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Sonodynamic therapy (SDT) is a new technique for noninvasive therapy of cancer developed on the basis of photody-
namic therapy (PDT). The mechanism of SDT is much more complicated than PDT, which has not been thoroughly un-
derstood. One of the possibilities is the generation of toxic reactive oxygen species (ROS) when the oxygen and sonosen-
sitizer in target tissue are activated by ultrasound. Besides, the cavitation effect and sonoluminesence may also contribute
to the process of SDT. Compared to PDT, SDT has many unique advantages including noninvasive treatment, better pene-
tration and higher safety. At present, SDT is under more and more study. So it is necessary to develop stable and flexible
SDT equipment, which will promote SDT to be better researched in preclinical study and be better applied in clinic.

Many problems remain to be solved, such as ultrasonic dose settings, sonosensitizer screening, tumor positioning,
temperature monitoring and the detection of ROS, which are also the key requirements for the equipment of SDT.
Therefore, this paper mainly summarizes the development of key technologies in terms of these five aspects mentioned
above, and gives an outlook of the development of SDT apparatus in the future.

Ultrasonic dose is one of the key factors that influence the therapeutic effect of SDT. Different from many traditional
ultrasound therapies which mainly utilize the thermal effects of high intensity ultrasound, SDT prefers the low intensity
ultrasound to minimize the damage to normal tissue. There are also researches on therapeutic effects of the se-
cond-harmonic superimposition, as well as the fractionated and repeated therapy strategies. In order to make the ultra-
sound dose easy to be adjusted, the therapeutic ultrasound controlling system should be better built to meet the demands
of research and clinical applications. Sonosensitizer is another important part of SDT. In addition to the traditional por-
phyrin inherited from PDT, there are also many new types of sonosensitizers with better specificity and safety. So the
high-throughput sonosensitiser—screening platform is also necessary for SDT research. These screening platforms can
use the 96-well microplates and microfluidic technology which are widely applied in the high-throughput photosensitizer
screening. The purpose of temperature monitoring is to avoid the thermal effect of ultrasound during SDT. Real-time
2D/3D monitoring methods are ideal for SDT, and the recently developed non-invasive temperature measurement based
on ultrasonic echo is expected to solve this problem, also with good compatibility to ultrasound therapy system. The
monitoring of ROS is also important in revealing the mechanism of SDT, and observing the process of the tumor cell’s
death. The current noninvasive ROS detections are mainly based on the optical methods, which are limited by the poor
penetrability of light. So the aim of the development for ROS detection is to realize the real-time quantitative measure-
ment of the ROS concentration with better penetration and accuracy. The precise positioning SDT also depends on the
therapeutic focused ultrasound and the diagnostic imaging system. Therefore, the therapeutic unit and imaging unit are
always carefully designed to cooperate with each other so that the interference between them can be minimized.

Combined with the multifunctional contrast agents and imaging fusion technologies, the diagnosis and treatment inte-
gration system for SDT can be built with these functional units mentioned above. The feedback unit from the measure-
ment of temperature and ROS concentration to the localization and therapeutic unit can also be integrated, which will
adjust the SDT parameters in time, making SDT equipment more stable and more suitable for individual treatment pro-
cess. With the development of intelligent instrument, it can also be expected that the SDT equipment will be more relia-
ble and flexible for both research and clinical applications, which will also promote SDT to be an ideal choice for cancer
treatment in the future.

sonodynamic therapy (SDT) equipment, ultrasonic parameters, sonosensitizer screening, tumor localization,
temperature monitoring, reactive oxygen species (ROS) detection
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