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Metabolic Imaging Feedback, Tumor Dose Response Assessment &
Treatment Adaptation
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Human tumors of the same or different histology, stage and site exhibit a broad range of heterogeneity in radiation dose
response. The potential advantages to have optimal dose distribution for eradication of heterogeneous tumors have been
creatively proposed long time ago. In the past, the “gold standard” to measure tumor intrinsic radiosensitivity was a soft agar
clonogenic assay using cells derived from primary tumor biopsies to calculate a surviving fraction at 2 Gy (SF2). More recent-
ly, a gene expression-based radiosensitivity index (RSI) has been developed by training a linear regression model to predict
the experimental SF2 value for multiple cancer cell lines from nine different disease sites, based on the expression of ten
specific genes extracted from an interaction network developed using a systems biology approach. However, similar to the
in vitro clonogenic assay, this molecular assay does not take into account the microenvironment of the human tumor and
provides only a single averaged parameter for each human tumor. Therefore, as with the clonogenic assay, it cannot identify
the intra-tumoral heterogeneity of dose response for the individual human tumors.

Tumor dose response assessment at the imaging voxel level has become clinically achievable in recent years with using a
biological imaging feedback, i.e. acquiring PET/CT or MR images during the treatment course. This ability could facilitate
novel clinical applications such as designing adaptive dose distributions at the tumor voxel level based on the distribution
of tumor voxel dose response and/or boosting dose to the most resistant focal regions in tumor with using different therapy
modalities. This presentation outlines a specific method and modeling to assess and quantify the inter/intra-tumoral hetero-
geneities of baseline metabolic activity and dose response, as well as their impacts on inter/intra-tumoral control probability

variations and treatment dose prescription, at the PET image voxel level.
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Low energy electron linear accelerators (LINAC) are widely used as the radiation sources in the radiotherapy equipment. Pa-
rameters of the linac is critical to the design of a radiotherapy machine. Application of new particle accelerator technologies,
including innovative RF sources, X-band technologies, superconducting radio-frequency, fast energy switch, etc., will bring
the new design of linear accelerators and will contribute to future radiotherapy technologies. This talk will present the recent

developments of electron linacs and the potential applications in radiotherapy.
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In recent years, due to the breakthrough of algorithm, the rapid growth of calculation power and the exponential accumula-
tion of big data, artificial intelligence has been widely used in many fields, of which the application in medicine is one of the
most important field. Radiotherapy, belonging to the field of medicince, is one of the three major methods for turmor treat-
ment. Compared with other fields of medicine, radiotherapy has the characteristics of large-scale equipment and high de-
gree of digitalization of processes, which is a perfect scenario for artificial intelligence application. At present, the application
of artificial intelligence in radiotherapy mainly includes the following six aspects: automatic regions of interest contouring,
automatic treatment plan design, automatic quality control, image generation and regisitration, organ movement predic-
tion, radiotherapy outcome prediction. The development of the appliactions in these aspects is different. The applications in
the first five aspects are more well-developed, and have been used in research hospitals to certain degrees. The application

in the last aspect is still at research stage.
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As the main method of tumor treatment, radiotherapy has been used more and more widely. With the continuous develop-
ment of radiotherapy technology in a more precise direction, the quality control and process management of radiotherapy
become more important. The strict requirements of the radiotherapy equipment, long processes, multiple links, complex
technology, and large data volume have made traditional radiotherapy management methods gradually unable to meet the
requirements of modern radiotherapy departments, and the construction of modern radiotherapy information system has
become urgent. This speech mainly introduces the following aspects: PUMCH'’s experience and suggestion in optimizing the
radiotherapy process and management mode through radiotherapy information system. The radiotherapy process, quality
control process, equipment condition management and radiotherapy big data mining work based on the network platform.
Remote treatment and remote quality control t through cloud platform. Experience sharing of ‘Medical Consortium Model’
and future prospects of radiotherapy informatization construction.
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Optical surface tracking technique is growing in radiotherapy for recent years. Many facilities have deployed and implement-
ed this technology. It is capable of capture 3D surface image of patients in real-time with technologies like structured light. It
improves accuracy and safety in radiotherapy while generating no extra ionized radiation. Optical surface tracking technique
has a wide range of application in radiotherapy. During simulation, free breath 4D scan and deep inspiration breath hold
scan can be acquired with the system tracking and guiding patients’ breath. During treatment, the technology supports pa-
tient positioning with real-time feedback, patient monitoring throughout the treatment fraction and motion management
(as beam-gating in free-breathing or deep-inspiration-breath-hold). For treatment sites from traditional breast radiation, tho-
racic and abdominal sites, to SBRT/SRS stereotactic radiation, optical surface tracking is providing support for accuracy and
safety. And researchers are also exploring its application in pediatrics, particle therapy and so on. This presentation is taking
C-RAD products as an example, to introduce optical surface tracking technique and its clinical application.

BRI ARCIFTZRE - NiZEiERLETT

W& H—F
L VRN b S PN
Email: yipingdu@sjtu.edu.cn

ZIMNMSHLHERE, BEARBEREZRANGKRBEZHREENTFRZ — BHERMGHARNRERT
MEERD - ThEE - UBIRDER | HEIRNEGRER, EENEENNEEIEBESHEEMNEE, AW, BEEREK
BB SR EDRT B, MEREREREEMT. MERREREGFIIEARMNEREEZNEIFLE.
HIZNRZIRRKONA, ARRBEEEMARHFEEFEONTR, FEHBENBRLIRBEEGERARFTHE,
AR FESER Ry SR RRTE N A,

In the past decades, MRI has developed into one of the most commonly used precision diagnostic tools. The study objects of
MRI have evolved from structures to functions, and to metabolic processes. MRI has also moved from qualitative presenta-
tions to quantification of biological parameters. Nevertheless, it has been quite slow for MRI to move from diagnosis to treat-
ment. The primary bottleneck is the low scan speed of MRI in comparison with other imaging techniques, such as X-ray and
ultrasound. The recently innovative development in pulse sequence techniques, reconstruction algorithms, and especially
the applications of machine learning techniques have paved the way to overcome the bottleneck of scan speed. This talk will
present the latest development in MRI and the progresses in real-time MRI guidance for clinical treatment.



BME2020

CT SRR BIHR

WwE: 1y B
$li. BAEEAK S
Email: zhiyang@ccmu.edu.cn

(TEERIARERZME. ST PAUNROEZZE TR, BM CT EARBIBE, FiRARFE RN
MIRENT, METmEEREIEREGNAE, BEHTEHENTBENNER, ERETE, WCTRENSEHE. T
BHEREH M. BIARER. EHERNRE. ZEIERGERANTR, WA T EETFRELHNNATR.
BEARFSHRGEEERGREBRMNBETRE, RNEECTHNENZ2EENNE, ERHNATE, &N
AT BEZEDTARMPBENISHRATIILI, ETE2REZGFAAN. SMATENEENSAFRRS
F, WERTIRARKRENEE, ES6FNSITE. REENAIEENKE, (O ERATNBSEEZLIFF X,

X-ray Computed tomography (CT) is an important imaging technology in disease screening, diagnosis, and therapeutic pro-
cess. With the drive of clinical demands and safety-quality requirements, CT technology, from the imaging chain to the end
image applications, has been one of the most active and multifaceted development fields. At the imaging side, the research
and development have resulted in great outcomes in the structures of the CT equipment, radiation safety, dynamic imaging,
microscopic/phase-contrast imaging, and multi-spectral CT, etc. Various reconstruction technologies also push the image
quality onto new levels and make CT imaging safer. The progress of the imaging technologies opens the opportunities for
more CT applications. At the application side, image analysis based on Al technologies has been actively studied in disease
screening and diagnosis. CT imaging is also important in the surgical planning, navigation, and outcome evaluation in ro-
botic surgeries. Combined with the development of the cloud computing, big data, and Al technologies, there must be new
horizons for the CT imaging.
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At present, medical display device is a very important basic key component or equipment for all medical image diagnosis
system, accurate radiotherapy system, digital interventional surgery system, medical robot system, and medical digitization,
informatization, intelligentization and medical quality control. In recent years, UHD (Ultra High Definition, 4K, 8K, etc.) display
technology is developing rapidly, and medical display device technology is also developing continuously. Some previous
specifications based on CRT, HD and full HD can no longer meet the new technical requirements. The national industry stan-
dard formulation research will fill the domestic blank, and meet current and future medical display device technology devel-
opment, market application and visual health requirements. Main technical contents of this industry standard include: under
the condition of UHD display technology, the new medical monitor’s technical performance and parameters requirements
(such as UHD resolution, luminance, contrast, high wide color gamut, grayscale, DICOM medical image and image quality,
uniformity and consistency requirements, human vision health protection requirements, etc.), and the corresponding test
method and regulations, etc.
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use management and equiping plan of nuclear medical imaging equipment SPECT (/ CT), PET / CT and PET / MR under the

new national policy

Abstract

1) Current status of nuclear medical imaging equipment

The installed capacity, clinical application and development trend of SPECT(/CT), PET/CT and PET/MR in China were stated.
2) New policy for configuration of nuclear medical imaging equipment

A series of new large-scale medical equipment management policies have been issued in China since 2018. The manage-
ment and quantity plan of Equipping nuclear medical imaging equipment SPECT(/CT), PET/CT and PET/MR were analyzed.
The hospital requirements, staff requirements, previous works and supporting facilities were presented.

3) Characteristics of new technology and development trend of nuclear medical imaging equipment

Characteristics of new technology and development trend of SPECT(/CT): CZT detector, CZT general SPECT(/CT), cardiac
SPECT(/CT) equipment.

Characteristics of new technology and development trend of PET(/CT/MR): crystal, photoelectric converter SiPM, TOF, DOI,
FSF and new reconstruction algorithm.
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In order to make hospital diagnosis more convenient and intelligent, a variety of new technologies for medical diagnosis and
display have emerged. First, on the basis of the commonly used DICOM correction technology, factors such as ambient light-
ing, image content, individual differences in the sensitivity of the human eye, and total luminous flux into the eye are taken
into consideration, so that anyone can obtain better images from any hospital in any environment. Good discrimination;
second, use neural network training and detection technology to achieve the purpose of distinguishing different parts of
the tissue, and make personalized sensitive areas highlighting in different parts of the image to improve the detection rate
of early minor lesions; Third, on the basis of highlighting the sensitive area, make a corresponding restoration according to
the human eye’s sensitivity curve. It mainly adopts comprehensive algorithms for sensitive window highlighting, high color
depth expansion, and overall color restoration, to ensure that it is realistically reducible under the needs of comprehensive
applications.This talk will present the latest development of medical diagnostic display technology.



