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Summary
Positron Emission Tomography (PET) is an improving 
technology and it is a promising field for the diagnosis of 
the diseases in relatively early stages. It can also be used for 
tracing the therapy by obtaining metabolic information and 
it can supply quantitative results. The use of analogues of 
naturally existing elements as radionuclides made PET a 
desirable Nuclear Medicine imaging technique. 

The scope of this review is to touch upon most of the PET 
radiopharmaceuticals especially the recently developed ones. 
Some of them are used in preclinical studies and researches 
and others are used in clinical studies for imaging of 
various cancers and infections, and only few of them can 
be used for therapy. Besides the importance of current Good 
Manufacturing Practices (cGMP) of applications of PET 
radiopharmaceuticals was underscored.
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Pozitron Yayım Tomografisi (PET) İçin Yeni Geliştirilen 
Radyofarmasötikler
 
Özet
Positron Yayım Tomografisi (PET) hastalıkların nispeten 
daha erken safhada teşhis edilmesini sağlayan umut verici 
gelişmekte olan bir teknolojidir. Metabolik bilgi sağlayarak 
tedavinin takip edilmesine ve kantitatif sonuçlar elde 
edilmesine olanak sağlar. Radyonüklid olarak doğal olarak 
bulunan elementlerin analoglarının kullanılması, PET’i 
tercih edilen bir Nükleer Tıp görüntüleme tekniği haline 
getirmektedir.   

Bu derlemenin amacı, preklinik çalışmalarda, araştırmalarda 
kullanılan ve bazıları farklı kanser türlerinin ve 
enfeksiyonların görüntülenmesinde veya tedavisinde 
kullanılan çoğu PET radyofarmasötiklerine özellikle de yeni 
geliştirilenlere değinmek ve PET radyofarmasötiklerinin İyi 
Üretim Uygulamaları’nın (cGMP) önemini vurgulamaktır. 

 
Anahtar kelimeler: PET görüntüleme, PET radyofarmasö
tikleri, PET radyofarmasötiklerine uygulanan testler, PET 
uygulamalarında cGMP prensipleri.
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INTRODUCTION
General Overwiew to PET
The diagnosis and the localization of the diseases 
can be made relatively easily by the utilisation of the 
modern imaging techniques. Permitting for excellent 

structural resolution of diseases like inflammations, 
infections and cancerogen pathologies can be 
determined by using modern imaging techniques like 
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magnetic resonance imaging (MRI) and computed 
tomography (CT), but the disadvantages of these 
modalities are their limited usage in determining the 
diseases at early stages. This lack in the determination 
depends on the lack of functional and metabolic 
imaging properties. β+ emitting radioactive isotopes 
are used in PET imaging. This radioactive isotope 
collides with an electron and composes high energy 
(511 keV) photons. After emission, they move forward 
a short range distance and then loose their energy by 
colliding with electrons. A pair of γ-rays at almost 
180 degrees can form simultaneous emission. Thus, 
this emission causes positron formation. Positron 
detection can be done by temporal coincidance of two 
gamma-rays. The image is reconstructed according to 
the filtered back projection algorithm (1, 2). 

The first term of PET and the first PET radiophar-
maceutical 18F-Fluorodeoxyglucose (18F-FDG) were 
used in 1973. In vivo imaging was succeded with 
the introduction of radiolabeling a glucose analogue. 
For the imaging of biodistribution within the body, 
deoxyglucose was labeled with 18F successfully. The 
animal studies followed by the human studies were 
performed in the mid 1970s. The first studies were 
made for the determination of brain functions. In 
1980s whole body imaging was performed for the 
determination of the glucose metabolism within the 
organs and tissues. The results of these observations 
had showed that malignant cells have glycolysis sig-
nificantly higher than normal tissues. Depending on 
this situation, whole body PET imaging could allow 
Nuclear Medicine specialists to detect and to quan-
titate the disease in patients with a variety of malig-
nancies. Therefore, PET is a suitable modality for the 
diagnosis, staging, treatment planning and treatment 
monitoring of malignant diseases like cancers (1).

One of the very important utilisation of PET is the 
passage of central nervous system drugs across the 
blood-brain barrier (BBB) and the detection of the 
drug binding with its target in brain. In this way, 
assessing the biomarkers of pathophysiology can be 
performed (1). 

18F-Sodium Floride, 18F-Fluorodopa, 18 F-Fluorotimidin 
(FLT), 15O-H2O, n-15O-Butanol, 13N-Amonnium, 

11C-Sodium Acetate, 11C-Flumazenil, 11C-Methylspi-
peron (MSP), 11C-L-Methyonin, 11C-Raclopride, 82Rb-
Rubidium Chloride are some of other commonly used 
radiopharmaceuticals for PET imaging. Carbon-11 
(t1/2=20 min), Nitrogen-13 (t1/2=10 min), Oxygen-15 
(t1/2=2 min) and Fluor-18 (t1/2=110 min) are the radio-
nuclides that are used for labeling of radiopharmaceu-
ticals in PET imaging. All have very short half life and 
are administered to the body by attaching to some nor-
mal body components like ammonia, glucose or water. 
These PET radiotracers are biocompatible because of 
being naturally existing components in the body. Some 
of the PET radiotracers are shown in Table 1 (2-6).

Similar to every medical imaging modality, PET also 
has some pros and cons. Molecular and functional 
imaging can be obtained by PET. Nearly all kinds of 
molecules can easily be radiolabeled with 18F or 11C 
because of their being natural elements existing in 
the body. It provides a relationship across species and 
between preclinical and clinical species. As being a 
functional imaging technique PET is a very sensitive 
and whole body imaging technique when compared 
to anatomical imaging modalities like CT, MRI, and 
ultrasonography. On the other hand, it has some 
disadvantages like less resolution and affecting the 
result from hyperglysemia. The uptake of FDG which 
is first approved PET radiopharmaceutical by Food and 
Drug Administration (FDA), is nonspecific for cancer 
so it can also detect infections and inflammations. 
Enhanced FDG uptake in inflammatory cells like 
macrophages or lymphocytes depends on the increased 
levels of glycolysis by the inflammatory cells (1, 2). 

Combining PET with another more sensitive 
imaging modality is very popular in these days. 
This combination can be made with an anatomical 
imaging technique like CT or MRI. Therefore, these 
combinations lead to hybrid imaging modalities, 
which especially enhances its role for cancer 
patients. Higher spatial resolution, higher target-
to-background contrast and accurate anatomical 
localisation can also be performed by the utilization 
of hybride imaging systems (1, 2).

Nowadays, a hybrid imaging modality PET/CT has 
been used in Nuclear Medicine departments as one of 
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the medical imaging modalities with the largest growth 
worldwide. While approximately 2,000 PET/CT 
scanners were installed in the U.S, 350 were installed 
in Europe in 2009. Considering a population of about 
307 million in the U.S. and 830 million in Europe, the 
U.S. has installed about 6 times as many scanners as all 
of Europe but has only one third of its population, so 
according to these numbers there is enough PET/CT 
scanner in U.S. (Courtesy of Siemens/CTI) (7).

Dual-time-point imaging with PET and PET/CT 
can be used for differentiating malignant and 
inflammatory processes and also for optimal patient 
management. This combination of PET allows 
physicians to stage tumors and to localise the 
metastases into the patient’s body earlier and more 
efficiently. PET can evaluate the individual response 
to a cancer therapy and can improve follow-up. In 
this way, personalised medicine will become real in 
the future. This personalised medicine approach can 
cause economic benefit. Standardized uptake values 
(SUVs) are important for this issue. SUV tends to 
remain stable or to decrease in inflammatory and 
nonneoplastic lesions and, on the contrary, tends to 
increase in malignant lesions over time.  FDG uptake 
tends to increase in benign infections of the organs 
and in inflammation without infection (1, 8). 

Applications of Widely Used PET 
Radiopharmaceutical: 18F-FDG
18F-FDG is mostly prefered and successfully used 

PET radiopharmaceutical for 20 years in clinics. 
The clinical indication of 18F-FDG for PET scanning 
was approved in 2000 by FDA and after that PET 
obtained a larger utilization in Nuclear Medicine 
practice and oncology. The reason of its being 
utilized commonly in Nuclear Medicine clinics 
is due to the low positron energy (0.64 MeV) of 
Fluorine-18. This not only limits the dose rate to the 
patient but also results in a relatively short range of 
emission in tissue and in this way high-resolution 
images can be obtained. Additionally, the relatively 
long half life (110 min) provides high-yield of 
radiosynthesis and comfortable transport from the 
production site to the imaging site. Dynamic studies 
and assessment of slow metabolic processes are 
the other advantages of its relatively long half life. 
Advances in radiochemistry provides an important 
role in synthesizing various no-carrier-added 
18F-labeled radiotracers for PET studies of various 
receptor systems (2, 10, 11).

Increase in the utilization of PET radiopharmaceuticals 
generally depends on the improvement in the 
synthesis and the quality control of 18F-FDG. 18F-FDG 
can be synthesized by electrophilic fluorination or 
nucleophilic fluorination reaction. Because of its 
higher yield and shorter reaction time, mannose 
triflate can be used as a precursor. Kryptofix or 
tetrabutylammonium salts (TBA) can be used for 
nucleophilic fluorination (12).

Table 1. Characteristics of commonly used PET radionuclides (2, 8).

Radionuclide Half-Life  
(min.)

Mode of Decay 
(%β)

Common Production 
Method

Mean Energy (MeV)

18F 110 96.7 18O(p,n)18F 0.2498(β+)
11C 20.4 99.77 10B(d,n)11C

14N(p,α)11C
0.3856(β+)

15O 2 100 14N(d,n)15O
15N(p,n)15O

0,511 (γ-ray) annihilation

13N 10 100 12C(d,n)13N
16O(p,α)13N
13C(p,n)13N

0,511 (γ-ray) annihilation

68Ga 68.3 87.7 68Zn(p,n)68Ga 0.836(β+)
64Cu 768 17.87 63Cu(n,γ)64Cu

64Zn(n,p)64Cu
64Ni(p,n)64Cu

0.2781(β+)

86Y 884 12.4 86Sr(p,n)86Y 0.55(β+)
124I 6048 11.0 124Te(p,n)124I 0.6859(β+)
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18F-FDG was firstly used in clinics for the 
visualisation of the brain and heart metabolisms. The 
common applications of PET includes oncology for 
cancer imaging and diagnosing purposes. Although 
18F-FDG provides high specificity and sensitivity in 
a variety of cancer species, it is not a very specific 
radiotracer for imaging malignant diseases. Highly 
tumor-specific and tumor cell signal-specific PET 
radiopharmaceuticals are being developed for 
achieving radioisotope-based molecular imaging 
technology.

Applications and Mechanisms of Different PET 
Radiopharmaceuticals
Many PET tracers have been evaluated in preclinical 
and clinical studies for characterizing the tumors 
more efficiently, detecting new bone and soft tissue 
metastasis and assessing of new therapies in oncology 
field of Nuclear Medicine over two decades. PET can 
also detect new bone and soft tissue metastasis and 
can assess new therapies (8). 

Especially in metastatic prostate cancers, the use of 
different radiopharmaceuticals such as 11C-choline, 
18F-choline, 18F-flouride, 11C-acetate, 11C-methionine, 
and 18F-fluoro-5a-dihydrotestosterone have been 
investigated to develop better tracer than 18F-FDG 
because the uptake of 18F-FDG is correlated with 
prostate specific antigen (PSA) levels, PSA velocity, 
tumor metabolism and aggressiveness. Also, 
18F-FDG eliminates rapidly in ureters, bladder and 
bowel so it has a relatively low sensitivity in primary 
staging of prostate cancer and poor detection of 
abdominopelvic nodes. Choline may be used as a 
component of biological membranes. Choline was 
used in malignant tumors frequently depending on 
the increased metabolism and high proliferation. It is 
because of the enhanced choline uptake and choline 
kinase activity of prostate cancer. While 18F-Fluoride 
is generally used for the detection of metastasis of 
bones and nodes in prostate cancers, 11C-Methionine 
is used in clinical trials in metastatic prostate cancer 
(13, 14). 

Transition metals can also be used for PET imaging 
because they can be produced and obtainable 
relatively more easily. Copper-based radionuclides 

are commonly used for this purpose because they 
have a varying range of half-lives and positron 
energies depending on their isotopes. 12.7 hours 
of half life and positron emission with 0.653 MeV 
(17.8%) energy, negatron emission with 0.579 MeV 
(38.4 %) energy and electron capture properties 
of 64Cu (Copper-64) makes it an ideal isotope. 
64Cu can be produced by both reactor-based and 
accelerator-based methods. One method of the 
production of 64Cu is the 64Zn(n,p)64Cu reaction in 
a nuclear reactor but no-carrier-added 64Cu can 
only be produced by 64Ni(p,n)64Cu reaction on a 
cyclotron. Its proper chemistry is very desirable 
and allows it to react with a variety of chelators. 
These systems can be attached to larger molecules 
like peptides, proteins, monoclonal antibodies and 
some other ligands. By using tetraazamacrocyclic 
1,4,8,11-tetraazacyclotetradecane-1,4,8,11-tetraacetic 
acid (TETA) as a chelator, some cancer biomarkers 
like somatostatin reseptors (SSRs), integrins and 
epidermal growth-factor receptors (EGFRs) can be 
successfully targetted (15).  

Nowadays, in the field of nuclear oncology, radiola-
beled peptides and antibodies are frequently used in 
diagnosis and therapy of cancers. There are different 
approaches for labeling proteins with positron-emit-
ting nuclides depending on the biological properties 
of the tracers. These properties are generally their 
half-lives, availability and labeling efficiency. Another 
very important point is the possible effects of the labe-
ling on properties of targeting such as its metabolism, 
affinity, charge and lipophilicity. Imaging and target-
ted radiotherapy of tumors can be made with radi-
opeptides. As a relatively new approach peptides can 
be labeled with positron emitters like 68Ga, 66Ga, 18F, 
86Y and 64Cu. 68Ga labeled peptide is generally used 
for therapy. It is one of the very few positron emitters 
which can be produced from a generator by a parent 
68Ge radionuclide. It has 68 min half life that allows 
generator elution every 2-3 hours and several patient 
application in a day.  It is more cost effective than 
cyclotron products. Several hydrophilic bifunctional 
chelators or lypophilic chelators like tetradentate S3N 
ligand and biomolecules like 1,4,7-triazacyclonon-
ane-N,N’,N’’-triacetic acid and 1,4,7,10-tetraazacy-
clododecane-N,N’,N’’,N’’’tetraacetic acid (DOTA) 
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macrocycles can be used for coupling to peptides 
and biomolecules. For the purpose of targeting of 
somatostatin, melanocortin 1 and bombesin recep-
tors, 68Ga peptides are developed and tested pre-
clinically. Recently, 68Ga-DOTA, Tyr3-octreotide 
are commonly used in researches and they can lo-
calise more in neuroendocrine tumors than 111In-
diethylenetriaminepentaacetic acid-octreotide. 68Ga-
DOTA-based bombesin derivatives can be used for 
the diagnosis of prostate cancers. The combining of 
a positron emitter and generator-produced 68Ga with 
small chelator-coupled peptides or small biomol-
ecules may provide freeze-dried, kit-formulated PET 
radiopharmaceuticals. These radiopharmaceuticals 
are very similar to 99mTc-labeled radiopharmaceuti-
cals from the view of chemistry that are eluated from 
a generator simply (8, 14, 16, 17).

Specific information about tissues and diseases 
can be obtained by using other PET tracers that are 
specific for cell membrane receptors. PET studies 
with radiolabeled peptides are relatively new field 
and depends on targetting some tumor entities like 
neuroendocrine tumours (NET) and gastrointestinal 
stromal tumors (GIST). The principle of this specific 
technique depends on the certain properties of these 
tumours. Overexpression of somatostatin receptors 
can be visualised by somatostatin analogues, like 
1,4,7,10-tetraazacyclododecane-N, N’, N’’,N’’’-
tetraacetic-acid-D-Phe1-Tyr3 octreotide (DOTATOC) 
in NET (8, 16, 18).

Farde and his collegues investigated the difference 
between microdose and pharmacological dose of 11C 
labeled raclopride. They tested the drug by imaging 
its distribution by PET. Raclopride is a D2 agonist in 
brain and the ratio of the radioactivity in plasma does 
not change the mass of raclopride, which is increased 
from microdose (1-2 µg) to the pharmacologically 
active dose (200-400 µg) when injected i.v. In the light 
of this information microdosing plays an important 
role in not wasting any drug and also protecting the 
patients from the toxicological effects. Microdosing 
is also important for cost effectiveness (19).

Especially, the most important criteria in the brain 
imaging with PET radiopharmacuticals is its capacity 

for penetrating from Blood-Brain Barrier (BBB). Thus, 
drug should have some important criteria like small 
molecular weight, lypophilicity and high affinity. For 
the new targets, the dose-occupancy relationship 
should be investigated. It is very important to identify 
a suitable interval for the clinical testing. For this 
reason, it is very important to adjust the dose regime 
properly. Non- effective and toxic doses should 
be avoided for safety reasons. Another PET study 
with selective 5-HT2A antagonist psychiatric drug 
MDL100907 at a dose range of 1-72 mg was used and 
100% occupancy of the 5-HT2A receptor is achieved at 
a dose of 9 mg so there is no need for extra doses (20).  

The biomarkers for Parkinson’s Disease and 
Alzheimer’s Disease can be diagnosed with PET. 
11C-Raclopride, 18F-FluoroDOPA and 11C-PIB are 
some examples of these radiopharmaceuticals. 
18F-FluoroDOPA is taken by dopamine neurons 
and decarboxylated to 18F-labeled dopamine 
and its uptake rate corraletes with the number of 
functional dopaminergic neurons. The principle of 
11C-PIB is the imaging of the amyloid plaques and 
in this way quantification of them can be performed 
in Alzheimer’s disease. The effects of drugs on 
endogeneous transmitter levels can be measured 
with PET by using 11C-raclopride (16, 20). 

PET radiotracers can be used as specifically or 
non-specifically. Non-specific radiotracers are 
used for the measurement of tissue metabolism. 
15O is a freely diffusible inert gas for cerebral 
blood flow measurements. 18F-FDG is used 
in glucose metabolism and in this way brain 
and heart metabolism can be visualised. A bio-
reductive tracer 18F-fluoromisonidazole is used for 
intracellular reduction pathway and viable hypoxic 
tissue measurements. Specific radiotracers are 
generally used for targetting a specific reseptor site. 
18F-MPPF and 18F-Fallypride are some other PET 
radiopharmaceuticals which are antagonists with high 
affinity and selectivity to seratonin 5HT1A receptors 
and dopamine D2 receptors respectively (8, 14).

A variety of PET radiopharmaceuticals and their 
mechanism of action and applications in preclinical 
or clinical studies are summarized in Table 2. 
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Table 2. PET Radiopharmaceuticals: Their Applications, Mechanisms of Uptake and Localizations (8, 14, 16, 20).

PET Radiotracers and 
Radiopharmaceuticals

Applications, Mechanisms of Uptake and Localizations

(11C)SCH 23390
(11C)NNC 112

For the study of neuroreceptors  
(Dopamine D1 neurotransmitter system)

(11C)Raclopride
(11C)NMSP
(11C)FLB 457
(11C)Epidepride

For the study of neuroreceptors and Parkinson’s disease (Dopamine D2 
neurotransmitter system)

(11C)Methyl-phenidate
(11C)PE2I

For the study of neuroreceptors (Dopamine transporter)

(11C)McN 5652Z
(11C)DASB
(11C)MADAM

For the study of neuroreceptors (Seratonin transporter)

(11C)Diprenorphine
(11C)Carfentanil

For the study of neuroreceptors (Opiate)

(11C)SPA-RQ For the study of neuroreceptors (Neurokinin-1)

(11C)Flumazenil For the study of neuroreceptors (GABA-benzodiazepine) 

(11C)PK 11195 For the study of neuroreceptors (Peripheral benzodiazepine)

(11C)SCH23390
(11C)SCH-Deprenyl

Dopamine D1 receptor
Mono-amine oxidases type B 

(11C)Ro151788 Central benzodiazepine receptor

(11C)PK11195 Peripheral benzodiazepine receptor

(11C)PIB For detection of amyloid plaques that exist in Alzheimer’s disease

(11C)AG1478 EGF receptors

(11C)-L-Methionine For amino acid transport and protein synthesis. Localizing abnormal glands in patients 
with hyperparatyroidism and imaging of multiple myeloma. (Transport into the cells 
involves amino acid carrier protein. Intracellular trapping involves protein synthesis 
or transmethylation)

(11C)Choline For prostate tumors (Substrates for choline kinase in choline metabolism)

(11C)Acetate For assessing cardiac functions and metabolism (Krebbs Cycle)

(11C)MQNB For the muscarinic receptors M1/M2 in cardiology

(11C)WAY-100635 For the seratoninergic receptors 5HT1A in neurology

(11C)CGP-12177 For the β-adrenergic receptors in neurology

(11C)SCH23390
(11C)SCH-Deprenyl

Dopamine D1 receptor
Mono-amine oxidases type B 

(11C)Thymidine For assessing DNA synthesis (Substrates for thymidine kinase (TK-1) in DNA synthesis 
and reflects tumor cell proliferation rate)

(15O)Oxygen Oxygen metabolism

(15O)Carbon monoxide Blood volume studies

(15O)Butanol Cerebral blood flow

(15O)Water Cerebral and myocardial blood flow/perfusion (Freely diffusible across membranes)

(13N)Ammonia Cerebral and myocardial blood flow

(13N)Nitrogen
(13N)N2

Pulmonary perfusion, ventilation and nitrogen fixation studies
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PET Radiotracers and 
Radiopharmaceuticals

Applications, Mechanisms of Uptake and Localizations

(18F)FDG Epileptic foci in brain,  Myocardial glucose metabolism, Tumor glucose metabolism,  
Alzheimer’s disease and Frontotemporal dementia (Facilitated diffusion via glucose 
transporters. Substrate for hexokinase in glucose metabolism)

(18F)FMISO Hypoxic tissue (Intracellular reduction and binding)

(18F)MPPF Seratonin 5HT1A receptors

(18F)A85380 Nicotinic acetylcholine receptors

(18F)FLT ([18F]
Fluorothymidine)

DNA proliferation (Substrates for thymidine kinase (TK-1) in DNA synthesis and 
reflects tumor cell proliferation rate)

(18F)FTY (2[18F]fluoroL
tyrosine)

For the detection of primary cerebral tumors

(18F)FMT (L3[18F]fluoro
methyl tyrosine)

Amino acid transport and protein synthesis. For distinguishing bening and malign 
tumors in musculoskeletal tumours (Transport into the cells involves amino acid 
carrier proteins. Intracellular trapping involves protein synthesis or transmethylation).

(18F)FET (O(2[18F]
fluoroethyl)Ltyrosine)

For the detection of tumors

(18F)FDOPA ([18F]fluoroL
dihydroxyphenylalanine)

For aminoacid transport and protein synthesis. For investigating the brain 
dopaminergic system in various movement disorders and it is a melanomabiomarker 
(Precursor for the synthesis of dopamine)

(18F)FCCA Aminoacid transport and protein synthesis (Transport into the cells involves 
amino acid carrier protein. Intracellular trapping involves protein synthesis or 
transmethylation)

18F -Fluoro-octreotide Somatostatin reseptor imaging. Octreotide is indicated for treatment of neuroendocrine 
tumours such as carcinoids

18F -FC ([18F]fluorocholine)
18F-FEC ([18F]fluoro
ethylcholine)
18F-FPC ([18F]
fluoropropylcholine; FPC) 

18F-FMEC  ([18F]
fluoromethyl(ethyl)choline)

The cell malignant transformation is associated with enhanced activity of the choline 
kinase, which is itself related to tumor proliferation and increased need for cytoplasmic 
membrane constituents, in particular phosphorylcholine and phosphatidylcholine. The 
increased uptake of radiolabeled choline may reflect the indication of tumors. (They 
are substrates for choline kinase in choline metabolism)

(18F)FES Receptor binding (Specific binding to estrogen receptors in breast cancer)

(18F)FDDNP For the detection of amyloid plaques that exist in Alzheimer’s disease

(18F)Fallypride For the study of neuroreceptors and Parkinson’s disease (Dopaminergic D2 receptors)

(18F)Fluoride Bone imaging (Incorporation in the hydroxyapatite crystals in bone)

(18F)Fluoroacetate For lipid synthesis (Acetate is activated to acetyl-CoA in both the cytosol and 
mitochondria by acetyl-CoA synthetase)

(18F)Oligonucleotide Gene expression (In vivo hybridization with mRNA)

(18F)FHBG Gene expression (Substrate to herpes virus thymidine kinase)
68Ga-DOTATOC For reseptor binding (Specific binding to somatostatin receptor (SSTR-II))
68Ga-DOTANOC For reseptor binding (Specific binding to somatostatin receptor (SSTR-II, III, V))
124I-Labeled Antibodies
64Cu-Labeled Antibodies
 86Y-Labeled Antibodies

Binding to tumor antigens (Specific binding to tumor associated antigenic binding sites 
(such as CEA, PSMA, CD20 and CD22))

124I-Annexin V
64Cu-Annexin V

For apoptosis (Specific binding to Phosphatidylserine (PS) on cell membrane).

RGD peptide, 18F-FB-
E[c(RGDyK)]2

For angiogenesis (Integrin receptors (αVβ3) on endothelial cells of neovasculature).
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18F-Fallypride is a selective D2 dopaminergic receptor 
antagonist. It is used for the diagnosis of neurologic 
and psychiatric diseases like Parkinson’s disease and 
Schizophrenia, respectively. 18F-DDNP have high 
affinity to β-amyloid plaques and neurofibrillary 
tangles, thus,  is used in the diagnosis of Alzheimer’s 
disease. A timidine analoge 18F-Fluorotymidine 
(18F-FLT) is used for the diagnosis of breast cancer. 
Depending on the increased choline kinase activity and 
phosphotidylcholine production 18F-Fluorocholine 
(18F-FCH) is used for the diagnosis of pelvic tumors. 
While 18F-Fluoromisonidazole (18F-MISO) is used for 
hypoxia as a marker of oxygen deficit in diagnosis 
of solid tumors like head and neck, 18F-MPPF is able 
to pass BBB and is used in 5HT1A receptor studies, 
sexual disfunctions, psychiatric diseases like anxiety 
and depression (8, 14).

Tests for 18F-FDG PET Radiopharmaceuticals and 
cGMP for PET Radiopharmaceuticals
Recently developed PET radiopharmaceuticals are 
generally in the final preclinical stages or in the 
early stages of clinical application for monitoring the 
therapeutic effects. There are 4 main sections related 
with the nature of the PET radiotracers (21);

1. Radiotracers that are used for imaging hypoxia 
in the tumors, such as 60/62/64Cu-labeled diacetyl-
bis(N(4)-methylthiosemicarbazone) and 
18F-fluoromisonidazole 

2. Amino acids for PET imaging, such as l-[methyl-
11C]methionine

3. Agents used for the imaging of tumor expression 
of androgen and estrogen receptors such as 
16beta-18F-fluoro-5alpha-dihydrotestosterone and 
16alpha-18F-fluoro-17beta-estradiol, respectively.

4. Radiotracers that are used in DNA synthesis, 
such as the thymidine analogs 3’-18F-fluoro-3’-
deoxythymidine and 18F-1-(2’-deoxy-2’-fluoro-
beta-d-arabinofuranosyl) thymine.

There are some major differences in 18F-FDG quality 
requirements among United States Pharmacopeia 
(USP), British Pharmacopeia (BP), European 
Pharmacopeia (EP) and the Chemistry Manufacturing 
and Controls (CMC). Basic requirements consist 

radionuclidic identity, radiochemical purity, 
chemical purity, pH, residual solvent, sterility, and 
bacterial endotoxin level. These tests are used for 
18F-FDG quality in PET centers or Nuclear Medicine 
clinics. Some tests like sterility, endotoxins and 
radionuclidic purity may be completed after the 
18F-FDG has been released. According to USP, BP and 
EP filter membrane integrity test is not a requirement 
for 18F-FDG but it is important as an indirect evidence 
of the product sterility (12, 22-24).

For achieving safe and efficient PET radiotracer, it 
is important to fulfill Current Good Manufacturing 
Practices (cGMP) criteria like other conventional 
pharmaceuticals. cGMP is very important for 
developing a safe drug. cGMP is a minimum standard 
which ensures that a drug meets the requirements 
of safety and should possess the identity, strength, 
quality and purity characteristics. Producers should 
recognize that these cGMP requirements contain the 
minimum standards for the quality of all types of 
PET production facilities like academic institutions 
and companies. FDA proposed a first draft version 
of cGMP guidance in 2002 and it has a relation 
with the regulations of the revised initial draft. In 
2005, FDA formally proposed a guidance on cGMP 
regulation for the production of PET drugs. This 
guidance describes acceptable approaches that 
PET drug producers should meet the requirements 
in the proposed regulation. This guidance also 
contains resources, procedures and documentations 
for all PET drug production facilities in academic 
and in commercial field. These regulations are 
formed due to the general chapter on PET drug 
compounding on USP. PET producers should 
submit New Drug Applications (NDAs) before 
marketing a PET radiopharmaceutical. In this way, 
various PET radiopharmaceuticals can be evaluated 
clinically under the approval of the Radioisotope 
Drug Research Committee (RDRC) or using 
Investigational New Drug (IND) research protocols. 
Various PET radiopharmaceuticals can be used 
routinely although initially they require an approval 
of “clinical indication” by FDA. Therefore, people 
in different fields like investigators in academia and 
radiopharmaceutical industries should work closely 
with regulatory agencies in a corroborative way (8).
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In Europe, European Regulatory Agency (EMEA) 
has an impact on radiopharmaceuticals.  New 
radiopharmaceuticals have been licensed by both 
centralised and decentralised procedures in general 
in Europe but for radiopharmaceuticals centralised 
procedure is obligatory. Yet, the compliance to full 
cGMP to the manufacturing sites and especially 
to the authorisation applications are not very 
clear for PET radiopharmaceuticals containing 
radionuclides having short half-life. The revision of 
some annexes to the GMP-EU Guidelines includes 
radiopharmaceuticals under Annex 3. This Annex 
covers the rules for the application of short-lived 
radionuclides for PET in investigational and clinical 
use and the production of radiopharmaceuticals 
in PET centres, institutes, hospitals or industrial 
manufacture. According to the EP 5.0 for the 
situations of both total and displaceable binding 
are required, the “single dose” may be given in 
two separate infusions within the half-life of the 
labelled ligand. Like the other radiopharmaceuticals, 
PET radiopharmaceuticals also have to obey some 
rules for the release procedure, manufacturing and 
the quality control, but there are some exceptions 
for radiopharmaceuticals containing short half-
life radionuclides. They can be released before all 
results on finished product testing are available 
if special attention is dedicated to the purity and 
control methods for all starting materials, reactants, 
chemicals, reagents and solvents used in synthesis 
and purification. According to the EMEA for PET 
radiopharmaceuticals that are synthesised in 
automated units, the unit and all production steps 
should be described in a detailed way including 
cleaning. Computerized system should be needed 
as an indicator for malfunctioning. According to EP, 
integrity test may be applied to the filter that is used in 
the final filtration step before release. The consistency 
of the production process has a great importance for 
PET radiopharmaceuticals (t1/2 ≤ 20 min) that are 
manufactured in situ for direct administration to the 
patient (22, 25-27). 

CONCLUSION
To achieve early diagnosis, monitoring and staging 
the therapy of diseases, molecular imaging is being 
a more attracting technique and PET imaging is a 

proper technique for molecular imaging than the 
other techniques depending on small sizes and the use 
of naturally existing elements that are present within 
the body. This is one of the reasons of PET imaging 
techniques taking place more in routine clinical 
uses in Nuclear Medicine Departments. Depending 
on the use of more sensitive imaging instruments, 
safer and almost personalized radiopharmaceuticals 
are strictly needed for obtaining efficient contrast 
enhancement in specific target organs, tissues or 
even cells. Although there are promising attempts in 
developing PET radiopharmaceuticals for obtaining 
molecular imaging, most of them are at the research 
stage and is not used routinely in clinics yet. The 
diagnosis and the staging of the diseases will be 
achieved more efficiently in the future with the use 
of PET by combining some specifically engineered 
and targetted drug carrier systems with specific 
radiotracers. Hybrid imaging modalities like PET/
CT will also encourage this promising development 
by providing better imaging quality (2, 8, 15).
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