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ABSTRACT

Background: In the field of nuclear medicine, radiopharmaceuticals play a great role in enhancing the diagnostic
capabilities as well as delivering specific treatments. It is crucial to comprehend how and to what extent their roles change
and how well they perform their tasks so that improvements in the quality of patients’ care and the efficiency of treatment
can be made.

Aim: The study is an attempt to review radiopharmaceuticals in diagnostic imaging and treatment based on the current
literature available.

Method: Accordingly, to exercise the methodology of a systematic review, the PRISMA 2020 guidelines were adopted.
The search of 12 databases provided 1067 items; other sources gave 15 leads, for a total of 1082 records. Thus, from 75
duplicates removed and 1,010 screened, there were 935 studies ultimately included or excluded in the meta-analysis. Using
the inclusion criteria, this number was first brought down to 961 records, and 49 of them moved to the next level of
evaluations. From these, 31 were eliminated due to methodological problems, the subject, for being proposal, or the
language not being English. Beside, after consideration of 18 full-text quantitative articles, 8 were cleared out which left
ten articles for final analysis.

Result: The chosen articles proved that enhancements in the development of radiopharmaceuticals were evident in the
studies. Reported uses of PET/CT or SPECT/CT have helped in raising diagnostic precision and enhance patient care. They
stressed that one of the essential directions for multiple myeloma treatment and diagnostics is a growing focus on
theragnostic, thus combining both diagnostic and therapeutic activities, increasing the effectiveness of particular treatment
and reducing adverse effects. Advancements in nanotechnology have broadened the functions of radiopharmaceuticals
providing new approaches in the control of diseases.

Conclusion: radiopharmaceuticals are vital in the contemporary nuclear medicine processes that considerably enhance
diagnostic and therapeutic measures. They require sustained research as well as technological development to improve on
their efficiency and usability in achieving the objectives of improving patients’ lives and advancing medical practice.
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INTRODUCTION

Radiopharmaceuticals in the field of nuclear medicine
provide abilities in terms of diagnostic imaging and curative
methods which have not been provided by any other agent?.
These compounds include radioactive isotopes aimed at
producing images and advancing the treatment of specific
aspects of ailments in the human  body?
Radiopharmaceuticals have proven to be an essential
addition to the contemporary health care system where they
facilitate diagnostic and therapeutic procedures involving
organs and tissues of the human body especially in the case
of cancer diseases®.

The market of radiopharmaceuticals has recently shown a
trend of growth worldwide due to development of modern
diagnostic imaging methods and increase of incidence rate
of chronic illness* > ®7. The worldwide market was

estimated to be USD 6 billion in 2020 and is anticipated to
be USD 9 billion, with an average annual growth rate
(AAGR of 8%) in the year 20258 This growth is quite
evidently associated with increasing use of diagnostic
imaging procedures like positron emission tomography
(PET) scan and Single Photon Emission Computed
Tomography (SPECT) scans that are dependent on
radiopharmaceuticals for their operations % Another
benefit of radiopharmaceuticals used in diagnostics is that
they can offer functional information on certain
phenomena, on the contrary to the anatomical data. For
example, the positron emission tomography (PET) scans
with fluorodeoxyglucose (FDG) properly labeled by
fluorine-18 assist in the identification of tissues’ metabolic
activity and, therefore, are valuable in cancer diagnosis
since malignant cells exhibit higher glucose metabolism
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compared to normal cells't. This capability is of immense
importance in oncology as an accurate and early
identification of a tumor gives a better chance of
management of a situation >3, For instance, in SPECT
imaging, radiopharmaceuticals such as technetium-99m is
also applied to measure blood flow and organ functionality
in the diagnosis of conditions like coronary artery disease
or neurological disorders 415, However, apart from the
diagnostic uses, radiopharmaceuticals are used in the
treatment of various ailments ®'7.  Therapeutic
radiopharmaceuticals expose a tumor tissue to ion dose
while sparing the remainder of a patient’s anatomy and
unaffected cells 819, This kind of approach is of great
importance especially in oncology in uses of
radiopharmaceuticals for instance iodine-131 in treating
thyroid carcinoma and hyperthyroidism 22!, Another
example is Lutetium-177, which specializes in Peptide
Receptor Radionuclide Therapy or PRRT in specifically
availing Neuro endocrine Tumors patients, thus affording
targeted treatment which yields better patient outcomes and
has low side effects 2. The use of radiopharmaceuticals is
based on deep research and regulation rules to avoid side-
effects (Lin et al., 2021). The overcrowding of sophisticated
radiochemical has enabled the development of
radiopharmaceuticals to identify molecular markers of
disease manifestation 2324, Furthermore, the synthesis and
delivery of these compounds are regulated to the utmost
extent to avoid compromising the compounds’ quality as
well as their safety for use %. Several authorities including
the Food and Drug Administration of United States of
America and the European Medicines Agency act as
regulators of radiopharmaceuticals, approving and
supervising the use of the compounds for patient’s sake 2627,
Thus, it can be stated that total advantage of using
radiopharmaceuticals is numerous, however there are some
problems connected with their application 28, There are also
some difficulties that are connected, first, with the problem
of the radiation dose: for patients and doctors %°. In
diagnostic imaging, the doses given are comparatively low;
however, therapeutic uses entail potentially higher dosages
to effectively treat diseases, thus the need to control the
radiation dosage and incorporate proper planning and
monitoring techniques to avert any adverse impacts 3031,
Thirdly, the synthesis of some radiopharmaceuticals needs
specific  infrastructure and equipment; therefore,
accessibility to them might be restricted, notably in
developing countries . This is because the current trends
demonstrate that much research continues to be dedicated
to the creation of additional radiopharmaceuticals and the
enhancement of the current ones *. Advances in imaging
techniques and molecular receptors are expected to increase
the accuracy and efficiency of the radiopharmaceuticals,
increase their use in diagnosis as well as in treatment 343,
Moreover, the ability to incorporate radiopharmaceuticals
with other therapies including immunotherapy and
personalized medicine approach enable enhancing the end-
user perspectives and consequently the management of
several diseases *. Radiopharmaceuticals are now
considered to be one of the essential components of the
modern treatment system since they present serious benefits

in diagnosing and treating of various diseases . Their
capabilities to give highly specific functional characteristics
and to offer specific treatments have revolutionized the
diagnosis and handling of many diseases, especially the
malignant ones. Due to rapid advancements in technology
and research the utilization of radiopharmaceuticals in
healthcare is on the right trajectory to increasing and open
new doors to help improve patient care globally %,
Problem statement

The existing literature and practices to effectively meet the
growing and complex requirements of diagnostic imaging
and therapeutic intervention with radiopharmaceuticals by
analyzing the impact of medical technologies and rising
rates of chronic diseases. However, there are barriers like
radiation hazards, accreditation issues, and implementation
in a limited resource region ¥”. The purpose of this research
therefore is going to explore these challenges, assess the
present progress and recommend ways of improving the
effectiveness, safety and availability of
radiopharmaceuticals, thereby disclosing their further
potential for enhancing patient satisfaction and organizing
a positive impact out of the world’s healthcare systems.
Significance of study

The significant of the study consists from the fact that it
contributes to the further knowledge and use of
radiopharmaceuticals in diagnostic and therapeutic
workflows ¥, Specifically, regarding the problem-solving
approach, the analysis is designed to reveal new treatments
of existing difficulties in order to improve efficiency, safety
and availability of such crucial medical instruments. This
has a very deep significance in the prevention of early
disease diagnostics, especially in oncology, as well as in the
development of more effective, selective and less toxic
treatments. In conclusion, the outcomes of the present study
may contribute to improvements in patient care, the lowered
costs for an ever-increasing number of treatments based on
radiopharmaceuticals, as well as expanding usage of
nuclear medicine technologies thus making a great
contribution to the development of the healthcare sector all
over the world.

Aim of study

Therefore, this study seeks to undertake a systematic
analysis of the wvarious roles played by
radiopharmaceuticals in imaging and treatment, especially
towards improving their performance, safety and
availability °. Thus, acknowledging the existing state of
knowledge on radiopharmaceutical technologies, their
efficacy, and the challenges they pose, the study aims to
offer definitive suggestions on the directions of their future
research and development, as well as clinical applications
that may eventually lead to the creation of effective policies
for the utilization of these technologies in patients’
treatment. Their ultimate purpose is consequently to
enhance patient prognosis, to promote accurate and timely
disease detection, and to advance the pushing of precise
treatments in nuclear medicine so that this branch of
medicine is improved at large.

METHODOLOGY
Research Question
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In patients diagnosed with cancer (P),
how does the use of
radiopharmaceuticals in diagnostic
imaging and therapeutic applications
() compare to traditional imaging
and treatment methods (C) in
improving early detection, treatment
efficacy, and patient outcomes (O)
over a period of five years (T)?

Patients diagnosed with cancer

Use of radiopharmaceuticals in
diagnostic imaging and therapeutic

Research
Question

Population P
Intervention |

applications

Comparison C  Traditional imaging and treatment
methods

Outcome O Improvement in early detection,
treatment efficacy, and patient
outcomes

Timeframe T Over a period of five years

The research question asks if radiopharmaceuticals in

diagnostic assays and treatments enhance the identification

of cancer, treatment results and patient’s experience as

compared to conventional methods over five years. Thus,

making a comparison of these approaches, the study seeks

to alert to such major long-term opportunities and benefits

of the utilization of radiopharmaceuticals in the

management of cancer.

Selection Criteria

Inclusion Criteria

o Patients diagnosed with cancer

e Only outpatients of 18 years and above of any gender,
nationality, marital status, education, employment status,
and occupational categorization.

o Diagnostic imaging or therapy patients

e Those patient who are agree to informed consent

e The most suitable participants for this study are patients
with full access to their actual medical records for a five-
year follow-up period.

Exclusion Criteria

e Contraindications that are absolute for taking any
radiopharmaceutical

e The major contraindication for the use of
radiopharmaceuticals is previous bad allergic reactions to
the radioactive compounds

o Patients who are already metabolically active in other
clinical trials that may affect findings of the study.

e Demands that the patient cannot meet follow-up
requirements

o Pregnant or breastfeeding patients

Database Selection

For the study on “The Role of Radiopharmaceuticals in

Diagnostic Imaging and Therapeutic Applications”, the

selected databases are PubMed since it contains an

extensive collection of peer-reviewed biomedical literature;

Google Scholar for its strong coverage of books and

scholarly articles; Scopus for bibliographic analysis; Web

of Science which provides research papers and citation

data; Clinical Trials. The type of databases to use includes

PubMed which specializes in the reporting of clinical trials
in real-time, The EMBASE database for alias details of both
ongoing and completed clinical trials, and the Cochrane
library for reviews and clinical trial data. Altogether, these
databases ensure comprehensive coverage of the state of
developments,  effectiveness, and utilization  of
radiopharmaceuticals in nuclear medicine. This outlines the
selected databases for the study, each chosen for its unique
strengths: for its vast peer-reviewed sources, Google
Scholar for its encompassing coverage of scholars’ works,
Scopus for its information on bibliographic and citation
databases, Web of Science for documented senior research,
Clinical Trials. Trial data can be obtained from the US
website with the ‘. gov’ domain, drug and therapeutic
information from the EMBASE database and systematic
reviews with safety assessments can be found in the
Cochrane Library.

Data Extracted

The source of information for this study involves data on
the effectiveness and toxicity of radiopharmaceuticals in
diagnosis and treatment in imaging techniques from clinical
trials as well as published articles and systematic reviews.
Such data encompasses a variety of results concerning the
identification of diseases in their early stages, the
effectiveness of treatments, and the outcomes concerning
the patients. It also contains comparative studies of
radiopharmaceuticals with conventional systems, such as
the source and features of progress, problems, and
management measures. This extraction entails an extensive
analysis that presents a clear understanding of the current
status of applied and future radiopharmaceuticals for the
guidance of researchers and clinicians.

Syntax
Search Syntax
Type
Primary  (“radiopharmaceuticals” AND
("diagnostic imaging" OR
"therapeutic applications") AND
"cancer")
Secondary (“radiopharmaceuticals" AND

("PET" OR "SPECT" OR "nuclear
medicine”) AND ("efficacy"” OR
"safety” OR "outcomes"))

This syntax makes the search of the literature concerning
the utilization of radiopharmaceuticals and certain features
of the process, including effectiveness and risks, more
effective.

Literature Search

The literature search adopted a structured and systematic
approach in taking down all the pertinent information on
radiopharmaceuticals in imagery diagnosis and treatment
procedures. Review articles were sought using MediQual
primary search syntax which included terms such as
diagnostic imaging, therapeutic applications,
radiopharmaceutical oncology, radioactive isotopes and
cancer fighting isotopes for the initial searches. More
specific search terms were used in the second level of search
including; positron emission tomography (PET), single
photon emission computed tomography (SPECT), efficacy
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and safety among others. This method ensured the inclusion
peer-reviewed articles, clinical trials and systematic
reviews to provide relevant literature on the role of
radiopharmaceuticals. The current search was performed in
electronic databases such as Pub Med, Google Scholar,
Scopus and others.The following outlines the databases
chosen for the study and the specifics of the applied search
terms, publishing years and the number of articles found.
The PubMed search involving the primary and secondary
syntax produced 279 articles from January 2019 to
November 2024, based on the most recent inputs accessible
at the time of the study on PubMed through May 2022.
ClinicalTrials. Bibzo searched 75 articles in ‘gov’ related to
clinical trials; EMBASE added 21 articles, while the
Cochrane Library contributed 48 systematic reviews. Such
diversity of the sources reviewed guarantees thorough
analysis of the use of radiopharmaceuticals in diagnosing
procedures as well as in therapies.

Selection of Studies

Regarding the selection of studies, articles were identified
from scholarly research and clinical trials database, and
therefore the collection total to 1070 sources. Employing
the PS and SS language, PubMed helped to identify 279
articles from 2019 to 2024, Google Scholar — 175, Scopus
— 321, and Web of Science — 151. The clinical trial registry
clinicaltrials. gov provided 75 hits and finally, Embase
provided 21 and the Cochrane library provided as many as
48 articles. This approach helped in the exclusion and
inclusion criteria of relevant articles based on the use of
radiopharmaceuticals in diagnostic and therapeutic
procedures; this resulted into the filtering of numerous and
qualifying research papers that met targets of the study.The
PRISMA 2020 flow diagram of this systematic review
started with the retrieval of 1,070 records from the
databases from the search and 15 from other sources, for a
total of 1,085. Out of the 1,075 records, 75 were duplicates;
therefore, after wearing them out, 1,010 records were
screen. Of these 1061, a first round of exclusion due to the
initial inclusion criteria reduced it to 961 patients and the
remaining 49 records underwent further assessment. Of
these, 31 were excluded; thus, 18 quantitative full text
articles were included in the study. Additional analysis
eliminated additional 8 papers due to methodological
concerns, irrelevance to the questions posed in the review,
being a proposal for the research, and written in languages
other than English. Therefore, the authors were able to
identify 10 articles for review.

Quality Assessment of Studies

The quality assessment of the studies incorporated in this
review entails critical appraisal of internal qualities of a
study utilizing well defined criteria of their expert review
origin to get a reliable and valid result. For each study, the
procedures and methods employed were evaluated based on
factors such as the sample size, study design, control of
bias, and method of analysis. Research papers were
reviewed against these criteria where the clarity of the
study’s objectives, suitability of the chosen methods, and
quality of the results received special emphasis. This
process of assessment made the review very honest to the
extent of only including high quality studies with believable

results that can be replicated thus increasing the validity of
the conclusions reached. The results of the quality
assessment activities conducted on the included studies are
shown , where their methodological quality is summarized
along diverse aspects. Papagiannopoulos et al. , Batra et al.
, Xieetal., In’t Veld et al. , Lash etal. , Jevtovic et al. , and
Zhang et al. all include an appropriate description of the
selection of studies; Crisan et al. is the only study that lacks
a proper description of the selection of studies. The result
also showed that most of the included studies provided a
detailed focus on the literature in their fields with the
exception of Mantel & Williams. In most of the studies
reviewed, the authors provided adequate information
regarding the methods that were employed; however,
Payolla et al. ’s paper was missing methodological
information in parts. Most of the studies presented the
findings clearly to increase the overall manuscript clarity
and contribute to the integrity of the results. Therefore, the
quality assessment yielded that eight of the included studies
belonged to the “Good” quality while two of them were of
“Fair” quality based on methodological flaws as outlined in
the “Fair” category: Payolla et al. and Mantel & Williams.
Data Synthesis

Synthesizing data for this study meant pulling together
results from the studies in the selected high-quality articles
to achieve an understanding of the use of
radiopharmaceuticals in diagnostic imaging and treatment
procedures. As part of this process, this paper synthesized
findings on the comparative effectiveness and safety of
radiopharmaceuticals for specific applications as well as
trends and gaps in the published literature. As an approach
designed to find the consistency across the plethora of
literature, the synthesis sought to faithfully represent
combined commonalities of the studies on the effects of
radiopharmaceuticals, particularly in improving the
diagnostics and targeted therapies of early diseases, making
the conclusion from the synthesis coherent

RESULTS AND DISCUSSION

The current paper examines the dynamics in the usage of
radiopharmaceuticals in diagnosis and near-therapy to
indicate the relevance of nuclear medicine. Having slated
radiopharmaceuticals as the key tools for diagnosis and
treatment of diseases, they have made significant impact
clinically by providing specific information about the
morphology of diseases and by providing specific treatment
without much harm to the patient. The advances in the
application of PET/CT as well as SPECT/CT has opened
greater diagnostic horizons due to combination of often
totally dissimilar imaging techniques. Calabria et al.
(2023)* convey how these technologies may be beneficial
in patient care since they can restage prostate cancer and
even estimate the outcomes of patients to lymphoma
treatments. Anatomical and functional imaging together
enhances the chances of observing diseases and their status
to ensure early management besides planning the best
approach to treatment. Shende and Gandhi (2021)*? also
provide evidence to underpin what PET and SPECT
provides in terms of tissue resolution and cancer detection.
A technique used in diagnosis is the use of radiolabeled
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tracers, for instance 18F-FDG that helps in the visualization
of metabolism inside the cell and thus understanding of how
a tumor behaves and the response to treatment. This
functional imaging capability is especially valuable in
oncology considering that what needs to be diagnosed is the
disease stage so that the appropriate treatment plan could be
devised. The uses of radiopharmaceuticals have extended
with the introduction of radioligand theragnostic (RT),
which is a cancer biomarker dependent and molecular
imaging supported remedy. In their study, Barca et al.
(2021)*¢ describe how RT acts as a diagnostics tool that, in
increasing the effectiveness of therapy, reduces the impact
of systemic toxicity. The former not only enhances the
therapeutic benefits but also provides safer treatment option
to the later chemotherapy. Kar (2019)* explain that
therapeutic radiopharmaceuticals are widely applied in the
treatment of different diseases such as cancer and
neuroendocrine diseases. The targeting of specific diseased
tissues is made possible with minimal damage to the
surrounding healthy tissues and done so by the use of
particular isotopes and/or vector molecules that selectively
adhere to the cancer cells for the relaying of the therapeutic
radiation. Cohesion of radiopharmaceuticals with other
treatment methods to patients is another perform that is
becoming more eminent in cancer treatment; this includes
chemotherapeutics and nanotechnology-based systems.
Shende & Gandhi*> have further elaborated on this
phenomenon pointing out that the interaction of these two
enables the specificity and the effectiveness of the
treatment. Among all types of NPs, the ones for therapeutic
and diagnostic applications of radiopharmaceuticals are
emerging as promising for designing novel theragnostic
systems. Thus, molecular imaging has drastically changed
disease diagnosis and detection by offering valuable
information on molecular and cellular pursuits. Illem-
Ozdemir et al. (2019)* underlined that molecular imaging
is crucial for diagnosis of the diseases in early periods and
for evaluation of the therapy efficiency. Now with
techniques like high-resolution SPECT and PET, not only
can the metabolic activities and the physiological changes,
but also the very early stage of the disease and very perfect
disease staging can be done. In the case of
radiopharmaceuticals, the synthesis and delivery of the
compound are vital for the uptake of the drug in clinics.
Challenges in designing and synthesizing
radiopharmaceuticals are examined by Vermeulen et al.
(2019)%, and authors point out that radiopharmaceutical can
only be used in patients after thorough in vitro and in vivo
tests. It is therefore important to regulate the clinical
translation in order to be able to ascertain the fulfilment of
necessary regulatory measures that are essential for
radiopharmaceuticals. To enhance the availability of
radiopharmaceuticals for diagnosis and treatment,
improvements in the production and distribution systems
are noted by Payolla et al. (2019)* especially in the
developing world where complicated imaging and
therapeutic solutions have the potential of improving
patient’s health. The radiopharmaceutical has been
optimized to specific sicknesses; this has enhanced
diagnosis as well as the treatment of diseases. In the work

of Akgun et al. (2021)*°, the authors, for instance, give a
brief description of studies concerning existing
radiopharmaceuticals like for thyroid cancer, metastatic
bone cancer, and neuroendocrine tumors. Compared to the
conventional approaches, these treatments are more
impactful in the sense they cause fewer side effects and are
more specific to the diseased tissues.

Future Direction

The steady emergence of new radiopharmaceuticals and
imaging agents should and will continue to improve the
performance of nuclear medicine. Newer and less
commonly employed radiopharmaceuticals are discussed
by Mantel and Williams (2019), they express that new
research and trials are being conducted with the view to
expanding the list of available tracers. This continuous
innovation has the potential of enhancing specificity of
diagnosis and effectiveness in treatment of diseases bearing
new hope in disease management.

CONCLUSION

New horizons in the diagnosis and therapy based on
radiopharmaceuticals are rapidly expanding in terms of the
developments in hybrid imaging and molecular techniques
as well as their combination with other treatment strategies.
They present plethora of advantages as far as the
possibilities of diagnostic routines are concerned
particularly in the field of presymptomatic diagnostics,
targeted therapy, and therapy outcomes enhancement which
makes radiopharmaceuticals vitally important for
contemporary nuclear medicine.
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