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Overview of Radiopharmaceuticals Used in Treatment

SUMMARY

Radiopharmaceuticals are radioactive medications (radioisotopes) and 
are composed of radionuclidic and pharmaceutical parts. Recently, 
the use of radiopharmaceuticals as diagnostic and therapeutic agents 
is increasing. several approaches have been employed to develop 
therapeutic radiopharmaceuticals. Therapeutic radiopharmaceuticals 
have essential roles in nuclear medicine administrations. today, 
various diseases such as thyroid cancer, metastatic bone cancer, 
neuroendocrine tumors, and myeloproliferative can be treated with 
radioimmunotherapy. These treatments provide convenience in 
multiple ways and can be advantageous compared to other treatment 
methods. in this review, current radiopharmaceuticals and their 
usage in different disease treatments are summarized by providing 
fine details. Also, the definition of theranostics is summed up. in 
conclusion, this review can be beneficial for scientists who work in 
this area.
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Tedavide Kullanılan Radyofarmasötiklere Genel Bakış

ÖZ

Radyofarmasötikler, radyonüklidik ve farmasötik 
kısımlardan oluşan radyoaktif ilaçlardır. son zamanlarda, 
radyofarmasötiklerin teşhis ve tedavideki kullanımı artmaktadır. 
terapötik radyofarmasötiklerin geliştirilmesi için çeşitli 
yaklaşımlar kullanılmıştır. terapötik radyofarmasötiklerin 
nükleer tıp uygulamalarında önemli rolleri vardır. Günümüzde 
radyoimmünoterapi ile; tiroid kanseri, metastatik kemik kanseri, 
nöroendokrin tümörler ve miyeloproliferatif gibi çeşitli hastalıklar 
tedavi edilebilmektedir. Bu tedaviler çeşitli şekillerde kolaylık 
sağlar ve diğer tedavi yöntemlerine kıyasla avantajlı olabilir. 
Bu derlemede, mevcut radyofarmasötikler ve çeşitli hastalıkların 
tedavisinde kullanımları özel ayrıntılar verilerek özetlenmiştir. 
Ayrıca, “teranostik” tanımı özetlenmiştir. sonuç olarak, bu derleme 
bu alanda çalışan bilim insanları için faydalı olabilir.

Anahtar kelimeler: Radyofarmasötik, tedavi, Nükleer tıp, 
Radyonüklit, Radyoimmunoterapi, teranostik.
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INTRODUCTION

Radiation is the condition of atoms breaking down 
spontaneously by emitting energy to make them more 
stable. The heavy nucleus of atoms is unstable because 
of their high energy amount and try to become stable 
to abandon this situation. This situation is called ra-
dioactivity or radioactive degradation (Asikoglu et al., 
2017). Radioactivity is substantial in radiopharmacy 
studies. Radiopharmacy is a significant part of phar-
macy, concerned with the preparation, distribution, 
and administration of radioactive drugs. The develop-
ment of radiopharmacy has also been begun with the 
discovery of radiation (Asikoglu et al., 2017; Kovan, 

2016; Ozer, 2004).

Radiopharmaceuticals are drugs and used for the 
diagnosis and treatment of diseases (Silindir Gunay, 
2020). They can be administered to patients safely. In 
nuclear medicine applications, 95% of radiopharma-
ceuticals are used for diagnosis, and 5% for treatment. 
The radiopharmaceuticals used in diagnosis emit 
gamma (γ)-ray, and the radiopharmaceuticals used 
in treatment emit alpha (α) and beta (ß) particles 
(Asikoglu et al., 2017; Henkin et al., 2006). The main 
features of radiopharmaceuticals used in diagnosis or 
treatment are shown in Table 1.

Table 1. The features of radiopharmaceuticals used in diagnosis or treatment (Asikoglu et al., 2017).

Diagnosis Treatment

Radioisotopes These should emit γ and β+ rays These should emit α and ß- rays

Energy 150 KeV on average Medium/high energy (>1MeV)

Effective half life 1,5 x test time Hour/day

Localization High in the target organ High in the target organ

Radiation dose Low dose, high efficiency Effective dose

Finding Easy and cheap Easy and cheap

Quality control Easy Easy

Nuclear medicine is an area of medicine and has 
a significant role in the diagnosis, and treatment of 
many diseases. With nuclear medicine imaging stud-
ies, medical problems can be identified at an early 
stage and treatment can also be provided using ra-
diopharmaceuticals. In nuclear medicine, radiophar-

maceuticals show therapeutic efficiency by destroying 
the target cells in the tissue with radiation  (Kovan, 
2016; Sivri et al., 2004).  Radiopharmaceuticals used 
for diagnosis and treatment in nuclear medicine are 
shown in Table 2.

Table 2. Radiopharmaceuticals for diagnostic and therapeutic applications (Asikoglu et al., 2017; Yordanova et al., 2017).

Diagnosis of Diseases with Radiopharmaceuticals Treatment of Diseases with Radiopharmaceuticals

Sodium Fluoride (18F) Solution for Injection I-131

(18F)-Fluoro-2-Deoxy-D-Glucose (18F) FDG) Solution for Injection Phosphorus-32 (P-32), 

(18F) Florotimidin Çözeltisi. Strontium Chloride (Sr-89),
68Ga-PSMA Rhenium Diphosphonate (Re-186)
68Ga-DOTATATE Smarium-153 (Sa-153),

Radiopharmaceuticals prepared with technetium-99m Tin-117m (Sn-117m)

Xenon-133 Lu-177 Dotatate

Thallium-201 Chloride I-131-tositumomab

Iodine-131 sodium iodide Yttrium-90 (Y-90)-ibritumomab tiuxetan

Indium-111 labeled leukocytes I-131-metaiodobenzylguanidine (MIBG)

Indium-111 octreskan Erbium citrate colloid (Er169)
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1.1. Diagnosis of Diseases with Radiopharma-
ceuticals

Radiopharmaceuticals that emit gamma rays are 
used in nuclear medicine to diagnose disease and 
determine the condition and function of specific tis-
sue and organ (Gundogdu et al., 2018). There are two 
standard methods to diagnose the disease with radio-
pharmaceuticals:

Non-image diagnostic applications: The radiophar-
maceutical is reached to the desired organ/tissue, and 
radioactivity is counted from outside. The radioac-
tivity calculation in the organ can be calculated with 
the Medical Internal Radiation Dose (MIRD), and the 
body surface area can be calculated using Monte Carlo 
methods (Kovan, 2016).

Image diagnostic applications: The radiopharma-
ceutical is reached to desired organ/tissue and the or-
gan/tissue is imaged by various imaging systems such 
as gamma cameras, single-photon emission computed 
tomography (SPECT), Positron Emission Tomogra-
phy (PET), SPECT/CT, and PET/CT hybrid systems  
(Gundogdu et al., 2018).

1.2. Treatment of Diseases with Radiopharma-
ceuticals

Radiopharmaceuticals that emit alpha and beta 
rays are administered in many nuclear medicine treat-
ment studies. The radiopharmaceuticals are given to 
the patient and kept in the target tissue/organ. They 
destroy diseased tissue and provide the treatment. In 
this way, near/healthy tissues are exposed to dose as 
low as possible and targeted therapy occurs (Kovan, 
2016; Sivri et al., 2004). The properties of the radionu-
clides used for radionuclide therapy are given in Table 
3. Elemental, metabolic, pharmaceutical agents, an-
tibodies, bone imaging chelates, bioreducing agents, 
labeled cells, liposomes, microspheres, nanoparticles 
and niosomes are radiolabeled with radionuclides 
suitable for the treatment of diseases. These have some 
advantages:

•	 They	are	non-invasive	treatment,

•	 They	 show	 medium	 and	 long-term	 low	 side	 ef-

fects,

•	 These	agents	are	useful	because	they	can	be	target-
ed.

•	 The	 dose	 in	 normal	 tissue	 is	 low	 because	 these	
agents can be absorbed in desired tissues (Sivri et 
al., 2004).

There are many radiopharmaceuticals that are 
used in the treatment of some diseases. The samples of 
radiopharmaceuticals are summarized below. 

Classification of Treatments Using Radiopharma-
ceutics:

1. Radioactive iodine therapy in thyroid diseases
2. Radiopharmaceutical treatment in metastatic 

bone pain
3. Radionuclidic therapy in neuroendocrine tu-

mors
4. Treatment with labeled antibody
5. Intra-cavitary radiocolloid therapy
6. Radiation synovectomy
7. Radionuclidic therapy in myeloproliferative dis-

eases
8. Intra-arterial radionuclide therapy by radiola-

beled microspheres
 1.2.1 Iodine-131 Treatment in Thyroid Diseases

The treatment of benign and malignant diseases 
of the thyroid can be done with Iodine-131 (I-131). 
Radioiodine therapy has been used for a long time. In 
treating diseases such as hyperthyroidism, I-131 ra-
dionuclide settles in the thyroid tissue. It destroys the 
follicle cells with the beta particles it emits and stops 
the growth and activities of the thyroid cells. In this 
case, it returns the functions of the overactive thyroid 
gland to normal (Mumtaz et al., 2009).  In malignant 
diseases such as thyroid cancer, radioactive iodine 
therapy can also be applied to remove residual thyroid 
gland residues after thyroid surgery and treatment of 
the spread of thyroid cancers in the body. Since the 
dose of radioactive iodine preferred in the treatment 
of thyroid cancers is higher than the iodine dose in 
the treatment of hyperthyroidism, the patient should 
sleep in a room specially prepared for radioiodine 
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treatment to prevent radiation to the environment. 
The drugs and diet used before the treatment should 
be adjusted within the framework of certain rules 
(Luster et al., 2008). The half-life of I-131 is eight days, 
and beta energy is 0.61 MeV.  I-131 shows activity 
in the treatment of thyrotoxicosis, hyperthyroidism, 
thyroid cancer. It affects the formation of the thyroid 
hormone and creates atrophy in the tissue. Thus, the 
thyroid gland becomes smaller, and thyroid hormone 
level decreases. As a result, reduced cell proliferation 
occurs (Onsel, 1999; Adalet et al., 2012). The patients 
should be on a low iodine diet for at least a week and 
avoid iodized salt, milk, dairy products, eggs, fish, 
seafood, and red meats under the treatment of I-131. 
Tincture of iodine and similar antiseptic agents should 
not be used for two weeks after the treatment. If pa-
tients have dentures, radioiodine should be drunk af-
ter the removal of dentures. Food should not be eaten 
for an hour after the administration of I-131. Radioac-
tive iodine therapy cannot be used in pregnant wom-
en. I-131 biodistribution is performed by the urinary 
system, stomach, salivary glands. Saliva and urine 
flow can be increased by water, and I-131 level can be 
reduced. Gum and lemon slices should be chewed to 
prevent saliva accumulation (Sivri et al., 2004).

I-131 has some side effects: Radiation thyroiditis, 
neurological complications (edema and related neuro-
logical complications), sialadenitis (painful, sensitive 
and impaired function of salivary glands, taste distur-
bance and dry mouth), gastrointestinal complications, 
hematological complications. Late side effects include 
amenorrhea, testicular damage and decreased sperm, 
bone marrow suppression, and lung fibrosis (Handels-
man et al., 1983; Onsel, 1999; Raymond et al., 1989)

1.2.2. Radiopharmaceutical Treatment in Meta-
static Bone Pain

Pain is the most critical symptom in approximate-
ly 70% of patients with advanced cancer, and inter-
ventions against pain management are mostly inad-
equate. With radiation therapy, bone pain caused by 
metastatic cancer can be controlled non-invasively, 
and functional status is improved. The emergence of 

new painful metastases can also be prevented or de-
layed (Liepe et al., 2005). Ideal radiopharmaceuticals 
used in pain palliative treatment should be retained 
explicitly in bone and quickly eliminated from soft 
tissues. The biological half-life must react with the re-
tained bone and must be long enough to irradiate the 
surrounding tumor before a significant breakthrough 
occurs (Guerra Liberal et al., 2016). P-32, Sr-89, Re-
186, Sa-153, Sn-117m are radiopharmaceuticals and 
used for palliative treatment of metastatic cancer pain. 
For example, Sr-89; is effective in patients with skel-
etal metastases and more beneficial than drugs such 
as chemotherapeutic, hormones, and analgesics. The 
initial dose of therapeutic activity may vary depend-
ing on the radionuclide used. Pain status may increase 
temporarily at the beginning of treatment, and bone 
marrow suppression may occur within 4-6 weeks af-
ter radiopharmaceuticals administration. When ra-
diopharmaceuticals are used in combination with 
chemotherapy or local radiotherapy, it increases the 
effectiveness of the treatment. (Sivri et al., 2004; Paes 
et al., 2010; Adalet et al., 2012; Lewin, 2018).

1.2.3. Radionuclidic therapy in neuro-endocrine 
tumors

Neuroendocrine tumors create complicated clin-
ical pictures. These tumors are heterogeneous group 
tumors. Neuroendocrine tumors develop in the gas-
trointestinal and lungs, but about 70% of these orig-
inate from the gastroenteropancreatic system. Their 
incidence has been reported as 5.25 per 100,000 (Oz-
kan, 2019). Neuroendocrine tumors can synthesize, 
store and secrete neuroamines and peptides. Func-
tional neuroendocrine tumors or dysfunctional neu-
roendocrine tumors, known as carcinoid syndrome, 
can lead to symptoms such as flushing, diarrhea, 
and right heart failure (Kaltsas et al., 2004). Clinical 
cases caused by functional neuroendocrine tumors 
have been treated with somatostatin analogs (SSA) 
for many years. However, with the progression of the 
disease, patient management becomes more complex, 
and the choice of alternative therapies is important for 
both survival and quality of life. (Kamp et al., 2013). 
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Neuroendocrine tumors, which are considered to be 
a slow disease, are very aggressive after they become 
metastatic, and especially liver metastases determine 
survival. Although surgical resection is recommended 
as a treatment option in these patient groups, many pa-
tients are not suitable for this treatment method, and 
hepatic embolization methods are frequently used in 
this patient group. Besides, peptide receptor radionu-
clide treatments have positive results in combination 
with systemic therapies used in patients with neuro-
endocrine tumors, and serious toxic effects are not en-
countered (Ozkan, 2019). Neuroendocrine cancers are 
cancers that are generally seen in the intestine, stom-
ach, pancreas, and lung systems. Lu-177 dotatate and 
I-131-metaiodobenzylguanidine (MIBG) are current-
ly used in the treatment of neuroendocrine cancers.

1.2.3.1. I-131-MIBG Treatment

I-131-MIBG is highly effective in pheochromo-
cytoma and neuroblastoma. Also, I-131-MIBG is less 
effective in paraganglioma, carcinoid tumors, and 
medullary thyroid cancer. This treatment is not pre-
ferred in pregnant patients. Renal functions and bone 
marrow reserve should be sufficient for the success of 
the treatment.

Radiation affects the cells by using ß-rays emitted 
from the I-131 MIBG being held by neighboring cells. 
Therefore, isolated cells are exposed to radiation less 
than macroscopic tumors and cell clumps. As a re-
sult, smaller tumors are exposed to radiation less, and 
the chance of treatment is less (Grünwald et al., 2010; 
Adalet et al., 2012).

1.2.3.2. Lutetium-177 Dotatate Treatment

Lutetium-177 Dotatate is a prescribed radiophar-
maceutical used in the treatment of gastroenteropan-
creatic neuroendocrine tumors (GEP-NETs). This ra-
diopharmaceutical concentrates on the tumor struc-
ture and treats the cancer with beta rays. This form 
of treatment is applied 4 or 5 times with an average 
of two months’ periods. In this treatment, critical or-
gans such as the kidney, bone marrow, and liver are 
exposed to some dosage. The radiation dose in the tar-

get organ is adjusted according to the maximum treat-
ment dose of the treatment and the patient’s weight 
(Kovan, 2016).

1.2.4. Treatment with Labeled Antibody

Radio-labeled antibodies were first studied for tu-
mor imaging, but with the use of F-18-FDG in pos-
itron emission tomography, radio-labeled antibodies 
are no longer used for tumor detection. Later studies 
have shown that radiolabeled antibodies are useful in 
treating lymphoma (Barbet et al., 2009). Tositumom-
ab, known as anti-B1, is a monoclonal antibody with 
an affinity for the CD20 antigen expressed on normal 
B-lymphocytes. CD20 is described in the majority of 
B cell lymphomas (Press et al., 2001). This antibody 
inhibits tumor growth in both animal models and 
humans (Buchsbaum et al., 1992). Tositumomab was 
radiolabeled with antibody I-131 (Bexxar), and B cell 
Non-Hodgkins was used for treatment and was ap-
proved by the FDA. Tositumomab can inhibit tumor 
growth in animal models and humans, but it was not 
developed as a human-mouse chimeric antibody. The 
antibody is prepared from serum-free hybridoma su-
pernatants. It is radiolabeled by the method of oxida-
tion of radioactive iodine with iodogen. It is commer-
cially available, and the I-131 radiolabelled tositum-
omab solution contains additives (Providon, maltose, 
and ascorbic acid) to limit radiolysis (Cheson, 2003; 
Press et al., 2001). Another FDA-approved radiophar-
maceutical used for B-cell Non-Hodgkins therapy is 
Yttrium-90-ibritumomab (Zevalin). Ibritumomab is 
a murine IgG1a kappa antibody and is used to treat 
lymphomas (Barbet et al., 2009). Yttrium-90 is a pure 
beta emitter, so problems caused by high-energy gam-
ma rays emitted by iodine-131 do not arise. However, 
since Y-90 does not emit gamma rays, gamma imag-
ing, and subsequent dosimetry calculations cannot be 
made. For this reason, indium-111 (In-111) is used 
with the Y-90 as it allows pre-treatment imaging for 
dosimetry evaluation and patient-specific dosing. 
In-111-ibritumomab tiuxetan and Y-90-ibritumomab 
tiuxetan are used to treat relapsed or refractory low-
grade, follicular, or transformed B-cell NHL patients, 
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including follicular patients resistant to rituximab 
(Witzig et al., 2002).

1.2.5. Intra-cavitary radiocolloid therapy

Intracavitary radiation therapy for brain tumors 
using beta-emitting radionuclides emerged 50 years 
ago. Phosphate-32 (P-32), Y-90, and Rhenium-186 
(Re-186) are mostly used in cystic craniopharyngio-
mas. These radionuclides are placed stereotactically, 
and since this method is effective, it is also a mini-
mally invasive technique, so it is very beneficial for 
patient compliance. (Monaco et al., 2015). Treatment 
management of patients with craniopharyngioma 
should be aimed at preserving the quality of life and 
extending the life span and controlling the tumor. It 
is the first preferred method for patients when sur-
gical procedures are possible. However, the need for 
removal of the maximal tumor in surgical operations 
causes potential surgical risks such as hypothalamic 
dysfunction, hypopituitarism and vision loss. It has 
been reported that craniopharyngiomas are generally 
involved in critical structures such as the optic appa-
ratus, hypothalamus, and pituitary stalk. When com-
plete resection is not possible, other treatment modal-
ities are needed. (Niranjan et al., 2010). Intracavitary 
radiation therapy is one of these methods. Intracav-
itary radiation therapy is performed using radionu-
clides P-32, Y-90, and Re-186. Both P-32 and Y-90 are 
pure beta particle emitting isotopes made in colloidal 
suspensions, Re-186 having both beta and gamma 
emission. Also, it has also been reported that Re-186 
preparations are less dense and could potentially pro-
trude beyond the cyst wall. Since pure beta-emitting 
radionuclides do not emit gamma rays, they provide 
ease of use in terms of radioprotection for the patient 
environment. The short penetration of beta particles 
prevents the healthy cells of the patient from receiving 
unnecessary radiation.  (Backlund et al., 1989; Julow 
et al., 1985).  Ideally, the radionuclide is desired to be 
a pure high energy beta emitter. The efficiency of both 
beta and gamma-emitting radionuclides is limited by 
the gamma rays they emit. P-32 has lower beta energy 
than Y-90 and has a shorter penetration and a longer 

half-life. The shorter penetration allows healthy cells 
to be exposed to less radioactivity in treatment. Be-
sides, the fact that the radionuclide has a longer half-
life enables tumor cells to be exposed to radioactivity 
for a longer time (Blackburn et al., 1999).

1.2.6. Radiation Synovectomy Treatment

Radiation synovectomy therapy is a form of treat-
ment performed by intraarticular injection of be-
ta-emitting radionuclides. Synovial cells are irradiated 
with beta radiation, reducing cell proliferation and 
causing cell destruction. In different types of arthri-
tis and osteoarthritis, synovitis is the leading cause 
of pain and discomfort. Therefore, the destruction 
of synovial cells by the radiosynovectomy method is 
an option when surgical procedures cannot be used.  
(Karavida et al., 2010). Surgical synovectomy requires 
general anesthesia, reduces joint movement, requires 
a long hospital stay, and increases the risk of infec-
tion. While surgical synovectomy is not preferred 
primarily, radiation synovectomy is preferred (Kavak-
li et al., 2002; Polat, 2010). Diseases in which radia-
tion synovectomy is indicated; rheumatoid arthritis, 
ankylosing spondylitis, psoriatic arthritis, synovitis, 
osteoarthritis, villonodular synovitis, and hemophil-
ic synovitis caused by inflammation of the synovial 
membrane (Adalet et al., 2012; Schneider et al., 2005). 
The most widely used radionuclides Y-90, Re-186, Er-
bium-169 (Er-169), and P-32 are the most commonly 
used in nuclear medicine to treat radiosynovectomy. 
According to the density of the synovial cells, the ra-
dionuclide with the appropriate physical half-life is 
selected. Besides, the average tissue penetration of the 
emitted particulate radiation is an essential parame-
ter for radionuclide selection. The particle size of the 
radionuclides used according to the common area to 
be treated is also essential. The biodegradability of 
the radionuclides injected into synovial cells, and the 
irreversible binding of the radionuclide to them are 
too crucial in the selection of radiopharmaceuticals 
for radionuclide treatment. The smaller the joint, the 
shorter the penetration of the emitted beta particles 
should be (Farahati et al., 2002).
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Synovioortesis is a non-surgical method of sy-
novectomy, applied by injection of a radioactive or 
chemical substance into the knuckle. However, radia-
tion synovectomy is a good option that is much more 
effective than chemical synovectomy. The chemical 
synovectomy is an excruciating procedure, and that 
should be repeated frequently. Chemical synovecto-
my method is preferred only in places where reach 
to radionuclide agents is insufficient (Molho et al., 
1999; Haklar, 2005; Polat, 2010). The basic principle of 
radiation synovectomy is the injection of radiophar-
maceuticals into the knuckle during a specific period. 
The source of enzymes that cause cartilage destruction 
and lead to knuckle pathology is secreted synovial tis-
sue and fluid. For this reason, fibrosis of this region is 
the primary effect in treatment. Less joint damage is in 
line with good results. Radioisotope synovectomy can 
be preferred in treating chronic hypertrophic synovi-
tis with recurrent hemarthrosis that non-response to 
hematological treatment, pigmented villonodular sy-
novitis, osteoarthritis (Knapp et al., 1999; Sivri et al., 
2004; Polat, 2010).

Sterile conditions should be provided during in-
jection, and the physician should be sure that the in-
jector is in the knuckle cavity. Generally, scope control 
is required during the application, but it is not needed 
for the knee knuckle (Rodriguez-Merchan et al., 2001; 
Polat, 2010; ).

1.2.7. Intra-arterial Radionuclide Therapy by 
Radiolabeled Microspheres 

Hepatocellular carcinoma is the most common 
form of primary liver tumors. The liver is the most 
common organ of metastatic spread, and metastasis 
is seen in various forms (Ahmadzadehfar et al., 2010; 
Adalet et al., 2012; ). In cases where surgical interven-
tions and local treatment methods cannot be applied, 
intra-arterial radiomicrocure treatment is preferred. 
It is based on the principle of elimination by giving 
a high radiation dose to the tumor. The basic princi-
ple of this treatment is that tumor cells in the liver are 
predominantly based on feeding on the hepatic artery 
and healthy cells providing on the portal venous sys-

tem. Y-90 microspheres are selectively directed to tu-
mor cells, so that tumor cells are exposed to high-dose 
radiation. However, side effects occur very little due to 
radiation in healthy liver and other tissues. Also, fac-
tors that limit the treatment include absorption dose 
calculation and radiomicrocure distribution are not 
homogeneous (Adalet et al., 2012; Feryal, 2019). Y-90 
is used in treatment, has a half-life of 64,1 hours, and 
as a result of its degradation, zirconium-90 (Zr-90) is 
formed with a 99,98% probability. An antineutrino is 
formed with a maximum energy beta-particle of 2,28 
MeV. All dose of Y-90 is absorbed in the liver, and pa-
tient isolation is not required for radioprotective pur-
poses (Gulec et al., 2007; Uliel et al., 2012; Mehmet, 
2017).

1.3. Radiopharmaceuticals in Theranostics 
Administration

Theranostics are mainly used in the treatment of 
cancerous and infected areas. Thanks to its diagnos-
tic and therapeutic properties, theranostics reduce the 
side effects of treatments, and increase compliance 
and survival rates for patients. As a result of this ap-
proach, molecular imaging is applied by combining 
the diagnostic and therapeutic methods with the diag-
nostic agent, which has the same or similar chemical 
structure as the therapeutic. Predictions about the re-
sponse to treatment are provided. With this method, 
diseases can be classified according to the molecular 
phenotype, the biodistribution of the molecule can be 
observed, and the response to treatment can be moni-
tored (Durak, 2015; Kelkar et al., 2011; Lee, 2011).

The correlation between the diagnostic and ther-
apeutic methods can be divided into three groups. 
These groups are:

-Diagnostic and therapeutic molecules are the 
same,

-Diagnostic and therapeutic molecules are similar,

-Diagnostic and therapeutic molecules are differ-
ent, but the effect mechanism of them is similar

Same Diagnostic and Therapeutic Molecules 

The best example for this group is the use of I-131. 
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It can be used in diagnosis and therapy. Also, Indi-
um-111 (In-111) Octreotide therapy and, In-111 Oc-
treotide scintigraphy, I-131 MIBG therapy and I-131 
MIBG scintigraphy, Lu-177 DOTA therapy, and Lu-
177 DOTA scintigraphy are examples of this group 
(Durak, 2015; Srivastava, 2012).

Similar Diagnostic and Therapeutic Molecules 

Examples for this group are imaging with Tech-
netium-99m (Tc-99m)-MDP or Tc-99m-HDP, treat-
ment with Re-186-HEDP, or Sm-153-EDTMP, and 
imaging with Ga-68-DOTA and treatment with Lu-
177 or Y-90 DOTA peptides (Srivastava, 2012).

Due to the different electron configurations of 
radionuclides, chemical and biochemical features, 
molecular stability, and biological behavior of radio-
pharmaceuticals can differ, but similar behavior is ex-
pected for these molecules (Durak, 2015).

Different Diagnostic and Therapeutic Molecules, 
But Similar Effect Mechanism 

The treatment with the Y-90 microsphere, imag-
ing with Tc-99m MAA in liver cancer, can be given as 
the most common sample of this group. Although the 
molecules are entirely different from each other, the 
behavior is similar (Durak, 2015).

CONCLUSION

The selection of suitable radionuclides is essential 
in any therapeutic radiopharmaceutical development. 
Their nuclear emission characteristics, physical half-life, 
degradation properties effect in vivo pharmacokinet-
ics, cost, and availability of the radiopharmaceuticals. 
Also, types of particle emission affect the distribution 
and pharmacokinetics of the radiopharmaceuticals. For 
therapeutic radiopharmaceuticals, radionuclides that 
degrade by α-particle, B-particle, and Auger-electron 
emission are commonly used in the preparation.

In this review article, information about the radio-
pharmaceuticals used in the treatment is given. Today, 
a limited number of radiopharmaceuticals are routine-
ly used in the treatment of many diseases. In the past 
ten years, clinical studies have been focused on radio-
immunotherapy. Studies on radiolabeled monoclonal 

antibodies and radiolabeled receptor binding agents 
are being conducted. Few studies have achieved their 
goal so far and are currently used in treatment. The best 
results have been achieved in treating lymphomas, and 
two FDA-approved radiopharmaceuticals are used in 
practice. Radiopharmaceutical science is an emerging 
research field that meets the clinical standards. They 
have an essential therapy index and high imaging abil-
ity. The scientific community examines various radio-
nuclides, pharmaceutical agents, radiopharmaceuticals, 
and evaluating in vivo performance of newly developed 
radiopharmacauticals. Thus, great efforts are being 
made to develop new radiopharmaceuticals to be con-
verted into clinical research to treat many diseases. As 
detailed in this review, most of the current studies focus 
on the diagnostic and therapeutic applications of radio-
pharmaceuticals. We believe that these developments 
will have positively affects on human life and lead to 
positive results in the diagnosis and therapy of patients.
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