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Introduction
Molecular imaging has emerged as a transformative field within 

Molecular imaging requires high resolution and high sensitive 
instruments to detect specific imaging agents that link the imaging 
signal with molecular event. There are five imaging modalities available 
for molecular imaging, including X-ray computed tomography 
imaging (CT), optical imaging (OI), radionuclide imaging (involving 
PET and SPECT), ultrasound (US) imaging and magnetic resonance 
imaging (MRI) [2]. In the past two decades, imaging instruments 
have grown exponentially. Improvement in instruments and iterative 
image reconstruction has resulted in high resolution images that reveal 
tiny lesion and realize accurate quantification of biological process. A 
parallel development has been the preparation of imaging agents which 
can bind their targets with high specificity and affinity.

The Foundation of Molecular Imaging

Molecular imaging is grounded in the use of imaging agents or 
tracers that are specifically designed to target particular molecules, 
proteins, or cellular structures associated with diseases [3]. These agents 
can be labeled with radioactive, fluorescent, or magnetic materials, 
enabling their detection by specialized imaging equipment. The key 
breakthrough lies in their ability to highlight abnormalities at the 
molecular level, often long before structural changes become evident.

Advancements in Imaging Modalities

Over the past few decades, molecular imaging has benefited 
immensely from technological advancements. Positron Emission 
Tomography (PET), Single Photon Emission Computed Tomography 
(SPECT), Magnetic Resonance Imaging (MRI), and Computed 
Tomography (CT) have all been enhanced to incorporate molecular 
imaging capabilities. PET and SPECT, in particular, have witnessed 
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significant improvements in sensitivity and spatial resolution, making 
them powerful tools for studying disease processes [4].

Targeted Imaging Agents

Central to the success of molecular imaging are the development 
and utilization of targeted imaging agents. These agents are designed 
to home in on specific biomarkers or cellular processes indicative of 
disease. For instance, in oncology, radiolabeled tracers can pinpoint 
cancer cells expressing overactive receptors, allowing for early detection 
and staging of tumors [5]. Additionally, fluorescent imaging agents can 
illuminate cancer cells during surgery, aiding in precise tumor removal.

Personalized Medicine

One of the most profound impacts of molecular imaging is its 
contribution to personalized medicine. By identifying unique molecular 
profiles within a patient’s body, clinicians can tailor treatment plans to 
match the individual characteristics of their disease [6]. This approach 
not only enhances therapeutic efficacy but also minimizes side effects 
by avoiding unnecessary treatments.

Imaging Agents

Molecular imaging depends greatly on the development of specific 
and sensitive imaging agents, which is a pivotal rate-limiting step 
in the development of molecular imaging. In a molecular imaging 
study, imaging agents are mainly used for interrogating or coupling 
back about a specific target of interest. They usually consist of signal 
component and targeting component. In recent years, the advancement 
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