicals from
the eluent (Azeotropic drying). This step, 0.1ml of

acetonitrile is added to the reactor to facilitate this
process.

In the next step, the precursor, i.e., Mannose
Triflate 1.7ml, is added to the reactor, and a substitu-
tion nucleophilic reaction takes place, resulting in
decreased reaction time for synthesis and higher and
stable yield a result.!! In this process trifluoromethane
sulfonate group is displaced by radioactive F18 ion
resulting in FTAG fluoro 1, 2, 3, 4, 6-tetra-O-acetyl-D-
glucose and for the purification of FTAG, it is diluted
with 3ml of water then the addition of further 2ml and
4ml of water takes places.

After this step, FTAG is passed on to the tC18
environmental cartridge, and the process is repeated. It
is trapped on the cartridge, and free F18 and other
impurities are sent to the waste bottle. The reactor
vessel is then washed with water to obtain any traces
remaining. The next step involved in this process is
hydrolysis, which converts FTAG into FDG. In this
step, Iml of 2N NaOH is added to the tC18 environ-
mental cartridge and the acetyl groups by OH ions
resulting in the formation of FDG.1213

This FDG produced is alkaline due to the alkaline
hydrolysis, so the pH adjustment is significant before
administration to the patients. So in the next step, this
alkaline FDG is collected in 2ml of water, and 1.70ml of
citrate buffer is added to the solution so that pH is
adjusted for human administration in the final steps,
this FDG is passed on to the tC18 plus cartridge where
it retains unhydrolyzed FDG and other impurities and
then through the Alumina cartridge where unreacted
F18 ions are also retained, and then the final product
is transferred to the Phaedra in which clio dispenser
is place.

Clio dispensing system is a semi-auto radio-
pharmaceutical volumetric dispenser. FDG from the
FASTlab2 synthesizer is transferred to the Phaedra Hot
cell and received in bulk. Commercially prepared kits
for clio are utilized in this system. FDG is received in
the bulk of the system, where a dose calibrator calcu-
lates the mean of the activity received. There is an
optional way of dispensing FDG via volume or
activity. A volumetric mode of dispensing was utilized
in the present study.

The Data was examined using Microsoft Excel-
2010, and the independent sample t-test was perfor-
med to compare the radiochemical yields uncorrected,
decay corrected, radiochemical purities, pHs and
synthesis durations of both cassettes. The p-value
lower than or up to 0.05 was considered as significant.
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RESULTS

After analyzing 60 batches each of FASTlab single
citrate cassettes and FASTlab duo citrate cassettes
following parameters were used to assess the suita-
bility of both cassettes, namely RYUC (radiochemical
yield uncorrected), RYDC (radiochemical yield decay
corrected), RCP (radiochemical purity) and synthesis
of duration. The mean value for the FASTIlab single
citrate cassette were 74.98+8.92% for RYUC and
86.35+10.26% for RYDC, while the average results for
RYUC and RYDC for FASTlab duo citrate cassette
turned out to be 71.316+3.65% and 82.3+4.24% respec-
tively. The differences between the two types of
cassettes are given in the Table.

Synthesis of duration was also an essential factor

between FASTlab2 single citrate cassettes and FASTlab
duo cassettes are given in Figure-1. Layouts of
FASTlab single citrate cassette and FASTlab duo citrate
cassette are shown in Figure-2 & 3.
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Figure-2: Layout of FASTlab Single citrate cassette

Table: Difference between different Parameters RYUC, RYDC, RCP, pH and Synthesis of Duration

Cassette RY.UC (Radiochemical | RYDC (Radiochemical Yield ) R.CP ) pH Syr}thesis.
Yield Uncorrected)% Decay Corrected)% (Radiochemical Purity) % Duration (min)

Single citrate cassette 74.983+8.92 86.35+10.26 99.58+1.06 5391+0.34 | 24.216+0.76
Duo citrate cassette 71.31643.65 82.3+4.24 99.9+0.35 5393034 | 24.75:043
Difference 3.667 4.05 -0.307 -0.002 -0.534
in determining the performance of the cassette used, I _

and there were no vast changes observed in the dura- T

tion of synthesis with both single and duo citrate e 5 = = -
cassettes with an average time of 24.21+0.76 and - e Tatalohe B
24.75+0.43 minutes sequentially. The results were

significant after applying the t-test for all radiation i

parameters. The mean values for RCP (radiochemical = =T
purity) of both cassettes as both single and duo i — . -
cassettes produced pure radiochemical compounds . = / [» ;
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Figure-1: Radiochemical Yield comparison of RYUC, RYDC for the
FASTlab Single Citrate Cassette and FASTlab Duo Citrate Cassette

All the QC tests were performed before declaring
the batch fit for human use according to European
"Pharmacopoeia. The average pH for both cassettes
was the same, with a value of 5.39. The differences
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Figure-3: Layout of FASTlab Duo citrate cassette

DISCUSSION
At the Armed Forces Institute of Radiology and
Imaging, both FASTlab single citrate cassettes and
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FASTlab duo citrate cassettes are being utilized to
produce 18F-FDG. The major differences between
these cassettes are the number of chemicals in the
individual cartridges and the number of productions
that could be carried out double in duo cassettes
compared to single cassettes. The results obtained from
analyzing 60 batches of both cassettes indicated that no
significant differences were found in the radiochemical
purity of 18F-FDG manufactured from both cassettes.

There were slight differences found in the
radiochemical yields of FDG produced from single
citrate and duo citrate cassettes which still are within
the acceptable range.* Synthesis duration was also
more or less identical in both cassettes. There was also
no considerable variation in the pH of the final product
labelled from each cassette type. Furthermore, FASTlab
citrate and duo citrate cassettes are preferred over
FASTlab Phosphate cassettes due to the former
meeting ANDA (abbreviated new drug application)
requirements being imposed by FDA1.15

One of the advantages of using a FASTlab duo
citrate cassette over a single citrate cassette is the cost-
effectiveness, as it costs slightly less compared to the
latter.l® However, there are also some limitations of
using a duo cassette as the hospital is forced to
perform the next synthesis within 24 hours; otherwise,
the setup will proceed directly towards cassette
rinsing.’” Another drawback of using the FASTlab duo
cassette is that the synthesis module needs to be
continuously powered on during the wait time
between two syntheses, and nitrogen must be supplied
during this whole operation without any hindrance;
otherwise, the cassette would be wasted. All the QC
tests were performed according to European Pharma-
copoeia before passing out the final product. Filter
integrity test is another test which is not mentioned in
either European or United States Pharmacopeia but is
performed to ensure the sterility of the final product.1®

CONCLUSION

FASTlab2 module is the foremost advanced, efficacious
and feasible synthesizer compared to other modules
available in the market. There are no whatsoever differences
found between the 18F-FDG produced from both the FDG
citrate cassette and the FASTlab duo citrate cassette as the
parameters like RCP, pH and synthesis of duration are
almost identical and only slight deviations were observed
between the RYUC and RYDC. Both cassettes were confined
to the standards of European Pharmacopoeia, and not a
single incident of QC failure occurred during the study. In
conclusion, it is up to the institute to decide which kind of
cassette it intends to use for production as per convenience.
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