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Introduction
Radiopharmaceuticals, which are compounds that combine a

radioactive isotope with a biologically active molecule, have
revolutionized the field of medical imaging and therapy. The
development of radiopharmaceuticals for dual imaging and
therapy, also known as theranostics, represents an exciting
advancement in personalized medicine, offering the potential
for both precise diagnosis and treatment in a single procedure.
This dual capability allows clinicians to target specific molecular
pathways, delivering targeted radiation therapy while
simultaneously providing detailed imaging, thus enhancing the
overall effectiveness of treatment and reducing patient risk. The
evolution of dual imaging and therapy radiopharmaceuticals has
been driven by advances in molecular biology, nuclear medicine,
and the integration of cutting-edge technologies in imaging
modalities. The concept of theranostics is based on the idea that
a single radiopharmaceutical can be used for both imaging and
therapy, offering a tailored approach for individual patients.
Radiopharmaceuticals for imaging typically use diagnostic
isotopes that emit photons, which can be detected by imaging
systems such as Positron Emission Tomography (PET) or Single-
Photon Emission Computed Tomography (SPECT). These
isotopes, such as fluorine-18 (18F) or technetium-99m (99mTc),
are incorporated into molecules that specifically bind to target
cells or tissues, enabling visualization of tumors, inflammation,
or other pathological conditions. On the therapeutic side,
radiopharmaceuticals are designed to deliver cytotoxic radiation
to cancer cells, exploiting the same molecular targeting
mechanisms used in imaging.

Functionality of dual imaging
The development of dual imaging and therapy agents requires

the careful selection of isotopes and their attachment to specific
targeting molecules. The most critical aspect is the ability of the
radiopharmaceutical to bind with high specificity to the target
tissue or cell, such as a tumor. This selectivity is typically
achieved by conjugating the radioactive isotope with ligands
that bind to tumor-specific receptors, proteins, or antigens.
These ligands can be small molecules, peptides, monoclonal
antibodies, or nanoparticles, each with unique properties that
suit different types of cancers or diseases. For example, the
radiopharmaceutical agent Lutathera® (177Lu-DOTATATE) is a
theranostic drug used in the treatment of neuroendocrine

tumors. The molecule combines the targeting peptide 
DOTATATE, which binds to somatostatin receptors present on 
neuroendocrine tumor cells, with the therapeutic radioisotope 
lutetium-177. The same peptide, conjugated with a different 
isotope, can be used for imaging the same tumors via PET scans, 
allowing clinicians to monitor the tumor’s location, size, and 
response to therapy. In addition to molecular specificity, the 
pharmacokinetics of the radiopharmaceutical agent are a crucial 
consideration. For effective imaging, the agent must accumulate 
in the target tissue at a detectable concentration, while avoiding 
excessive uptake in healthy tissues to minimize radiation 
exposure. Similarly, for therapeutic applications, the agent must 
deliver sufficient radiation to destroy tumor cells, yet retain 
minimal systemic toxicity.

Imaging modalities
As dual imaging and therapy radiopharmaceuticals advance, 

the imaging technologies used in combination with them have 
also improved. PET and SPECT imaging remain the most 
commonly used methods, but advancements in these techniques 
have enabled higher-resolution imaging with greater sensitivity. 
PET, in particular, has become invaluable due to its ability to 
detect minute amounts of radiotracers with high precision. This 
allows clinicians to observe the biological behavior of cancerous 
cells, track disease progression, and monitor the therapeutic 
response in real time.

Moreover, hybrid imaging systems, such as PET/CT (Computed 
Tomography) and PET/MRI (Magnetic Resonance Imaging), have 
emerged, further enhancing the capabilities of dual imaging and 
therapy. These systems offer complementary imaging modalities, 
combining the functional information provided by PET with the 
anatomical detail from CT or MRI scans. The integration of these 
modalities provides a more comprehensive understanding of the 
patient’s condition, improving the accuracy of diagnosis and 
treatment planning. In the future, the development of even more 
advanced imaging technologies, such as quantum dot-based 
imaging, is expected to play a role in improving the efficacy of 
theranostic radiopharmaceuticals. These innovations will allow 
for more precise tracking of radiopharmaceutical agents at the 
cellular or molecular level, thus enhancing the therapeutic 
precision and minimizing side effects.
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