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cells optimizes energy production and allows cells to adapt efficiently 
to their environmental oxygen condition. With this in mind, there 
is a considerable research interest to identify and measure both the 
overall degree of spatial tumor heterogeneity and pinpointing where 
subpopulations within tumors are responsive to therapy or resistant.

MR Imaging: The Basics

MR imaging is based on the interaction between the magnetic 
properties of atomic nuclei, primarily hydrogen protons, and a strong 
magnetic field. When placed in the magnetic field and subjected to 
radiofrequency pulses, these nuclei emit signals that can be detected 
and converted into high-resolution images. MR spectroscopy, an 
extension of MR imaging, provides valuable information about the 
chemical composition and concentration of metabolites within tissues 
[6].

Visualizing metabolic landscapes

Glucose metabolism: MR imaging can be used to measure glucose 
uptake and utilization in tumors. By administering a glucose analog 
labeled with a contrast agent, glucose metabolism can be quantified, 
highlighting areas of heightened metabolic activity within the tumor.

Lactate imaging: Elevated lactate levels are a hallmark of the 
Warburg effect. MR spectroscopy can detect and quantify lactate in 
tumors, providing insights into the glycolytic activity of cancer cells. 
Lactate levels can also serve as a marker for tumor aggressiveness [7].

PH imaging: Tumors often exhibit an acidic microenvironment 
due to increased glycolysis and lactate production. MR spectroscopy 
can measure tissue pH, aiding in the characterization of tumor acidity, 
which has implications for therapy response.

Metabolic profiling: MR spectroscopy can identify and quantify 
a wide range of metabolites beyond glucose and lactate. These include 
choline, creatine, and lipids, which can serve as biomarkers of cellular 
proliferation, energy metabolism, and membrane turnover.

Clinical applications

MR imaging’s ability to visualize metabolic landscapes in cancer 
has numerous clinical applications:

Early diagnosis: MR imaging can detect metabolic changes in 
tissues before structural abnormalities are apparent, allowing for early 
cancer diagnosis [8].

Treatment response assessment: Monitoring changes in metabolic 
profiles during therapy can assess treatment response and guide 
treatment modification.

Personalized medicine: MR-based metabolic profiling can 
help tailor treatments to the unique metabolic characteristics of an 
individual’s tumor [9,10].

Prognostication: Metabolic data can inform prognosis by 
identifying aggressive tumors with high metabolic activity.

Challenges and Future Directions

While MR imaging offers remarkable insights into cancer 
metabolism, challenges remain. Achieving sufficient spatial and 
temporal resolution for clinical applications can be demanding. 
Integration with other imaging modalities and data analytics techniques 
will be essential for comprehensive metabolic profiling.
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