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Description

Cancer treatment has witnessed remarkable advancements
over recent decades, with radiotherapy emerging as one of the
cornerstones of oncology treatment protocols. Among the
innovative techniques, Image-Guided Radiotherapy (IGRT) has
emerged as a critical approach, improving the precision and
effectiveness of radiation treatment. By leveraging real-time
imaging technologies, IGRT allows clinicians to accurately target
tumors while minimizing radiation exposure to surrounding
healthy tissues. This article describes the the latest
advancements in IGRT, its impact on treatment precision and its
potential future in cancer therapy. Image-guided radiotherapy
involves the use of imaging technologies before and during
radiation treatment to pinpoint tumor locations with precision.
Tumors often move within the body due to factors such as
breathing or physiological changes between treatment
sessions. Traditional radiotherapy techniques may miss
these dynamic changes, leading to potential under-dosing
of the tumor or over-dosing of adjacent healthy tissues. IGRT
addresses this by continually adapting to tumor movements,
thus optimizing treatment accuracy and outcomes. The
evolution of IGRT can be attributed to advancements in
imaging modalities, computational capabilities and radiation
delivery systems. Initially, radiotherapy relied on simple X-ray
imaging to align treatment plans with the tumor's position.

Sophisticated imaging systems

Computed tomography: CT imaging provides high-resolution,
cross-sectional images, enabling accurate visualization of tumors
within complex anatomical regions.

Magnetic Resonance Imaging (MRI): MRI offers superior soft
tissue contrast, allowing for better delineation of tumors,
particularly in areas like the brain, prostate and liver.

Positron Emission Tomography (PET): PET imaging helps
visualize metabolic activity, aiding in the detection of malignant
tissues and differentiation from benign growths.

Cone-Beam CT (CBCT): Mounted on linear accelerators, CBCT
provides three-dimensional images just before treatment,
allowing for real-time adjustments.

Ultrasound: In areas such as the abdomen, ultrasound
imaging offers real-time feedback and is particularly useful in
tracking organ motion.

The integration of these imaging systems in modern IGRT
provides unprecedented levels of spatial accuracy, enabling
clinicians to administer higher doses of radiation directly to the
tumor while minimizing risks to surrounding tissues.

Key innovations in IGRT

Advancements in IGRT technology have paved the way for a
variety of innovative applications:

Adaptive radiotherapy: One of the most significant
advancements in IGRT is adaptive radiotherapy, which involves
modifying treatment plans based on imaging feedback obtained
throughout the course of therapy. As tumors shrink or patients
lose weight, the initial treatment plan may no longer be optimal.
ART enables adjustments to the dose and targeting strategy in
response to these changes, ensuring that treatment remains
effective despite anatomical shifts.

Real-time tumor tracking: Tumor tracking systems allow for
real-time monitoring of tumor motion during radiation delivery.
This technique is particularly beneficial for tumors in the lungs or
abdomen, which move due to breathing or digestion.
Technologies such as respiratory gating synchronize radiation
delivery with the patient’s breathing cycle, while fiducial markers
implanted near the tumor act as tracking points. These methods
help maintain treatment accuracy even with involuntary patient
movement.

Surface-guided radiation therapy: SGRT employs three-
dimensional surface imaging to track patient positioning
throughout the treatment session. This technique is advan-
tageous for certain treatment sites, such as the breast, where
radiation needs to be delivered with minimal setup error. SGRT
allows for a non-invasive way to track patient movements and
can reduce the need for immobilization devices, improving
patient comfort.

Proton beam therapy with IGRT: Proton beam therapy
represents a innovative radiotherapy method that utilizes
protons instead of X-rays to deliver radiation. The unique
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physical properties of protons allow for a high degree of
precision, delivering most of the radiation at a specific depth
(known as the Bragg peak). When combined with IGRT, proton
therapy can achieve superior dose distribution, especially for
deep-seated or irregularly shaped tumors, minimizing
radiation exposure to adjacent healthy tissues.

Artificial intelligence: Artificial intelligence and machine learning
have become integral to IGRT by enhancing image processing,
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predicting tumor motion patterns and assisting with adaptive
treatment planning. For instance, Al algorithms can analyze large
volumes of imaging data to identify trends in tumor shrinkage,
which helps in dynamically adjusting treatment plans. Machine
learning can also improve the speed and accuracy of image
registration, a process critical to aligning images from different
time points.
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