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Introduction

Radiotherapy, a cornerstone of cancer treatment, has been
evolving for decades to increase its effectiveness and reduce
side effects. One of the most promising advancements in recent
years is FLASH radiotherapy, a novel approach that delivers ultra-
high doses of radiation at an extraordinarily fast pace. While
traditional radiotherapy uses fractionated doses over days or
weeks, FLASH radiotherapy condenses the radiation treatment
into a fraction of a second. This cutting-edge technique has the
potential to revolutionize cancer treatment, offering new hope
for patients who may have limited treatment options. FLASH
radiotherapy refers to the delivery of an ultra-high dose of
radiation in less than a second—typically in the range of 1 to 3
milliseconds. This differs significantly from conventional
radiotherapy, where treatment is administered over several
minutes and often in multiple sessions. The concept behind
FLASH radiotherapy is based on a breakthrough discovery in
radiation biology, where studies found that very high doses of
radiation delivered extremely rapidly may be more effective in
killing cancer cells while sparing healthy tissue. FLASH
radiotherapy operates on the principle that the speed of
radiation delivery plays a crucial role in the interaction between
radiation and biological tissues. This technique utilizes a
phenomenon known as "the FLASH effect," which refers to the
observation that normal tissues appear to be less damaged by
the high-dose radiation when delivered in such a short
timeframe. In contrast, tumor tissues are more sensitive to the
ultra-fast doses, which can lead to greater tumor control.

The mechanism behind FLASH radiotherapy

The FLASH effect is still not fully understood, but research has
suggested several possible explanations for why it works. One of
the most widely accepted theories is that the ultra-rapid
delivery of radiation results in a unique biological response in
tissues. The key to this mechanism lies in the difference
between how normal and tumor cells respond to radiation
under extreme time constraints. In normal tissues, the FLASH
effect may trigger a form of radioprotective response, leading to
less damage to healthy cells, such as those in the skin, muscles,
and organs. This could be due to the ability of normal tissues to
rapidly repair DNA damage caused by radiation, minimizing cell

death and inflammation. Conversely, cancer cells, which often
have defective repair mechanisms, are unable to effectively
manage the massive amount of damage caused by the ultra-fast
radiation. This differential response may explain why tumors are
more effectively eradicated, while surrounding healthy tissues
are spared. Another important factor contributing to the success
of FLASH radiotherapy is the increased oxygenation of tumor
tissues during treatment. Research has shown that tumors are
often hypoxic, meaning they have low levels of oxygen, which
makes them less sensitive to traditional radiotherapy. However,
the rapid delivery of radiation in FLASH therapy may lead to
temporary improvements in oxygenation, enhancing the
effectiveness of the treatment.

Advantages of FLASH radiotherapy

Reduced damage to healthy tissue: One of the most
promising advantages of FLASH radiotherapy is its ability to
significantly reduce side effects compared to traditional
radiation therapies. The ultra-fast dose delivery seems to spare
healthy tissues surrounding the tumor, reducing the long-term
toxicities and complications that are commonly associated with
conventional radiotherapy.

Fewer treatment sessions: FLASH radiotherapy requires only
a single, ultra-fast treatment session, as opposed to the multiple
sessions required in conventional radiation treatments. This not
only improves patient convenience but also reduces the burden
on healthcare systems, especially in resource-limited settings.

Increased tumor control: The higher radiation dose delivered
in a fraction of a second can cause severe damage to cancer
cells, leading to better tumor control. Since the treatment is so
fast, tumors are subjected to radiation without the opportunity
to repair or regenerate between doses.

Potential for treating tumors in hard-to-reach areas: FLASH
radiotherapy may open the door to more effective treatments
for tumors that are difficult to treat with traditional radiation,
such as those near critical structures like the brain, spinal cord,
or the heart. The technique’s ability to minimize collateral
damage could make it feasible to treat these tumors with high
doses of radiation that were previously deemed unsafe.
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