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Abstract In recent years, artificial intelligence (Al) has developed rapidly in the field of medical imaging.
However, the collaborations among hospitals, research institutes and enterprises are insufficient at the present,
and there are various issues in technological transformation and value landing of products in this area. To solve
the core problems in the developmental path of medical imaging A, the Chinese Innovative Alliance of Industry,
Education, Research and Application of Artificial Intelligence for Medical Imaging compiled the White Paper on
Medical Image Al in China. This article introduces the current status of collaboration, the clinical demands for
medical imaging Al technique, and the key points in Al technology transformation: robustness, usability and
security. We are facing challenges of lacking industry standards, data desensitization standard, assessment system,
as well as corresponding regulations and policies to realize the application values of Al products in medical
imaging. Further development of Al in medical imaging requires breakthroughs of the core algorithm, deep

involvement of doctors, input from capitals, patience from societies, and most importantly, the resolutions from

government for multiple difficulties in links of landing the technology.

N recent years, with the rapid development of
computer hardware and software, the comput-
ing power has been greatly improved, which
makes artificial intelligence (AI) come to the
stage once again after years of silence. ** According
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to the "New Generation of Artificial Intelligence De-
velopment Plan”, released in July 2017 by the State
Council of China, intelligent medical care has been put
forward as one of the key tasks of the nation. In this
governmental document, the guiding ideology, strate-
gic objectives, key tasks and supporting measures for
developing the new generation Al in 2030 are proposed
officially. The technological innovation and the favorable
policy of the nation have rendered rapid development of
Al in the field of biomedicine. Al has also become one
of the strategic directions of traditional medical giants
as well as emerging internet technology companies.

The application domain of Al in medical care can
include hospital management, personal health man-
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agement, clinical case analysis, virtual assistant for
physician, intelligent machinery, new drug research
and development, medical imaging, disease diagnosis,
etc.”* The Al enterprises in United State have covered
variant fields of medical care system, while in China,
Al enterprises have been mostly working on medical
imaging due to the rapid growth of clinical demands,
the imbalanced distribution of high-quality healthcare
resources and the lack of medical imaging doctors
around the country. Although AI products of medical
imaging have covered the whole process of disease di-
agnosis and treatment, e.g. computer-aided diagnosis,
decision-making for treatment, quantitative follow-up,
precise treatment, some core problems have emerged
on the way forward to its in-depth development and
application. For example, “information island” ex-
ists regarding data storage and image interworking;
multi-terminal communication is still underdeveloped.
Large volume of data in medical image database need
to be labeled in standardized formats. Issues in data
application and sharing have gradually become the
bottleneck for further development of medical Al. In
addition, technology research is poorly docked with
medical demand, application of AI in health care are
limited to a few scenarios, and consequently there ex-
ist homogenization in medical Al products currently.’

EFFICIENT COLLABORATION OF INDUSTRY,
ACADEMIA, RESEARCH AND APPLICATION
IS NEEDED FOR HEALTHY DEVELOPMENT
OF AI IN MEDICAL IMAGING

In view of the problems on the road of devel-
opment, the Chinese Innovative Alliance of Industry,
Education, Research and Application of Artificial Intelli-
gence for Medical Imaging (CAIERA), the first Chinese
organization sponsored by the demand-apply end, was
set up on April 12, 2018. The original members of the
Alliance include 120 well-known large-scale Tertiary
hospitals in China, 55 enterprises of medical imaging
artificial intelligence and 35 scientific research insti-
tutions. The CAIERA commits itself to effectively inte-
grating various resources from the industry, education,
research and application field to give full plays to their
respective advantages. The mission of the alliance is
to promote the technological innovation and rapid de-
velopment of medical imaging AI in China. Cooperating
with some Chinese associations of medical imaging,
leading experts from the alliance advice on clinical de-
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mands, make top-level design, promote standardiza-
tion and performance assessment for Al products from
both the medical academia and AI technology perspec-
tives. The alliance has issued a certain number of con-
sensus on relevant topics in AL.%” Meanwhile, to solve
the present pain points and key points for the techno-
logical innovation and development in medical imaging
Al, the alliance has compiled the White Paper of Med-
ical Image AI in China(full text available in supplym-
entary material),® where the up-to-date Al algorithms,
applications, policies, and so on, were analyzed, aim-
ing at improving hospital-university-enterprise cooper-
ation and jointly exploring the developmental path of
medical imaging Al in China.

CURRENT STATUS OF MULTI-LATERAL
COLLABORATION IN MEDICAL IMAGING
AI IN CHINA

With the popularity of digital medical equipment,
high-resolution thin-section scanning and the rapid ex-
pansion of storage power of multi-model imaging mo-
dalities, the data volume of medical images increases
by over 30% each a year, which also account for 90%
of digital data volume for a hospital. In contrast, the
number of radiologists increases by only about 4% a
year. The overwork has affected the image interpreting
quality and the diagnostic accuracy of radiologists in
China. Under this circumstance, Al technology can help
to improve the diagnostic accuracy while shortening
the image reading time greatly for its theoretical fea-
tures of semi-supervised, self-learning and self-evolu-
tion, which greatly solves the clinical pain point.

The first national survey on medical AI in doctors
and researchers, initiated by the CAIERA, found that
young or middle-aged physicians, senior physicians
and radiologists who also take administrative respon-
sibility were generally more interested in AI technol-
ogy; for Al technologic researchers and developers,
young students took the great proportion. The majori-
ty of professionals in this emerging area are relatively
young indicates a broad and promising future of the
Al industry. Furthermore, the survey found that the
demands of physicians and the researchers are consis-
tent with each other. Physicians pertain active attitudes
to sharing resources they have, e.g. the image data,
the clinical data, image annotation data, and they apt
to give suggestions on clinical demands, provide feed-
backs information of the products as the initial users.
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This is invaluable to AI technological researchers who
engage themselves in investigating novel technology
and meanwhile concern about the transformation of
the technology to product, which they believe is very
challengeable to them.’

The collaborations among hospitals, research
institutes and enterprises are insufficient at the pres-
ent. There are some barriers for this issue. Firstly,
in the field of medical imaging AI, the fundamental
researches are relatively weak in both hospitals and
science & technology research institutions. Sec-
ondly, many healthcare facilities are not likely to
open and share their medical data in concern about
information security, while only a few researchers
or enterprises possess the key technology to main-
tain data security and have practical experience in
this process. Thirdly, most imaging physicians lack
Al-related knowledge. They also concern about the
reliability of Al products and the differentiation of le-
gal liability between physicians and Al when applied
clinically. They believe that no standard to follow is
the most important problems.

CLINICAL DEMANDS FOR MEDICAL
IMAGING AI PRODUCTS IN CHINA

Distinctive from other AI products, medical im-
aging Al products should meet the practical needs
in health care practice and be seamlessly integrated
to the clinical workflow of a healthcare facility. From
this point of view, a close cooperation of supply end
with the demand end is particularly important. The
white paper summarizes the opinions and suggestions
on clinical demands from experts in subspecialties of
medical imaging. Regarding the pain point problems in
a variety of medical imaging subspecialties where Al
has been applied, the white paper analyzes the current
situation of research, clinical application, the goals and
challenges, and points out the direction of research and
development for Al product in future. For example, it is
suggested that improving the efficiency and accuracy
of an Al product should be the major task of product
design in its early stage, in another word, to focus on
optimizing a “dot”, an Al application in a single scenario
for a certain disease in a certain department firstly.
Multi-task learning based on anatomic sites, as well as
multi-disciplinary data intelligentization based on clini-
cal medical record, radiographic information, patholog-
ical and genomic information, can effectively facilitate

clinical decision-making and scientific research. It is
only through integrating the respective advantages
of hospitals, Al enterprises, research institutions, and
medical equipment manufacturers in aspects of diag-
nosis, treatment, research and data management that
we can realize the real breakthrough in Al algorithm,
and thus help to fulfill the values of medical AL

RAPID DEVELOPMENT OF MEDICAL
IMAGING AI TECHNIQUE AND TECHNICAL
TRANSFORMATION

Artificial intelligent technique has made substan-
tial breakthrough in medical image segmentation, reg-
istration, recognition and mapping, which has promot-
ed its application and development in various aspects
of medical imaging.'®*® At present, Al technology has
been used in speeding data acquisition, optimizing im-
age with lowered radiation dose, chest film intelligent
reporting, intelligent imaging of coronary CTA, breast
cancer screening, lung nodules screening, accurate de-
lineation of radiation targeted area, bone age interpre-
tation, diagnosis of brain white matter diseases, joint
disease, prostate cancer, bladder cancer, colorectal
cancer, etc. Besides, great progresses have been also
achieved beyond radiological field, such as intelligent
diagnosis of pathology, fundus diseases, skin diseases,
as well as surgical robots.

In these areas, the current status of researches,
demand, dilemma and future direction has been sys-
tematically combed and presented in the white paper.
In particular, three problems were emphasized as the
keys solutions for AI in medical imaging to truly move
from lab forward to technology transformation and
clinical landing.

Robustness

Models with a small training database are not adapt-
able well enough for the highly complex clinical envi-
ronment. The data quality and quantity used in devel-
oping AI products directly affect its performance in real
clinical setting. To ensure the robustness of Al product,
efforts are needed to improve quantity of structured
data, quality of image marking, representation of data
distribution, and feasible approaches of training.

Usability
The server of an Al product needs to be seamlessly
connected with the existing hospital information system,
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and to make sure it does not affect the stability of the
existing information system, does not interfere with the
on-going diagnosis and treatment workflow, and does
not complicate physicians’ operations. Ease of use is
crucial for an AI product being accepted and recognized
by its user, the clinicians. It is not only the premise of
sustainable existence, but also a huge challenge.

Security

To protect patient privacy and ensure biomedical data
safety should be the premier in developing medical im-
aging AI products.

CHALLENGES TO FULFILL THE VALUE OF
MEDICAL IMAGING AI PRODUCTS

To land the medical artificial intelligence, which
is driven by the technological development, inevita-
bly there are problems in merging into the traditional
medical infrastructure and supervision system. At
present, policies and regulations regarding artificial
intelligent products are in lack in term of registration
approval, market licensing, etc. The industry stan-
dards for medical AI application are almost vacant.
Neither the desensitization standard for medical data
used in AI, nor the assessment index system and eth-
ics principle for medical Al products have been estab-
lished yet.

The white paper calls on people from all stake-
holders pay active attention to the development of
medical imaging AI and participate in the integration
with each other. It is suggested to set Al technologi-
cal innovation as priority, reformulate corresponding
policies based on research and investigation, through
which to promote reformation of traditional healthcare
model and drive the development of the industry.

The clinical demands for medical imaging Al ex-
ist objectively; deep fusion of new technology, new
business performance, and new business model is
paramount for the promotion of the whole indus-
try. Application of AI in medical imaging has initially
shown its prospect, playing assistant role successfully
for doctor in some scenarios. However, there is still a
long way to go for a truly clinical application, which
requires breakthroughs of the core algorithm, deep
involvement of doctors, input from capitals, patience
from societies, and most importantly, the resolutions
from government for multiple difficulties in links of
landing the technology.™
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