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Abstract

Background & Aims: Surgery, radiotherapy and chemotherapy are common methods in
cancer treatment. Almost more than two thirds of cancer patients are treated by
radiotherapy. Radiotherapy is an effective method for the treatment of many cancers,
which is widely used to improve local tumor control and reduce the complications of
normal tissue. External radiotherapy is usually performed after surgery, and this method
has reduced local recurrence by two-thirds. One of the basic problems in radiotherapy is
matching the planned target volume with the clinical target volume. Among the basic
challenges of determining the planned target volume in modern radiotherapy, we can
mention the movement of different organs, the positioning of the patient in each session,
complete monitoring of dose delivery during radiation, and also the movement of the
patient during radiotherapy. The presence of these factors causes additional margins to be
added to the clinical target volume, which itself causes changes and uncertainties in
measuring the clinical target volume. The use of different sensors in radiotherapy has
made it possible to overcome these challenges and use the smallest margin to consider
the volume of the clinical target. Recently, several studies have been carried out in the
field of application of different sensors in radiotherapy in terms of examining the three-
dimensional movement of the tumor, the accuracy of the patient's position, monitoring
the radiation pulses and the deformation of the organ. Therefore, the purpose of this
review is to express the basic applications of different sensors in the field of radiotherapy.
Methods: Studies were selected by searching MEDLINE, PubMed, PubMed Central and
ISI databases from January 2008 to January 2023. The search was performed using the
keywords tumor motion, patient position, organ deformation and patient movement and
radiotherapy sensors. The texts in the present study were clearly related to the investigated
sensors in radiotherapy. Duplicate and unrelated studies, animal studies, and low-quality
studies were excluded from the review. Following the aforementioned research method,
about 100 articles were collected. All the selected studies were reviewed by the
participating authors, and in total, about 40 articles were identified as potentially eligible
for analysis through the screening of the title, abstract, as well as the review of the method
and conclusion section of each article. Finally, the selected studies were independently
summarized and coded data including study characteristics (first author name, study year,
study type and publication journal), clinical outcomes from eligible studies were
recorded.

Results: Sensors are devices that detect events or changes in their environment and send
information to other electronic devices. One of the basic users of sensors is in the field of
radiotherapy. In the treatment design system, determining the clinical target volume is
very important because one of the basic principles in radiotherapy is the closeness of the
planned target volume to the clinical target volume. Among the basic challenges for
determining the planned target volume in modern radiotherapy, we can mention the three-
dimensional movement of the tumor, the accuracy of the patient's position, the monitoring
of the radiation pulses, as well as the deformation of the organ during radiotherapy. The
presence of these factors has caused physicists to consider additional margins in the
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clinical target volume, which itself causes changes and uncertainties in the measurement
of the clinical target volume. The introduction of different sensors in this field has resulted
in greater matching between planned and clinical target volumes. In this regard, in order
to investigate the three-dimensional movement of the tumor, the movement of the tumor
in the relevant organ should be observed because breathing and whether the organs around
the tumor are full or empty can cause the movement of the tumor in the body. Therefore,
the use of a respiratory sensor in radiotherapy improves both accuracy and comfort by
considering respiratory states. The accuracy of the patient's position is very important in
every session of radiotherapy. The current position of the patient in the treatment
department is different from the position considered in the treatment design system by a
registered reference level. For this reason, a three-dimensional optical sensor was used as
an additional tool to verify the accuracy of the patient's position in the radiotherapy
department. Real-time monitoring of dose delivery in radiotherapy is still considered as
a fundamental challenge. Currently, there is no method to directly measure the treatment
dose in the tumor itself. For this purpose, a sensor should be introduced in this field to
provide the possibility of monitoring the dose delivery in real time to a certain extent and
to detect individual X-ray pulses from linear accelerators. Therefore, the new optical
fiber-based sensor is able to accurately measure the real-time dose for a wide range of
operational conditions in clinical external beam radiotherapy. The deformation of the
organ during radiotherapy has caused it to affect the design of the treatment and also
provides the possibility of developing and applying adaptive treatment methods. For this
reason, a passive infrared marker tracking system was introduced.

Conclusion: In this review study, the basic applications of different sensors in the field
of radiotherapy were briefly discussed. One of the basic problems in radiotherapy is to
match the planned target volume with the clinical target volume. Therefore, to achieve
this goal, the movement of different organs, the position of the patient in each session,
and the complete monitoring of dose delivery during radiation should be considered. And
also pay attention to the movement of the patient during radiotherapy. The presence of
these factors has caused the physicists to add additional margins to the clinical target
volume, which itself causes changes and uncertainties in the measurement of the clinical
target volume. To solve these problems, the introduction of sensors into the field of
radiotherapy has been proposed. These sensors can perform various measurements in a
non-invasive and non-contact manner and also consider all tumor changes in different
sessions. Therefore, these sensors have a very high application potential in the field of
radiotherapy. It can also be mentioned that the introduction of different sensors in
radiotherapy made it possible to overcome these challenges and use the smallest margin
to consider the clinical target volume. Therefore, with these sensors, the healthy tissue
surrounding the tumor can be well protected and the tumor can be harmed the most, as
well as the risk of secondary cancers can be greatly reduced.
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