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INTRODUCTION

The treatment landscape for cancer has witnessed a remarkable evolution over the past century. From 
rudimentary surgical procedures and toxic chemotherapy to the advent of precision medicine, there 
has been a continuous pursuit of innovative therapies to combat this multifaceted and relentless 
disease. One such innovation that has garnered significant attention is targeted α-particle therapy, 
which stands at the precipice of revolutionising the field of oncology.[1] The clinical translation of 
targeted α-therapy represents a fascinating intersection of groundbreaking science, cutting-edge 

ABSTRACT
Targeted α-particle therapy, a promising innovation in the field of cancer treatment, represents a convergence of 
groundbreaking science, advanced technology and the potential to revolutionise oncology. This review explores 
the historical development, mechanisms of action, preclinical and clinical applications, safety considerations and 
the future directions of targeted α-therapy. We delve into the evolution of this therapy from the early experiments 
with alpha particles to the synthesis of α-particle-emitting radionuclides, highlighting the key milestones that 
paved the way for its clinical translation. The mechanisms of action section elucidates the radiobiology of 
α-particles, focusing on their high linear energy transfer and deoxyribonucleic acid-damaging properties. In 
addition, we discuss the immunomodulatory effects of α-therapy, offering insights into its broader impact on the 
immune system’s response to cancer. Preclinical studies, informed by animal models and in vitro experiments, 
provide essential information on the efficacy and toxicity profiles of α-therapy. Lessons from these studies 
guide the transition from laboratory success to clinical trials, which are comprehensively reviewed, offering a 
glimpse into ongoing and completed studies as well as their associated challenges and limitations. Patient 
selection, diagnostic imaging, and safety considerations are paramount in the clinical translation of targeted 
α-therapy. We explore personalised treatment approaches, dosimetry calculations and advancements in imaging 
techniques that aid in treatment planning. Moreover, we discuss future directions, including the potential for 
combination therapies and non-oncological applications of α-therapy. Finally, regulatory and economic aspects 
are addressed, recognising the importance of approvals from agencies such as the Food and Drug Administration 
and international regulatory bodies. Considerations of market dynamics, cost-effectiveness and patient access are 
crucial in assessing the feasibility and integration of α-therapy into mainstream oncology. In conclusion, targeted 
α-particle therapy emerges as an evolution in cancer treatment, with the potential to redefine the oncology 
landscape. To unlock its full potential, multidisciplinary collaboration, ongoing research and dedicated efforts 
to address safety and regulatory aspects are imperative. This review encapsulates the journey toward establishing 
targeted α-therapy as a standard of care and sets the stage for the next chapter in the fight against cancer.
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technology and the potential to redefine the future of cancer 
treatment.[2] In this review article, we embark on a journey to 
explore the evolution and revolutionary potential of targeted 
α-therapy in the context of clinical applications.

BACKGROUND AND SIGNIFICANCE

Cancer remains one of the leading causes of mortality 
worldwide, with a significant impact on public health and 
the global economy.[3] Traditional treatment modalities, such 
as surgery, chemotherapy and radiation therapy, have been 
the cornerstone of cancer management for decades.[4] While 
these methods have undoubtedly saved countless lives, they 
are not without limitations.[5] Chemotherapy, for example, 
often lacks tumour specificity, leading to widespread toxicity 
and a range of adverse effects that can significantly impact a 
patient’s quality of life.[6]

In recent years, the paradigm of cancer therapy has begun to 
shift toward a more personalised and targeted approach.[7] 
Precision medicine, with its emphasis on tailoring treatment 
to an individual’s genetic makeup and the unique 
characteristics of their tumour, has yielded notable successes. 
However, this approach primarily revolves around small 
molecules and monoclonal antibodies, leaving a distinct gap 
in the therapeutic toolkit.

Targeted α-particle therapy, which harnesses the immense 
energy and precision of alpha particles for the treatment of 
cancer, represents a promising approach in oncology. By 
directing these high-energy particles specifically to cancer cells 
while minimizing damage to surrounding healthy tissue, this 
therapeutic strategy holds potential for enhancing treatment 
efficacy and reducing side effects compared to traditional 
radiation therapies.[8] Alpha particles are helium nuclei consisting 
of two protons and two neutrons.[9] They possess remarkable 
therapeutic properties, including high linear energy transfer 
(LET) and limited tissue penetration.[10] These characteristics 
make α-particles exceptionally effective at causing irreparable 
damage to cancer cells while sparing surrounding healthy tissue. 
This selectivity is the cornerstone of α-therapy’s potential.

OBJECTIVE OF THE REVIEW

This review aims to provide a comprehensive overview 
of targeted α-therapy, tracing its historical development, 
elucidating the mechanisms of action and evaluating its 
preclinical and clinical applications.[11] We will delve into 
the intricacies of patient selection, safety considerations 
and the role of diagnostic imaging in treatment planning. 
Furthermore, we will explore the future directions and 
potential of α-therapy in cancer treatment, as well as its 
applications beyond oncology. Finally, we will discuss 
the regulatory and economic aspects of bringing this 
revolutionary therapy to patients worldwide.

HISTORICAL DEVELOPMENT

To appreciate the current state of targeted α-therapy, it is 
crucial to understand its historical evolution. The use of alpha 
particles in medicine dates back to the early 20th century when 
radium-based sources were employed for radiation therapy.[12] 
While this laid the foundation for future developments, the 
real breakthroughs came with the discovery and synthesis of 
α-particle-emitting radionuclides in the mid-20th  century.[13] 
These radionuclides, such as actinium-225 and bismuth-213, 
opened the door to highly specific α-therapy. Pioneering 
work by researchers and institutions worldwide paved the way 
for a new era in cancer treatment.

The clinical translation of targeted α-therapy is a subject of 
considerable excitement and scientific exploration. As we 
delve deeper into the pages of this review, we will uncover the 
mysteries of α-particles, their potential to revolutionise cancer 
therapy and the challenges that must be surmounted for this 
revolutionary approach to become a standard of care. From 
historical breakthroughs to current clinical applications and 
future horizons, we will explore the multifaceted landscape 
of targeted α-therapy, seeking to answer the question: Is it an 
evolution or a revolution in the field of oncology?

Historical development

The section on historical development traces the origins 
of targeted α-therapy and the pivotal milestones that have 
shaped its evolution. It explores the early use of alpha 
particles in radiation therapy and how radionuclides such 
as actinium-225 and bismuth-213 were discovered and 
synthesised, laying the groundwork for targeted α-therapy. 
Pioneering researchers and institutions played a crucial role 
in developing the concepts and techniques that underpin this 
therapy. By understanding this historical context, readers 
gain insight into the scientific journey that has brought us to 
the cusp of a revolution in cancer treatment.

Targeted α-emitters

This section provides an in-depth look at the α-particle-
emitting radionuclides used in targeted α-therapy. It highlights 
their characteristics, selection criteria and availability. 
Readers will gain an understanding of the distinct properties 
of different radionuclides, enabling them to appreciate the 
nuances in choosing the most appropriate radionuclide for a 
given application. The comparison with other radioisotopes 
used in cancer therapy offers valuable context, showcasing the 
unique advantages that α-emitters bring to the table.

Mechanisms of action

Mechanisms of action delve into the radiobiology of 
α-particles and how they exert their effects on cancer 
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cells.[14] This section discusses the high LET of α-particles, 
their interactions with biological tissues and the resulting 
deoxyribonucleic acid damage. The intricate processes by 
which α-particles cause irreparable harm to cancer cells, 
including double-strand breaks and complex lesions, are 
explored.[15] In addition, the immunomodulatory effects 
of α-therapy are considered, shedding light on the broader 
impact of this treatment approach on the immune system’s 
response to cancer.[16]

Preclinical studies

Preclinical studies are a critical bridge between laboratory 
research and clinical applications. This section delves 
into the use of animal models and in vitro experiments 
to assess the efficacy and safety of targeted α-therapy.
[17] Readers will learn how researchers test the potential of 
α-emitters in various cancer models, gaining insights into 
the promising results and challenges encountered during 
this phase. The lessons from preclinical research are valuable 
in understanding the transition from laboratory success to 
clinical trials.

DISCUSSION

The preceding sections have taken us on a journey through 
the evolution and revolutionary potential of targeted 
α-therapy in the realm of clinical applications.[18] As we delve 
into the discussion, we will synthesise the key findings, assess 
the current state of α-therapy and contemplate its future in 
cancer treatment.

Efficacy and limitations in clinical trials

The clinical trials and applications of α-therapy have 
demonstrated both promise and challenges. While some 
studies have reported remarkable responses and disease 
control,[19-21] others have encountered hurdles such as limited 
patient populations,[22] variable treatment outcomes[23] 
and logistical complexities.[24,25] These trials underscore 
the importance of careful patient selection and the need 
for broader research to elucidate the factors influencing 
α-therapy efficacy.

Safety and toxicity management

The issue of safety and toxicity is a paramount concern 
in α-therapy. While the selective nature of α-particles 
minimises damage to healthy tissues, the potential for 
radiotoxicity in critical organs remains a challenge.[26] 
Ongoing efforts to develop radiopharmaceuticals that 
enhance safety profiles are promising, but rigorous patient 
monitoring and dosimetry calculations are vital components 
of successful α-therapy.[27]

Patient selection and imaging

Patient selection in α-therapy is evolving toward a personalised 
approach, capitalising on diagnostic imaging techniques for 
treatment planning. Advances in imaging technologies, such 
as positron emission tomography and single-photon emission 
computed tomography, allow for improved dosimetry 
calculations and precise targeting.[28-30] The integration of 
diagnostic imaging into treatment workflows represents a 
significant step in optimising α-therapy outcomes.

Future directions

The future of targeted α-therapy is brimming with 
possibilities. Combination therapies, where α-emitters are 
used in concert with other treatment modalities, have shown 
the potential to overcome resistance and improve overall 
therapeutic outcomes. Moreover, the exploration of α-therapy 
in non-oncological applications, such as immunomodulation 
and targeted radionuclide therapy for non-cancerous diseases, 
opens new horizons for this technology.

Regulatory and economic considerations

Regulatory approvals are pivotal for the widespread adoption 
of α-therapy. The role of agencies such as the Food and 
Drug Administration and international regulatory bodies 
cannot be underestimated, and the establishment of clear 
guidelines and standards is essential. In addition, economic 
factors, including the cost-effectiveness of α-therapy, access 
to treatment and insurance coverage, will influence its 
integration into mainstream oncology.

CONCLUSION

The clinical translation of targeted α-therapy is undoubtedly 
an evolution in the field of cancer treatment. While it may 
not yet constitute a full-blown revolution, the accumulated 
knowledge, ongoing research and growing body of evidence 
suggest that it has the potential to transform the landscape of 
oncology. However, for α-therapy to realise its full potential, 
multidisciplinary collaboration, further research, and diligent 
efforts to address safety and regulatory aspects are essential. The 
journey toward establishing α-therapy as a mainstream cancer 
treatment modality is a testament to the enduring human quest 
to conquer one of the most challenging diseases of our time.
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