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Introduction

This article explores the landscape of emerging theranostic radiopharmaceuticals,
detailing their journey from initial preclinical development to actual clinical appli-
cation. It highlights the growing potential of these agents to combine diagnostic
imaging with targeted therapy, offering a powerful approach for precisionmedicine,
particularly in oncology. Understanding this pipeline is crucial for anticipating fu-
ture advancements in personalized treatment strategies [1].

This review delves into the recent advancements in theranostic radiopharmaceu-
ticals, specifically those based on peptides. It discusses how peptide-receptor in-
teractions are leveraged to create agents that can both image and treat diseases,
emphasizing their specificity and favorable pharmacokinetic properties. The arti-
cle showcases the innovative strategies used to design these peptide-based ra-
diopharmaceuticals and their promising role in personalized medicine [2].

This paper provides an overview of the current status and future outlook for alpha-
emitting radiopharmaceuticals. It details the unique advantages of alpha emit-
ters for targeted therapy due to their high linear energy transfer and short path
length, which allows for potent, localized cell killing with minimal collateral dam-
age. The discussion covers various alpha radionuclides, their chelation chemistry,
and the biological targeting vectors, pointing toward the continued development in
this powerful therapeutic modality [3].

This article focuses on the current applications of Copper-64 (⁶⁴Cu) radiopharma-
ceuticals in Positron Emission Tomography (PET) imaging and theranostics. It em-
phasizes ⁶⁴Cu’s versatile decay characteristics, allowing for both diagnostic imag-
ing (�� emission) and therapeutic potential (�� emission). The review covers the
design and synthesis of various ⁶⁴Cu-labeled agents and their utility in diagnos-
ing and potentially treating different diseases, showcasing its importance in the
theranostic paradigm [4].

This paper offers a head-to-head comparison between Gallium-68 (⁶⁸Ga) and
Fluorine-18 (¹⁸F) radiopharmaceuticals, two cornerstone isotopes for PET imag-
ing. It meticulously evaluates their production methods, labeling chemistries, and
clinical applications, highlighting their respective strengths and limitations. Un-
derstanding these differences is essential for selecting the most appropriate radio-
pharmaceutical for specific diagnostic needs and for optimizing clinical workflows
[5].

This article discusses the utility of radiopharmaceuticals for imaging infection and
inflammation. It explores various radiolabeled tracers designed to target specific
cellular processes or immune cells involved in infectious and inflammatory condi-

tions. The paper highlights how these imaging agents provide crucial insights into
the localization and extent of disease, aiding in diagnosis, guiding treatment, and
monitoring therapy response, thus improving patient management [6].

This review focuses on targeted alpha therapy (TAT), detailing novel radiophar-
maceuticals and their clinical applications. It explains how TAT leverages alpha-
emitting radionuclides conjugated to targeting molecules to deliver highly cytotoxic
radiation directly to cancer cells. The article provides examples of current clinical
trials and approved therapies, illustrating the transformative potential of TAT in
treating various cancers with reduced systemic toxicity compared to conventional
radiation therapy [7].

This paper highlights new developments in radiopharmaceuticals specifically tai-
lored for neuroimaging. It covers a range of tracers used to visualize various neuro-
logical processes, including neurotransmitter systems, amyloid plaques, tau tan-
gles, and neuroinflammation. The article discusses how these advanced radio-
pharmaceuticals enhance the diagnosis and understanding of neurodegenerative
diseases, psychiatric disorders, and other brain conditions, paving the way for im-
proved diagnostic accuracy and therapeutic monitoring [8].

This article explores the ongoing developments and extensive clinical applica-
tions of Technetium-99m (⁹⁹mTc) radiopharmaceuticals. It underscores ⁹⁹mTc’s
continued dominance in nuclear medicine due to its ideal physical properties,
widespread availability, and versatility in labeling various biomolecules. The re-
view details a spectrum of ⁹⁹mTc agents used across diverse diagnostic areas, from
cardiology and oncology to bone and renal imaging, emphasizing its indispensable
role in routine clinical practice [9].

This paper highlights the advances in theranostic radiopharmaceuticals specifi-
cally designed for prostate cancer. It discusses the evolution of agents targeting
prostate-specific membrane antigen (PSMA), which have revolutionized both the
imaging and treatment of this disease. The review covers diagnostic agents for
PET imaging and therapeutic agents using radionuclides like Lutetium-177 (¹⁷⁷Lu),
demonstrating how these innovations enable precise staging, personalized treat-
ment, and effective management of prostate cancer [10].

Description

Emerging theranostic radiopharmaceuticals are transforming precision medicine,
moving from preclinical stages to clinical application, especially in oncology.
These agents combine diagnostic imaging with targeted therapy, offering a pow-
erful approach for personalized treatment strategies [1]. A significant area of ad-
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vancement involves peptide-based theranostic radiopharmaceuticals. These uti-
lize specific peptide-receptor interactions for both imaging and treatment, valued
for their specificity and favorable pharmacokinetic properties [2]. Copper-64 (⁶⁴Cu)
radiopharmaceuticals also play a crucial role in theranostics, leveraging ⁶⁴Cu’s ver-
satile decay characteristics for both Positron Emission Tomography (PET) imag-
ing (�� emission) and therapeutic potential (�� emission). Various ⁶⁴Cu-labeled
agents are being designed for diagnosing and potentially treating diverse dis-
eases, solidifying its importance within the theranostic paradigm [4].

Alpha-emitting radiopharmaceuticals represent a powerful therapeutic modality
with a promising future. The unique advantages of alpha emitters for targeted ther-
apy stem from their high linear energy transfer and short path length, enabling po-
tent, localized cell killing with minimal collateral damage to healthy tissues [3]. This
concept forms the basis of Targeted Alpha Therapy (TAT), which involves conju-
gating alpha-emitting radionuclides to specific targetingmolecules to deliver highly
cytotoxic radiation directly to cancer cells. Current clinical trials and approved ther-
apies illustrate TAT’s transformative potential in treating various cancers, often with
reduced systemic toxicity compared to conventional radiation therapy, marking a
significant step forward in cancer treatment [7].

Two cornerstone isotopes for PET imaging, Gallium-68 (⁶⁸Ga) and Fluorine-18
(¹⁸F), are frequently compared for their respective production methods, labeling
chemistries, and clinical applications. Understanding their individual strengths
and limitations is crucial for selecting the most appropriate radiopharmaceutical
for specific diagnostic needs and optimizing clinical workflows [5]. Separately,
Technetium-99m (⁹⁹mTc) radiopharmaceuticals maintain a dominant position in
nuclear medicine. This is due to ⁹⁹mTc’s ideal physical properties, widespread
availability, and remarkable versatility in labeling various biomolecules. A broad
spectrum of ⁹⁹mTc agents are routinely used across diverse diagnostic areas, in-
cluding cardiology, oncology, bone, and renal imaging, underscoring its indispens-
able role in standard clinical practice [9].

Radiopharmaceuticals also offer critical utility in specialized diagnostic areas be-
yond general oncology. They are essential for imaging infection and inflamma-
tion, employing radiolabeled tracers that target specific cellular processes or im-
mune cells involved in these conditions. These imaging agents provide crucial
insights into disease localization and extent, significantly aiding in diagnosis, guid-
ing treatment, and monitoring therapy response to improve patient management
[6]. For neuroimaging, new developments involve radiopharmaceuticals specifi-
cally tailored to visualize various neurological processes, such as neurotransmitter
systems, amyloid plaques, tau tangles, and neuroinflammation. These advanced
agents enhance the diagnosis and understanding of neurodegenerative diseases,
psychiatric disorders, and other brain conditions, promising improved diagnostic
accuracy and therapeutic monitoring [8]. Furthermore, there have been significant
advances in theranostic radiopharmaceuticals specifically for prostate cancer. The
evolution of agents targeting prostate-specific membrane antigen (PSMA) has rev-
olutionized both imaging and treatment, utilizing diagnostic PET agents and ther-
apeutic radionuclides like Lutetium-177 (¹⁷⁷Lu) for precise staging, personalized
treatment, and effective management of this disease [10].

Conclusion

Radiopharmaceuticals are revolutionizing precision medicine, particularly in on-
cology, by combining diagnostic imaging with targeted therapy. These theranostic
agents, like those utilizing peptides or Copper-64, are moving rapidly from pre-
clinical development to clinical application, offering powerful approaches for dis-
eases like prostate cancer. Alpha-emitting radiopharmaceuticals, such as those
used in Targeted Alpha Therapy (TAT), leverage high linear energy transfer for
localized cell killing, proving effective against various cancers with reduced sys-

temic toxicity. Beyond oncology, these agents find critical utility. For instance,
Gallium-68 and Fluorine-18 are cornerstones for Positron Emission Tomography
(PET) imaging, each with unique advantages depending on diagnostic needs. Ra-
diopharmaceuticals are also indispensable for imaging infection and inflammation,
providing insights into disease localization and treatment response. Advances in
neuroimaging employ specialized tracers to visualize neurological processes, aid-
ing in diagnosing neurodegenerative and psychiatric disorders. Technetium-99m
remains dominant in nuclear medicine due to its versatility and widespread use
in cardiology, oncology, bone, and renal imaging. The ongoing development of
these diverse agents underpins significant progress in personalized diagnostics
and therapeutics across a broad spectrum of medical conditions.
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