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Introduction

The field of targeted cancer therapy has seen significant advancements with the
development of theranostic agents, particularly those utilizing alpha-emitting ra-
dionuclides. These agents offer a unique therapeutic advantage due to the high
linear energy transfer (LET) and short range of alpha particles, which can deliver
a potent cytotoxic dose directly to tumor cells while sparing surrounding healthy
tissues. The preclinical evaluation of these agents is paramount to understand-
ing their behavior and optimizing their therapeutic potential. Imaging techniques
play an indispensable role in this preclinical assessment, enabling researchers
to track biodistribution, assess tumor uptake, and identify off-target accumulation.
This review aims to consolidate the current understanding of how imaging strate-
gies are employed in preclinical tumor models to evaluate alpha-emitting thera-
nostic agents, highlighting their crucial contribution to the advancement of alpha-
particle therapy. The integration of advanced imaging modalities, such as Positron
Emission Tomography (PET) and Single-Photon Emission Computed Tomography
(SPECT), has become a cornerstone in preclinical research. These techniques
allow for non-invasive visualization and quantification of the distribution of radio-
labeled agents within living organisms, providing critical insights into their pharma-
cokinetic and pharmacodynamic properties. Understanding these imaging char-
acteristics is key to advancing the clinical translation of alpha-particle therapy [1].

Investigating the preclinical applications of alpha-emitters for targeted cancer ther-
apy necessitates a thorough understanding of their in vivo performance. This in-
cludes detailed biodistribution studies and preclinical efficacy assessments, which
are often guided by imaging. Novel alpha-conjugates are being developed and
characterized to enhance tumor targeting efficiency and therapeutic index. The
findings from these studies underscore the potential of these agents to deliver
highly cytotoxic alpha radiation directly to tumor sites while minimizing damage
to healthy tissues, paving the way for future clinical trials [2].

The development of sophisticated chelators is essential for the effective delivery of
alpha-emitting isotopes. Bifunctional chelators that can efficiently complex alpha-
emitting isotopes and subsequently be conjugated to tumor-targeting vectors are
of particular interest. Preclinical imaging techniques are crucial for evaluating the
in vivo stability and tumor accumulation of these chelates, demonstrating their
promise for site-specific delivery of alpha radiation in preclinical cancer models
[3].

Alpha-particle therapy, when applied in preclinical tumor models, relies heavily on
robust imaging strategies to assess its efficacy. The inherent advantages of al-
pha emitters, such as their high LET and short range, necessitate precise imaging
to confirm tumor targeting and quantify delivered radiation doses. Various imag-
ing techniques are employed to assess biodistribution and tumor targeting, with a
growing emphasis on quantitative imaging for dosimetry and predicting therapeu-
tic outcomes. This offers valuable insights into the challenges and future directions

of alpha-theranostics [4].

SPECT imaging has emerged as a valuable tool for monitoring the in vivo behavior
of alpha-emitting theranostic agents in preclinical models. By radiolabeling tumor-
targeting antibodies or other vectors with alpha-emitters and subsequently evalu-
ating their distribution using SPECT/CT, researchers can visualize tumor accumu-
lation and off-target distribution. Correlating these imaging findings with prelimi-
nary therapeutic effects highlights the utility of SPECT for preclinical theranostic
assessment [5].

Targeted alpha therapy (TAT) is being explored using novel radiolabeled peptides
in preclinical models of various cancers, including aggressive forms like glioblas-
toma. The synthesis and preclinical evaluation of these alpha-particle-emitting
peptide conjugates, often assessed by PET imaging for tumor uptake and retention,
have shown promising results. Research demonstrates significant tumor growth
inhibition, emphasizing the power of theranostic approaches and the importance
of precise imaging for treatment planning [6].

The preclinical imaging of radiolanthanides for theranostic applications in oncol-
ogy is an active area of research. Both beta- and alpha-emitting lanthanides are
being evaluated for their suitability in diagnostic imaging and targeted radionuclide
therapy. Data on biodistribution, tumor targeting, and preliminary therapeutic ef-
ficacy in animal models, supported by imaging techniques, illustrate the potential
of lanthanide-based theranostics [7].

The development and preclinical evaluation of novel antibody-drug conjugates in-
corporating alpha-emitters represent a promising strategy for treating solid tumors.
These studies detail radiolabeling processes, in vitro characterization, and in vivo
biodistribution studies, often using SPECT imaging. Favorable tumor uptake and
retention observed in these studies suggest significant therapeutic potential and
underscore the critical role of imaging in guiding the development of targeted alpha
therapies [8].

Reviews focusing on the preclinical imaging of radiolabeled peptides for targeted
alpha therapy (TAT) are crucial for consolidating knowledge and guiding future
research. These reviews discuss various targeting peptides, alpha-emitting ra-
dionuclides, and the imaging modalities, such as PET and SPECT, used to as-
sess biodistribution and tumor targeting efficiency. The importance of accurate
imaging for dosimetry and predicting therapeutic outcomes in preclinical settings
is consistently highlighted, providing a foundation for clinical translation [9].

Advanced imaging techniques, especially PET/CT, are instrumental in characteriz-
ing the pharmacokinetic and biodistribution profiles of alpha-emitting theranostic
agents in preclinical models. This is particularly relevant for novel radiolabeled
antibodies designed to target specific tumor-associated antigens. The utility of
PET/CT for visualizing tumor-specific uptake and assessing potential off-target ac-
cumulation, and correlating these findings with therapeutic responses, highlights
the value of imaging for optimizing alpha-therapy strategies [10].
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Description

The crucial role of imaging techniques in evaluating alpha-emitting theranostic
agents within preclinical tumor models is explored extensively. Advanced imaging
modalities, including PET and SPECT, are indispensable for tracking the biodis-
tribution, tumor uptake, and off-target accumulation of these targeted radiother-
apeutics. The emphasis is on correlating imaging data with therapeutic efficacy
and dosimetry to optimize treatment strategies and predict patient response, rec-
ognizing that understanding these imaging characteristics is key to advancing the
clinical translation of alpha-particle therapy [1].

The preclinical applications of alpha-emitters for targeted cancer therapy are thor-
oughly investigated through the selection and characterization of novel alpha-
conjugates. These studies focus on their in vivo performance, assessing tumor
targeting efficiency and therapeutic index via detailed biodistribution and preclin-
ical efficacy studies. The findings consistently underscore the potential of these
agents to deliver highly cytotoxic alpha radiation directly to tumor sites while min-
imizing damage to healthy tissues, thereby paving the way for future clinical trials
[2].

Work focusing on the development and preclinical imaging of alpha-radionuclide
chelators designed for theranostic applications highlights the synthesis of bifunc-
tional chelators that efficiently complex alpha-emitting isotopes and can be conju-
gated to tumor-targeting vectors. Evaluation of in vivo stability and tumor accumu-
lation of these chelates using radiolabeling and imaging techniques demonstrates
their promise for site-specific delivery of alpha radiation in preclinical cancer mod-
els [3].

A comprehensive review of alpha-particle therapy in preclinical tumor models, with
a specific focus on imaging strategies, presents the advantages of alpha emit-
ters, such as their short range and high linear energy transfer. Various imaging
techniques used to assess biodistribution and tumor targeting are examined. The
authors emphasize the importance of quantitative imaging for dosimetry and pre-
dicting therapeutic outcomes, offering insights into the challenges and future di-
rections of alpha-theranostics [4].

Research investigating the use of SPECT imaging to monitor the in vivo behavior
of alpha-emitting theranostic agents in mouse models of pancreatic cancer details
the radiolabeling of a tumor-targeting antibody with an alpha-emitter and its sub-
sequent evaluation using SPECT/CT. The authors report on the successful visual-
ization of tumor accumulation and off-target distribution, correlating these findings
with preliminary therapeutic effects and highlighting the utility of SPECT for pre-
clinical theranostic assessment [5].

The exploration of targeted alpha therapy (TAT) using novel radiolabeled peptides
in preclinical models of glioblastoma describes the synthesis and preclinical evalu-
ation of an alpha-particle-emitting peptide conjugate. The focus is on its tumor up-
take and retention as assessed by PET imaging. The research demonstrates sig-
nificant tumor growth inhibition, emphasizing the power of theranostic approaches
for aggressive brain tumors and the importance of precise imaging for treatment
planning [6].

Papers discussing the preclinical imaging of radiolanthanides for theranostic ap-
plications in oncology focus on the use of beta- and alpha-emitting lanthanides,
evaluating their suitability for both diagnostic imaging and targeted radionuclide
therapy. The authors present data on biodistribution, tumor targeting, and prelim-
inary therapeutic efficacy in animal models, supported by imaging techniques, to
illustrate the potential of lanthanide-based theranostics [7].

Studies presenting the development and preclinical evaluation of novel antibody-
drug conjugates incorporating an alpha-emitter for treating solid tumors detail the

radiolabeling process, in vitro characterization, and in vivo biodistribution studies
in xenograft models, primarily using SPECT imaging. The findings demonstrate
favorable tumor uptake and retention, suggesting therapeutic potential and em-
phasizing the role of imaging in guiding the development of such targeted alpha
therapies [8].

Reviews focusing on the preclinical imaging of radiolabeled peptides for targeted
alpha therapy (TAT) discuss various targeting peptides, alpha-emitting radionu-
clides, and the imaging modalities (PET and SPECT) used to assess their biodis-
tribution and tumor targeting efficiency. The article highlights the importance of
accurate imaging for dosimetry and predicting therapeutic outcomes in preclinical
settings, providing a foundation for clinical translation [9].

Studies evaluating the use of advanced imaging techniques, particularly PET/CT,
for characterizing the pharmacokinetic and biodistribution profiles of alpha-
emitting theranostic agents in preclinical models of ovarian cancer focus on novel
radiolabeled antibodies designed to target tumor-associated antigens. The re-
search demonstrates the utility of PET/CT for visualizing tumor-specific uptake
and assessing potential off-target accumulation, correlating these findings with
therapeutic responses and highlighting the value of imaging for optimizing alpha-
therapy strategies [10].

Conclusion

This collection of research highlights the critical role of advanced imaging tech-
niques, including PET and SPECT, in the preclinical evaluation of alpha-emitting
theranostic agents for targeted cancer therapy. Studies focus on tracking biodistri-
bution, tumor uptake, and off-target accumulation of novel radioconjugates, chela-
tors, peptides, and antibody-drug conjugates in various preclinical tumor models.
These imaging strategies are essential for assessing therapeutic efficacy, guiding
treatment optimization, and ensuring precise dosimetry. The consistent findings
across these studies emphasize the promise of alpha-particle therapy for deliver-
ing potent cytotoxic doses to tumors while minimizing damage to healthy tissues,
thereby supporting its advancement towards clinical translation. The development
of suitable targeting vectors and efficient chelators, coupled with quantitative imag-
ing, are key to unlocking the full potential of alpha-theranostics.
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