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DESCRIPTION
Radiotherapy is a foundational treatment modality for various 
cancers, offering the potential to target and destroy malignant 
cells. Despite its widespread use and success, the therapeutic 
effectiveness of radiotherapy is often limited by the inherent 
resistance of some tumors. This resistance stems from complex 
biological mechanisms, one of which involves the metabolic 
dynamics within cancer cells. The study of bioenergetics, the 
field focusing on how cells generate and use energy, has gained 
attention in recent years as a factor influencing the effectiveness 
of radiotherapy.

Bioenergetics refers to the energy production and metabolic 
pathways that sustain cellular functions. Cancer cells exhibit 
unique bioenergetic adaptations that allow them to thrive in 
hostile environments, including those with limited oxygen and 
nutrients. These adaptations also enable resistance to 
therapeutic interventions such as radiation. By disrupting these 
energy-related processes, researchers aim to enhance the 
vulnerability of cancer cells to radiotherapy, improving treatment 
outcomes for patients.

One key feature of cancer cells is their reliance on altered 
metabolic processes for survival and growth. While normal cells 
primarily utilize oxidative phosphorylation within mitochondria 
for energy, many cancer cells shift to glycolysis, even in the 
presence of sufficient oxygen. This metabolic rewiring, termed 
the Warburg effect, not only supports rapid proliferation but 
also confers resistance to therapies by generating protective 
antioxidant mechanisms. Targeting these metabolic pathways, 
therefore, becomes an attractive strategy to undermine the 
survival advantage of cancer cells and enhance their sensitivity to 
radiation.

The disruption of bioenergetic pathways focuses on key 
components that regulate energy production. Mitochondria play 
a central role in this process as they are the primary site of 
oxidative phosphorylation. Inhibiting mitochondrial function 
has been shown to impair Adenosine Triphosphate (ATP) 
production and promote the accumulation of reactive oxygen 

species. This oxidative stress makes cancer cells more susceptible 
to radiation-induced damage, as it overwhelms their defense 
mechanisms.

One method of disrupting mitochondrial function is through the 
inhibition of enzymes involved in the electron transport chain. 
Drugs targeting complexes I, II, or III of the chain can significantly 
reduce ATP production and increase oxidative stress. Additionally, 
compounds that depolarize the mitochondrial membrane can lead 
to the release of pro-apoptotic factors, triggering cell death. These 
effects complement the DNA damage caused by radiotherapy, 
leading to improved outcomes.

Another approach involves targeting glycolysis, the alternative 
energy-producing pathway heavily utilized by many cancer cells. 
Inhibiting key glycolytic enzymes, such as hexokinase or lactate 
dehydrogenase, limits the ability of cancer cells to generate ATP. 
This metabolic stress not only slows tumor growth but also 
sensitizes cells to radiation by disrupting their energy balance 
and reducing their ability to repair DNA damage.

Hypoxia, or low oxygen levels, is a common feature of the tumor 
microenvironment that contributes to radio-resistance. Hypoxic 
conditions reduce the effectiveness of radiation by limiting the 
generation of reactive oxygen species, which are critical for DNA 
damage. Targeting the hypoxic adaptation of cancer cells, such as 
their dependence on hypoxia-inducible factors, can enhance the 
therapeutic effects of radiotherapy. Agents that mimic oxygen or 
disrupt hypoxic signaling pathways have shown potential in 
overcoming resistance and improving radiosensitivity.

The intereaction between bioenergetics and the tumor 
microenvironment highlights the importance of considering 
external factors when designing treatment strategies. Cancer cells 
exist within a dynamic ecosystem where interactions with stromal 
cells, immune cells and the extracellular matrix influence their 
metabolic behavior. By targeting these interactions, it is possible 
to indirectly disrupt the bioenergetic processes that support 
tumor survival and resistance.

Immunometabolism, the intersection of immune function and 
metabolism, is another area that has implications for
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radiosensitivity. Immune cells, particularly T cells and
macrophages, rely on specific metabolic pathways to function
effectively. Tumors can exploit these pathways to evade immune
surveillance and promote a suppressive microenvironment.
Modulating the metabolism of immune cells can not only

enhance their anti-tumor activity but also improve the overall
efficacy of radiotherapy. Combining metabolic inhibitors with
immune checkpoint inhibitors has shown potential in
preclinical models, offering a synergistic approach to overcoming
radio-resistance.
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