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For over twenty years there has been a constant trend for scientific research to be applied in everyday
life and thus raise the standard of living and improve the quality of life of ordinary citizens. Since the
beginning of the 21st century, the Heavy Ion Laboratory, in cooperation with the Nuclear Medicine
Department of the Independent Public Central Clinical Hospital of the Warsaw Medical University at
Banacha Street, has undertaken joint actions to introduce in Poland the diagnostic tests commonly
known as positron emission tomography scans. This article presents a brief history of the establishment
of the Radiopharmaceuticals Production and Research Center together with its equipment and research
work.
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1. Introduction

Following the prevailing trend to make scientific
research applicable in everyday life and thus im-
prove the standard of living and quality of life of
ordinary citizens, the Heavy Ion Laboratory (HIL),
in cooperation with the Nuclear Medicine Depart-
ment of the Independent Public Central Clinical
Hospital of the Warsaw Medical University at Ba-
nacha Street, has undertaken joint actions to intro-
duce diagnostic tests in Poland utilizing a dedicated
scanner using positron radiation (such medical tests
are commonly known as PET scans). A scanner
was installed at the hospital and production of the
radiopharmaceutical known as fluorodeoxyglucose
([18F]-FDG), an essential requirement of the scan-
ning procedure, was begun at the HIL in a specially
designed facility — the Radiopharmaceuticals Re-
search and Production Center (RPRC).

2. Presentation of RPRC

The center was built and equipped with subsi-
dies from the Ministry of Science and Higher Ed-
ucation, the International Energy Atomic Agency,
the Ministry of Health and the European Struc-
ture Funds within the Sectoral Operational Pro-
gramme “Improvement of the Competitiveness of
Enterprises” and the Operational Programme — In-
novative Economy “Centre for Preclinical Research
and Technology.” The adaptation of the rooms

and equipment was carried out by GE Medical Sys-
tems after winning a public tender. The RPRC has
operated as a radiopharmaceuticals factory since
March 22, 2012 and meets all the required condi-
tions, including, of course, GMP [1]. The acceler-
ator used in the center for the production of ra-
dioisotopes is a dual-beam (proton-deuteron) PET-
trace 840 cyclotron manufactured by General Elec-
tric and the main production line is the dedicated
[18F]-FDG line. There are also radiopharmaceuti-
cal production lines for radioisotopes, such as 11C
and 15O [2] (see Fig. 1).

Fig. 1. Available targets and beam lines attached
to the exit ports of the cyclotron.
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The site has three divisions: the cyclotron,
a “Hot” Chemistry Laboratory and a Quality Con-
trol Laboratory. The cyclotron division consists of
a cyclotron vault and a cyclotron technical room
where all power supplies, the RF generator and
heat exchanger are located. The existing area al-
lows inter alia of regular maintenance of PIG ion
sources and targets to be carried out. The “Hot”
Chemistry Laboratory is divided into two laborato-
ries. One, the so-called laboratory L1, is designed
and equipped exclusively for FDG daily production.
It contains: a laminar flow hood, double vertical
hot cell, cell for a dispenser unit, two TRACERlab
MXFDG synthesizers and DDS-VIALS dispenser.

Space is also available for upgrading and devel-
opment of the equipment when the present produc-
tion capability for FDG becomes insufficient. The
available space will allow the installation of a dou-
ble vertical hot cell with FDG synthesizer units and
hot cell with dispenser unit (the first version) or two
double vertical hot cells with four FDG synthesizers
(the second version).

The daily production of FDG has been trans-
ferred to a dedicated, commercial company. Re-
search activity remains the domain of HIL and
we occupy a second laboratory, the so-called L2,
which is designed and equipped for R&D activity.
In this laboratory, a laminar flow hood and four
hot cells are installed. Two of them are double
vertical and the other two are singles. Presently,
L2 is equipped for the production of radiopharma-
ceuticals including 11C, 15O and 18F, respectively.
The equipment of L2 also allows for FDG produc-
tion after fulfilling the necessary rules. It is assumed
that L2 will be able to be used as an FDG produc-
tion laboratory in the case of a temporary breach of
GMP rules by the L1 equipment. The L2 laboratory
is equipped with (i) water 15O unit, (ii) 11C “pro-
cess unit”, (iii) three units of 11C synthesizers, i.e.,
-SynthraMeI, -SynthraMeIplus, -SynthraGPextent,
(iv) dispenser unit, and (v) TRACERLab FX F-N
for nucleophilic substitution with 18F−.

The Division of Quality Control Laboratory has
two rooms. One is devoted to the instrumentation
required by the European Pharmacopeia for FDG
production, and instrumentation useful for R&D
work is stored in the second.

3. Research

For several years, thanks to the implementation
of grants, the cyclotron has been equipped with
an external station for irradiation of solid state tar-
gets (metallic or powder). Such an extension of
the setup significantly expanded the production and
research capabilities of RPRC. This target station
is attached via a beam line to the cyclotron, port
No. 2. It is protected by Polish Patent No. 227402
(see Fig. 2).

The beam line consists of: a drift tube (3.4 m),
two sets of steering magnets made of permanent

Fig. 2. Current view of the target system with
beam line and radiation protection wall.

magnets, a quadrupole doublet and a four-sector
collimator. The standalone external target system
is shielded by a concrete wall of thickness of 0.25 m.
This protective wall ensures the safety conditions
for the center staff. The beam line and the tar-
get station are connected to their own autonomous
vacuum system which allows a static vacuum of
4 × 10−7 mbar to be reached. The beam trans-
port efficiency to the target is greater than 96%.
After irradiation, the target drops into a lead con-
tainer and is evacuated from the cyclotron vault on
a remotely controlled trolley.

In cooperation with the Institute of Nuclear
Chemistry and Technology and POLATOM, the
HIL team has carried out research projects focused
on medical applications of radioisotopes. The AL-
TECH grant included a search for alternative meth-
ods of technetium 99mTc production using the so-
called medical cyclotrons [3], and another joint
project was the PET-SKAND grant, the aim of
which was to obtain radiopharmaceuticals based
on scandium radionuclides, in particular 43Sc, 44Sc,
and 47Sc, for PET [4–8].

Targets for these research made of 100Mo for
99mTc production and of Ca enriched isotopes for
Sc isotopes production were produced by us.

The development of the methodology of Mo foils
preparation starting from powder (the form in
which the enriched isotopes are available) allowed
obtaining foils with thicknesses down to 250 nm by
mechanical reshaping (rolling) [9]. The foils were
needed for studies on reaction cross-section per-
formed before undertaking the regular irradiation
of samples for isotope production. The production
of 99mTc was carried out using targets in a form of
pellets formed by powder compacting.

The isotopic calcium targets applied for produc-
tion of Sc isotopes were made directly from the cal-
cium carbonate (the chemical form of available en-
riched isotopes) to avoid the loss of material during
conversion into metal form. The important issue
of target made of material which is an insulator
(the case of carbonates) is the dissipation of the
heat deposited by the beam in the target (see effect
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Fig. 3. (a) Pure CaCO3 target cracked after 2 h
irradiation with 15 µA proton beam of 16 MeV. (b)
Pellet of CaCO3 placed in the graphite bed.

in Fig. 3a). To overcome this, a target with a small
addition of graphite (having high heat transfer co-
efficient) had to be prepared or a small pellet of the
target material had to be placed in the graphite bed
with a bigger diameter (see Fig. 3b) [10, 11].

The HIL team has been working independently of
the development of the manufacturing process and
quality control of radiopharmaceuticals and candi-
dates. The first to be developed and launched was
the FDG manufacturing process. One of the results
of the development work was to propose an im-
proved procedure for testing residual organic sol-
vents in radiopharmaceuticals [12] and to expand
knowledge of metallic and radiometallic contami-
nants in the produced FDG. An interesting element
of the research carried out was the identification of
the main radioisotope contaminants that occurred
due to side reactions with protons and secondary
neutrons. Isotopes of Co, Mn, and Ni dominated
but were easy to remove with chemical separation,
resulting in a final product free from any radionu-
clidic impurities [13, 14].

However, our key role is to conduct research
on new radiopharmaceuticals dedicated to ongoing
biomedical projects, in cooperation with the Mil-
itary Institute of Medicine, the Institute of Ex-
perimental and Clinical Medicine and the War-
saw University of Life Sciences. For this pur-
pose, a regular, small-scale production of 18FMiso
(18F-fluoromidazole) was developed and imple-
mented for preclinical studies in small animals [15].
The radiopharmaceutical was used to assess changes
in a tissue oxygenation status at various stages of
tumor development and to compare it with bio-
chemical methods. Incorporation of hypoxia infor-
mation in clinical tumor assessment is important
for clinical development of personalized, hypoxia-
based therapies, which ultimately improve out-
comes. More than 100 syntheses were performed,
which, combined with the unique imaging capabili-
ties of a small animal scanner located in the building
of the Center for Biological and Chemical Sciences,
of University of Warsaw, allowed a description of
the model of the development of hypoxia in cancer-
ous tissues [16].

Another fluorinated molecule, 18FHBG (9-(4-
fluoro-3-hydroxy-methylbutyl)-guanine), was syn-
thesized for imaging of gene-reporter system

built-in selected stem cells, to visualize the progress
of stem cell therapy of myocardial infarction dam-
age in the heart. Over 30 runs have been car-
ried out so far, significantly modifying the syn-
thesis procedure and eliminating the problems de-
scribed in other works related to the radiochemi-
cal purity of the final product. The method de-
veloped allowed a radiopharmaceutical with a pu-
rity of > 98.5% to be obtained, used for imag-
ing of animal models with intracardial stem cell
transplantation.

Another direction of development work was the
use of the carbon-11 isotope for the labeling of en-
dogenous molecules used in oncological diagnostics.
A feasibility study of methionine, used in neuroon-
cology [17], and acetates, used in the diagnosis of
prostate cancer [18], was developed and conducted.
Unfortunately, the complicated logistics caused by
the short half-life of the isotope limits the possi-
bility of using the developed methods in practice
to centers where the scanner is located directly
at the production center. Therefore, further ef-
forts have been directed to metallic isotopes allow-
ing the use of generators or isotopes with a longer
half-life.

A complete “from target to image” project was
the above-mentioned project for the production of
44Sc and the synthesis of radiopharmaceuticals la-
beled with this isotope. For the isotope produced
by RPRC, methods of isolation from the target ma-
terial [19, 20] and the methodology of labeling pep-
tides used in the diagnosis of neuroendocrine tu-
mors (NET) have been developed. The developed
procedure was automated using a system designed
for flow-through scandium separation, connected to
the Eckert–Ziegler automatic system for the synthe-
sis of radiopharmaceuticals [5].

Another line of research was the development
of novel radiopharmaceuticals labeled with metal-
lic isotopes, available from generators gallium-68,
copper-64. As a ligand for gallium-68, the flavonoid
morin was selected, which showed high affinity for
renal cancer cells in in vitro tests, and the synthe-
sized compound was subjected to detailed chem-
ical characterization [21]. In the case of cop-
per, the macrocyclic ligand tetracarboxyphenylpor-
phyrin (TCPP) was used, which can be a stan-
dalone ligand or can act as a bifunctional ligand
(BFC) in the labeling of large biological molecules.
A significant advantage of the developed method is
its excellent kinetics, which allows labeling within
a few minutes, compared to other methods that re-
quire marking processes lasting several hours [22].
A unique feature of the center is the possibility
of conducting research on radiopharmaceuticals in
the full cycle from designing the target through
irradiation, isotope separation, radiopharmaceuti-
cal synthesis and imaging on small animals. The
production equipment allows the preparation of
any labeled compounds used in modern biomedical
research.
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4. Conclusions

The constructed center is an example of the ap-
plication of nuclear physics to raise the society’s liv-
ing standard. As one of the first producers of FDG,
it contributed to the introduction of diagnostic ex-
aminations using positron emission tomography in
Poland. The RPRC is used for daily, commercial
production of FDG. It also allowed University of
Warsaw to effectively engage in research on new ra-
diopharmaceuticals. Within the research activity,
we performed more than 100 irradiations of targets
for research groups cooperating with us, producing
several medical isotopes: 99mTc, 135La, 43Sc, and
44Sc. This production was dedicated to further ra-
diochemical research.

The studies on the production of 99mTc from
100Mo and Sc isotopes from Ca also motivated
the development of the target preparation technol-
ogy. The technique developed for the production of
thin Mo foils needed for studies of cross-section of
100Mo(p, 2n)99mTc reaction allowed the production
of the Mo foil with thickness of 250 nm.

The technique developed for the preparation of
Ca targets used for Sc isotopes production allowed
to overcome the problems of heat dissipation from
targets made of insulators (carbonate powder in-
serted in the graphite — see Fig. 3).

The studies of 100Mo(p, 2n)99mTc reaction
showed that measurements of thick target yield
(TTY) allows the evaluation of the cross-section of
the studied reaction [23].

The extension system of the PETtrace cyclotron
will be used for medical radioisotope production in
the future. We also plan to connect the PETtrace
cyclotron with the U-200P heavy ion cyclotron (also
installed at HIL). The radioisotopes produced in the
RPRC would feed the ECR ion source of the U-200P
cyclotron. This solution would allow the delivery of
radioactive beams for research projects performed
at HIL.
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