
2013 International Nuclear Atlantic Conference - INAC 2013 
Recife, PE, Brazil, November 24-29, 2013 
ASSOCIAÇÃO BRASILEIRA DE ENERGIA NUCLEAR - ABEN 
ISBN: 978-85-99141-05-2 

 
SYNTHESIS AND QUALITY CONTROL OF [18F] FLUOROTHYMIDINE 

 
Leonardo Tafas C. Nascimento1, Juliana B. Silva1, Marina B. Silveira1, Priscilla F. 

Santos1, and Tiago Faria1 
 

1 Centro de Desenvolvimento da Tecnologia Nuclear – CDTN/CNEN 
Rua Mário Werneck, sem nº. Campus da UFMG, Pampulha 

CEP 30161-970 – Belo Horizonte - MG 
ltcn@cdtn.br 

 
 
 

ABSTRACT 
 
The Positron Emission Tomography (PET) is a technique that allows early diagnosis of various diseases by 
detecting metabolic changes of cells, in addition to being a noninvasive technique. The most widely used 
radiopharmaceutical for PET imaging is [18F]Fludesoxiglucose (18FDG), which is a marker of glucose 
metabolism and has high sensitivity and specificity for diagnosis and staging of various cancers. However, some 
carcinomas do not have high glucose consumption, besides 18FDG possess high urinary excretion rate 
interfering with the detection of tumors in pelvis and high uptake in brain and in inflammation, reducing the 
contrast tumor / background. The radiotracer 3'-fluoro-L-3'-deoxythymidine (18FLT) is an analogue of thymidine 
used as an alternative to 18FDG for detecting tumors with high proliferation rate. The aim of this work was to 
develop [18F]Fluorothymidine synthesis and quality control at the Radiopharmaceuticals Research and 
Production Facility of CDTN/CNEN. The synthesis was adapted from that used to 18FDG, based on the 
methodologies described in related papers. Radiochemical purity and impurities levels were determined by 
HPLC, RTLC and GC techniques. Total synthesis time was 35 minutes and the radiochemical yield in the end of 
bombardment (EOB) was 7%, with a radiochemical purity of about 93%. Radionuclidic identity and purity, pH, 
residual solvents, radiochemical and chemical purity were evaluated according to analytical methods described 
on the literature and on the United States Pharmacopeia (USP 32). Residual levels of Stavudine, Thymine and 
Thymidine were found and are under toxicological investigation in order to establish a maximum amount 
allowed in the final product. 
 

1. INTRODUCTION 
 
The Positron Emission Tomography (PET) is an exam that allows early diagnosis of several 
diseases, including various cancers, for detecting metabolic changes of the cells, in addition 
to being a noninvasive technique. It is performed by intravenous administration of a positron 
emitter radiopharmaceutical. The positrons are annihilated when they collide with 
neighboring electrons, giving rise to two gamma photons in opposite directions, which are 
used for constructing the metabolic image (ANDERSON, 2012). 
 
18F-Fludesoxiglicose (18FDG) is the most traditional radiopharmaceutical used in PET’s 
technology. It is a marker of cellular metabolism and has high sensitivity for diagnosis and 
staging of various carcinomas (GRAF, 2008). It relies on the facts that tumors may present 
greater glycolytic metabolism than the normal cells and that the 18FDG molecule does not 
take part in the energy’s pathway for the cell. Consequently, there is a higher accumulation of 
the radiotracer in tumor cells, which is detected by the PET scanner (WOLF, 1980). However, 
only a part of carcinomas has high glucose consumption (CAROLI, 2010). Moreover, 18FDG 
PET has several limitations, such as high urinary excretion rate interfering the detection of 
tumors in pelvis, high uptake in inflammation processes and high physiological brain uptake, 
reducing the contrast tumor / background. 
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In order to fulfill the processes in which 18FDG has no diagnostic utility, several other 
molecules have been radiolabeled and used in pre-clinical and clinical testing. The radiotracer 
3'-fluoro-3'-deoxythymidine (18FLT) have been investigated since 1998 (SHIELDS, 1998) 
and used as an alternative to 18FDG for detecting tumors with high proliferation rate, such as 
lung, colorectal and brain (glioma) cancers, among others (SCHWARZENBERG, 2012; 
CONTRACTOR, 2011; HERRMANN, 2011; KAHRAMAN, 2011; HONG, 2011; SEITZ, 
2002). It is an analogue of thymidine that is phosphorylated by the enzyme thymidine  
kinase I into 18FLT monophosphate, capturing the radioactivity inside the cells. This enzyme 
participates in the synthesis of deoxyribonucleic acid (DNA) and displays high activity in 
S phase (synthesis) of the cell cycle. Thus, the accumulation of 18FLT reflects the cell 
proliferation rate (JINBO, 2010). 
 
Currently, 18FDG PET is the only radiopharmaceutical produced in Brazil and it does not 
make distinction between inflammation, infection and tumors (JINBO, 2010). Considering 
that 18FLT has a great potential for detection of tumors with high proliferation rate, there is a 
growing demand from the medical community for it.  
 
There are several studies about production and quality control of 18FLT. Most reports use a 
purification system by high performance liquid chromatography (HPLC) coupled to an 
automatic or semi-automatic synthesis module (SUEHIRO, 2007; NIEDERMOSER, 2011). 
As intended in this work, 18FLT is synthesized in the automatic synthesis module TracerLab 
MXFDG model using Solid Phase Extraction (SPE) as purification technique, in contrast to 
other works that use High Performance Liquid Chromatography (HPLC) Semi-preparative 
(OH, 2004).  
 
Thus, this work aims to provide 18FLT according to the Brazilian legal requirements for the 
production of new radiopharmaceuticals. 
 
 

2. MATERIALS AND METHODS 
 
 
2.1. Reagents and Equipment 
 
The following materials and reagents were used: From ABX - precursor {1(2H)-acid 
Pirimidinacarboxilic,3-[2-desoxy-3-O-[(4-nitrofenyl)sulfonyl]-5-O-(trifenylmethyl)-β-D-
threo-pentofuranosyl]-3,6-dihydro-5-methyl-2,6-dioxo-1,1-dimethylethylester} or 3-N-Boc-
5′-O-dimetoxytrityl-3′-O-nosyl-thymidine (precursor BOC), TracerLab MXFDG cassette and 
19FLT standard; from Waters (USA) was used the following Solid Phase Extraction (SPE) 
cartridges: HLB Plus Short, Alumina Plus Long and QMA Light; from Macherey Nagel 
(USA), PS-H+ SPE cartridge; from Braun (Germany), water for injections; from Quimex, 
Hydrocloric acid 37% PA; from Sigma Aldrich (USA), sodium hydroxide, thymine, 
thymidine e furfurilic alcohol standards; from Center of Molecular Researches Isotopes 
(Russia), enriched water; from Merck (Germany), acetonitrile HPLC grade, potassium 
carbonate, silica gel plates, Kryptofix standard and pH strips; from Millipore (USA), 
hydrophobic membrane filter 0.20 µm; from BD (Germany), 3 and 30 mL syringes; from 
American Pharmacopoeia, Stavudine and Chlorothymidine standards. 
 
These are the equipment used: a cyclotron General Eletric Healthcare, PETrace 16.5 MeV 
model; TracerLab MXFDG adapted synthesis module; a hot cell and tungsten shielding from 
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COMECER; Varian Gas chromatograph model GC3900 (fused coated silica capillary column 
30 m×0.53 mm x 1 μm film thickness, injector, oven and detector temperatures are 250, 75 
and 250°C, respectively; ultra-pure helium flow rate 2.0 ml/min; FID detector); Agilent 
liquid chromatograph model 1200 equipped with an UV (266 nm) and NaI detectors coupled 
with a octadecylsilane column, Supercosil LC-18, 25 cm x 4.6 mm model, 5µm, mobile 
phase Ethanol/Water 10/90, 1.0 mL/minute; Capintec dose calibrator, model CRC-25R; 
Canberra multichannel detector; and Raytest radiochromatograph TLC. 
 
 
2.2 Chemical basis 
 
The nucleophilic substitution type 2 and hydrolysis are represented by the chemical equation 
in the figure 1. The first reaction happens between the BOC precursor and fluorine 18 in the 
presence of a phase transfer catalyst (Kryptofix) under heating for 5 minutes, in absence of 
water. In the second one, after reducing the temperature, the radiolabelled precursor is 
hydrolyzed with HCl 2M, producing 18FLT. Finally, the crude mixture is purified using 
cartridges (solid phase extraction) and water for injections, being eluted with NaOH 0.1M. 
 
 

 
Figure 1: Chemical equation of 18FLT synthesis. 

 
 
There are some substances co-produced during the synthesis, considered as impurities. 
Thymine and Thymidine (figure 2.A and 2.B, respectively) are physiological molecules, 
taking part of the DNA metabolism. Stavudine (figure 2.C) is an antiretroviral drug, which is 
an elimination product, where instead of 18F incorporation, a double bond in furan ring 
(carbon 3 and 4) is formed. [18F] Fluoronosyl (figure 2.D) is also an impurity formed by 
reaction between 18F and Nosyl group (leaving group from BOC precursor), which has bone 
affinity (NANDY, 2010) and, for this reason, have to be out of the formulation. 
 
Other impurities may arise from the synthesis: Furfurilic Alcohol (figure 2.E) and Thymine 
are formed during the hydrolysis step, as decomposition of Stavudine under acid conditions 
(PASCALI, 2012). However, as it also decomposes in this environment, it may become 
undetectable in the final product. Known as Zidovudine Related Compound B, 
Chlorothymidine (figure 2.F) is generated by unreacted precursor and HCl in hydrolysis step. 
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Figure 2: Chemical structures of some impurities in the 18FLT final formulation. A) 
Thymine; B) Thymidine; C) Stavudine; D) [18F] Fluoronosyl;  

E) Furfurilic Alcohol; F) Chlorothymidine 
 
 
2.3. 18FLT Synthesis Process 
 
2.3.1 Pre synthesis steps 
 
All the SPE cartridges were conditioned before being used, as described in table 1.  
 
 
Table 1: Conditioning protocol of the SPE cartridges used in 18FLT synthesis 
 

Cartridge Conditioning Equilibrium Drying 
QMA light 10 mL K2CO3 20 mL Water Nitrogen until dryness at 10 psi pressure 
HLB Plus 5 mL Ethanol 10 mL Water 20 mL air from syringe 

PS-H+ 2 mL Ethanol 4 mL Water 20 mL air from syringe 

Alumina 
Long 

5 mL Acetone 10 mL Water 20 mL air from syringe 

 
 
The reagents were packed in the same standard materials as for the 18FDG.Two 10 mL vials 
were used: one containing 5 mL of acetonitrile and other containing. 20 or 40 mg of BOC 
precursor dissolved in 2 mL acetonitrile (prepared a few moments before the synthesis). One 
of the 30 mL syringes was filled with 1.5 mL HCl 2M and nothing was added to the other 
syringe. It was also prepared a bag of water for injectables containing 100 mL and a syringe 
containing 3 mL of NaOH 0.1M. For eluent solution were used 0.2 mL of water, 0.3 mL of 
Acetonitrile, 22 mg of Kryptofix and 7 mg potassium carbonate per vial. All materials were 
mounted in a disposable cassette as shown in figure 3. 
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2.3.2 Disposable cassette and automatic synthesis 
 
After testing several different configurations to maximize yield and reduce the amount of 
impurities, it was set up the cassette configuration in the module TracerLab MXFDG shown in 
figure 3. The configuration differences between 18FDG and 18FLT are described in table 2 and 
depicted in figure 4. 
 
 

 
 

Figure 3: Adapted configuration of the reagents and accessories to produce 18FLT in the 
TracerLab MXFDG 

 
 

Table 2: Positions comparison of the reagents and accessories in the TracerLab 
MXFDG for 18FDG and 18FLT 
 

Position / 
opening 
direction 

18FDG 18FLT 

3 – right 7 mL Acetonitrile vial 5 mL Acetonitrile vial 
4 – right 30 mL syringe 30mL syringe with 1,5mL HCl 2M 

5 – right Mannose Triflate precursor BOC precursor dissolved in 2 mL 
Acetonitrile 

7 – left Water for injection bag PS-H+ cartridge entrance 
8 – right 5 mL Ethanol vial PS-H+ cartridge exit 
9 – right 6 mL citrate buffer solution Water for injection bag 
10 – right 1 mL NaOH 2 M syringe 3 mL NaOH 0.1 M syringe 

11 – right Alumina cartridge entrance 
and collecting 18FDG vial 

Alumina cartridge entrance and 
collecting 18FLT vial 

12 – left tC18 cartridge exit HLB cartridge exit 
13 – right tC18 cartridge entrance HLB cartridge entrance 

 
 



INAC 2013, Recife, PE, Brazil. 
 

 
 

Figure 4: Original configuration of the reagents and accessories to produce 18FDG in the 
TracerLab MXFDG 

 
 

2.3.3 Synthesis of 18FLT 
 
Enriched water was irradiated for 10 minutes at 15 µA in the cyclotron, producing 3.7 GBq 
of 18F in 2.4 mL. The 18F is trapped in a pre conditioned QMA cartridge, separating the 
enriched water. Collected radioactivity is eluted by K2CO3 / Kryptofix eluent solution and 
sent to the reactor vessel. Fluorine 18 is heated at 95°C under vacuum, nitrogen gas stream 
and 3 aliquots (0.6 mL each) of acetonitrile (azeotropic distillation). After obtaining dry 18F, 
the precursor dissolved in 2 mL of anhydrous acetonitrile is added, starting the labeling phase 
at 100 or 130°C for 5 minutes. After [18F]fluorination, the crude mixture is allowed to cool 
down to 85°C. Hydrolysis step is performed with 1.5 mL of HCl 2 M for 5 minutes at 85°C. 
The mixture is cooled and inserted into PS-H+ and HLB pre conditioned cartridges. After 
that, HLB is washed with water for injections. The elution is done with 3 ml NaOH 0.1 M 
through HLB and Alumina cartridges, obtaining 18FLT in an empty vial, being submitted to 
several characterization tests. 
 
 
2.4. 18FLT Characterization 
 
There is no pharmacopeical 18FLT monograph yet. Thereby, some parameters may be 
extrapolated from 18FDG’s as: pH (both are injectable solutions), radionuclidic identity and 
purity (as 18F is used for both), residual solvents (acetonitrile is used for the same purpose) 
and chemical purity (Kryptofix can be used as a catalyst for both). 
 
Radiochemical purity was evaluated by an analytical HPLC described above and also a radio 
thin layer chromatograph (RTLC) using a solution of Water 95%: Acetonitrile 5%. The pH 
was determined by pH strips. Radionuclidic Identity and Purity test were performed in a dose 
calibrator and in a multichannel analyzer. Chemical Purity is done by TLC technique to 
quantify the transfer phase catalyst (Kryptofix) in the sample, due its toxicity (HUNG, 2002). 
Residual acetonitrile in the final product was analyzed by Gas Chromatography. 
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3. RESULTS AND DISCUSSION 

 
The syntheses were optimized assessing the BOC precursor quantity and labelling 
temperature. 
 
According to literature, higher labelling temperatures originate more impurities (PASCALI, 
2012), mainly Stavudine. Moreover, the combination of high temperature and the higher 
internal pressure of gaseous acetonitrile inside reactor vial could be a source of leaks. Trial 
synthesis carried out without precursor at temperatures higher than 130°C showed that the 
reactor’s silicone cover may blow up, which would decrease the yield appreciably. Thus, two 
temperatures were investigated in this work, 100°C and 130°C. 

 
Table 3 contains the corrected yields and radiochemical purity according to the precursor 
mass and labelling temperature. All the conditions provided radiochemical purities above 
90%.According to literature (OH, 2004) higher labelling temperatures gives greater yields. 
However, according to results, the labelling temperatures tested did not improve either yields 
or radiochemical purity. Furthermore, it was detected greater amounts of impurities at 130°C 
than 100°C. An explanation for similar yields is that TracerLab MXFDG has not a cooling 
device. Thereby, more time is needed to wait for the cooling steps, undesirable effect 
considering the 18F radioactive short half-life.  
 
 

Table 3: Corrected yield and radiochemical purity according to the quantity of 
precursor and labeling temperature 

 
Quantity 
precursor 

(mg) 

Corrected yields 
(%) 

Radiochemical 
Purity (%) 

100ºC 130ºC 100ºC 130ºC 
40 6.5% 6.5% 98.4% 90.5% 
20 4.0% 4.2% 92.9% 94.8% 

 
 
Thus, the best synthesis conditions were using 40 mg of BOC precursor and 100°C as 
labelling temperature. Its physicochemical quality control was performed and described in the 
following paragraphs and table 4. 

 
The 18FLT sample presented pH value of 6. For intravenous administration, 18FDG 
Pharmacopoeia monograph pH ranges between 4 and 8. The half life time corresponds to 
fluorine 18, within the range of 105-115 minutes. Its radionuclidic purity was higher than 
99.9%, meaning another test acceptance. 
 
 

Table 4: Summary of synthesis and quality control of 18FLT chose conditions 
 

 Specification Result 
Corrected yield N.A. 6.52% 

pH Between 4 e 8 6 
Kryptofix < 50 μg/mL < 25 μg/mL 

Acetonitrile < 0.04% 0.0021% 
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Radiochemical purity > 90% 98.35% 
Radionuclidic identity Between 105 e 115 minutes 109 minutes 
Radionuclidic purity > 99.5% 99.9% 

Stavudine Not specified 28.1 ppm 
Thymine Not Specified 57.0 ppm 

Thymidine Not specified 110.3 ppm 
Chlorothymidine Not specified Below detection limit 
Furfurilic Alcohol Not specified Below detection limit 
[18F] Fluoronosyl Not specified Not detected 

 
 

RTLC provided as radiochemical purity the value of 94.19%, which is very similar to 98.4%, 
obtained by HPLC (figure 5). The remaining 1.6% was unreacted fluorine 18 which was not 
trapped ion Alumina cartridge. Other UV detectable impurities were also quantified: 
Thymine – 57.0 ppm; Thymidine – 110.3 ppm and Stavudine – 28.1 ppm. Chlorothymidine, 
Furfurilic Alcohol and [18F] Fluoronosyl were not detected in the 18FLT formulation. 
 
 

 
Figure 5: Chromatogram of 18FLT final product using Kryptofix, labeling temperature 

of 100°C and 40 mg of precursor 
 

 
Unlike the original Stavudine Pharmacopoeia Monograph, a maximum quantity should be 
established as an impurity for 18FLT formulation, because its cytotoxic potential as an 
antiretroviral agent. This would make safer the usage of the radiopharmaceutical, as well as it 
could be a synthesis quality parameter. The quantity detected (28.1 ppm/28.1 µg/mL) is 
considered very low. As long as 18FLT formulation has volume of 3 mL, Stavudine content 
would be 84.3 µg, which hypothetically could not reach the maximum therapeutical plasma 
concentration (1.2 ± 0.4 µg/mL) in case of injecting the entire formulation of 18FLT into an 
human being (GRASELA, 2000). So, the appearance of side effects would be improbable. 
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Although being physiological molecule, Thymidine is a competitor of 18FLT for the same 
nucleoside membrane transporters (NTs) (BROCKENBROUGH, 2011). Besides 
Chlorothymidine has the same potential, there are not any researches about its affinity with 
these receptors or Thymidine Kinase enzyme. Thymine has no competition profile reported 
by any study. Biological tests in vitro are being performed to assess Thymidine and 
Stavudine concentration’s influence in 18FLT’s efficiency and safety. 
 
It was determined that residual acetonitrile was 0.0021%, using Gas Chromatography. Based 
on the 18FDG European Pharmacopoeia monograph threshold of 0.04% (Fludeoxyglucose 
[18F] injection Monograph, 2002) that is almost 20 times smaller. It is noteworthy that 
several other studies use a 10 or 8% Ethanol solution in the final product of 18FLT (TANG, 
2010; NIEDERMOSER, 2012). The purpose of this synthesis was to eliminate ethanol from 
the synthesis, considering that its quantity should be at maximum 0,5% according to the 
European Pharmacopoeia and to the Guideline for Residual Solvents (ICH, 2011) 
 

3. CONCLUSIONS  
 
It was presented an alternative production of Ethanol free 18FLT solution. Simultaneously, 
toxicity and binding tests in vitro are being performed in normal and tumor cells to testify its 
usefulness and safety as a radiopharmaceutical to be applied in clinical trials in Brazil. 
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