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ABSTRACT
Prostate cancer is becoming clinical concern in Bangladesh, raising 
the need for advanced imaging for accurate diagnosis and patient 
management. [18F] PSMA-1007 is an attractive PET 
radiopharmaceutical because the longer half-life of 18F (Fluorine-18) 
supports centralized cyclotron-based production and distribution to 
nearby PET centres.
A preliminary comparison was performed using two production runs 
carried out under high- and moderate-activity conditions at EOB. In 
the first run, the EOB activity was 4648 mCi. Despite the higher 
starting activity, the final product activity was only 95 mCi, with a 
decay-corrected activity of 126.99 mCi and a decay-corrected 
radiochemical yield (RCY) of 2.7%. In the second run, the EOB 
activity was lower at 2300 mCi, yet the final product activity increased 
to 1200 mCi, with a decay-corrected activity of 1604 mCi and a 
decay-corrected RCY of 69.75%.
These findings indicate that higher starting activity does not 
necessarily result in successful [18F] PSMA-1007 production. Rather, 
excessive starting activity may adversely affect the radiolabelling 
process. In contrast, a moderate starting activity may provide more 
favourable conditions for efficient labelling and product recovery. 
This preliminary study highlights the importance of optimizing EOB 
activity to achieve reliable cyclotron-based production of [18F] 
PSMA-1007 for routine prostate cancer imaging services in 
Bangladesh.
Keywords: Prostate cancer, [18F] PSMA-1007, End of bombardment; 
Radiochemical yield, Cyclotron.
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INTRODUCTION

Prostate cancer is one of the most common malignancies 
in men and has become increasingly important in both 
diagnostic imaging and treatment planning. In 
Bangladesh, the disease may still receive less attention 
than some other major cancers. This cancer is diagnosed 
at advanced stages, leading to much poorer survival than 
other malignancies in Bangladesh. Though in a 
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limited-resource diagnostic facility, more concern should 
be given in the diagnosis of these malignancies (1, 2). 
Prostate-specific membrane antigen (PSMA)-targeted 
positron emission tomography and computed 
tomography (PET-CT) imaging has become the gold 
standard for diagnosis, staging, and restaging of prostate 
cancer. [18F] PSMA PET-CT has shown better lesion 
detection than the commonly used [18F] FDG PET-CT 
scan, particularly in recurrent disease and in patients with 
low PSA levels. Although 68Ga (Gallium)-labeled PSMA 
radiotracers are widely used, their generator-based 
production has limited batch capacity. For this reason, 
there has been strong interest in radiofluorinated PSMA 
ligands, especially [18F] PSMA-1007. Because 
fluorine-18 has a longer half-life and is 
cyclotron-produced, it is more suitable for larger batch 
production and regional distribution. In addition, [¹⁸F] 
PSMA-1007 shows minimal urinary excretion, which is 
particularly helpful for detecting lesions in the pelvis and 
prostate bed (3, 4). Beside this, [18F] PSMA-1007 
PET-CT scan has improved clinical patient management. 
In patients with biochemical recurrence after radical 
prostatectomy, it detects meaningful observation even at 
low PSA levels. Men with biochemical recurrence, 
confirmed by [18F] PSMA-1007 PET-CT scan, can 
directly influence treatment plans. Therefore, access to a 
reliable PSMA radiopharmaceutical is not only a 
technical matter but also an important clinical issue for 
personalized prostate cancer care (5).

As a developing nation with limited medical resources, 
[18F] PSMA-1007 PET-CT scan has special practical 

significance. The first reported synthesis and quality 
control assessment of [18F] PSMA-1007 at NINMAS 
showed that local production is feasible, meeting 
European Pharmacopoeia-related quality requirements 
for clinical use. This was an important milestone for the 
country because centralized cyclotron-based production 
can support not only on-site patient imaging but also 
distribution to nearby PET-CT centers (6).  However, for 
such a system to function smoothly in routine service, 
production must be reproducible, efficient, and stable 
from batch to batch. Regular synthesis of [18F] 
PSMA-1007 depends on several technical and chemical 
factors. Precursor quality, cassette and tubing material, 
purification procedures, synthesizer performance, etc. 
can all influence yield and product quality (7).

Among these, the starting activity of 18F at end of 
bombardment (EOB) is especially important. In 
principle, a higher starting activity might be expected to 
produce a higher final activity. In practice, this linearity is 
not observed. Low and medium starting activities 
produced radiochemical yields of about 52%, whereas 
high starting activity reduced yield to about 40%, with no 
proportional gain in the final available activity. This 
concluded that increasing the starting 18F activity does 
not necessarily improve final [18F] PSMA-1007 output 
and that an intermediate activity range may offer the best 
balance between beam time, yield, purity, and number of 
available doses (8).

This study is highly relevant for medical cyclotron 
facilities where radiopharmaceuticals are distributed to 
all nearby PET-CT centers. Excessive starting activity 
may create an unfavorable radiochemical environment 
and may increase losses during labeling, purification, and 

formulation (9). Optimization of EOB activity is a key 
step in establishing dependable cyclotron-based 
production of [18F] PSMA-1007. In a country like 
Bangladesh, where radiopharmaceutical production must 
be efficient enough to support growing clinical demand, 
identifying the most suitable starting activity is essential 
for improving reliability, reducing failed batches, and 
strengthening prostate cancer imaging services. This 
study aimed to evaluate how different starting 18F 
activities at EOB influence the final product activity and 
decay-corrected radiochemical yield of [18F] 
PSMA-1007, with the goal of identifying a more suitable 
production condition for routine clinical use.

METHODS

This study was carried out at the Cyclotron facility of the 
National Institute of Nuclear Medicine and Allied 
Sciences (NINMAS), Bangladesh Medical University 
(BMU) Campus, Shahbag, Dhaka. The study was based 
on regular production runs of [18F] PSMA-1007 
performed using a fully automated, cassette-based 
synthesis module (Synthera®). [18F] Fluoride was 
produced in a medical cyclotron (18/9 MeV IBA 
Cyclone, Belgium) and used for automated 
radiosynthesis of [18F] PSMA-1007 by direct labeling of 
the PSMA-1007 precursor (Huayi Isotopes Co.). The 
irradiated target solution is passed through a Quaternary 
Methyl Ammonium (QMA) cartridge (Huayi Isotopes 
Co.), and 18O (Oxygen) water is recovered. The trapped 
18F is eluted in the reaction vial and undergoes one-step 
radiofluorination with the PSMA-1007 precursor (Huayi 
Isotopes Co.). The final [18F] PSMA-1007 is purified by 
solid-phase extraction cartridges (C18ec, SCX column, 
Huayi Isotopes Co.) and collected in collection vial. 

For the present study, two separate runs were performed 
under routine regular conditions at two different activities 
at the end of bombardment (EOB). One was 4648 mCi, 
considered a high activity condition, and another was 
2300 mCi, considered a moderate activity condition. 
Aside from the difference in starting EOB activity, the 
synthesis workflow, production parameters, and general 
processing conditions were kept as the same as possible 
in order to find the influence of starting activity on the 

final production outcome. The decay-corrected final 
activity and decay-corrected radiochemical yield (RCY) 
were also calculated for these two different productions.

RESULTS

Two production runs of [18F] PSMA-1007 performed 
under separate starting 18F activities at EOB showed a 
remarkable difference in final product activity and 
production efficiency.

In the first run, the activity at EOB was 4648 mCi which 
was representing the high-activity condition. Despite this 
high starting activity, the final produced [18F] 
PSMA-1007 activity was only 95 mCi. After decay 
correction, the final activity was 126.99 mCi, and the 
decay-corrected radiochemical yield (RCY) was 2.7%. In 
the second run, the activity at EOB was lower, at 2300 
mCi, representing the moderate-activity condition. 
However, in contrast to the first run, the final produced 
[18F] PSMA-1007 activity was 1200 mCi. The 
decay-corrected final activity was 1604 mCi, and the 
decay-corrected RCY reached 69.75%.

A direct comparison of the two runs showed that the 
moderate-activity condition produced substantially better 
results than the high-activity condition. Although the 
second run started with approximately 50.5% lower EOB 
activity than the first run, it produced about 12.6 times 
higher final activity and about 12.6 times higher 
decay-corrected final activity. Most importantly, the 
decay-corrected RCY in the moderate-activity run was 
about 25.8 times higher than that of the high-activity run. 
Higher starting activity at EOB did not result in higher 
final [18F] PSMA-1007 production under the present 
operating conditions. Instead, the moderate starting 

activity was associated with markedly superior product 
recovery and radiochemical yield.

DISCUSSION

The present study showed an inverse relationship 
between starting 18F activity at EOB and the final 
production performance of [18F] PSMA-1007. This 
finding is vital because it represents that, under routine 
cyclotron production conditions, a higher starting activity 
does not automatically translate into a higher final 
product output. Instead, an excessive starting activity 
may significantly compromise labeling efficiency and 
product recovery (10).

This observation is similar to previously published 
production studies of [18F] PSMA-1007 with low, 
medium, and high activity at EOB. For low activity at 
EOB, the yield was 52%, whereas for high activity at 
EOB, the yield was decreased to 40%. Intermediate 
activity range as the most practical option for balancing 
yield, purity, beam time, and number of deliverable doses 
(8). Similarly, one-step GMP-compliant production of 
[18F] PSMA-1007 could achieve radiochemical yields in 
the range of 25-80%, while the initial NINMAS report 
described a radiochemical yield of 46.85% with a 
40-minute synthesis time. In this context, the 69.75% 

decay-corrected RCY observed in the moderate-activity 
run of the present study is well within, and even toward 
the upper side of, the yield range, whereas the 2.7% yield 
of the high-activity run is clearly far below expected 
routine performance (3, 6, 11).

Excessive starting activity resulted in a poor production 
outcome in the present study. This is probable because of 
the high radioactive burden during the labeling phase, 
which may create an unfavorable radiochemical 
environment that promotes side reactions, precursor 
degradation, and finally, incomplete labeling (12). It was 
found that the final [18F] PSMA-1007 product did not show 
radiolysis up to 8 hours after the end of synthesis; this does 
not exclude the possibility that transient radiolytic stress 
occurred earlier during the reaction, purification, and 
formulation stages when activity concentration was 
highest. Therefore, the present findings are similar to the 
idea that high starting activity may adversely affect the 
reaction system before the final product is stabilized. In 
this study, radiolysis, precursor instability, and 
process-related loss were not directly measured, so these 
mechanisms should be considered probable explanations 
rather than proven causes (9, 13). Another important point 
is that [18F] PSMA-1007 production is also sensitive to 
multiple technical variables other than starting activity 
alone. It was found that cassette material, tubing type, and 
precursor significantly influenced activity yield and 
radiochemical purity. Fluoro-elastomer tubing increased 
non-radioactive PSMA-1007 contamination and reduced 
molar activity, whereas the use of silicone tubing together 
with an acetic acid salt precursor improved overall 
production performance. It also found that the automated 
synthesis platform itself can influence [18F] PSMA-1007 
output, with one module producing a substantially higher 
decay-corrected radiochemical yield than another under 
otherwise comparable conditions. These findings strongly 
suggest that the poor result observed in the high-activity 
run of the present study may not have been caused by 
activity alone but by interaction between high activity and 
process limitations such as cassette behavior, purification 
losses, precursor condition, module-specific performance, 
etc. (14).

Smooth and regular production of [18F] PSMA-1007 is 
vital for Bangladesh. The main practical cause of 

18F-labeled PSMA tracers is that they are well suited to 
centralized cyclotron production and regional 
distribution, unlike generator-based approaches that have 
more limited production capacity. It is established that 
[18F] PSMA-1007 can be produced in batch sizes 
sufficient not only for on-site use but also for supply to 
nearby PET-CT centers. This advantage is especially 
important in a country like Bangladesh where access to 
advanced prostate cancer imaging is still emerging and 
where smooth radiopharmaceutical production can 
directly expand patient management. The first successful 
synthesis and quality control report from NINMAS 
already established that [18F] PSMA-1007 production is 
feasible in Bangladesh. The present study adds an 
important operational message that reliable service 
expansion depends not simply on producing the highest 
possible activity at EOB but on identifying an activity 
range that preserves labeling efficiency and minimizes 
batch failure (15, 16).

The discussion of clinical relevance is strengthened by 
the growing importance of [18F] PSMA-1007 PET-CT in 
patient management. Several studies showed high 
detection efficacy with relatively low PSA levels in 
recurrent prostate cancer and changed management in 
more than half of men with biochemical recurrence. 
These clinical advantages mean that production 
optimization is not only a radiochemistry problem but 
also a patient-care issue. A failed or poor-yield batch may 
reduce scan availability, delay diagnosis, and limit 
appropriate staging or restaging in patients who may 
benefit from PSMA-targeted imaging. Therefore, 
improving radiochemical reliability at the production 
level has direct downstream importance for oncology 
service delivery (4, 17).

LIMITATIONS

This study has several limitations. First, it is based on 
only two production data points, so the findings should be 
interpreted as a preliminary operational observation 
rather than a definitive optimization study. Second, no 
direct measurement was performed for precursor 
degradation, cartridge retention, residual activity in 
waste, or reaction-phase radiolysis, all of which could 
have helped identify the exact reason for the very low 

yield in the high-activity run. Future studies should 
include a larger number of syntheses across several 
predefined EOB activity ranges, with simultaneous 
recording of beam time, synthesis duration, 
cartridge-associated losses, radiochemical purity, 
stability, precursor condition, and module performance.

Despite these limitations, the present study provides a 
practical and clinically meaningful message that [18F] 
PSMA-1007 production is highly sensitive to operational 
conditions and that moderate starting activity may 
provide a more favorable balance between chemical 
efficiency and final product recovery than excessively 
high activity. For a medical cyclotron facility aiming to 
establish dependable routine service, the goal should not 
be maximum EOB activity alone but optimum EOB 
activity. In this preliminary experience, the 
moderate-activity condition clearly performed better and 
appears to be a more suitable starting point for reliable 
cyclotron-based production of [18F] PSMA-1007 for 
prostate cancer imaging.

CONCLUSION
Successful synthesis of [18F] PSMA-1007 is not 
determined by high starting 18F activity, which was 
observed in this study. The run performed with moderate 
EOB activity produced a remarkable higher final product 
activity and a much higher decay-corrected 
radiochemical yield than the run performed with high 
EOB activity. These findings reveal that elevated starting 
activity may negatively affect labeling efficiency and 
overall product recovery, whereas a moderate activity 
range may provide a more favorable condition for 
reliable synthesis. This observation is highly important 
for medical cyclotron facilities, especially in developing 
countries like Bangladesh, where smooth and regular 
radiopharmaceutical production is vital for meeting the 
demand of PET-CT imaging services. Optimization of the 
starting activity of 18F at EOB may improve batch 
success, reduce production failure, and support more 
consistent availability of [18F] PSMA-1007 for prostate 
cancer imaging. Although this study is based on a limited 
number of production runs, it provides an important 
operational insight and a useful basis for larger future 
studies aimed at defining the optimum production 
window for routine clinical use.
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ABSTRACT
Prostate cancer is becoming clinical concern in Bangladesh, raising 
the need for advanced imaging for accurate diagnosis and patient 
management. [18F] PSMA-1007 is an attractive PET 
radiopharmaceutical because the longer half-life of 18F (Fluorine-18) 
supports centralized cyclotron-based production and distribution to 
nearby PET centres.
A preliminary comparison was performed using two production runs 
carried out under high- and moderate-activity conditions at EOB. In 
the first run, the EOB activity was 4648 mCi. Despite the higher 
starting activity, the final product activity was only 95 mCi, with a 
decay-corrected activity of 126.99 mCi and a decay-corrected 
radiochemical yield (RCY) of 2.7%. In the second run, the EOB 
activity was lower at 2300 mCi, yet the final product activity increased 
to 1200 mCi, with a decay-corrected activity of 1604 mCi and a 
decay-corrected RCY of 69.75%.
These findings indicate that higher starting activity does not 
necessarily result in successful [18F] PSMA-1007 production. Rather, 
excessive starting activity may adversely affect the radiolabelling 
process. In contrast, a moderate starting activity may provide more 
favourable conditions for efficient labelling and product recovery. 
This preliminary study highlights the importance of optimizing EOB 
activity to achieve reliable cyclotron-based production of [18F] 
PSMA-1007 for routine prostate cancer imaging services in 
Bangladesh.
Keywords: Prostate cancer, [18F] PSMA-1007, End of bombardment; 
Radiochemical yield, Cyclotron.
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INTRODUCTION

Prostate cancer is one of the most common malignancies 
in men and has become increasingly important in both 
diagnostic imaging and treatment planning. In 
Bangladesh, the disease may still receive less attention 
than some other major cancers. This cancer is diagnosed 
at advanced stages, leading to much poorer survival than 
other malignancies in Bangladesh. Though in a 

limited-resource diagnostic facility, more concern should 
be given in the diagnosis of these malignancies (1, 2). 
Prostate-specific membrane antigen (PSMA)-targeted 
positron emission tomography and computed 
tomography (PET-CT) imaging has become the gold 
standard for diagnosis, staging, and restaging of prostate 
cancer. [18F] PSMA PET-CT has shown better lesion 
detection than the commonly used [18F] FDG PET-CT 
scan, particularly in recurrent disease and in patients with 
low PSA levels. Although 68Ga (Gallium)-labeled PSMA 
radiotracers are widely used, their generator-based 
production has limited batch capacity. For this reason, 
there has been strong interest in radiofluorinated PSMA 
ligands, especially [18F] PSMA-1007. Because 
fluorine-18 has a longer half-life and is 
cyclotron-produced, it is more suitable for larger batch 
production and regional distribution. In addition, [¹⁸F] 
PSMA-1007 shows minimal urinary excretion, which is 
particularly helpful for detecting lesions in the pelvis and 
prostate bed (3, 4). Beside this, [18F] PSMA-1007 
PET-CT scan has improved clinical patient management. 
In patients with biochemical recurrence after radical 
prostatectomy, it detects meaningful observation even at 
low PSA levels. Men with biochemical recurrence, 
confirmed by [18F] PSMA-1007 PET-CT scan, can 
directly influence treatment plans. Therefore, access to a 
reliable PSMA radiopharmaceutical is not only a 
technical matter but also an important clinical issue for 
personalized prostate cancer care (5).

As a developing nation with limited medical resources, 
[18F] PSMA-1007 PET-CT scan has special practical 

significance. The first reported synthesis and quality 
control assessment of [18F] PSMA-1007 at NINMAS 
showed that local production is feasible, meeting 
European Pharmacopoeia-related quality requirements 
for clinical use. This was an important milestone for the 
country because centralized cyclotron-based production 
can support not only on-site patient imaging but also 
distribution to nearby PET-CT centers (6).  However, for 
such a system to function smoothly in routine service, 
production must be reproducible, efficient, and stable 
from batch to batch. Regular synthesis of [18F] 
PSMA-1007 depends on several technical and chemical 
factors. Precursor quality, cassette and tubing material, 
purification procedures, synthesizer performance, etc. 
can all influence yield and product quality (7).

Among these, the starting activity of 18F at end of 
bombardment (EOB) is especially important. In 
principle, a higher starting activity might be expected to 
produce a higher final activity. In practice, this linearity is 
not observed. Low and medium starting activities 
produced radiochemical yields of about 52%, whereas 
high starting activity reduced yield to about 40%, with no 
proportional gain in the final available activity. This 
concluded that increasing the starting 18F activity does 
not necessarily improve final [18F] PSMA-1007 output 
and that an intermediate activity range may offer the best 
balance between beam time, yield, purity, and number of 
available doses (8).

This study is highly relevant for medical cyclotron 
facilities where radiopharmaceuticals are distributed to 
all nearby PET-CT centers. Excessive starting activity 
may create an unfavorable radiochemical environment 
and may increase losses during labeling, purification, and 

formulation (9). Optimization of EOB activity is a key 
step in establishing dependable cyclotron-based 
production of [18F] PSMA-1007. In a country like 
Bangladesh, where radiopharmaceutical production must 
be efficient enough to support growing clinical demand, 
identifying the most suitable starting activity is essential 
for improving reliability, reducing failed batches, and 
strengthening prostate cancer imaging services. This 
study aimed to evaluate how different starting 18F 
activities at EOB influence the final product activity and 
decay-corrected radiochemical yield of [18F] 
PSMA-1007, with the goal of identifying a more suitable 
production condition for routine clinical use.

METHODS

This study was carried out at the Cyclotron facility of the 
National Institute of Nuclear Medicine and Allied 
Sciences (NINMAS), Bangladesh Medical University 
(BMU) Campus, Shahbag, Dhaka. The study was based 
on regular production runs of [18F] PSMA-1007 
performed using a fully automated, cassette-based 
synthesis module (Synthera®). [18F] Fluoride was 
produced in a medical cyclotron (18/9 MeV IBA 
Cyclone, Belgium) and used for automated 
radiosynthesis of [18F] PSMA-1007 by direct labeling of 
the PSMA-1007 precursor (Huayi Isotopes Co.). The 
irradiated target solution is passed through a Quaternary 
Methyl Ammonium (QMA) cartridge (Huayi Isotopes 
Co.), and 18O (Oxygen) water is recovered. The trapped 
18F is eluted in the reaction vial and undergoes one-step 
radiofluorination with the PSMA-1007 precursor (Huayi 
Isotopes Co.). The final [18F] PSMA-1007 is purified by 
solid-phase extraction cartridges (C18ec, SCX column, 
Huayi Isotopes Co.) and collected in collection vial. 

For the present study, two separate runs were performed 
under routine regular conditions at two different activities 
at the end of bombardment (EOB). One was 4648 mCi, 
considered a high activity condition, and another was 
2300 mCi, considered a moderate activity condition. 
Aside from the difference in starting EOB activity, the 
synthesis workflow, production parameters, and general 
processing conditions were kept as the same as possible 
in order to find the influence of starting activity on the 

final production outcome. The decay-corrected final 
activity and decay-corrected radiochemical yield (RCY) 
were also calculated for these two different productions.

RESULTS

Two production runs of [18F] PSMA-1007 performed 
under separate starting 18F activities at EOB showed a 
remarkable difference in final product activity and 
production efficiency.

In the first run, the activity at EOB was 4648 mCi which 
was representing the high-activity condition. Despite this 
high starting activity, the final produced [18F] 
PSMA-1007 activity was only 95 mCi. After decay 
correction, the final activity was 126.99 mCi, and the 
decay-corrected radiochemical yield (RCY) was 2.7%. In 
the second run, the activity at EOB was lower, at 2300 
mCi, representing the moderate-activity condition. 
However, in contrast to the first run, the final produced 
[18F] PSMA-1007 activity was 1200 mCi. The 
decay-corrected final activity was 1604 mCi, and the 
decay-corrected RCY reached 69.75%.

A direct comparison of the two runs showed that the 
moderate-activity condition produced substantially better 
results than the high-activity condition. Although the 
second run started with approximately 50.5% lower EOB 
activity than the first run, it produced about 12.6 times 
higher final activity and about 12.6 times higher 
decay-corrected final activity. Most importantly, the 
decay-corrected RCY in the moderate-activity run was 
about 25.8 times higher than that of the high-activity run. 
Higher starting activity at EOB did not result in higher 
final [18F] PSMA-1007 production under the present 
operating conditions. Instead, the moderate starting 

activity was associated with markedly superior product 
recovery and radiochemical yield.

DISCUSSION

The present study showed an inverse relationship 
between starting 18F activity at EOB and the final 
production performance of [18F] PSMA-1007. This 
finding is vital because it represents that, under routine 
cyclotron production conditions, a higher starting activity 
does not automatically translate into a higher final 
product output. Instead, an excessive starting activity 
may significantly compromise labeling efficiency and 
product recovery (10).

This observation is similar to previously published 
production studies of [18F] PSMA-1007 with low, 
medium, and high activity at EOB. For low activity at 
EOB, the yield was 52%, whereas for high activity at 
EOB, the yield was decreased to 40%. Intermediate 
activity range as the most practical option for balancing 
yield, purity, beam time, and number of deliverable doses 
(8). Similarly, one-step GMP-compliant production of 
[18F] PSMA-1007 could achieve radiochemical yields in 
the range of 25-80%, while the initial NINMAS report 
described a radiochemical yield of 46.85% with a 
40-minute synthesis time. In this context, the 69.75% 

decay-corrected RCY observed in the moderate-activity 
run of the present study is well within, and even toward 
the upper side of, the yield range, whereas the 2.7% yield 
of the high-activity run is clearly far below expected 
routine performance (3, 6, 11).

Excessive starting activity resulted in a poor production 
outcome in the present study. This is probable because of 
the high radioactive burden during the labeling phase, 
which may create an unfavorable radiochemical 
environment that promotes side reactions, precursor 
degradation, and finally, incomplete labeling (12). It was 
found that the final [18F] PSMA-1007 product did not show 
radiolysis up to 8 hours after the end of synthesis; this does 
not exclude the possibility that transient radiolytic stress 
occurred earlier during the reaction, purification, and 
formulation stages when activity concentration was 
highest. Therefore, the present findings are similar to the 
idea that high starting activity may adversely affect the 
reaction system before the final product is stabilized. In 
this study, radiolysis, precursor instability, and 
process-related loss were not directly measured, so these 
mechanisms should be considered probable explanations 
rather than proven causes (9, 13). Another important point 
is that [18F] PSMA-1007 production is also sensitive to 
multiple technical variables other than starting activity 
alone. It was found that cassette material, tubing type, and 
precursor significantly influenced activity yield and 
radiochemical purity. Fluoro-elastomer tubing increased 
non-radioactive PSMA-1007 contamination and reduced 
molar activity, whereas the use of silicone tubing together 
with an acetic acid salt precursor improved overall 
production performance. It also found that the automated 
synthesis platform itself can influence [18F] PSMA-1007 
output, with one module producing a substantially higher 
decay-corrected radiochemical yield than another under 
otherwise comparable conditions. These findings strongly 
suggest that the poor result observed in the high-activity 
run of the present study may not have been caused by 
activity alone but by interaction between high activity and 
process limitations such as cassette behavior, purification 
losses, precursor condition, module-specific performance, 
etc. (14).

Smooth and regular production of [18F] PSMA-1007 is 
vital for Bangladesh. The main practical cause of 

18F-labeled PSMA tracers is that they are well suited to 
centralized cyclotron production and regional 
distribution, unlike generator-based approaches that have 
more limited production capacity. It is established that 
[18F] PSMA-1007 can be produced in batch sizes 
sufficient not only for on-site use but also for supply to 
nearby PET-CT centers. This advantage is especially 
important in a country like Bangladesh where access to 
advanced prostate cancer imaging is still emerging and 
where smooth radiopharmaceutical production can 
directly expand patient management. The first successful 
synthesis and quality control report from NINMAS 
already established that [18F] PSMA-1007 production is 
feasible in Bangladesh. The present study adds an 
important operational message that reliable service 
expansion depends not simply on producing the highest 
possible activity at EOB but on identifying an activity 
range that preserves labeling efficiency and minimizes 
batch failure (15, 16).

The discussion of clinical relevance is strengthened by 
the growing importance of [18F] PSMA-1007 PET-CT in 
patient management. Several studies showed high 
detection efficacy with relatively low PSA levels in 
recurrent prostate cancer and changed management in 
more than half of men with biochemical recurrence. 
These clinical advantages mean that production 
optimization is not only a radiochemistry problem but 
also a patient-care issue. A failed or poor-yield batch may 
reduce scan availability, delay diagnosis, and limit 
appropriate staging or restaging in patients who may 
benefit from PSMA-targeted imaging. Therefore, 
improving radiochemical reliability at the production 
level has direct downstream importance for oncology 
service delivery (4, 17).

LIMITATIONS

This study has several limitations. First, it is based on 
only two production data points, so the findings should be 
interpreted as a preliminary operational observation 
rather than a definitive optimization study. Second, no 
direct measurement was performed for precursor 
degradation, cartridge retention, residual activity in 
waste, or reaction-phase radiolysis, all of which could 
have helped identify the exact reason for the very low 

yield in the high-activity run. Future studies should 
include a larger number of syntheses across several 
predefined EOB activity ranges, with simultaneous 
recording of beam time, synthesis duration, 
cartridge-associated losses, radiochemical purity, 
stability, precursor condition, and module performance.

Despite these limitations, the present study provides a 
practical and clinically meaningful message that [18F] 
PSMA-1007 production is highly sensitive to operational 
conditions and that moderate starting activity may 
provide a more favorable balance between chemical 
efficiency and final product recovery than excessively 
high activity. For a medical cyclotron facility aiming to 
establish dependable routine service, the goal should not 
be maximum EOB activity alone but optimum EOB 
activity. In this preliminary experience, the 
moderate-activity condition clearly performed better and 
appears to be a more suitable starting point for reliable 
cyclotron-based production of [18F] PSMA-1007 for 
prostate cancer imaging.

CONCLUSION
Successful synthesis of [18F] PSMA-1007 is not 
determined by high starting 18F activity, which was 
observed in this study. The run performed with moderate 
EOB activity produced a remarkable higher final product 
activity and a much higher decay-corrected 
radiochemical yield than the run performed with high 
EOB activity. These findings reveal that elevated starting 
activity may negatively affect labeling efficiency and 
overall product recovery, whereas a moderate activity 
range may provide a more favorable condition for 
reliable synthesis. This observation is highly important 
for medical cyclotron facilities, especially in developing 
countries like Bangladesh, where smooth and regular 
radiopharmaceutical production is vital for meeting the 
demand of PET-CT imaging services. Optimization of the 
starting activity of 18F at EOB may improve batch 
success, reduce production failure, and support more 
consistent availability of [18F] PSMA-1007 for prostate 
cancer imaging. Although this study is based on a limited 
number of production runs, it provides an important 
operational insight and a useful basis for larger future 
studies aimed at defining the optimum production 
window for routine clinical use.
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Figure 1: The schematic diagram of [18F] PSMA-1007 synthesis unit by using Synthera®
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ABSTRACT
Prostate cancer is becoming clinical concern in Bangladesh, raising 
the need for advanced imaging for accurate diagnosis and patient 
management. [18F] PSMA-1007 is an attractive PET 
radiopharmaceutical because the longer half-life of 18F (Fluorine-18) 
supports centralized cyclotron-based production and distribution to 
nearby PET centres.
A preliminary comparison was performed using two production runs 
carried out under high- and moderate-activity conditions at EOB. In 
the first run, the EOB activity was 4648 mCi. Despite the higher 
starting activity, the final product activity was only 95 mCi, with a 
decay-corrected activity of 126.99 mCi and a decay-corrected 
radiochemical yield (RCY) of 2.7%. In the second run, the EOB 
activity was lower at 2300 mCi, yet the final product activity increased 
to 1200 mCi, with a decay-corrected activity of 1604 mCi and a 
decay-corrected RCY of 69.75%.
These findings indicate that higher starting activity does not 
necessarily result in successful [18F] PSMA-1007 production. Rather, 
excessive starting activity may adversely affect the radiolabelling 
process. In contrast, a moderate starting activity may provide more 
favourable conditions for efficient labelling and product recovery. 
This preliminary study highlights the importance of optimizing EOB 
activity to achieve reliable cyclotron-based production of [18F] 
PSMA-1007 for routine prostate cancer imaging services in 
Bangladesh.
Keywords: Prostate cancer, [18F] PSMA-1007, End of bombardment; 
Radiochemical yield, Cyclotron.
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INTRODUCTION

Prostate cancer is one of the most common malignancies 
in men and has become increasingly important in both 
diagnostic imaging and treatment planning. In 
Bangladesh, the disease may still receive less attention 
than some other major cancers. This cancer is diagnosed 
at advanced stages, leading to much poorer survival than 
other malignancies in Bangladesh. Though in a 

limited-resource diagnostic facility, more concern should 
be given in the diagnosis of these malignancies (1, 2). 
Prostate-specific membrane antigen (PSMA)-targeted 
positron emission tomography and computed 
tomography (PET-CT) imaging has become the gold 
standard for diagnosis, staging, and restaging of prostate 
cancer. [18F] PSMA PET-CT has shown better lesion 
detection than the commonly used [18F] FDG PET-CT 
scan, particularly in recurrent disease and in patients with 
low PSA levels. Although 68Ga (Gallium)-labeled PSMA 
radiotracers are widely used, their generator-based 
production has limited batch capacity. For this reason, 
there has been strong interest in radiofluorinated PSMA 
ligands, especially [18F] PSMA-1007. Because 
fluorine-18 has a longer half-life and is 
cyclotron-produced, it is more suitable for larger batch 
production and regional distribution. In addition, [¹⁸F] 
PSMA-1007 shows minimal urinary excretion, which is 
particularly helpful for detecting lesions in the pelvis and 
prostate bed (3, 4). Beside this, [18F] PSMA-1007 
PET-CT scan has improved clinical patient management. 
In patients with biochemical recurrence after radical 
prostatectomy, it detects meaningful observation even at 
low PSA levels. Men with biochemical recurrence, 
confirmed by [18F] PSMA-1007 PET-CT scan, can 
directly influence treatment plans. Therefore, access to a 
reliable PSMA radiopharmaceutical is not only a 
technical matter but also an important clinical issue for 
personalized prostate cancer care (5).

As a developing nation with limited medical resources, 
[18F] PSMA-1007 PET-CT scan has special practical 

significance. The first reported synthesis and quality 
control assessment of [18F] PSMA-1007 at NINMAS 
showed that local production is feasible, meeting 
European Pharmacopoeia-related quality requirements 
for clinical use. This was an important milestone for the 
country because centralized cyclotron-based production 
can support not only on-site patient imaging but also 
distribution to nearby PET-CT centers (6).  However, for 
such a system to function smoothly in routine service, 
production must be reproducible, efficient, and stable 
from batch to batch. Regular synthesis of [18F] 
PSMA-1007 depends on several technical and chemical 
factors. Precursor quality, cassette and tubing material, 
purification procedures, synthesizer performance, etc. 
can all influence yield and product quality (7).

Among these, the starting activity of 18F at end of 
bombardment (EOB) is especially important. In 
principle, a higher starting activity might be expected to 
produce a higher final activity. In practice, this linearity is 
not observed. Low and medium starting activities 
produced radiochemical yields of about 52%, whereas 
high starting activity reduced yield to about 40%, with no 
proportional gain in the final available activity. This 
concluded that increasing the starting 18F activity does 
not necessarily improve final [18F] PSMA-1007 output 
and that an intermediate activity range may offer the best 
balance between beam time, yield, purity, and number of 
available doses (8).

This study is highly relevant for medical cyclotron 
facilities where radiopharmaceuticals are distributed to 
all nearby PET-CT centers. Excessive starting activity 
may create an unfavorable radiochemical environment 
and may increase losses during labeling, purification, and 

formulation (9). Optimization of EOB activity is a key 
step in establishing dependable cyclotron-based 
production of [18F] PSMA-1007. In a country like 
Bangladesh, where radiopharmaceutical production must 
be efficient enough to support growing clinical demand, 
identifying the most suitable starting activity is essential 
for improving reliability, reducing failed batches, and 
strengthening prostate cancer imaging services. This 
study aimed to evaluate how different starting 18F 
activities at EOB influence the final product activity and 
decay-corrected radiochemical yield of [18F] 
PSMA-1007, with the goal of identifying a more suitable 
production condition for routine clinical use.

METHODS

This study was carried out at the Cyclotron facility of the 
National Institute of Nuclear Medicine and Allied 
Sciences (NINMAS), Bangladesh Medical University 
(BMU) Campus, Shahbag, Dhaka. The study was based 
on regular production runs of [18F] PSMA-1007 
performed using a fully automated, cassette-based 
synthesis module (Synthera®). [18F] Fluoride was 
produced in a medical cyclotron (18/9 MeV IBA 
Cyclone, Belgium) and used for automated 
radiosynthesis of [18F] PSMA-1007 by direct labeling of 
the PSMA-1007 precursor (Huayi Isotopes Co.). The 
irradiated target solution is passed through a Quaternary 
Methyl Ammonium (QMA) cartridge (Huayi Isotopes 
Co.), and 18O (Oxygen) water is recovered. The trapped 
18F is eluted in the reaction vial and undergoes one-step 
radiofluorination with the PSMA-1007 precursor (Huayi 
Isotopes Co.). The final [18F] PSMA-1007 is purified by 
solid-phase extraction cartridges (C18ec, SCX column, 
Huayi Isotopes Co.) and collected in collection vial. 

For the present study, two separate runs were performed 
under routine regular conditions at two different activities 
at the end of bombardment (EOB). One was 4648 mCi, 
considered a high activity condition, and another was 
2300 mCi, considered a moderate activity condition. 
Aside from the difference in starting EOB activity, the 
synthesis workflow, production parameters, and general 
processing conditions were kept as the same as possible 
in order to find the influence of starting activity on the 

final production outcome. The decay-corrected final 
activity and decay-corrected radiochemical yield (RCY) 
were also calculated for these two different productions.

RESULTS

Two production runs of [18F] PSMA-1007 performed 
under separate starting 18F activities at EOB showed a 
remarkable difference in final product activity and 
production efficiency.

In the first run, the activity at EOB was 4648 mCi which 
was representing the high-activity condition. Despite this 
high starting activity, the final produced [18F] 
PSMA-1007 activity was only 95 mCi. After decay 
correction, the final activity was 126.99 mCi, and the 
decay-corrected radiochemical yield (RCY) was 2.7%. In 
the second run, the activity at EOB was lower, at 2300 
mCi, representing the moderate-activity condition. 
However, in contrast to the first run, the final produced 
[18F] PSMA-1007 activity was 1200 mCi. The 
decay-corrected final activity was 1604 mCi, and the 
decay-corrected RCY reached 69.75%.

A direct comparison of the two runs showed that the 
moderate-activity condition produced substantially better 
results than the high-activity condition. Although the 
second run started with approximately 50.5% lower EOB 
activity than the first run, it produced about 12.6 times 
higher final activity and about 12.6 times higher 
decay-corrected final activity. Most importantly, the 
decay-corrected RCY in the moderate-activity run was 
about 25.8 times higher than that of the high-activity run. 
Higher starting activity at EOB did not result in higher 
final [18F] PSMA-1007 production under the present 
operating conditions. Instead, the moderate starting 

activity was associated with markedly superior product 
recovery and radiochemical yield.

DISCUSSION

The present study showed an inverse relationship 
between starting 18F activity at EOB and the final 
production performance of [18F] PSMA-1007. This 
finding is vital because it represents that, under routine 
cyclotron production conditions, a higher starting activity 
does not automatically translate into a higher final 
product output. Instead, an excessive starting activity 
may significantly compromise labeling efficiency and 
product recovery (10).

This observation is similar to previously published 
production studies of [18F] PSMA-1007 with low, 
medium, and high activity at EOB. For low activity at 
EOB, the yield was 52%, whereas for high activity at 
EOB, the yield was decreased to 40%. Intermediate 
activity range as the most practical option for balancing 
yield, purity, beam time, and number of deliverable doses 
(8). Similarly, one-step GMP-compliant production of 
[18F] PSMA-1007 could achieve radiochemical yields in 
the range of 25-80%, while the initial NINMAS report 
described a radiochemical yield of 46.85% with a 
40-minute synthesis time. In this context, the 69.75% 

decay-corrected RCY observed in the moderate-activity 
run of the present study is well within, and even toward 
the upper side of, the yield range, whereas the 2.7% yield 
of the high-activity run is clearly far below expected 
routine performance (3, 6, 11).

Excessive starting activity resulted in a poor production 
outcome in the present study. This is probable because of 
the high radioactive burden during the labeling phase, 
which may create an unfavorable radiochemical 
environment that promotes side reactions, precursor 
degradation, and finally, incomplete labeling (12). It was 
found that the final [18F] PSMA-1007 product did not show 
radiolysis up to 8 hours after the end of synthesis; this does 
not exclude the possibility that transient radiolytic stress 
occurred earlier during the reaction, purification, and 
formulation stages when activity concentration was 
highest. Therefore, the present findings are similar to the 
idea that high starting activity may adversely affect the 
reaction system before the final product is stabilized. In 
this study, radiolysis, precursor instability, and 
process-related loss were not directly measured, so these 
mechanisms should be considered probable explanations 
rather than proven causes (9, 13). Another important point 
is that [18F] PSMA-1007 production is also sensitive to 
multiple technical variables other than starting activity 
alone. It was found that cassette material, tubing type, and 
precursor significantly influenced activity yield and 
radiochemical purity. Fluoro-elastomer tubing increased 
non-radioactive PSMA-1007 contamination and reduced 
molar activity, whereas the use of silicone tubing together 
with an acetic acid salt precursor improved overall 
production performance. It also found that the automated 
synthesis platform itself can influence [18F] PSMA-1007 
output, with one module producing a substantially higher 
decay-corrected radiochemical yield than another under 
otherwise comparable conditions. These findings strongly 
suggest that the poor result observed in the high-activity 
run of the present study may not have been caused by 
activity alone but by interaction between high activity and 
process limitations such as cassette behavior, purification 
losses, precursor condition, module-specific performance, 
etc. (14).

Smooth and regular production of [18F] PSMA-1007 is 
vital for Bangladesh. The main practical cause of 

18F-labeled PSMA tracers is that they are well suited to 
centralized cyclotron production and regional 
distribution, unlike generator-based approaches that have 
more limited production capacity. It is established that 
[18F] PSMA-1007 can be produced in batch sizes 
sufficient not only for on-site use but also for supply to 
nearby PET-CT centers. This advantage is especially 
important in a country like Bangladesh where access to 
advanced prostate cancer imaging is still emerging and 
where smooth radiopharmaceutical production can 
directly expand patient management. The first successful 
synthesis and quality control report from NINMAS 
already established that [18F] PSMA-1007 production is 
feasible in Bangladesh. The present study adds an 
important operational message that reliable service 
expansion depends not simply on producing the highest 
possible activity at EOB but on identifying an activity 
range that preserves labeling efficiency and minimizes 
batch failure (15, 16).

The discussion of clinical relevance is strengthened by 
the growing importance of [18F] PSMA-1007 PET-CT in 
patient management. Several studies showed high 
detection efficacy with relatively low PSA levels in 
recurrent prostate cancer and changed management in 
more than half of men with biochemical recurrence. 
These clinical advantages mean that production 
optimization is not only a radiochemistry problem but 
also a patient-care issue. A failed or poor-yield batch may 
reduce scan availability, delay diagnosis, and limit 
appropriate staging or restaging in patients who may 
benefit from PSMA-targeted imaging. Therefore, 
improving radiochemical reliability at the production 
level has direct downstream importance for oncology 
service delivery (4, 17).

LIMITATIONS

This study has several limitations. First, it is based on 
only two production data points, so the findings should be 
interpreted as a preliminary operational observation 
rather than a definitive optimization study. Second, no 
direct measurement was performed for precursor 
degradation, cartridge retention, residual activity in 
waste, or reaction-phase radiolysis, all of which could 
have helped identify the exact reason for the very low 

yield in the high-activity run. Future studies should 
include a larger number of syntheses across several 
predefined EOB activity ranges, with simultaneous 
recording of beam time, synthesis duration, 
cartridge-associated losses, radiochemical purity, 
stability, precursor condition, and module performance.

Despite these limitations, the present study provides a 
practical and clinically meaningful message that [18F] 
PSMA-1007 production is highly sensitive to operational 
conditions and that moderate starting activity may 
provide a more favorable balance between chemical 
efficiency and final product recovery than excessively 
high activity. For a medical cyclotron facility aiming to 
establish dependable routine service, the goal should not 
be maximum EOB activity alone but optimum EOB 
activity. In this preliminary experience, the 
moderate-activity condition clearly performed better and 
appears to be a more suitable starting point for reliable 
cyclotron-based production of [18F] PSMA-1007 for 
prostate cancer imaging.

CONCLUSION
Successful synthesis of [18F] PSMA-1007 is not 
determined by high starting 18F activity, which was 
observed in this study. The run performed with moderate 
EOB activity produced a remarkable higher final product 
activity and a much higher decay-corrected 
radiochemical yield than the run performed with high 
EOB activity. These findings reveal that elevated starting 
activity may negatively affect labeling efficiency and 
overall product recovery, whereas a moderate activity 
range may provide a more favorable condition for 
reliable synthesis. This observation is highly important 
for medical cyclotron facilities, especially in developing 
countries like Bangladesh, where smooth and regular 
radiopharmaceutical production is vital for meeting the 
demand of PET-CT imaging services. Optimization of the 
starting activity of 18F at EOB may improve batch 
success, reduce production failure, and support more 
consistent availability of [18F] PSMA-1007 for prostate 
cancer imaging. Although this study is based on a limited 
number of production runs, it provides an important 
operational insight and a useful basis for larger future 
studies aimed at defining the optimum production 
window for routine clinical use.

ACKNOWLEDGEMENT

This research work is being carried out under the “Special 
Research Grant” of Ministry of Science & Technology of 
the Government of the People’s Republic of Bangladesh. 
Authors express sincere gratitude to all scientists, 
technologists and engineers of the cyclotron division of 
NINMAS, BAEC for their valuable technical support, 
cooperation, and dedication. 

REFERENCES 
1. International Agency for Research on Cancer. Bangladesh fact 

sheet: Globocan 2022. Lyon: IARC; 2024.
2. Arafat MA, Bhuiyan MN, Akhtaruzzaman M, Rana M, Mahmud 

A, Ahmed A, Khan S. Treatment Patterns and Survival Outcomes 
of Prostate Cancer in Bangladeshi Patients. Community Based 
Medical Journal. 2025 Jul 28;14(2):115-20.

3. Cardinale J, Martin R, Remde Y, Schäfer M, Hienzsch A, Hübner 
S, Zerges AM, Marx H, Hesse R, Weber K, Smits R. Procedures 
for the GMP-compliant production and quality control of [18F] 
PSMA-1007: a next generation radiofluorinated tracer for the 
detection of prostate cancer. Pharmaceuticals. 2017 Sep 
27;10(4):77.

4. Giesel FL, Knorr K, Spohn F, Will L, Maurer T, Flechsig P, Neels 
O, Schiller K, Amaral H, Weber WA, Haberkorn U. Detection 
efficacy of 18F-PSMA-1007 PET/CT in 251 patients with 
biochemical recurrence of prostate cancer after radical 
prostatectomy. Journal of Nuclear Medicine. 2019 Mar 
1;60(3):362-8.

5. Pozdnyakov A, Kulanthaivelu R, Bauman G, Ortega C, 
Veit-Haibach P, Metser U. The impact of PSMA PET on the 
treatment and outcomes of men with biochemical recurrence of 
prostate cancer: a systematic review and meta-analysis. Prostate 
Cancer and Prostatic Diseases. 2023 Jun;26(2):240-8.

6. Uddin MJ, Azim MA, Biswasarma SC, Islam MS, Islam S, 
Mamun M, Begum F, Hossain MN, Mia MS, Mehdi H, Siddiquee 
MN. Radiosynthesis and Quality Control of [18F] PSMA-1007 at 
the Cyclotron Facility of National Institute of Nuclear Medicine 
and Allied Sciences (NINMAS) for Diagnosis of Prostate Cancer. 
Bangladesh Journal of Nuclear Medicine. 2023;26(2):198-200.

7. Naka S, Watabe T, Kurimoto K, Uemura M, Soeda F, Neels OC, 
Kopka K, Tatsumi M, Kato H, Nonomura N, Shimosegawa E. 
Automated [18F] PSMA-1007 production by a single use 
cassette-type synthesizer for clinical examination. EJNMMI 
Radiopharmacy and Chemistry. 2020 Jul 29;5(1):18.

8. Maisto C, Morisco A, de Marino R, Squame E, Porfidia V, 
D’Ambrosio L, Di Martino D, Gaballo P, Aurilio M, Buonanno 
M, Esposito A. On site production of [18F] PSMA-1007 using 
different [18F] fluoride activities: practical, technical and 
economical impact. EJNMMI Radiopharmacy and Chemistry. 
2021 Oct 13;6(1):36.

9. Maisto C, Aurilio M, Morisco A, de Marino R, Buonanno 
Recchimuzzo MJ, Carideo L, D’Ambrosio L, Di Gennaro F, 
Esposito A, Gaballo P, Pirozzi Palmese V. Analysis of pros and 
cons in using [68Ga] Ga-PSMA-11 and [18F] PSMA-1007: 

production, costs, and PET/CT applications in patients with 
prostate cancer. Molecules. 2022 Jun 16;27(12):3862.

10. Oh SW, Wurzer A, Teoh E, Oh S, Buschner G, Herz M, Kropf S, 
Wester H, Weber W, Eiber M. Quantitative and qualitative 
analysis of biodistribution and PET image quality of novel 
radiohybrid PSMA ligand, 18F-rhPSMA-7, in patients with 
prostate cancer.

11. Grubmüller B, Baltzer P, D’andrea D, Korn S, Haug AR, Hacker 
M, Grubmüller KH, Goldner GM, Wadsak W, Pfaff S, Babich J. 
68Ga-PSMA 11 ligand PET imaging in patients with biochemical 
recurrence after radical prostatectomy–diagnostic performance 
and impact on therapeutic decision-making. European journal of 
nuclear medicine and molecular imaging. 2018 Feb;45(2):235-42.

12. Larenkov A, Mitrofanov I, Pavlenko E, Rakhimov M. 
Radiolysis-associated decrease in radiochemical purity of 
177Lu-radiopharmaceuticals and comparison of the effectiveness 
of selected quenchers against this process. Molecules. 2023 Feb 
16;28(4):1884.

13. Maisto C, Aurilio M, Morisco A, de Marino R, Buonanno 
Recchimuzzo MJ, Carideo L, D’Ambrosio L, Di Gennaro F, 
Esposito A, Gaballo P, Pirozzi Palmese V. Analysis of pros and 

cons in using [68Ga] Ga-PSMA-11 and [18F] PSMA-1007: 
production, costs, and PET/CT applications in patients with 
prostate cancer. Molecules. 2022 Jun 16;27(12):3862.

14. Cossandi M, Statuto M, Migliorati E, Viganò GL, Spiazzi L, 
Rodella C, Bellini P, Rinaldi R, Camoni L, Dondi F, Biasiotto G. 
A comparative assessment of radiochemical purity and yield of 
[18F] PSMA-1007 production using two different automated 
synthesis platforms: a head-to-head comparison. EJNMMI 
Radiopharmacy and Chemistry. 2026 Jan 24.

15. Di Iorio V, Boschi S, Sarnelli A, Cuni C, Bianchini D, Monti M, 
Gorgoni G, Paganelli G, Matteucci F, Masini C. [18F] 
F-PSMA-1007 Radiolabelling without an On-Site Cyclotron: A 
Quality Issue. Pharmaceuticals. 2021 Jun 22;14(7):599.

16. Piron S, Verhoeven J, Vanhove C, De Vos F. Recent advancements 
in 18F-labeled PSMA targeting PET radiopharmaceuticals. 
Nuclear Medicine and Biology. 2022 Mar 1;106:29-51.

17. Ekmekcioglu Ö, Busstra M, Klass ND, Verzijlbergen F. Bridging 
the imaging gap: PSMA PET/CT has a high impact on treatment 
planning in prostate cancer patients with biochemical 
recurrence—a narrative review of the literature. Journal of 
Nuclear Medicine. 2019 Oct 1;60(10):1394-8.

Table 1: The schematic diagram of [18F] PSMA-1007 synthesis unit by using Synthera®

Parameter High-activity run Moderate-activity run 

Activity at EOB (mCi) 4648 2300 

Final product activity (mCi) 95 1200 

Decay-corrected final activity (mCi) 126.99 1604 

Decay-corrected RCY (%) 2.7 69.75 
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ABSTRACT
Prostate cancer is becoming clinical concern in Bangladesh, raising 
the need for advanced imaging for accurate diagnosis and patient 
management. [18F] PSMA-1007 is an attractive PET 
radiopharmaceutical because the longer half-life of 18F (Fluorine-18) 
supports centralized cyclotron-based production and distribution to 
nearby PET centres.
A preliminary comparison was performed using two production runs 
carried out under high- and moderate-activity conditions at EOB. In 
the first run, the EOB activity was 4648 mCi. Despite the higher 
starting activity, the final product activity was only 95 mCi, with a 
decay-corrected activity of 126.99 mCi and a decay-corrected 
radiochemical yield (RCY) of 2.7%. In the second run, the EOB 
activity was lower at 2300 mCi, yet the final product activity increased 
to 1200 mCi, with a decay-corrected activity of 1604 mCi and a 
decay-corrected RCY of 69.75%.
These findings indicate that higher starting activity does not 
necessarily result in successful [18F] PSMA-1007 production. Rather, 
excessive starting activity may adversely affect the radiolabelling 
process. In contrast, a moderate starting activity may provide more 
favourable conditions for efficient labelling and product recovery. 
This preliminary study highlights the importance of optimizing EOB 
activity to achieve reliable cyclotron-based production of [18F] 
PSMA-1007 for routine prostate cancer imaging services in 
Bangladesh.
Keywords: Prostate cancer, [18F] PSMA-1007, End of bombardment; 
Radiochemical yield, Cyclotron.
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INTRODUCTION

Prostate cancer is one of the most common malignancies 
in men and has become increasingly important in both 
diagnostic imaging and treatment planning. In 
Bangladesh, the disease may still receive less attention 
than some other major cancers. This cancer is diagnosed 
at advanced stages, leading to much poorer survival than 
other malignancies in Bangladesh. Though in a 

limited-resource diagnostic facility, more concern should 
be given in the diagnosis of these malignancies (1, 2). 
Prostate-specific membrane antigen (PSMA)-targeted 
positron emission tomography and computed 
tomography (PET-CT) imaging has become the gold 
standard for diagnosis, staging, and restaging of prostate 
cancer. [18F] PSMA PET-CT has shown better lesion 
detection than the commonly used [18F] FDG PET-CT 
scan, particularly in recurrent disease and in patients with 
low PSA levels. Although 68Ga (Gallium)-labeled PSMA 
radiotracers are widely used, their generator-based 
production has limited batch capacity. For this reason, 
there has been strong interest in radiofluorinated PSMA 
ligands, especially [18F] PSMA-1007. Because 
fluorine-18 has a longer half-life and is 
cyclotron-produced, it is more suitable for larger batch 
production and regional distribution. In addition, [¹⁸F] 
PSMA-1007 shows minimal urinary excretion, which is 
particularly helpful for detecting lesions in the pelvis and 
prostate bed (3, 4). Beside this, [18F] PSMA-1007 
PET-CT scan has improved clinical patient management. 
In patients with biochemical recurrence after radical 
prostatectomy, it detects meaningful observation even at 
low PSA levels. Men with biochemical recurrence, 
confirmed by [18F] PSMA-1007 PET-CT scan, can 
directly influence treatment plans. Therefore, access to a 
reliable PSMA radiopharmaceutical is not only a 
technical matter but also an important clinical issue for 
personalized prostate cancer care (5).

As a developing nation with limited medical resources, 
[18F] PSMA-1007 PET-CT scan has special practical 

significance. The first reported synthesis and quality 
control assessment of [18F] PSMA-1007 at NINMAS 
showed that local production is feasible, meeting 
European Pharmacopoeia-related quality requirements 
for clinical use. This was an important milestone for the 
country because centralized cyclotron-based production 
can support not only on-site patient imaging but also 
distribution to nearby PET-CT centers (6).  However, for 
such a system to function smoothly in routine service, 
production must be reproducible, efficient, and stable 
from batch to batch. Regular synthesis of [18F] 
PSMA-1007 depends on several technical and chemical 
factors. Precursor quality, cassette and tubing material, 
purification procedures, synthesizer performance, etc. 
can all influence yield and product quality (7).

Among these, the starting activity of 18F at end of 
bombardment (EOB) is especially important. In 
principle, a higher starting activity might be expected to 
produce a higher final activity. In practice, this linearity is 
not observed. Low and medium starting activities 
produced radiochemical yields of about 52%, whereas 
high starting activity reduced yield to about 40%, with no 
proportional gain in the final available activity. This 
concluded that increasing the starting 18F activity does 
not necessarily improve final [18F] PSMA-1007 output 
and that an intermediate activity range may offer the best 
balance between beam time, yield, purity, and number of 
available doses (8).

This study is highly relevant for medical cyclotron 
facilities where radiopharmaceuticals are distributed to 
all nearby PET-CT centers. Excessive starting activity 
may create an unfavorable radiochemical environment 
and may increase losses during labeling, purification, and 

formulation (9). Optimization of EOB activity is a key 
step in establishing dependable cyclotron-based 
production of [18F] PSMA-1007. In a country like 
Bangladesh, where radiopharmaceutical production must 
be efficient enough to support growing clinical demand, 
identifying the most suitable starting activity is essential 
for improving reliability, reducing failed batches, and 
strengthening prostate cancer imaging services. This 
study aimed to evaluate how different starting 18F 
activities at EOB influence the final product activity and 
decay-corrected radiochemical yield of [18F] 
PSMA-1007, with the goal of identifying a more suitable 
production condition for routine clinical use.

METHODS

This study was carried out at the Cyclotron facility of the 
National Institute of Nuclear Medicine and Allied 
Sciences (NINMAS), Bangladesh Medical University 
(BMU) Campus, Shahbag, Dhaka. The study was based 
on regular production runs of [18F] PSMA-1007 
performed using a fully automated, cassette-based 
synthesis module (Synthera®). [18F] Fluoride was 
produced in a medical cyclotron (18/9 MeV IBA 
Cyclone, Belgium) and used for automated 
radiosynthesis of [18F] PSMA-1007 by direct labeling of 
the PSMA-1007 precursor (Huayi Isotopes Co.). The 
irradiated target solution is passed through a Quaternary 
Methyl Ammonium (QMA) cartridge (Huayi Isotopes 
Co.), and 18O (Oxygen) water is recovered. The trapped 
18F is eluted in the reaction vial and undergoes one-step 
radiofluorination with the PSMA-1007 precursor (Huayi 
Isotopes Co.). The final [18F] PSMA-1007 is purified by 
solid-phase extraction cartridges (C18ec, SCX column, 
Huayi Isotopes Co.) and collected in collection vial. 

For the present study, two separate runs were performed 
under routine regular conditions at two different activities 
at the end of bombardment (EOB). One was 4648 mCi, 
considered a high activity condition, and another was 
2300 mCi, considered a moderate activity condition. 
Aside from the difference in starting EOB activity, the 
synthesis workflow, production parameters, and general 
processing conditions were kept as the same as possible 
in order to find the influence of starting activity on the 

final production outcome. The decay-corrected final 
activity and decay-corrected radiochemical yield (RCY) 
were also calculated for these two different productions.

RESULTS

Two production runs of [18F] PSMA-1007 performed 
under separate starting 18F activities at EOB showed a 
remarkable difference in final product activity and 
production efficiency.

In the first run, the activity at EOB was 4648 mCi which 
was representing the high-activity condition. Despite this 
high starting activity, the final produced [18F] 
PSMA-1007 activity was only 95 mCi. After decay 
correction, the final activity was 126.99 mCi, and the 
decay-corrected radiochemical yield (RCY) was 2.7%. In 
the second run, the activity at EOB was lower, at 2300 
mCi, representing the moderate-activity condition. 
However, in contrast to the first run, the final produced 
[18F] PSMA-1007 activity was 1200 mCi. The 
decay-corrected final activity was 1604 mCi, and the 
decay-corrected RCY reached 69.75%.

A direct comparison of the two runs showed that the 
moderate-activity condition produced substantially better 
results than the high-activity condition. Although the 
second run started with approximately 50.5% lower EOB 
activity than the first run, it produced about 12.6 times 
higher final activity and about 12.6 times higher 
decay-corrected final activity. Most importantly, the 
decay-corrected RCY in the moderate-activity run was 
about 25.8 times higher than that of the high-activity run. 
Higher starting activity at EOB did not result in higher 
final [18F] PSMA-1007 production under the present 
operating conditions. Instead, the moderate starting 

activity was associated with markedly superior product 
recovery and radiochemical yield.

DISCUSSION

The present study showed an inverse relationship 
between starting 18F activity at EOB and the final 
production performance of [18F] PSMA-1007. This 
finding is vital because it represents that, under routine 
cyclotron production conditions, a higher starting activity 
does not automatically translate into a higher final 
product output. Instead, an excessive starting activity 
may significantly compromise labeling efficiency and 
product recovery (10).

This observation is similar to previously published 
production studies of [18F] PSMA-1007 with low, 
medium, and high activity at EOB. For low activity at 
EOB, the yield was 52%, whereas for high activity at 
EOB, the yield was decreased to 40%. Intermediate 
activity range as the most practical option for balancing 
yield, purity, beam time, and number of deliverable doses 
(8). Similarly, one-step GMP-compliant production of 
[18F] PSMA-1007 could achieve radiochemical yields in 
the range of 25-80%, while the initial NINMAS report 
described a radiochemical yield of 46.85% with a 
40-minute synthesis time. In this context, the 69.75% 

decay-corrected RCY observed in the moderate-activity 
run of the present study is well within, and even toward 
the upper side of, the yield range, whereas the 2.7% yield 
of the high-activity run is clearly far below expected 
routine performance (3, 6, 11).

Excessive starting activity resulted in a poor production 
outcome in the present study. This is probable because of 
the high radioactive burden during the labeling phase, 
which may create an unfavorable radiochemical 
environment that promotes side reactions, precursor 
degradation, and finally, incomplete labeling (12). It was 
found that the final [18F] PSMA-1007 product did not show 
radiolysis up to 8 hours after the end of synthesis; this does 
not exclude the possibility that transient radiolytic stress 
occurred earlier during the reaction, purification, and 
formulation stages when activity concentration was 
highest. Therefore, the present findings are similar to the 
idea that high starting activity may adversely affect the 
reaction system before the final product is stabilized. In 
this study, radiolysis, precursor instability, and 
process-related loss were not directly measured, so these 
mechanisms should be considered probable explanations 
rather than proven causes (9, 13). Another important point 
is that [18F] PSMA-1007 production is also sensitive to 
multiple technical variables other than starting activity 
alone. It was found that cassette material, tubing type, and 
precursor significantly influenced activity yield and 
radiochemical purity. Fluoro-elastomer tubing increased 
non-radioactive PSMA-1007 contamination and reduced 
molar activity, whereas the use of silicone tubing together 
with an acetic acid salt precursor improved overall 
production performance. It also found that the automated 
synthesis platform itself can influence [18F] PSMA-1007 
output, with one module producing a substantially higher 
decay-corrected radiochemical yield than another under 
otherwise comparable conditions. These findings strongly 
suggest that the poor result observed in the high-activity 
run of the present study may not have been caused by 
activity alone but by interaction between high activity and 
process limitations such as cassette behavior, purification 
losses, precursor condition, module-specific performance, 
etc. (14).

Smooth and regular production of [18F] PSMA-1007 is 
vital for Bangladesh. The main practical cause of 

18F-labeled PSMA tracers is that they are well suited to 
centralized cyclotron production and regional 
distribution, unlike generator-based approaches that have 
more limited production capacity. It is established that 
[18F] PSMA-1007 can be produced in batch sizes 
sufficient not only for on-site use but also for supply to 
nearby PET-CT centers. This advantage is especially 
important in a country like Bangladesh where access to 
advanced prostate cancer imaging is still emerging and 
where smooth radiopharmaceutical production can 
directly expand patient management. The first successful 
synthesis and quality control report from NINMAS 
already established that [18F] PSMA-1007 production is 
feasible in Bangladesh. The present study adds an 
important operational message that reliable service 
expansion depends not simply on producing the highest 
possible activity at EOB but on identifying an activity 
range that preserves labeling efficiency and minimizes 
batch failure (15, 16).

The discussion of clinical relevance is strengthened by 
the growing importance of [18F] PSMA-1007 PET-CT in 
patient management. Several studies showed high 
detection efficacy with relatively low PSA levels in 
recurrent prostate cancer and changed management in 
more than half of men with biochemical recurrence. 
These clinical advantages mean that production 
optimization is not only a radiochemistry problem but 
also a patient-care issue. A failed or poor-yield batch may 
reduce scan availability, delay diagnosis, and limit 
appropriate staging or restaging in patients who may 
benefit from PSMA-targeted imaging. Therefore, 
improving radiochemical reliability at the production 
level has direct downstream importance for oncology 
service delivery (4, 17).

LIMITATIONS

This study has several limitations. First, it is based on 
only two production data points, so the findings should be 
interpreted as a preliminary operational observation 
rather than a definitive optimization study. Second, no 
direct measurement was performed for precursor 
degradation, cartridge retention, residual activity in 
waste, or reaction-phase radiolysis, all of which could 
have helped identify the exact reason for the very low 

yield in the high-activity run. Future studies should 
include a larger number of syntheses across several 
predefined EOB activity ranges, with simultaneous 
recording of beam time, synthesis duration, 
cartridge-associated losses, radiochemical purity, 
stability, precursor condition, and module performance.

Despite these limitations, the present study provides a 
practical and clinically meaningful message that [18F] 
PSMA-1007 production is highly sensitive to operational 
conditions and that moderate starting activity may 
provide a more favorable balance between chemical 
efficiency and final product recovery than excessively 
high activity. For a medical cyclotron facility aiming to 
establish dependable routine service, the goal should not 
be maximum EOB activity alone but optimum EOB 
activity. In this preliminary experience, the 
moderate-activity condition clearly performed better and 
appears to be a more suitable starting point for reliable 
cyclotron-based production of [18F] PSMA-1007 for 
prostate cancer imaging.

CONCLUSION
Successful synthesis of [18F] PSMA-1007 is not 
determined by high starting 18F activity, which was 
observed in this study. The run performed with moderate 
EOB activity produced a remarkable higher final product 
activity and a much higher decay-corrected 
radiochemical yield than the run performed with high 
EOB activity. These findings reveal that elevated starting 
activity may negatively affect labeling efficiency and 
overall product recovery, whereas a moderate activity 
range may provide a more favorable condition for 
reliable synthesis. This observation is highly important 
for medical cyclotron facilities, especially in developing 
countries like Bangladesh, where smooth and regular 
radiopharmaceutical production is vital for meeting the 
demand of PET-CT imaging services. Optimization of the 
starting activity of 18F at EOB may improve batch 
success, reduce production failure, and support more 
consistent availability of [18F] PSMA-1007 for prostate 
cancer imaging. Although this study is based on a limited 
number of production runs, it provides an important 
operational insight and a useful basis for larger future 
studies aimed at defining the optimum production 
window for routine clinical use.
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ABSTRACT
Prostate cancer is becoming clinical concern in Bangladesh, raising 
the need for advanced imaging for accurate diagnosis and patient 
management. [18F] PSMA-1007 is an attractive PET 
radiopharmaceutical because the longer half-life of 18F (Fluorine-18) 
supports centralized cyclotron-based production and distribution to 
nearby PET centres.
A preliminary comparison was performed using two production runs 
carried out under high- and moderate-activity conditions at EOB. In 
the first run, the EOB activity was 4648 mCi. Despite the higher 
starting activity, the final product activity was only 95 mCi, with a 
decay-corrected activity of 126.99 mCi and a decay-corrected 
radiochemical yield (RCY) of 2.7%. In the second run, the EOB 
activity was lower at 2300 mCi, yet the final product activity increased 
to 1200 mCi, with a decay-corrected activity of 1604 mCi and a 
decay-corrected RCY of 69.75%.
These findings indicate that higher starting activity does not 
necessarily result in successful [18F] PSMA-1007 production. Rather, 
excessive starting activity may adversely affect the radiolabelling 
process. In contrast, a moderate starting activity may provide more 
favourable conditions for efficient labelling and product recovery. 
This preliminary study highlights the importance of optimizing EOB 
activity to achieve reliable cyclotron-based production of [18F] 
PSMA-1007 for routine prostate cancer imaging services in 
Bangladesh.
Keywords: Prostate cancer, [18F] PSMA-1007, End of bombardment; 
Radiochemical yield, Cyclotron.
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INTRODUCTION

Prostate cancer is one of the most common malignancies 
in men and has become increasingly important in both 
diagnostic imaging and treatment planning. In 
Bangladesh, the disease may still receive less attention 
than some other major cancers. This cancer is diagnosed 
at advanced stages, leading to much poorer survival than 
other malignancies in Bangladesh. Though in a 

limited-resource diagnostic facility, more concern should 
be given in the diagnosis of these malignancies (1, 2). 
Prostate-specific membrane antigen (PSMA)-targeted 
positron emission tomography and computed 
tomography (PET-CT) imaging has become the gold 
standard for diagnosis, staging, and restaging of prostate 
cancer. [18F] PSMA PET-CT has shown better lesion 
detection than the commonly used [18F] FDG PET-CT 
scan, particularly in recurrent disease and in patients with 
low PSA levels. Although 68Ga (Gallium)-labeled PSMA 
radiotracers are widely used, their generator-based 
production has limited batch capacity. For this reason, 
there has been strong interest in radiofluorinated PSMA 
ligands, especially [18F] PSMA-1007. Because 
fluorine-18 has a longer half-life and is 
cyclotron-produced, it is more suitable for larger batch 
production and regional distribution. In addition, [¹⁸F] 
PSMA-1007 shows minimal urinary excretion, which is 
particularly helpful for detecting lesions in the pelvis and 
prostate bed (3, 4). Beside this, [18F] PSMA-1007 
PET-CT scan has improved clinical patient management. 
In patients with biochemical recurrence after radical 
prostatectomy, it detects meaningful observation even at 
low PSA levels. Men with biochemical recurrence, 
confirmed by [18F] PSMA-1007 PET-CT scan, can 
directly influence treatment plans. Therefore, access to a 
reliable PSMA radiopharmaceutical is not only a 
technical matter but also an important clinical issue for 
personalized prostate cancer care (5).

As a developing nation with limited medical resources, 
[18F] PSMA-1007 PET-CT scan has special practical 

significance. The first reported synthesis and quality 
control assessment of [18F] PSMA-1007 at NINMAS 
showed that local production is feasible, meeting 
European Pharmacopoeia-related quality requirements 
for clinical use. This was an important milestone for the 
country because centralized cyclotron-based production 
can support not only on-site patient imaging but also 
distribution to nearby PET-CT centers (6).  However, for 
such a system to function smoothly in routine service, 
production must be reproducible, efficient, and stable 
from batch to batch. Regular synthesis of [18F] 
PSMA-1007 depends on several technical and chemical 
factors. Precursor quality, cassette and tubing material, 
purification procedures, synthesizer performance, etc. 
can all influence yield and product quality (7).

Among these, the starting activity of 18F at end of 
bombardment (EOB) is especially important. In 
principle, a higher starting activity might be expected to 
produce a higher final activity. In practice, this linearity is 
not observed. Low and medium starting activities 
produced radiochemical yields of about 52%, whereas 
high starting activity reduced yield to about 40%, with no 
proportional gain in the final available activity. This 
concluded that increasing the starting 18F activity does 
not necessarily improve final [18F] PSMA-1007 output 
and that an intermediate activity range may offer the best 
balance between beam time, yield, purity, and number of 
available doses (8).

This study is highly relevant for medical cyclotron 
facilities where radiopharmaceuticals are distributed to 
all nearby PET-CT centers. Excessive starting activity 
may create an unfavorable radiochemical environment 
and may increase losses during labeling, purification, and 

formulation (9). Optimization of EOB activity is a key 
step in establishing dependable cyclotron-based 
production of [18F] PSMA-1007. In a country like 
Bangladesh, where radiopharmaceutical production must 
be efficient enough to support growing clinical demand, 
identifying the most suitable starting activity is essential 
for improving reliability, reducing failed batches, and 
strengthening prostate cancer imaging services. This 
study aimed to evaluate how different starting 18F 
activities at EOB influence the final product activity and 
decay-corrected radiochemical yield of [18F] 
PSMA-1007, with the goal of identifying a more suitable 
production condition for routine clinical use.

METHODS

This study was carried out at the Cyclotron facility of the 
National Institute of Nuclear Medicine and Allied 
Sciences (NINMAS), Bangladesh Medical University 
(BMU) Campus, Shahbag, Dhaka. The study was based 
on regular production runs of [18F] PSMA-1007 
performed using a fully automated, cassette-based 
synthesis module (Synthera®). [18F] Fluoride was 
produced in a medical cyclotron (18/9 MeV IBA 
Cyclone, Belgium) and used for automated 
radiosynthesis of [18F] PSMA-1007 by direct labeling of 
the PSMA-1007 precursor (Huayi Isotopes Co.). The 
irradiated target solution is passed through a Quaternary 
Methyl Ammonium (QMA) cartridge (Huayi Isotopes 
Co.), and 18O (Oxygen) water is recovered. The trapped 
18F is eluted in the reaction vial and undergoes one-step 
radiofluorination with the PSMA-1007 precursor (Huayi 
Isotopes Co.). The final [18F] PSMA-1007 is purified by 
solid-phase extraction cartridges (C18ec, SCX column, 
Huayi Isotopes Co.) and collected in collection vial. 

For the present study, two separate runs were performed 
under routine regular conditions at two different activities 
at the end of bombardment (EOB). One was 4648 mCi, 
considered a high activity condition, and another was 
2300 mCi, considered a moderate activity condition. 
Aside from the difference in starting EOB activity, the 
synthesis workflow, production parameters, and general 
processing conditions were kept as the same as possible 
in order to find the influence of starting activity on the 

final production outcome. The decay-corrected final 
activity and decay-corrected radiochemical yield (RCY) 
were also calculated for these two different productions.

RESULTS

Two production runs of [18F] PSMA-1007 performed 
under separate starting 18F activities at EOB showed a 
remarkable difference in final product activity and 
production efficiency.

In the first run, the activity at EOB was 4648 mCi which 
was representing the high-activity condition. Despite this 
high starting activity, the final produced [18F] 
PSMA-1007 activity was only 95 mCi. After decay 
correction, the final activity was 126.99 mCi, and the 
decay-corrected radiochemical yield (RCY) was 2.7%. In 
the second run, the activity at EOB was lower, at 2300 
mCi, representing the moderate-activity condition. 
However, in contrast to the first run, the final produced 
[18F] PSMA-1007 activity was 1200 mCi. The 
decay-corrected final activity was 1604 mCi, and the 
decay-corrected RCY reached 69.75%.

A direct comparison of the two runs showed that the 
moderate-activity condition produced substantially better 
results than the high-activity condition. Although the 
second run started with approximately 50.5% lower EOB 
activity than the first run, it produced about 12.6 times 
higher final activity and about 12.6 times higher 
decay-corrected final activity. Most importantly, the 
decay-corrected RCY in the moderate-activity run was 
about 25.8 times higher than that of the high-activity run. 
Higher starting activity at EOB did not result in higher 
final [18F] PSMA-1007 production under the present 
operating conditions. Instead, the moderate starting 

activity was associated with markedly superior product 
recovery and radiochemical yield.

DISCUSSION

The present study showed an inverse relationship 
between starting 18F activity at EOB and the final 
production performance of [18F] PSMA-1007. This 
finding is vital because it represents that, under routine 
cyclotron production conditions, a higher starting activity 
does not automatically translate into a higher final 
product output. Instead, an excessive starting activity 
may significantly compromise labeling efficiency and 
product recovery (10).

This observation is similar to previously published 
production studies of [18F] PSMA-1007 with low, 
medium, and high activity at EOB. For low activity at 
EOB, the yield was 52%, whereas for high activity at 
EOB, the yield was decreased to 40%. Intermediate 
activity range as the most practical option for balancing 
yield, purity, beam time, and number of deliverable doses 
(8). Similarly, one-step GMP-compliant production of 
[18F] PSMA-1007 could achieve radiochemical yields in 
the range of 25-80%, while the initial NINMAS report 
described a radiochemical yield of 46.85% with a 
40-minute synthesis time. In this context, the 69.75% 

decay-corrected RCY observed in the moderate-activity 
run of the present study is well within, and even toward 
the upper side of, the yield range, whereas the 2.7% yield 
of the high-activity run is clearly far below expected 
routine performance (3, 6, 11).

Excessive starting activity resulted in a poor production 
outcome in the present study. This is probable because of 
the high radioactive burden during the labeling phase, 
which may create an unfavorable radiochemical 
environment that promotes side reactions, precursor 
degradation, and finally, incomplete labeling (12). It was 
found that the final [18F] PSMA-1007 product did not show 
radiolysis up to 8 hours after the end of synthesis; this does 
not exclude the possibility that transient radiolytic stress 
occurred earlier during the reaction, purification, and 
formulation stages when activity concentration was 
highest. Therefore, the present findings are similar to the 
idea that high starting activity may adversely affect the 
reaction system before the final product is stabilized. In 
this study, radiolysis, precursor instability, and 
process-related loss were not directly measured, so these 
mechanisms should be considered probable explanations 
rather than proven causes (9, 13). Another important point 
is that [18F] PSMA-1007 production is also sensitive to 
multiple technical variables other than starting activity 
alone. It was found that cassette material, tubing type, and 
precursor significantly influenced activity yield and 
radiochemical purity. Fluoro-elastomer tubing increased 
non-radioactive PSMA-1007 contamination and reduced 
molar activity, whereas the use of silicone tubing together 
with an acetic acid salt precursor improved overall 
production performance. It also found that the automated 
synthesis platform itself can influence [18F] PSMA-1007 
output, with one module producing a substantially higher 
decay-corrected radiochemical yield than another under 
otherwise comparable conditions. These findings strongly 
suggest that the poor result observed in the high-activity 
run of the present study may not have been caused by 
activity alone but by interaction between high activity and 
process limitations such as cassette behavior, purification 
losses, precursor condition, module-specific performance, 
etc. (14).

Smooth and regular production of [18F] PSMA-1007 is 
vital for Bangladesh. The main practical cause of 

18F-labeled PSMA tracers is that they are well suited to 
centralized cyclotron production and regional 
distribution, unlike generator-based approaches that have 
more limited production capacity. It is established that 
[18F] PSMA-1007 can be produced in batch sizes 
sufficient not only for on-site use but also for supply to 
nearby PET-CT centers. This advantage is especially 
important in a country like Bangladesh where access to 
advanced prostate cancer imaging is still emerging and 
where smooth radiopharmaceutical production can 
directly expand patient management. The first successful 
synthesis and quality control report from NINMAS 
already established that [18F] PSMA-1007 production is 
feasible in Bangladesh. The present study adds an 
important operational message that reliable service 
expansion depends not simply on producing the highest 
possible activity at EOB but on identifying an activity 
range that preserves labeling efficiency and minimizes 
batch failure (15, 16).

The discussion of clinical relevance is strengthened by 
the growing importance of [18F] PSMA-1007 PET-CT in 
patient management. Several studies showed high 
detection efficacy with relatively low PSA levels in 
recurrent prostate cancer and changed management in 
more than half of men with biochemical recurrence. 
These clinical advantages mean that production 
optimization is not only a radiochemistry problem but 
also a patient-care issue. A failed or poor-yield batch may 
reduce scan availability, delay diagnosis, and limit 
appropriate staging or restaging in patients who may 
benefit from PSMA-targeted imaging. Therefore, 
improving radiochemical reliability at the production 
level has direct downstream importance for oncology 
service delivery (4, 17).

LIMITATIONS

This study has several limitations. First, it is based on 
only two production data points, so the findings should be 
interpreted as a preliminary operational observation 
rather than a definitive optimization study. Second, no 
direct measurement was performed for precursor 
degradation, cartridge retention, residual activity in 
waste, or reaction-phase radiolysis, all of which could 
have helped identify the exact reason for the very low 

yield in the high-activity run. Future studies should 
include a larger number of syntheses across several 
predefined EOB activity ranges, with simultaneous 
recording of beam time, synthesis duration, 
cartridge-associated losses, radiochemical purity, 
stability, precursor condition, and module performance.

Despite these limitations, the present study provides a 
practical and clinically meaningful message that [18F] 
PSMA-1007 production is highly sensitive to operational 
conditions and that moderate starting activity may 
provide a more favorable balance between chemical 
efficiency and final product recovery than excessively 
high activity. For a medical cyclotron facility aiming to 
establish dependable routine service, the goal should not 
be maximum EOB activity alone but optimum EOB 
activity. In this preliminary experience, the 
moderate-activity condition clearly performed better and 
appears to be a more suitable starting point for reliable 
cyclotron-based production of [18F] PSMA-1007 for 
prostate cancer imaging.

CONCLUSION
Successful synthesis of [18F] PSMA-1007 is not 
determined by high starting 18F activity, which was 
observed in this study. The run performed with moderate 
EOB activity produced a remarkable higher final product 
activity and a much higher decay-corrected 
radiochemical yield than the run performed with high 
EOB activity. These findings reveal that elevated starting 
activity may negatively affect labeling efficiency and 
overall product recovery, whereas a moderate activity 
range may provide a more favorable condition for 
reliable synthesis. This observation is highly important 
for medical cyclotron facilities, especially in developing 
countries like Bangladesh, where smooth and regular 
radiopharmaceutical production is vital for meeting the 
demand of PET-CT imaging services. Optimization of the 
starting activity of 18F at EOB may improve batch 
success, reduce production failure, and support more 
consistent availability of [18F] PSMA-1007 for prostate 
cancer imaging. Although this study is based on a limited 
number of production runs, it provides an important 
operational insight and a useful basis for larger future 
studies aimed at defining the optimum production 
window for routine clinical use.
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ABSTRACT
Prostate cancer is becoming clinical concern in Bangladesh, raising 
the need for advanced imaging for accurate diagnosis and patient 
management. [18F] PSMA-1007 is an attractive PET 
radiopharmaceutical because the longer half-life of 18F (Fluorine-18) 
supports centralized cyclotron-based production and distribution to 
nearby PET centres.
A preliminary comparison was performed using two production runs 
carried out under high- and moderate-activity conditions at EOB. In 
the first run, the EOB activity was 4648 mCi. Despite the higher 
starting activity, the final product activity was only 95 mCi, with a 
decay-corrected activity of 126.99 mCi and a decay-corrected 
radiochemical yield (RCY) of 2.7%. In the second run, the EOB 
activity was lower at 2300 mCi, yet the final product activity increased 
to 1200 mCi, with a decay-corrected activity of 1604 mCi and a 
decay-corrected RCY of 69.75%.
These findings indicate that higher starting activity does not 
necessarily result in successful [18F] PSMA-1007 production. Rather, 
excessive starting activity may adversely affect the radiolabelling 
process. In contrast, a moderate starting activity may provide more 
favourable conditions for efficient labelling and product recovery. 
This preliminary study highlights the importance of optimizing EOB 
activity to achieve reliable cyclotron-based production of [18F] 
PSMA-1007 for routine prostate cancer imaging services in 
Bangladesh.
Keywords: Prostate cancer, [18F] PSMA-1007, End of bombardment; 
Radiochemical yield, Cyclotron.
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INTRODUCTION

Prostate cancer is one of the most common malignancies 
in men and has become increasingly important in both 
diagnostic imaging and treatment planning. In 
Bangladesh, the disease may still receive less attention 
than some other major cancers. This cancer is diagnosed 
at advanced stages, leading to much poorer survival than 
other malignancies in Bangladesh. Though in a 

limited-resource diagnostic facility, more concern should 
be given in the diagnosis of these malignancies (1, 2). 
Prostate-specific membrane antigen (PSMA)-targeted 
positron emission tomography and computed 
tomography (PET-CT) imaging has become the gold 
standard for diagnosis, staging, and restaging of prostate 
cancer. [18F] PSMA PET-CT has shown better lesion 
detection than the commonly used [18F] FDG PET-CT 
scan, particularly in recurrent disease and in patients with 
low PSA levels. Although 68Ga (Gallium)-labeled PSMA 
radiotracers are widely used, their generator-based 
production has limited batch capacity. For this reason, 
there has been strong interest in radiofluorinated PSMA 
ligands, especially [18F] PSMA-1007. Because 
fluorine-18 has a longer half-life and is 
cyclotron-produced, it is more suitable for larger batch 
production and regional distribution. In addition, [¹⁸F] 
PSMA-1007 shows minimal urinary excretion, which is 
particularly helpful for detecting lesions in the pelvis and 
prostate bed (3, 4). Beside this, [18F] PSMA-1007 
PET-CT scan has improved clinical patient management. 
In patients with biochemical recurrence after radical 
prostatectomy, it detects meaningful observation even at 
low PSA levels. Men with biochemical recurrence, 
confirmed by [18F] PSMA-1007 PET-CT scan, can 
directly influence treatment plans. Therefore, access to a 
reliable PSMA radiopharmaceutical is not only a 
technical matter but also an important clinical issue for 
personalized prostate cancer care (5).

As a developing nation with limited medical resources, 
[18F] PSMA-1007 PET-CT scan has special practical 

significance. The first reported synthesis and quality 
control assessment of [18F] PSMA-1007 at NINMAS 
showed that local production is feasible, meeting 
European Pharmacopoeia-related quality requirements 
for clinical use. This was an important milestone for the 
country because centralized cyclotron-based production 
can support not only on-site patient imaging but also 
distribution to nearby PET-CT centers (6).  However, for 
such a system to function smoothly in routine service, 
production must be reproducible, efficient, and stable 
from batch to batch. Regular synthesis of [18F] 
PSMA-1007 depends on several technical and chemical 
factors. Precursor quality, cassette and tubing material, 
purification procedures, synthesizer performance, etc. 
can all influence yield and product quality (7).

Among these, the starting activity of 18F at end of 
bombardment (EOB) is especially important. In 
principle, a higher starting activity might be expected to 
produce a higher final activity. In practice, this linearity is 
not observed. Low and medium starting activities 
produced radiochemical yields of about 52%, whereas 
high starting activity reduced yield to about 40%, with no 
proportional gain in the final available activity. This 
concluded that increasing the starting 18F activity does 
not necessarily improve final [18F] PSMA-1007 output 
and that an intermediate activity range may offer the best 
balance between beam time, yield, purity, and number of 
available doses (8).

This study is highly relevant for medical cyclotron 
facilities where radiopharmaceuticals are distributed to 
all nearby PET-CT centers. Excessive starting activity 
may create an unfavorable radiochemical environment 
and may increase losses during labeling, purification, and 

formulation (9). Optimization of EOB activity is a key 
step in establishing dependable cyclotron-based 
production of [18F] PSMA-1007. In a country like 
Bangladesh, where radiopharmaceutical production must 
be efficient enough to support growing clinical demand, 
identifying the most suitable starting activity is essential 
for improving reliability, reducing failed batches, and 
strengthening prostate cancer imaging services. This 
study aimed to evaluate how different starting 18F 
activities at EOB influence the final product activity and 
decay-corrected radiochemical yield of [18F] 
PSMA-1007, with the goal of identifying a more suitable 
production condition for routine clinical use.

METHODS

This study was carried out at the Cyclotron facility of the 
National Institute of Nuclear Medicine and Allied 
Sciences (NINMAS), Bangladesh Medical University 
(BMU) Campus, Shahbag, Dhaka. The study was based 
on regular production runs of [18F] PSMA-1007 
performed using a fully automated, cassette-based 
synthesis module (Synthera®). [18F] Fluoride was 
produced in a medical cyclotron (18/9 MeV IBA 
Cyclone, Belgium) and used for automated 
radiosynthesis of [18F] PSMA-1007 by direct labeling of 
the PSMA-1007 precursor (Huayi Isotopes Co.). The 
irradiated target solution is passed through a Quaternary 
Methyl Ammonium (QMA) cartridge (Huayi Isotopes 
Co.), and 18O (Oxygen) water is recovered. The trapped 
18F is eluted in the reaction vial and undergoes one-step 
radiofluorination with the PSMA-1007 precursor (Huayi 
Isotopes Co.). The final [18F] PSMA-1007 is purified by 
solid-phase extraction cartridges (C18ec, SCX column, 
Huayi Isotopes Co.) and collected in collection vial. 

For the present study, two separate runs were performed 
under routine regular conditions at two different activities 
at the end of bombardment (EOB). One was 4648 mCi, 
considered a high activity condition, and another was 
2300 mCi, considered a moderate activity condition. 
Aside from the difference in starting EOB activity, the 
synthesis workflow, production parameters, and general 
processing conditions were kept as the same as possible 
in order to find the influence of starting activity on the 

final production outcome. The decay-corrected final 
activity and decay-corrected radiochemical yield (RCY) 
were also calculated for these two different productions.

RESULTS

Two production runs of [18F] PSMA-1007 performed 
under separate starting 18F activities at EOB showed a 
remarkable difference in final product activity and 
production efficiency.

In the first run, the activity at EOB was 4648 mCi which 
was representing the high-activity condition. Despite this 
high starting activity, the final produced [18F] 
PSMA-1007 activity was only 95 mCi. After decay 
correction, the final activity was 126.99 mCi, and the 
decay-corrected radiochemical yield (RCY) was 2.7%. In 
the second run, the activity at EOB was lower, at 2300 
mCi, representing the moderate-activity condition. 
However, in contrast to the first run, the final produced 
[18F] PSMA-1007 activity was 1200 mCi. The 
decay-corrected final activity was 1604 mCi, and the 
decay-corrected RCY reached 69.75%.

A direct comparison of the two runs showed that the 
moderate-activity condition produced substantially better 
results than the high-activity condition. Although the 
second run started with approximately 50.5% lower EOB 
activity than the first run, it produced about 12.6 times 
higher final activity and about 12.6 times higher 
decay-corrected final activity. Most importantly, the 
decay-corrected RCY in the moderate-activity run was 
about 25.8 times higher than that of the high-activity run. 
Higher starting activity at EOB did not result in higher 
final [18F] PSMA-1007 production under the present 
operating conditions. Instead, the moderate starting 

activity was associated with markedly superior product 
recovery and radiochemical yield.

DISCUSSION

The present study showed an inverse relationship 
between starting 18F activity at EOB and the final 
production performance of [18F] PSMA-1007. This 
finding is vital because it represents that, under routine 
cyclotron production conditions, a higher starting activity 
does not automatically translate into a higher final 
product output. Instead, an excessive starting activity 
may significantly compromise labeling efficiency and 
product recovery (10).

This observation is similar to previously published 
production studies of [18F] PSMA-1007 with low, 
medium, and high activity at EOB. For low activity at 
EOB, the yield was 52%, whereas for high activity at 
EOB, the yield was decreased to 40%. Intermediate 
activity range as the most practical option for balancing 
yield, purity, beam time, and number of deliverable doses 
(8). Similarly, one-step GMP-compliant production of 
[18F] PSMA-1007 could achieve radiochemical yields in 
the range of 25-80%, while the initial NINMAS report 
described a radiochemical yield of 46.85% with a 
40-minute synthesis time. In this context, the 69.75% 

decay-corrected RCY observed in the moderate-activity 
run of the present study is well within, and even toward 
the upper side of, the yield range, whereas the 2.7% yield 
of the high-activity run is clearly far below expected 
routine performance (3, 6, 11).

Excessive starting activity resulted in a poor production 
outcome in the present study. This is probable because of 
the high radioactive burden during the labeling phase, 
which may create an unfavorable radiochemical 
environment that promotes side reactions, precursor 
degradation, and finally, incomplete labeling (12). It was 
found that the final [18F] PSMA-1007 product did not show 
radiolysis up to 8 hours after the end of synthesis; this does 
not exclude the possibility that transient radiolytic stress 
occurred earlier during the reaction, purification, and 
formulation stages when activity concentration was 
highest. Therefore, the present findings are similar to the 
idea that high starting activity may adversely affect the 
reaction system before the final product is stabilized. In 
this study, radiolysis, precursor instability, and 
process-related loss were not directly measured, so these 
mechanisms should be considered probable explanations 
rather than proven causes (9, 13). Another important point 
is that [18F] PSMA-1007 production is also sensitive to 
multiple technical variables other than starting activity 
alone. It was found that cassette material, tubing type, and 
precursor significantly influenced activity yield and 
radiochemical purity. Fluoro-elastomer tubing increased 
non-radioactive PSMA-1007 contamination and reduced 
molar activity, whereas the use of silicone tubing together 
with an acetic acid salt precursor improved overall 
production performance. It also found that the automated 
synthesis platform itself can influence [18F] PSMA-1007 
output, with one module producing a substantially higher 
decay-corrected radiochemical yield than another under 
otherwise comparable conditions. These findings strongly 
suggest that the poor result observed in the high-activity 
run of the present study may not have been caused by 
activity alone but by interaction between high activity and 
process limitations such as cassette behavior, purification 
losses, precursor condition, module-specific performance, 
etc. (14).

Smooth and regular production of [18F] PSMA-1007 is 
vital for Bangladesh. The main practical cause of 

18F-labeled PSMA tracers is that they are well suited to 
centralized cyclotron production and regional 
distribution, unlike generator-based approaches that have 
more limited production capacity. It is established that 
[18F] PSMA-1007 can be produced in batch sizes 
sufficient not only for on-site use but also for supply to 
nearby PET-CT centers. This advantage is especially 
important in a country like Bangladesh where access to 
advanced prostate cancer imaging is still emerging and 
where smooth radiopharmaceutical production can 
directly expand patient management. The first successful 
synthesis and quality control report from NINMAS 
already established that [18F] PSMA-1007 production is 
feasible in Bangladesh. The present study adds an 
important operational message that reliable service 
expansion depends not simply on producing the highest 
possible activity at EOB but on identifying an activity 
range that preserves labeling efficiency and minimizes 
batch failure (15, 16).

The discussion of clinical relevance is strengthened by 
the growing importance of [18F] PSMA-1007 PET-CT in 
patient management. Several studies showed high 
detection efficacy with relatively low PSA levels in 
recurrent prostate cancer and changed management in 
more than half of men with biochemical recurrence. 
These clinical advantages mean that production 
optimization is not only a radiochemistry problem but 
also a patient-care issue. A failed or poor-yield batch may 
reduce scan availability, delay diagnosis, and limit 
appropriate staging or restaging in patients who may 
benefit from PSMA-targeted imaging. Therefore, 
improving radiochemical reliability at the production 
level has direct downstream importance for oncology 
service delivery (4, 17).

LIMITATIONS

This study has several limitations. First, it is based on 
only two production data points, so the findings should be 
interpreted as a preliminary operational observation 
rather than a definitive optimization study. Second, no 
direct measurement was performed for precursor 
degradation, cartridge retention, residual activity in 
waste, or reaction-phase radiolysis, all of which could 
have helped identify the exact reason for the very low 

yield in the high-activity run. Future studies should 
include a larger number of syntheses across several 
predefined EOB activity ranges, with simultaneous 
recording of beam time, synthesis duration, 
cartridge-associated losses, radiochemical purity, 
stability, precursor condition, and module performance.

Despite these limitations, the present study provides a 
practical and clinically meaningful message that [18F] 
PSMA-1007 production is highly sensitive to operational 
conditions and that moderate starting activity may 
provide a more favorable balance between chemical 
efficiency and final product recovery than excessively 
high activity. For a medical cyclotron facility aiming to 
establish dependable routine service, the goal should not 
be maximum EOB activity alone but optimum EOB 
activity. In this preliminary experience, the 
moderate-activity condition clearly performed better and 
appears to be a more suitable starting point for reliable 
cyclotron-based production of [18F] PSMA-1007 for 
prostate cancer imaging.

CONCLUSION
Successful synthesis of [18F] PSMA-1007 is not 
determined by high starting 18F activity, which was 
observed in this study. The run performed with moderate 
EOB activity produced a remarkable higher final product 
activity and a much higher decay-corrected 
radiochemical yield than the run performed with high 
EOB activity. These findings reveal that elevated starting 
activity may negatively affect labeling efficiency and 
overall product recovery, whereas a moderate activity 
range may provide a more favorable condition for 
reliable synthesis. This observation is highly important 
for medical cyclotron facilities, especially in developing 
countries like Bangladesh, where smooth and regular 
radiopharmaceutical production is vital for meeting the 
demand of PET-CT imaging services. Optimization of the 
starting activity of 18F at EOB may improve batch 
success, reduce production failure, and support more 
consistent availability of [18F] PSMA-1007 for prostate 
cancer imaging. Although this study is based on a limited 
number of production runs, it provides an important 
operational insight and a useful basis for larger future 
studies aimed at defining the optimum production 
window for routine clinical use.

ACKNOWLEDGEMENT

This research work is being carried out under the “Special 
Research Grant” of Ministry of Science & Technology of 
the Government of the People’s Republic of Bangladesh. 
Authors express sincere gratitude to all scientists, 
technologists and engineers of the cyclotron division of 
NINMAS, BAEC for their valuable technical support, 
cooperation, and dedication. 

REFERENCES 
1. International Agency for Research on Cancer. Bangladesh fact 

sheet: Globocan 2022. Lyon: IARC; 2024.
2. Arafat MA, Bhuiyan MN, Akhtaruzzaman M, Rana M, Mahmud 

A, Ahmed A, Khan S. Treatment Patterns and Survival Outcomes 
of Prostate Cancer in Bangladeshi Patients. Community Based 
Medical Journal. 2025 Jul 28;14(2):115-20.

3. Cardinale J, Martin R, Remde Y, Schäfer M, Hienzsch A, Hübner 
S, Zerges AM, Marx H, Hesse R, Weber K, Smits R. Procedures 
for the GMP-compliant production and quality control of [18F] 
PSMA-1007: a next generation radiofluorinated tracer for the 
detection of prostate cancer. Pharmaceuticals. 2017 Sep 
27;10(4):77.

4. Giesel FL, Knorr K, Spohn F, Will L, Maurer T, Flechsig P, Neels 
O, Schiller K, Amaral H, Weber WA, Haberkorn U. Detection 
efficacy of 18F-PSMA-1007 PET/CT in 251 patients with 
biochemical recurrence of prostate cancer after radical 
prostatectomy. Journal of Nuclear Medicine. 2019 Mar 
1;60(3):362-8.

5. Pozdnyakov A, Kulanthaivelu R, Bauman G, Ortega C, 
Veit-Haibach P, Metser U. The impact of PSMA PET on the 
treatment and outcomes of men with biochemical recurrence of 
prostate cancer: a systematic review and meta-analysis. Prostate 
Cancer and Prostatic Diseases. 2023 Jun;26(2):240-8.

6. Uddin MJ, Azim MA, Biswasarma SC, Islam MS, Islam S, 
Mamun M, Begum F, Hossain MN, Mia MS, Mehdi H, Siddiquee 
MN. Radiosynthesis and Quality Control of [18F] PSMA-1007 at 
the Cyclotron Facility of National Institute of Nuclear Medicine 
and Allied Sciences (NINMAS) for Diagnosis of Prostate Cancer. 
Bangladesh Journal of Nuclear Medicine. 2023;26(2):198-200.

7. Naka S, Watabe T, Kurimoto K, Uemura M, Soeda F, Neels OC, 
Kopka K, Tatsumi M, Kato H, Nonomura N, Shimosegawa E. 
Automated [18F] PSMA-1007 production by a single use 
cassette-type synthesizer for clinical examination. EJNMMI 
Radiopharmacy and Chemistry. 2020 Jul 29;5(1):18.

8. Maisto C, Morisco A, de Marino R, Squame E, Porfidia V, 
D’Ambrosio L, Di Martino D, Gaballo P, Aurilio M, Buonanno 
M, Esposito A. On site production of [18F] PSMA-1007 using 
different [18F] fluoride activities: practical, technical and 
economical impact. EJNMMI Radiopharmacy and Chemistry. 
2021 Oct 13;6(1):36.

9. Maisto C, Aurilio M, Morisco A, de Marino R, Buonanno 
Recchimuzzo MJ, Carideo L, D’Ambrosio L, Di Gennaro F, 
Esposito A, Gaballo P, Pirozzi Palmese V. Analysis of pros and 
cons in using [68Ga] Ga-PSMA-11 and [18F] PSMA-1007: 

production, costs, and PET/CT applications in patients with 
prostate cancer. Molecules. 2022 Jun 16;27(12):3862.

10. Oh SW, Wurzer A, Teoh E, Oh S, Buschner G, Herz M, Kropf S, 
Wester H, Weber W, Eiber M. Quantitative and qualitative 
analysis of biodistribution and PET image quality of novel 
radiohybrid PSMA ligand, 18F-rhPSMA-7, in patients with 
prostate cancer.

11. Grubmüller B, Baltzer P, D’andrea D, Korn S, Haug AR, Hacker 
M, Grubmüller KH, Goldner GM, Wadsak W, Pfaff S, Babich J. 
68Ga-PSMA 11 ligand PET imaging in patients with biochemical 
recurrence after radical prostatectomy–diagnostic performance 
and impact on therapeutic decision-making. European journal of 
nuclear medicine and molecular imaging. 2018 Feb;45(2):235-42.

12. Larenkov A, Mitrofanov I, Pavlenko E, Rakhimov M. 
Radiolysis-associated decrease in radiochemical purity of 
177Lu-radiopharmaceuticals and comparison of the effectiveness 
of selected quenchers against this process. Molecules. 2023 Feb 
16;28(4):1884.

13. Maisto C, Aurilio M, Morisco A, de Marino R, Buonanno 
Recchimuzzo MJ, Carideo L, D’Ambrosio L, Di Gennaro F, 
Esposito A, Gaballo P, Pirozzi Palmese V. Analysis of pros and 

cons in using [68Ga] Ga-PSMA-11 and [18F] PSMA-1007: 
production, costs, and PET/CT applications in patients with 
prostate cancer. Molecules. 2022 Jun 16;27(12):3862.

14. Cossandi M, Statuto M, Migliorati E, Viganò GL, Spiazzi L, 
Rodella C, Bellini P, Rinaldi R, Camoni L, Dondi F, Biasiotto G. 
A comparative assessment of radiochemical purity and yield of 
[18F] PSMA-1007 production using two different automated 
synthesis platforms: a head-to-head comparison. EJNMMI 
Radiopharmacy and Chemistry. 2026 Jan 24.

15. Di Iorio V, Boschi S, Sarnelli A, Cuni C, Bianchini D, Monti M, 
Gorgoni G, Paganelli G, Matteucci F, Masini C. [18F] 
F-PSMA-1007 Radiolabelling without an On-Site Cyclotron: A 
Quality Issue. Pharmaceuticals. 2021 Jun 22;14(7):599.

16. Piron S, Verhoeven J, Vanhove C, De Vos F. Recent advancements 
in 18F-labeled PSMA targeting PET radiopharmaceuticals. 
Nuclear Medicine and Biology. 2022 Mar 1;106:29-51.

17. Ekmekcioglu Ö, Busstra M, Klass ND, Verzijlbergen F. Bridging 
the imaging gap: PSMA PET/CT has a high impact on treatment 
planning in prostate cancer patients with biochemical 
recurrence—a narrative review of the literature. Journal of 
Nuclear Medicine. 2019 Oct 1;60(10):1394-8.


