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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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INTRODUCTION

The cyclotron facility of the National Institute of Nuclear 
Medicine and Allied Sciences (NINMAS) has been 
providing 18F Fluorodeoxyglucose (18F FDG) 
commercially since 2021 to detect cancers, stage, restage, 
and monitor treatment response by PET-CT scan. But 
there are some limitations of 18F FDG, as not all cancers 
are sensitive to FDG, like carcinoma of the prostate, 
which has low glucose metabolism. Prostate-specific 
membrane antigen (PSMA), a protein, is overexpressed 
in most prostate cancer cells. This can be used for 
detection of cancer cells by using PSMA radioligands and 
as a target for radionuclide therapy in metastatic disease.

Prostate cancer is among the most prevalent malignancies 
affecting men worldwide, with significant morbidity and 
mortality. Accurate imaging plays a central role in 
staging, treatment planning, and the detection of 
recurrence. Traditional imaging modalities such as 
computed tomography (CT), magnetic resonance 
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imaging (MRI), and bone scintigraphy have long been 
used but suffer from limited sensitivity, particularly in 
detecting early metastatic or recurrent disease (1). 
Afterwards, PET imaging came into the scene to better 
visualize prostate cancer and its local recurrence. Still, 
there were limitations with conventional PET 
radiotracers like 18F/11C choline or 18F FDG.

The advent of PSMA PET-CT has dramatically altered 
this landscape. PSMA is a transmembrane protein highly 
overexpressed in prostate cancer cells, making it an ideal 
molecular imaging target (2). Radiotracers such as 
68Ga-PSMA-11 and 18F-labeled PSMA ligands have 
enabled highly sensitive whole-body imaging, ushering 
in a new era in prostate cancer management (3). A PSMA 
PET-CT scan does not require any specific patient 
preparation like prior fasting or stopping medication. 
Here is a comparative study between an 11C-Choline 
PET scan and a PSMA PET scan in a prostate cancer 
patient with biochemical recurrence, showing multiple 
metastatic foci detected by the PSMA PET scan (4).

Figure 1: Compared to conventional imaging techniques, PSMA PET scans provide improved tumor detection 
and localization, marking a substantial progress in prostate cancer imaging. By using prostate-specific 
membrane antigen (PSMA) as a target, this method improves the precision of detecting malignant tumors. 
Because PSMA PET scans enable more accurate therapy targeting and better patient results, they are 
considered a revolutionary technique in the management and treatment of prostate cancer.
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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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The unique features of PSMA PET-CT in comparison 
to other imaging modalities include:  

1. Superior diagnostic performance: The landmark 
pro-PSMA trial demonstrated that PSMA PET-CT 
significantly outperforms conventional imaging in 
staging high-risk prostate cancer, with an accuracy of 
92% compared to 65% for standard imaging approaches 
(5). Low glucose metabolism in prostate cancer makes 
the 18F FDG PET-CT scan less sensitive until the disease 
is de-differentiated. The enhanced accuracy of the PSMA 
PET-CT scan thus allows better identification of nodal 
and distant metastases, even when lesions are small or 
anatomically inconspicuous.

2. Early detection for biochemical recurrence: PSMA 
PET-CT has shown remarkable sensitivity in detecting 
disease recurrence at very low PSA levels. Detection rates 
remain clinically meaningful even when PSA levels are 
below 0.5 ng/mL, a range where conventional imaging is 
often non-informative (6, 7). This capability enables 
earlier intervention and more precise targeting of recurrent 
disease, significantly improving clinical outcomes.

3. Impact on clinical management: A major reason 
PSMA PET-CT is considered a “game changer” is its 

substantial impact on patient management. Studies 
indicate that imaging findings lead to changes in 
management in approximately 27–60% of patients (8). 
These changes may include shifts from curative to 
palliative treatment, modification of radiation therapy 
fields, or selection of targeted systemic therapies.

In radiation oncology, PSMA PET-CT allows more 
accurate delineation of tumor burden, enabling dose 
escalation to affected areas while minimizing exposure to 
surrounding healthy tissues (9).

Considering all the advantages, the cyclotron division of 
NINMAS started to produce 18F labeled PSMA-1007 in 2023, 
and nowadays it is a routine procedure. 18F PSMA-1007 is 
supplied to other Institutes of Nuclear Medicine (INMASs) 
and also to some private institutes in Dhaka.
PSMA PET-CT IMAGING IN NINMAS
The very first PSMA PET-CT scan was done in NINMAS 
as well as in Bangladesh in 2023. Since 2024, NINMAS 
has been performing PSMA PET-CT scans routinely to 
date. Figure 2 shows the increasing number of PSMA 
PET-CT done in NINMAS from 2023 to April 2026. The 
two representative cases of the PSMA PET-CT scan done 
in NINMAS are shown in Figures 3 and 4. 

Figure 2: The rising number of PSMA PET-CT scans in NINMAS
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THERANOSTIC POTENTIAL

Beyond diagnosis, PSMA PET-CT plays a central role in 
theranostics—combining diagnostic imaging with 
targeted therapy. Patients with PSMA-avid lesions can be 
selected for treatment with radioligand therapies such as 
177Lu-PSMA-617. The VISION trial demonstrated that 
this therapy significantly improves overall survival and 
progression-free survival in patients with metastatic 
castration-resistant prostate cancer (10). This integration 
of imaging and therapy represents a paradigm shift 
toward personalized medicine.

LIMITATIONS AND CHALLENGES

PSMA PET-CT has certain limitations. False-positive 
uptake can occur in benign conditions such as 
inflammation, fractures, or other malignancies (11). 
Additionally, some aggressive prostate cancer subtypes 
may de-differentiate and exhibit low PSMA expression, 
leading to false-negative results.

Practical challenges include limited availability, high 
cost, and the need for specialized infrastructure, 
particularly in developing countries. Furthermore, 
standardization of imaging protocols and interpretation 
criteria remains an ongoing need to ensure consistent 
results across institutions (12).

FUTURE PROSPECTIVE

To bring up PSMA based theranostic approaches are the 
next goal in the nuclear medicine and molecular imaging 
arena of Bangladesh. We dare to dream about radioligand 
therapy for biochemical recurrent prostate cancer patient 

management.

CONCLUSION

PSMA PET-CT has redefined the imaging paradigm in 
prostate cancer, offering superior diagnostic accuracy, early 
detection of recurrence, and significant impact on clinical 
decision-making. Its role in theranostics further underscores 
its transformative potential. Despite certain limitations, the 
growing body of evidence supports PSMA PET-CT as a true 
“game changer” in prostate cancer imaging and management.
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Figure 3: PSMA expression in prostate and in 
multiple pelvic lymph nodes

Figure 4: Multiple skeletal metastases in a
biochemical recurrent case 

DISCUSSION

Primary thyroid lymphoma is an uncommon but clinically 
important entity due to its favorable prognosis when 
recognized early (1,2). The pathogenesis is closely linked 
to chronic autoimmune stimulation, particularly 
Hashimoto’s thyroiditis, which leads to the accumulation 
of lymphoid tissue within the thyroid gland (3). Over time, 
this acquired lymphoid tissue may undergo malignant 
transformation (3). Among the subtypes, DLBCL is 
characterized by aggressive clinical behavior but also 
demonstrates a high degree of chemosensitivity, making 
early diagnosis crucial for optimal outcomes (4,9).

The clinical presentation of primary thyroid lymphoma 
often overlaps with other aggressive thyroid 
malignancies, especially anaplastic carcinoma (2). This 
case reflects aggressive nature of the tumor with local 
invasion mimicking thyroid cancer without any nodal or 
other extranodal involvements.  However, unlike 
anaplastic carcinoma, which carries a dismal prognosis, 
primary thyroid lymphoma responds well to 
chemotherapy and radiotherapy (2,9). Therefore, 
distinguishing between these entities is essential and 
relies on a combination of imaging, cytology, and 
histopathology with immunohistochemistry (1,4).

FDG PET-CT has emerged as a cornerstone in the 
management of lymphoma (7,8). Its high sensitivity for 
detecting metabolically active disease allows for accurate 
staging, including identification of nodal and extranodal 
involvement that may not be apparent on conventional 
imaging (5,7). In primary thyroid lymphoma, PET-CT is 
particularly valuable in assessing the full extent of local 
invasion, as demonstrated in this case with involvement 
of adjacent aerodigestive structures and cartilage erosion.

In addition to staging, FDG PET-CT plays a crucial role 
in treatment response assessment (6,7). The use of 
standardized criteria, such as the Deauville five-point 
scoring system, enables objective evaluation of metabolic 
response (6). Complete metabolic response on interim or 
post-treatment PET-CT is strongly associated with 
improved progression-free and overall survival (6,7). In 
the present case, the absence of residual FDG uptake 
following chemotherapy indicated an excellent 
therapeutic response, supporting the effectiveness of the 
chosen regimen.

Another important consideration is the differentiation 
between residual disease and inflammatory changes (5). 
Mild diffuse FDG uptake in the contralateral thyroid 
lobe, as seen in this patient, is often attributable to 

thyroiditis rather than malignancy (5,8). Recognizing 
such patterns is essential to avoid misinterpretation and 
unnecessary intervention.

Overall, this case underscores the importance of a 
multimodality approach in the diagnosis and 
management of primary thyroid lymphoma, with FDG 
PET-CT playing a central role in both initial evaluation 
and follow-up (10).

CONCLUSION

This case highlighted the significant value of FDG 
PET-CT in both the initial staging and post-therapy 
assessment of primary thyroid lymphoma. Early 
diagnosis combined with appropriate systemic therapy 
can lead to excellent clinical outcomes even in cases with 
locally advanced disease. The integration of metabolic 
imaging into routine clinical practice enhances diagnostic 
accuracy, guides therapeutic decisions, and improves 
prognostic assessment.
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ABSTRACT
Background: Primary thyroid lymphoma is an uncommon 
malignancy estimated to have an annual incidence of two cases per 
million population. Diffuse large B-cell lymphoma (DLBCL) is the 
most frequent histological subtype of primary thyroid lymphoma 
associated with Hashimoto’s thyroiditis and is considered a curable 
disease when diagnosed and treated early. Precise diagnosis and 
staging are crucial, and 18F-FDG PET-CT plays a vital role in both 
initial assessment and post-therapy response evaluation.

Case report: A 50-year-old woman diagnosed with non-Hodgkin 
lymphoma (NHL) involving the thyroid was referred to the PET-CT 
division to evaluate the extent of disease. Initially the patient 
presented with a neck swelling for five months. Neck ultrasound 
reported a nodular mass of the left lobe of the thyroid gland. 
Immunohistochemistry confirmed the germinal center type of 
DLBCL. Baseline PET-CT scan revealed a large lobulated 
hypermetabolic soft tissue mass involving the left lobe of the thyroid 
gland with a high SUVmax on 18F-FDG PET-CT. The mass 
demonstrated extensive local invasion, including retrosternal 
extension with involvement of the epiglottis, vocal cords, and 
proximal trachea and erosion of the thyroid & cricoid cartilage. The 
right lobe of the thyroid gland was mildly enlarged with diffuse FDG 
uptake. After four cycles of systemic therapy, a follow-up PET-CT 
scan showed complete morpho-metabolic regression of the thyroid 
mass, indicating an excellent therapeutic response. Residual diffuse 
FDG uptake in the right lobe of the thyroid existed and was most likely 
a sequel of thyroiditis.

Conclusion: Reported case reflects the utility of 18F-FDG PET-CT in 
initial staging and post therapy response assessment of thyroid 
lymphoma. PET-CT played a pivotal role in detecting the extent of the 
disease and guiding therapeutic response.
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Response evaluation. 
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INTRODUCTION

Primary thyroid lymphoma is a rare extranodal 
malignancy arising from lymphoid tissue within the 
thyroid gland, accounting for less than 5% of all thyroid 
malignancies and approximately 2% of extranodal 
lymphomas (1). The estimated annual incidence is around 
two cases per million population. (2). It predominantly 
affects middle-aged to elderly women, with a strong 
epidemiological association with chronic autoimmune 
thyroiditis, particularly Hashimoto’s thyroiditis (3). 
Long-standing lymphocytic infiltration is believed to 
predispose to lymphomatous transformation, with 
patients having Hashimoto’s thyroiditis carrying a 
markedly increased risk compared to the general 
population (4).

Histologically, primary thyroid lymphoma is most 
commonly of B-cell origin, with diffuse large B-cell 
lymphoma (DLBCL) representing the most frequent and 
aggressive subtype, followed by mucosa-associated 
lymphoid tissue (MALT) lymphoma (1, 4). While 
DLBCL tends to present with rapid enlargement and 
compressive symptoms, MALT lymphoma usually 
follows a more indolent course (5). Clinically, patients 
often present with a rapidly enlarging neck mass, which 
may be associated with dysphagia, dyspnea, hoarseness 
of voice, or stridor due to compression or invasion of 
adjacent structures (2). These features may closely mimic 
anaplastic thyroid carcinoma, making accurate diagnosis 
crucial because the prognosis and management differ 
significantly (2).

Imaging plays a pivotal role in evaluation. 
Ultrasonography is typically the first-line modality 
and may demonstrate a hypoechoic, heterogeneous 
mass with increased vascularity, although findings 
are often nonspecific (6). Cross-sectional imaging 
with CT or MRI helps assess local extension and 
airway compromise (7). Recently, F-18 
fluorodeoxyglucose positron emission 
tomography-computed tomography (FDG PET-CT) 
has become increasingly important due to its ability 
to provide combined anatomical and metabolic 
information (5, 7). FDG PET-CT is highly sensitive 
in detecting metabolically active lymphoma, allows 
accurate staging by identifying nodal and extranodal 
involvement, and is invaluable in response 
assessment following therapy (5, 8). Early diagnosis 
is essential, as primary thyroid lymphoma is one of 
the few aggressive thyroid malignancies that is 
potentially curable with appropriate 
chemoimmunotherapy (2, 9).

CASE REPORT

A 50-year-old woman presented with a progressively 
enlarging, painless swelling on the left side of the neck for 
a duration of five months. Over time, she developed mild 
dysphagia without significant respiratory distress. High 
resolution neck ultrasound revealed a large hypoechoic 
nodular lesion (measuring about 8.5 x 4.2 cm) in the left 
lobe of the thyroid gland with retrosternal extension and 
the nodule showed high vascularity without any 
calcification. The patient was euthyroid with TSH level of 
4.10 µIU/ml, FT4 level of 1.9 ng/dL and normal 
Thyroglobulin (Tg) level (25 ng/ml). Subsequent 99mTc 
thyroid scintigraphy demonstrated a non-functioning 
(cold) nodule in left lobe, which corresponds with the left 
neck swelling and sonographically detected nodule. High 
grade non-Hodgkin lymphoma was reported by FNAC 
and biopsy revealed Diffuse large B cell non-Hodgkin 
lymphoma, germinal center type. Subsequent 
immunohistochemistry confirmed the diagnosis of diffuse 
large B-cell lymphoma of germinal center subtype

Patient was referred to PET-CT division for baseline 
stating to see the extent of disease and to evaluate other 
nodal or extranodal sites of involvements. Baseline 
18F-FDG PET-CT demonstrated a large lobulated 
hypermetabolic soft tissue mass involving the left lobe 
of the thyroid gland with markedly increased FDG 
uptake with SUVmax of 33.1. The lesion showed 
extensive local invasion, including retrosternal 

extension and involvement of adjacent structures such 
as the epiglottis, vocal cords, proximal trachea, and 
erosion of the thyroid and cricoid cartilage. The right 
lobe of the thyroid appeared mildly enlarged with 
diffuse low-grade FDG uptake, suggestive of 
underlying thyroiditis rather than malignant 
involvement. No distant metastasis was identified at 
the time of staging. 

The patient was treated with systemic chemotherapy 
using the R-CHOP regimen. Following four cycles of 
therapy, interim 18F-FDG PET-CT was performed for 
response evaluation. The scan revealed complete 
resolution of the previously noted hypermetabolic mass 

with no residual abnormal FDG uptake, consistent with 
complete metabolic and morphological response. Mild 
diffuse uptake persisted in the right thyroid lobe, likely 
reflecting inflammatory changes rather than residual 
disease.




