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Abstract: Radiopharmaceuticals have gained approval as pivotal components of contemporary medical
technologies in the realm of diagnosis and treatment of oncological diseases. These medications are used
to closely monitor, diagnose, and treat diseases within the medical field. In the treatment of oncological
diseases, the diagnostic and treatment procedures facilitated by these pharmaceuticals offer essential insight
for disease classification and the effective targeting of dangerous tumor centers. Radiopharmaceuticals
widely used in modern medical-diagnostic imaging are biological precursors functioning as ligands that
selectively bind radioactive isotopes to themselves. The production of radiopharmaceuticals (RP) since the
1970s has significantly propelled the evolution of nuclear medicine, notably imaging systems, and
radioactivity detection devices, thereby fostering the emergence of a new medical specialty.

This article delves into the primary application facets and the medical significance of
radiopharmaceutical drugs employed in our country for diagnosing and treating oncological diseases.
Within the article, the purity level of the radioisotope composition of RPs, containing Ac-225 and F-18
radionuclides, utilized in our country was studied through high-resolution gamma-ray spectroscopy. The
integration of radiopharmaceutical drugs and radioactivity detection devices enables a more accurate
diagnosis of oncological diseases and the meticulous monitoring of treatment progression. These
medications, with the rapid development and features in the medical field, develop more efficacious
diagnosis and treatment methods for oncological diseases.
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1. Introduction

Radiopharmaceuticals constitute an advanced field of medical biotechnology that plays an
important role in the diagnosis and treatment of oncological diseases. These medications are based
on the principles of harnessing radiation and nuclear energy to enhance the precision of disease
diagnosis, meticulously monitor the targeted treatment, and distinctly delineate the location of
tumors and the function of the cell.

The paramount advantage of these technologies is their capacity to yield more accurate and
descriptive information compared to the diagnostic methods applied after the treatment, which
typically rely on the indicators of specific tumor cells. This affords medical professionals
comprehensive insights into the volume, shape, and activity of tumors, facilitating meticulous
monitoring of the treatment process.

This article provides comprehensive insight into the sources of application of
radiopharmaceutical drugs in the diagnosis and treatment of oncological diseases. It delves into
the operation principles of the technologies and explores their specific applications in medical and
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clinical contexts. How these medications may potentially replace or enhance current diagnostic
and treatment methods, contributing to the evolution of oncology medicine.

Radiopharmaceuticals assume a pivotal role in diagnosing and treating oncological
(cancer) diseases. Radiopharmaceuticals constitute amalgamations of radioactive isotopes and
drug molecules. These drugs are employed to target cancer cells and deliver radioactive substances
to tumors. Some of the methods of utilizing radiopharmaceuticals in the diagnosis and treatment
of oncological diseases include:

» Imaging and Diagnostics: Radiopharmaceuticals are used in imaging techniques (e.g.,
positron emission tomography - PET or single photon emission computed tomography - SPECT)
to diagnose and assess cancer tumors. The utilization of radioactive isotopes enables the
visualization of metabolic activity and the location of cancer tumors in the body.

» Radiotherapy Planning: Radiopharmaceuticals are used to more accurately determine the
location and size of the tumor during radiotherapy treatment planning. This meticulous insight
helps confine the treatment focus to cancer cells, minimizing the risk of damage to healthy tissues.

» Radiotherapy: In certain cases, radiopharmaceuticals may be included in radiotherapy
treatment. They can be used to directly target the tumor site via injecting or implanting radioactive
drugs into the cancer cells.

» Radiopharmaceutical Therapies: Radiopharmaceuticals can be used to treat some types of
cancer. In particular, radionuclide therapies aim to target metastatic cancers and obliterate them
by transporting radioactive substances into the cancer cells.

The utilization of radiopharmaceuticals stands as a crucial facet in cancer diagnosis and
treatment, offering a targeted approach to reach cancer cells and deliver radioactive substances
directly to tumor sites. Nonetheless, the application of these drugs demands expertise and
meticulous planning due to their radiation exposure. Consequently, the incorporation of
radiopharmaceuticals is managed by a multidisciplinary healthcare team and carefully tailored to
the unique circumstances of each patient.

Radiopharmaceuticals encompass exclusive chemical preparations employed in medicine
and medical devices made from radioisotopes. These drugs, along with the radioisotopes assume
a pivotal role in the diagnosis and treatment of oncological diseases. The photons and spectral
emissions generated by the collaborated radioisotopes are harnessed for medical research and
emergency diagnostics. Herein, | explain in more detail how radiopharmaceuticals are used in the
diagnosis and treatment of oncology diseases:

1. Oncological diagnostics:

e Positron Emission Tomography (PET): During this procedure, special
radiopharmaceuticals are administered and used for its nuclear study. It is used to
meticulously assess the patient's condition and identify metastatic occurrences.

¢ Single-Photon Emission Computed Tomography (SPECT): radiopharmaceuticals are also
administered in the course of a SPECT scan. Employing this method enables the evolution
of organ states and facilitates the detection of disease areas.

e Localization Using Label-Free Radiopharmaceuticals: Label-free radiopharmaceuticals
are used to show pertinent conditions and localize disease regions within the oncological
context.

Oncological treatment:

Radioimmunotherapy (RIT): Radiopharmaceuticals can be used to treat the disease. They

are chosen based on the specific radioactive properties relevant to particular diseases,

according to the condition, and affect the cells.
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e Radioisotope Therapy: Special radioisotopes are administered and their radioactivity is
used for therapy. In this way, the disease cells are destroyed and the volume of tumors is
reduced.

In the realm of oncology diagnosis and treatment, radiopharmaceuticals assume a crucial
role as indispensable medical tools. Nonetheless, the application of these procedures necessitates
meticulous medical expertise and specialized studies to precisely prescribe the treatment.

Radiopharmaceuticals constitute a pivotal category of medications that play a key role in
the diagnosis and treatment of oncological diseases, leveraging nuclear energy for this purpose.
The fundamental principles of utilization of radiopharmaceuticals in the diagnosis and treatment
of oncological diseases include:

1. Scintigraphy: Radiopharmaceuticals play a crucial role in acquiring information about
oncological diseases through the images captured by the camera. This technique aids in
determining the location and size of tumors, as well as monitoring the recovery progress of the
disease. Scintigraphy is a research method used in the diagnosis and monitoring of disease in
medicine. During this study, disease centers and cell functionality are described. This is achieved
through the use of radiopharmaceuticals.

Scintigraphy studies primarily aim to determine if the applied radiopharmaceutical reaches
a specific area of the disease and detect dangerous changes in that area. These studies ensure the
precise determination of the composition and specific properties of the administered
radiopharmaceutical and guarantee its controlled delivery to the disease center.

Scintigraphy studies are organized through images captured by cameras. These images
provide intricate details about disease centers, cell functionality, and the presence of dangerous
tumors. It is an important tool for diagnosing oncological diseases, determining the volume and
location of tumors, monitoring the results of treatment, and improving the treatment process.
Scintigraphy is employed to obtain more precise and scientifically grounded information,
especially in cancer diagnosis and treatment.

2. Positron Emission Tomography (PET): Radiopharmaceuticals are used with PET scans
to determine the extent of disease dissemination and its involvement at the organ level. This helps
to assess and track the efficacy of administered treatment. Positron Emission Tomography (PET)
stands as a diagnostic imaging technique within the domain of nuclear medicine, employed for the
diagnosis and monitoring of diseases. The primary goal of this method is to meticulously describe
the centers of disease dissemination and cell functions separately.

During Positron Tomography, radiopharmaceutical treatments, which are special
preparations, are employed for diagnosing and monitoring diseases. These preparations
amalgamate radioactive isotopes and disintegrate within the human body over a specific
timeframe. Upon arrival, images are captured, revealing the function and characteristics of specific
organs and cells as a part of foundational medicine.

During a PET treatment, radioactivity is introduced into the biological organism, and then
the radioactivity levels in human organs and tissues are measured using a PET scanner. The
resulting images, obtained after the examination, provide detailed information about the presence
of the disease, the dissemination centers, and the cell functionality. This examination is a pivotal
tool for diagnosing oncological diseases, conducting evaluations of the disease, and assessing
treatment results. PET treatment finds application in diverse medical domains, including cancer,
neurological diseases, vascular issues, and various other medical fields. In our country, the
preeminent radiopharmaceutical drug used in nuclear medicine and PET-CT imaging for
diagnosing oncological diseases is ®FDG 2-deoxy-2-[18F]fluoro-D-glucose, referred to as a
radiosugar labeled with the F-18 radioisotope. Due to its short half-life and positron emission, F-
18 is extensively utilized in molecular imaging of biological and biochemical processes,
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facilitating the early detection of various diseases and the assessment of treatment response
through positron emission tomography (PET) [7].

The production of ®FDG is a multi-step process, and this process begins with the
acceleration of protons to an energy level of 14.6 MeV and the production of F-18 fluoride
nucleotide in a cyclotron by focusing on a cone-shaped water target enriched with the O-18 isotope
as a target. Then, tetraacetyl-FDG is obtained as a result of a chemical combination reaction with
acetonitrile in the presence of mannose triflate cryptofix catalysts, a precursor form of glucose.
The obtained compound is hydrolyzed in the presence of sodium hydroxide solution to obtain 18-
FDG.
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Fig. 1. Synthesis mechanism of *®FDG 2-deoxy-2-[18F]fluoro-D-glucose
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After laboratory analysis, such as quality control, radioisotope content purity, and sterility
testing, the produced RP can only be used for medical diagnostic purposes. Taking this into
account, we have studied the purity of the radioisotope composition of 18-FDG RP by high-
resolution gamma spectrometry.
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The purpose of the study was to monitor the formation of other isotopes of fluorine during
synthesis. It is known that fluorine has several isotopes, including 19F, 18F, 17F, 20F and 21F.
Except for 19F, these isotopes are radioactive and have a very short half-life, especially, 17F, 20F,
and 21F. The scientific community utilizes 19F and 18F. F-18, which has a half-life of 109.8
minutes, emits a positron that collides with an electron, which is called an "annihilation reaction™
and produces two photons that have 511 keV gamma radiation at an angle of 180° in opposite
directions from each other. As can be seen from the figure, the captured gamma spectrum reveals
one photopeak at 511 keV, with no other peaks observed. This photopeak exactly corresponds to
the gamma spectrum of the active F-18 radionuclide and indicates the absence of other
contaminating radioisotopes in RP. A 511 keV annihilation gamma photopeak and Compton
scattering of gamma rays are observed from F-18, a positron-emitting nuclide.

3. Radiotherapy: Radiopharmaceuticals play a primary role in treatments, such as
radioiodine therapy, a form of radiotherapy. This procedure is used in the treatment of oncological
diseases, and special radioactive substances are meticulously administered to the tumor center via
the application of radiopharmaceutical drugs.

Radiotherapy is a medical treatment employed in the treatment of diseases, such as cancer.
Radiation therapy aims to destroy or control cancer cells using radiation. Radiotherapy is
performed with high-energy X-rays or other types of radiation. This process meticulously directs
radiation sources to a specific area, targeting cancer cells. Radiotherapy is carefully planned to
target cancer tumors or cancer cells. The treatment plan is created depending on the location and
size of the tumor, the general health of the patient, and the goals of the treatment.

Radiotherapy treatment consists of a series of sessions. These sessions occur regularly over
a period of time. In each session, the patient receives radiation therapy. During radiation therapy,
accurate dose calculations are performed to avoid damaging healthy tissues while targeting cancer
cells. In addition to targeting cancer cells, radiotherapy treatment can also damage normal cells.
Therefore, side effects may occur during and after treatment. These side effects may vary
depending on the area of treatment and the individual characteristics of the patient. Side effects
may include fatigue, skin irritation, nausea, vomiting, and other radiation effects. Radiotherapy
treatment can be used alone or in combination with other methods of cancer treatment, such as
surgery or chemotherapy.

In our country, nuclear medicine methods are used in the radiotherapy of oncological
diseases. Prostate-specific membrane antigen (PSMA) is meticulously administered in
combination with the unique targeting radioisotopes Lu-177 and Ac-225 in patients with metastatic
castration-resistant prostate carcinoma (mMCRPC) [8].

PSMA has demonstrated profound therapeutic efficacy in heavily pre-treated mCRPC
patients. We have performed gamma spectrometric measurements on several patients given the
beta emitter 177Lu radioisotope conjugated to PSMA ligand. The fundamental aim of the study
was to monitor the radioisotope purity of drugs in mCRPC patients through gamma spectrometry
and clinical experiments to monitor the process of radioisotope elimination in the patient.
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Fig. 3. Gamma spectrum of Lu-177-PSMA solution with 0.1 mCi activity

The treatment plan is determined depending on the type of cancer, stage, and general health
of the patient. The expert specialists, tasked with designing and executing the treatment, diligently
strive to ensure that the patient achieves the best results. Since radiotherapy aims to destroy or
shrink cancer cells, it can enhance the prospects of effectively managing the cancer or achieving
complete recovery. However, every patient is different and treatment results may vary from person
to person. Therefore, the treatment plan and expectations are individualized for each patient.

4. Tumor therapy: Radiopharmaceutical drugs are used to disrupt and alter the composition
of malignant tumor cells using special radioactive isotopes. Tumor therapy encompasses various
treatment approaches aimed at treating cancer tumors. Cancer tumors are caused by uncontrolled
cell proliferation and harm to normal tissues. Tumor therapy aims to target and destroy cancer
cells. Tumor treatment may involve a variety of methods, and the treatment plan is determined
based on the patient’s cancer type, tumor stage, general health, and other factors. Chemotherapy
uses drugs to target cancer cells, arresting their growth and multiplication. Chemotherapy is often
used as a systemic treatment and exhibits the capability to target cancer cells throughout the body.
However, it can also pose a risk, potentially causing damage to normal cells.

Synthesis and incorporation: Radiopharmaceuticals are prepared for use through special
emergency procedures and rigorous quality control is performed to verify the safety of
radiopharmaceuticals. Synthesis, within this context, refers to the process of making a compound
or substance in the realm of chemistry and other sciences. This process can be carried out in various
ways, such as various chemical reactions, combining molecular components, or creating genetic
material within organisms. Chemistry, in particular, places significant emphasis on the synthesis
of both organic and inorganic compounds. The term incorporation has a broader meaning, denoting
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the assimilation of something into a system, organization, or structure. The term is often used to
refer to the integration of information, processes, data, or other elements across organizations,
institutions, or systems. In biochemistry, “incorporation” extends to the process of uptake of
foreign molecules or components within a cell.

Radiopharmaceutical drugs help to elevate the accuracy, specificity, and efficiency of the
diagnosis and treatment of oncological diseases. These medications provide detailed information
about the location and size of tumors, cell functionality, and the efficacy of the intended treatment
of the disease. This is an advanced stage in the diagnosis and treatment of oncological diseases.

2. Conclusion

The utilization of radiopharmaceuticals for the diagnosis and treatment of oncological
diseases can help to achieve significant results. We note some important points regarding the
results of the use of radiopharmaceuticals in the diagnosis and treatment of oncological diseases:

Early detection: The integration of radiopharmaceuticals with nuclear medicine imaging
techniques can help to detect cancer tumors at an early stage. This can enhance the chances of
initiating treatment earlier and can be used to monitor the size and activity of tumors throughout
the treatment process.

Treatment Planning: Radiopharmaceuticals are used during the planning of radiotherapy
treatment, enabling precise targeting of tumors. This allows more radiation to be delivered to
cancer cells during treatment and minimizes damage to healthy tissue.

Personalized treatment: Radiopharmaceuticals can help to personalize treatment plans
based on an individual patient’s cancer type and tumor characteristics. This allows for the
development of more effective treatment options with reduced side effects.

Targeted Therapy: Radiopharmaceuticals are targeted directly at cancer cells, to minimize
damage to healthy tissues while targeting cancer cells. This can help to mitigate potential side
effects.

As a result, radiopharmaceuticals are used as an indispensable tool for diagnosis and
treatment of oncological diseases. The utilization of these drugs ensures more accurate diagnoses,
individualized treatment plans, and more effective treatment options.
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INPUMEHEHUE PATUOPAPMIIPEIAPATOB B IMATHOCTUKE U JIEYEHUN
OHKOJIOI'NMYECKHUX 3ABOJIEBAHUU

I'.2. AxmanoBa, M.S1. A6ayanaeBa, [Ix.A. Harues, A./l:x. MukansioBa

Pe3tome: PanmodapmaneBTHUecKre Mpenaparsl MOMYyYWIM NPU3HAHUE KaK KIIOYEBbIE KOMIIOHEHTHI
COBPEMEHHBIX MEIUIIMHCKUX TEXHOJOTHH B OONAacTH JWArHOCTUKH W JICYCHUS OHKOJIOTMYECKHX
3a0oseBaHuil. DTH MpenapaThl UCIOIb3YIOTCS IS TIIATEIILHOTO MOHUTOPHHIA, TUATHOCTUKH U JICYCHUS
3a0oneBaHnit B MenmuIuHCKoON cdepe. [Ipu nedeHnn OHKOIOTHYECKNX 3a00JeBaHUN AMATHOCTUYECKHE U
nedyeOHble TMPOLEAYpPHl, MPOBOJAMMBIE C TIOMOINBIO JTHX IMpernaparoB, Jal0T BO3MOXKHOCTh
KIaccuUIMpoBaTh 3aboneBaHusi W d((EKTUBHO BO3JECHCTBOBATH Ha OMACHBIC OIYyXOJEBHIE OYaru.
PagnodapmaneBTuueckue npemnaparsl, LIMPOKO UCTIONb3yEMbIE B COBPEMEHHOM MEAMKO-INarHOCTHYECKON
BU3yaJM3allii, TPEACTaBISIIOT cO00W OMONOTHYecCKUe MpPeAlIeCTBEHHUKH, (YHKIIMOHHUPYIOIINE Kak
JUTaHIBl, W30MpATENbHO CBS3BIBAIOIIME C COOOH  paJMOakTHBHbIE W30TOMBI. [IpOM3BOJCTBO
pamnodapmaneBTudeckux npenapatos (POII) ¢ 1970-X ro0B 3HAYUTENHEHO YCKOPHIIO PA3BUTHE SIEPHON
MEIULHHBI, B YACTHOCTH CHUCTEM BHU3YyalM3alldH, NPUOOPOB AJS ONPEAETICHUS PaJAHOAKTHBHOCTH, TEM
CaMbIM CITOCOOCTBYS MOSIBIICHHIO HOBOM MEMIIMHCKOH CIIEIIMaIbHOCTH.

B nanHO# cTaTtbe paccMaTpUBAaIOTCS OCHOBHBIE ACHEKThl IPUMEHEHHUS U MEAUIMHCKOE 3HAUCHHE
panuodapMaleBTHIECKUX IPENapaToB, MCIOIb3yEMBIX B HAIIEH CTpaHe AJS ITUArHOCTHKH U JICYCHUS
OHKOJIOTHYECKHMX 3a0oJieBaHMI. B craThe ¢ MOMOIIBIO TraMMa-CHEKTPOCKOIHMH BBICOKOTO pa3peIIeHus
MCCJIeI0BaHA CTETICHD YUCTOTHI PAJHMOU30TOHOTO coctaBa POII, comepkamux paguoHyKiIuasl Ac-225 u
F-18, ucnone3yembIx B Hameil ctpane. MHTerpanus paguodapManeBTHUECKUX MPENapaToB U yCTPOMCTB
JUISL  OTIpeNleIeHHs] PaJMOaKTUBHOCTH IO3BOJIAET 0OO0jee TOYHO JUArHOCTUPOBATh OHKOJOTHYECKHE
3a00JIeBaHUs M TIHIATENLHO CIEAUTh 332 XOAOM JIeYeHHs. DTH Tpenaparbl, ¢ y4eTOM CTPEMHUTEIHHOTO
pa3BUTUST U OCOOCHHOCTEW MeTUIIMHCKONW cdepsl, pa3padarpiBaioT Ooiee 3()PEeKTHBHBIE METOIBI
JUAarHOCTHKH U JICUEHHUS OHKOJIOTUYECKUX 3a00IeBaHHM.

Kntwoueevie cnosa: pammodapmaneBTHUECKas MEIAMIMHA, TEpamus, JICYCHUE, OHKOJIOTHYECKUE
3a0oJeBaHus, CIUHTUTpadusI.
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RADIOFARMASEVTIK DORMAN VASITOLORININ ONKOLOJIi
XOSTOLIKLORIN DIAQNOSTIKASI VO MUALICOSINDO TOTBIQI

G.E. 9hmoadova, M.Y. Abdullayeva, C.9. Nagiyev, O.C. Mikayilova

Xiilasa: Radiofarmasevtik darman vasitalari, onkoloji xastaliklorin diagnostikasi vo miialicasinds modern
tibbi texnologiyalarin an asas hissalorindan biri olaraq tesdiq olunmusdur. Bu dormanlar, tibbin bir hissasi
kimi xastaliyi yaxindan izlomok, diagnoz vo mialico etmok iiciin istifado olunur. Onkoloji xastaliklorin
miialicasinda, bu vasitalor torafindon totbig edilon diagnostik vo miialico prosedurlari, xastaliyin tosnif
edilmosi va tohliikali sislorin markazi ilo effektiv miialico tiglin asasli molumatlar tomin edir. Miiasir tibbi-
diagnostik goriintiiloma metodunda genis istifado edilon radiofarmasevtik dorman vasitoalori radioaktiv
izotoplar1 Oziino selektiv birlogdiron ligand rolunu oynayan bioloji prekursorlardir. 1970-ci illordan
baslayaraq radiofarmasevtik dorman vasitolorinin (RFDV) istehsali yeni bir tibbi ixtisasin inkisafina tokan
vermoklo, niivo tobabati xiisusilo goriintiilomo sistemlori, radioaktivliyi askar edon cihazlarin totbigi
saholorinin inkisafina gotirdi.

Bu magalads, 6lkomizds tatbig olunan radiofarmasevtik dorman vasitslorinin onkoloji xastsliklorin
diagnostikast vo miialicasindoki asas totbiqi aspektlori vo tibbi 6nomi miizakira olunacag. Moagaloda
6lkomizdo totbig olunan Ac-225 vo F-18 radionuklid torkibli RFDV-nin radioizotop torkibinin tomizlik
doracasi  yiiksokayirdetma gabiliyyastli gamma spektrometrik metodu ilo todqiq edilmisdir.
Radiofarmasevtik dormanlar vo radioaktivliyi askar edon cihazlarin totbigi ilo onkoloji xastoliyin daha
doagiq diagnoz edilmasi vo miialiconin diizgiin macrada aparilmasini izlomok miimkiin olur. Bu vasitalar,
tibbi sahadaki siiratli inkisaf vo xiisusiyyatlar ilo onkoloji xastaliklorinin daha effektiv diagnostikast vo
miialico tisullarini inkigaf etdirir.

Agar sozlar: radiofarmasevtik dorman, terapiya, mialica, onkoloji xastaliklor, sintigrafiya.

29



