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Abstract: Drug research and development is a long-term and complicated process with the involvement of multidis-
ciplinary, multi-sector cooperation and regulations of the Food and Drug Administration (FDA). It is of high risk, high
cost, high benefit and time-consuming. Therefore, the drug administration and management is extremely necessary
and useful. We discussed the whole process including laboratory study, target determination, drug discovery and
screening, leading compound and optimization, preclinical and clinical trials, FDA approval and marketing. Actively
exploring and applying modern administration and innovative management technology, we can scientifically and
effectively enhance the discovery of new drug research and development, and strengthen the supervision of drug
market. In recent years, innovation such as artificial intelligence has been applied to drug discovery and drug admin-
istration. We further analyzed the possibility of applying management technology to reduce risks, generate profits
and benefit patients in the whole process of new drug research and development. In conclusion, drug administration
and management plays critical roles in modern drug research and development, and the new technology can be
helpful for drug launching.
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Introduction

At present, drug research and development
(R&D) is becoming more and more difficult, as it
is more challenging to get potential leading
compounds, and the process to bring a drug
into market is increasingly becoming costlier
and riskier [1]. Market-oriented drug R&D calls
for not only more innovative ideas from scien-
tists, but also more resource integration, multi-
disciplinary cooperation, and both remote and
on-site collaboration [2]. On July 18, 2018, the
European Medicines Agency (EMA) announced
that carcinogenic impurity was found in the
blood and heart drug valsartan supplied by
Zhejiang Huahai Pharmaceuticals in China
(https://getzpharma.com/articles/__valsar-
tan). The raw material medicine Valsartan was
recalled from the markets and immediately for-
bidden to import by EMA and FDA of United
States. This case demonstrates that, with no
doubt, the modern administration plays a sig-

nificant role in drug R&D and drug marketing.
The modern administration needs to integrate
multiple resources timely. Through improving
efficiency and optimizing the use of modern sci-
ence and technology and innovative ideas [3,
4], we shall endeavor to improve the benefit of
patients by effectively enhancing the develop-
ment of innovative drugs and the monitoring of
drugs in market [5, 6]. In this article, we will dis-
cuss the details and the involvement of man-
agement science in each step of the whole pro-
cess of drug discovery and drug marketing.

The general process of drug R&D and drug
marketing

Drug discovery has a long and arduous process
from the initial stage of laboratory bench to
clinical trials and eventually to the entry of
drugs into the market (Figure 1). Research and
development are closely related, and the hall-
marks of the two stages are the identification of
candidate drugs. Via bench work, we can find
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Figure 1. The process of drug research and development.

the leading compounds and then optimize them
[7]. Via preclinical study and clinical trials, we
can identify the safety and efficacy of the test-
ed drugs. After drug approved for market, post-
marketing surveillance trial or phase IV will pos-
sibly be conducted for drug safety (Figure 1).

Laboratory research

Drug research mainly includes four important
stages: (i) target determination, (ii) model es-
tablishment, (iii) discovery of lead compounds,
and (iv) optimization of the lead compounds.

Target determination

This is the starting point of new drug R&D pro-
cess and the basis of all kinds of operations for
the further selection and determination of the
targets of human diseases. Once drug targets
are identified, the potential compounds or poly-
peptides are synthesized or modified, bioengi-
neering products such as antibody/recombi-
nant proteins are developed, and metadata
analysis is applied to screen database for new
druggable molecules [8, 9]. Drug candidates
will be tested for drug effects, chemical safety,
mechanism of action, etc.

Establishment of experimental models

After the target is selected, the experimental
models such as in vitro assays, in vivo assays,
unique cell lines, binding affinity, kinetics, gene
knockout, transgene, are needed to screen and
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The lead compound is the one

with certain biological or phar-

macological activity and is like-
ly therapeutically druggable. To find a lead com-
pound that possibly target a unique gene, a
protein or a signaling pathway, thousands of
small molecule compounds are usually tested
in laboratories with many different strategies
applied and a plenty of experimental methods
and technologies used [7]. For instances, G
Protein-Coupled Receptor (GPCR) family is of
significance in drug R&D. GPCRs are trans-
membrane receptors that interact with their
ligands which are generally thought to be poten-
tial drugs. The discovery of the GPCR-targeting
lead compounds depends on the ligand-recep-
tor interactions and the associated models.
There are two main ways to obtain new lead
compounds, which are extensive experimental
screening and computer pre-screening based
on previous known structures and models [12].

Optimization of lead compounds

The optimization of a lead compound is one of
the most critical steps in drug R&D. Once an
initial lead compound is identified, optimization
will be applied to further test drug potency,
selectivity, toxicity, safety, molecule mechani-
sm and distribution [6]. The lead compound
may have some defects or detrimental proper-
ties, such as low action intensity or specificity,
inappropriate pharmacokinetic properties, st-
rong toxic side effects or chemical or metabolic
instability. As the compound cannot be used as
a drug directly, it is necessary to optimize the
lead compound. For instances, the chemical
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Table 1. The pre-clinical and clinical trials in drug development

. ) Clinical trials
Contents Preclinical trials
Phase | Phase Il Phase I Phase IV
Objects Lab study Human Human Human

In vitro assays

In vivo animals

20-80 people

100-300 people >1000 people >1000 people

Goal Effects Efficacy Efficacy Efficacy
Safe Side effects Safety Safety Long-term safety
Dose Administration routes Side effects Side effects Side effects

Administration routes drug distribution etc
Time to last 1-3 years

Chance to pass NA

Dose escalation

Months to years 1-2 years

Mortality rate
Several years Long-term

30% 25-30% Rare withdrawal

structure of the compound can be modified in
order to be more receptor-specific, more po-
tent and less toxic. In brief, the goal of the op-
timization process is to prepare a series of
compounds based on the principle of similarity,
and to evaluate their comprehensive structure-
activity relationship together with optimization
of their physical, chemical and biochemical
properties [6]. Afterward, the in vitro and in vivo
activities are evaluated.

Preclinical studies and clinical trials

Preclinical studies: After a series of in vitro and
in vivo experiments to determine the best drug
candidate and before drug clinical trials, pre-
clinical studies are conducted to evaluate prep-
aration process, safety, dosage, acute and ch-
ronic toxicity, stability, formulation and compo-
nents, pharmacokinetics, allergic reactions, ef-
ficacy, hemolytic and local irritation tests, mu-
tagenicity, reproductive toxicity, carcinogenic
toxicity, etc [1]. These evaluation experiments
need to be conducted by the organizations or
laboratories qualified with good laboratory pr-
actice (GLP) standards that refer to the man-
agement controls of non-clinical studies for
assessing the efficacy and safety of drug candi-
dates on animals prior before clinical studies
in humans. Studies conducted under these
GLP restrictions can be approved by FDA for
new drug application.

Investigational new drug application

With the accomplishment of drug safety test,
the pharmaceutical company will have to sub-
mit the appropriate investigational new drug
application to FDA for approval of starting hu-
man clinical trials [13]. The proposed new drug
application should include the following con-
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tents: the preliminary experimental results,
methods, location and the objects of further
studies, the chemical structure of the com-
pound, the mechanism of action in vivo, toxic
side effects found in animal studies and the
production process of the compounds. In addi-
tion, the new drug application must be review-
ed and approved by the Institutional Review
Board. Then, the pharmaceutical company can
initiate human clinical trials beginning with
phase | study. The subsequent clinical studies
are required to submit at least one progress
report to the FDA annually. The human clinical
trials generally including Phase |, Il and Ill (Table
1), are executed by contract research organiza-
tions (CROs) [1]. And sometimes, a post-mar-
keting surveillance trial or phase IV trial may be
continued to evaluate the safety and effects of
the drug in market.

Clinical phase |

The phase | clinical study is to evaluate drug
safety in humans with a small group (20-80
peoples) and identify the dose range and side
effects. These participants will be divided into
different groups and start cohort studies. The
dose will be increased if the first cohort has no
severe side effects on the given dose. The new
cohort will be given higher dose until investiga-
tors figure out the optimal and safe dose for
next phase Il study. Additionally, clinical investi-
gators need to evaluate the optimal administra-
tion aspects such as oral, intravenous and sub-
cutaneous administration, and the frequency
of the given drug [14]. Phase | study also needs
to do some laboratory tests and determine the
effects of the test drug on body system. The
aim is to observe the degree of tolerance and
pharmacokinetics of the new drug in human
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body and to provide the basic and critical infor-
mation for the formulation of a drug administra-
tion. Generally, the study lasts for months and
about 70% of test drugs can pass phase | test
(Table 1).

Clinical phase Il

Based on understanding of the phase | clinical
study, a phase Il clinical trial will then be carried
out. Several hundred patients (100-300) will
participate in this study. Normally, the patients
will be divided into a test group and a placebo
group. Investigators will evaluate the efficacy of
the test drug on the specific disease. Mean-
while, safety and side effects will continuously
be monitored. Some side effects can be ob-
served in some participants, not in others. So-
metimes, side effects last for short term or long
term. Phase | study may not identify all them.
A large group of patients can help to confirm
the side effects or to find the occurrence of
new side effects. Generally, the study lasts for
months or years. Some 30% of test drugs can
pass phase Il study [14]. The investigators col-
lect more clinical information and evaluation
for further phase Ill study (Table 1).

Clinical phase Il

On the basis of the phase Il clinical trials, the
phase Il clinical trial of the drug will be further
tested with a large group of participants (1000-
3000), and an expanded multicenter clinical
trial will be conducted to evaluate the efficacy.
Drug safety will continuously be monitored due
to the patient test in phase Il still not enough to
identify drug safety. This study is for investiga-
tors to compare the test drug to the existing
drug. To do this study, randomization strategy
will be taken. The participants will be randomly
separated into different groups to receive the
test drug or existing drug. And a double-blind
trial in which neither investigators nor patients
will know what to be given is generally adapted.
After this trial done, investigators will evaluate
whether the test drug works better or worse
than the existing drug. This trial is final confir-
mation of drug efficacy and safety before the
drug is approved for marketing. Generally, the
study is conducted in multiple clinical centers
and lasts for several years. Some 25-30% of
test drugs can pass phase lll study (Table 1)
[15].
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New drug application and clinical phase IV

Through the clinical trial phase lll, the company
will collect and analyze all the trial data and
decide to file a new drug application. FDA will
carefully evaluate all data from phase Il study
and approve their application if the company
can identify that their new drug is safe and
more effective than the similar drug on market.
Once approved, the new drug can be prescrib-
ed by physicians. The company must continue
to submit periodic reports to FDA, including all
adverse reaction reports and some quality con-
trol records. A phase IV study may be required
to evaluate the long-term efficacy and side
effects of the drug (Table 1) [16]. The phase IV
clinical trial is participated with thousands of
patients and lasts for years, but it is less com-
mon than phases |, Il and lll trials. Once severe
side effects are confirmed, drug needs to be
withdrawn from market [4]. In order to guaran-
tee good and high quality, the drug used for all
clinical trials has to be produced in the ma-
nufactory with Good Manufacturing Practice
(GMP) standards. Good business management
is accordingly very important from the begin-
ning to the marketing.

Whether or not to develop a drug requires
expected success possibilities, commercial at-
tractiveness, market competitiveness, and id-
entification of comparative advantages, as well
as assessment of success risk, litigation risk,
cost risk and other overall considerations.
Much of this is precisely the duty of manage-
ment and related personnel, and not the work
of R&D scientists.

Current situation of drug development and
development trends of the pharmaceutical
industry

Successful R&D of a new drug can take consid-
erable effort. Besides the expensive and time-
consuming laboratory research, all three clini-
cal trials (Phase I, IlI, lll) normally take about
15-18 years [17]. Therefore, modern adminis-
tration and management plays a critical role in
drug R&D (Figure 2).

High risk of drug R&D
New drug R&D is actually a project, and it must

have its own attributes. There are risks involv-
ed in doing any research project or investment
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project [1]. Without complete assurance, it is
necessary to invest a large amount of man-
power, material resources in such projects
and accordingly bear high stakes. Therefore,
the project manager needs to make efforts at
the management level to reduce the risks in
the project as much as possible [18].

The Asian financial crisis broke out in 1997, and
the world financial industry began to experi-
ence turbulences. Various fields around the
world began to further consider risk prevention
and management issues [19]. Both pharma-
ceutical companies and other operators should
know that a single form of risk is often inter-
linked with others. Risk management is not
only the management of a single risk of a single
company as which was in the past, but also the
integrated management of all risks from the
perspective of the whole system. The core idea
of overall risk management is: business units
at all levels across the organization, all kinds of
risk management. The high risk of drug R&D is
inevitable, but the risks existing in these proj-
ects can be reduced by integrated application
of mature management mechanisms in the rel-
evant fields [18, 19].

Strengthening drug safety supervision

Drug safety and side effects have become an
issue of great concern to the whole society [4].
The use of antibiotics has been reported to
result in the greater drug resistance. Therefore,
the supervision of drug safety has been greatly
strengthened by the relevant regulatory au-
thorities. Pharmaceutical enterprises must st-
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oved. Not only has it strength-
ened the supervision of clinical
research on generic drugs and
electronic clinical trial data,
but the evaluation and supervi-
sion of third-party organizations becomes
stricter. At the same time, more attention is
paid to information disclosure and conflict of
interest management.

In drug management, the relevant regulatory
bodies have strengthened and improved the
operational mechanism. This shows that their
clients, the regulated pharmaceutical enter-
prises, need to improve innovation in the way of
pharmaceutical production and the gold con-
tent of its management, and correspondingly
operation mechanism has also become more
important [20].

Pre-clinical and clinical trials with the impor-
tance of administration

Laboratory management: There are cases
when the laws in the course of drug develop-
ment are not followed, which provide a major
safety risk for the drug launching. Laboratory
works including drug design, drug screening,
drug optimization are necessary for developing
and researching a drug, and laboratory man-
agement plays an irreplaceable role in drug
development (Figure 2) [21]. There are many
types of drug R&D institutions in China, mainly
in the forms of R&D institutions and universi-
ties, research institutes and other drug re-
search institutions. Among them, national re-
search institutions and institutions of higher
learning have obvious advantages of capital
and policy, and their theoretical research and
technical levels are in the leading position in
China. However, because of the system and
mechanism limitation, good research achieve-
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ment cannot be commercialized in time, and a
large amount of national capital input have
been transformed into academic papers rather
than actual drug products [21].

Most of the drug research institutions in China
have not established a perfect quality manage-
ment system. They lack effective and norma-
tive control of the research process and the
supervision measures are imperfect, so that
the research methods are not scientific and the
results are not true or reliable. At present, in-
ternational laboratories rely on a laboratory
accreditation method as an independent evalu-
ation of laboratory capacity. The evaluation cri-
teria used are based on the international stan-
dard ISO/IEC17025, and the professional and
technical assessor evaluates all the factors
that affect the data in an organization on the
basis of the standard. But until now, only a few
of the laboratories in the field of drug research
in China have been accredited, and the main
laboratory is a pharmacological research labo-
ratory [21].

Therefore, it is suggested to make reference to
the international standard ISO/IEC17025 and
IS 9000 series quality management system, to
formulate the criteria for assessing the ability
of the pre-clinical research laboratories in our
country, and to evaluate the ability of the labo-
ratories by the third party organizations. We
should give some preferential policies in the
relevant administrative examination and appro-
val processes, such as speeding up the evalua-
tion process in order to promote the active
management of pre-clinical research laborato-
ries (Figure 2) and give full play to their main
role as the main responsibility [4, 21].

Drug-testing management

Drug testing involves the use of a drug, or a pla-
cebo used as a trial or control in a clinical trial.
Because of the uncertainty in the safety and
efficacy of the test drugs, it is very important to
strengthen the management of the test drugs
in order to protect the rights and interests of
the subjects [4]. Establishing a complete drug
management system and strengthening the
whole process management of drug research is
the basis for ensuring the true and reliable data
of clinical trials (Figure 2) [22]. At present, the
drug management patterns of clinical research
are mainly divided into three categories: the
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management model of the professional group
(which has been rarely used at present), the
joint management model of the organization
and the professional group, and the manage-
ment mode of the pharmacy of clinical resear-
ch center. The traditional drug management
adopts the mode of professional custody and
institutional supervision. The drug administra-
tors of the professional group are responsible
for the receiving, storage, distribution and re-
covery of drugs. There are many problems in
the management mode, such as the lack of ti-
mely temperature and humidity records in the
professional group, and the lack of special lock-
ing cabinets for maintenance and safekeeping
of management records and documents. It is
easier to control drug storage temperature and
humidity, or to control the opportunity that non-
test subjects have the research drugs, and it is
impossible to completely ensure the safety of
the subjects. Therefore, the centralized man-
agement of experimental drugs will become the
trend of the future [22, 23].

The management of drug use mainly includes
receiving confirmation, registration, storage
and protection, use, recovery and destruction
of drugs and records, and so on. Only by follow-
ing these steps and practicing strict manage-
ment according to relevant professional regula-
tions, quality of the test drugs and the efficient
use of the drug in clinical trials can be ensured.
As a quality management department of clini-
cal trials, the office of clinical trials of drugs
should establish a management system which
conforms to the actual situation of the agency
so as to ensure the scientific, reliability and
authenticity of the test results, thus to improve
the overall level in the clinical trials of our coun-
try [4, 22].

Experimental drug management is tedious and
meticulous work. Every link should strictly abide
by GCP, relevant systems and test plans. In the
course of drug clinical trials, any unstandard-
ized link in drug management may lead to
unscientific results for the trials and even
endanger the safety of the subjects and the
safety of the patients after the drug launching
(Figure 2). All parties involved in clinical trials,
including the applicant, the researcher and the
contract research organization (CRO), should
attach great importance to the management of
experimental drugs to ensure that the manage-
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ment of each link is standardized to obtain sci-
entific and reliable and experimental data and
to protect the safety of the subjects [24].

Clinical trial project management

Drug R&D managements are involved with
experts, patients, businessman, administra-
tors, coordinators and other participants from
different fields (Figure 3). Project management
is applicable to one-time tasks with huge invest-
ment, complex relationships, limited time and
resources. New drug research and develop-
ment processes also need project manage-
ment. The research and development of new
drugs is a complex and strict process. From
laboratory research to new drug launching, it is
necessary to undergo a series of procedures,
such as synthetic extraction, biological screen-
ing, pharmacology, toxicology and other preclin-
ical studies, formulation and stability experi-
ments, bioavailability tests and amplification
experiments, and the need for human clinical
trials. There are many complicated links such
as registration, launching and after-sales su-
pervision. In such complex and huge system
engineering, effective project management pl-
ays a key role in the success of a project.
However, project management has not been
systematical and mature in the research and
development of new drugs in China, especially
in the process of clinical trials involving the
safety of human drugs. The project manage-
ment concern and awareness of the research-
ers is not strong. Therefore, strengthening the
application of project management in the pro-
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Figure 3. People from different fields are involved in drug administration

refore, in the process of pro-
ject management, it is neces-
sary to emphasize the aware-
ness of risk management, es-
tablish risk assessment and
decision response to minimize
or reduce the impact of risk. In addition, as the
new drug clinical trials involve a large number
of stakeholders, the establishment of an effec-
tive performance evaluation system and the
strengthening of the human resource manage-
ment of the project stakeholders are also a
basic guarantee for the success of the project
management [25].

Project management is widely applied in an
attempt to make a project as perfect as possi-
ble, and its value is greatly recognized by tech-
nicians and managers. The practice has proved
that strengthening the application of project
management in the process of new drug clini-
cal trials is of great significance for improving
the efficiency of R&D and the ability of the new
drug research and development of the enter-
prises [26]. In the system of project manage-
ment, the formulation of plans, the determina-
tion of “milestone events”, the control of the
process, the termination of the project and the
management of the project team are of great
guiding significance for the new drug develop-
ers. In addition, many project process control
chart tools in project management knowledge
systems have more direct and practical signifi-
cance for new drug research and development
[25, 26].

Data management
The safety monitoring of experimental data is
one of the most important aspects of protect-

ing the rights and safety of participants in clini-
cal trials. Ensuring the accuracy, completeness
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and traceability of test data is also the basic
work of GCP institutions to comply with CFDA
policies and regulations. Those responsible for
monitoring involve GCP institution managers,
researchers, applicants, quality monitors, audi-
tors, etc (Figures 2 and 3). In the course of drug
development, strengthening data management
can not only improve the quality of drug devel-
opment, but also integrate data quickly, discov-
er problems and improve the development data
of more scientific systems at the stage of drug
certification. Therefore, good data manage-
ment is essential [12, 26]. In recent years, the
application of electronic data management sys-
tems has become the trend. The application of
electronic data capture (EDC) is an important
measure to ensure the quality of new drug clini-
cal trials. It can improve the accuracy of data
collection, shorten the time of data acquisition
and management, enhance the monitoring of
the research by the applicant, and improve the
R&D efficiency [12, 25, 27] as a whole. Drug
research and development program often in-
vests 2-3 electronic data management sys-
tems to create greater economic benefits.

FDA requirement for drug production manage-
ment

When the registration of the new drug's DMF
document has been completed with the appli-
cation of the drug in the United States, an FDA
official carries out an onsite GMP conformity
inspection of the manufacturer and the whole
drug production chain to ensure the quality of
the produced drugs [26]. The FDA makes the
decision of launching approval of the raw mate-
rials in the US market on the basis of on-site
inspection. One of the characteristics of GMP in
the United States is timeliness and dynamics.
The current GMP is emphasized and the whole
process of production, quality control and logis-
tics and facilities and equipment must be veri-
fied [26, 28]. The GMP procedure is also trace-
able and explanatory, and its regulations in the
United States are generally considered to be
the most stringent in the world. In contrast,
FDA's requirements for Chinese APl manufac-
turers are very strict and FDA officials are
very serious about on-site inspections. Many
domestic manufacturers have passed the FDA
approval.

The FDA inspection of the production process
from the raw material to the finished products
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is both comprehensive and important, and the
results of the operation conditions, methods
and equipment of some key steps in the pro-
cess are usually paid close attention. FDA con-
siders that the validation of the production pro-
cess is the basic condition for ensuring the
quality of the products. For a new product, a
complete verification system should be estab-
lished from the pilot stage until the scale is
enlarged to full industrial scale. A retrospective
verification should be made for the production
process that has been adopted for many years.
The production process verification is generally
not permanent, and any change should be rec-
ognized. In addition, there are standard operat-
ing procedures (SOP) for each process and
operation of the production, including the ware-
housing, inspection and distribution of the raw
materials, the quality control and the operation
management [26, 29].

The importance of clinical trial phase IV man-
agement

Phase IV clinical trial is a process with high
technical and managerial requirements. To
ensure the objectivity and impartiality of the
outcome of this stage, there must be a profes-
sional technology and management team [30]
qualified with proficiency in post-market drug
evaluation. Strengthening the management of
drug clinical trial institutions is effective to
ensure the standardization of the clinical trial
process and scientific and reliable results, to
protect the rights and interests of the subjects
and to ensure the safety of the drug (Figure 2).
It is also an important measure to ensure the
quality of the clinical study [4, 31]. Drug devel-
opment is a complex process with a series of
processes, such as synthetic extraction, bio-
logical screening (refining), pharmacology, toxi-
cology and other preclinical trials, formulation
and stability testing, bioavailability testing and
amplification testing. Such a systemic project
may be the responsibility of an R&D enterprise,
project undertaking unit and a number of ag-
encies (also known as the contract research
organization, CRO) [26, 32, 33]. Therefore, ef-
fective project management plays a key role in
the success of a project [32].

Application of big data and artificial intelli-
gence (Al) in drug discovery

Artificial intelligence (Al): In the era of big data,
artificial intelligence (Al) has been applied to

Am J Transl Res 2018;10(12):4302-4312



Drug R&D and modern administration

O
& &

& \,&é & ,,,@* & qeé‘e' ﬁd

P o P ¢ &

& from patients with cancer, and

{\(‘Q’ bq,f-" collected detailed clinical infor-

6{\0 @ mation of the patients, who
<¢° 6‘00 ‘}9 were then tested for samples
0{\ ® of genes, proteins, metabolites
Q,J,.Q 6@ and fats. The results of the

tests and the clinical manifes-
tations of the patients will be

Artificial Intelligence in drug R&D and marketing

input into an artificial intelli-
gence system which will involve

Figure 4. Artificial intelligence (Al) has been widely applied in different fields

of drug R&D.

support the new breakthroughs and innova-
tions. Al is a branch of computer-based sci-
ence, which produces intelligent machines si-
milar to human intelligence and is widely used
in the medical field at home and abroad [27,
34]. Big data and Al can perform high intensity
computations, designs, and forecast which
humans themselves cannot achieve, and can
be applied to the discovery of drug candidates
which are resistant to unique diseases, and to
promote drug R&D (Figure 4) [9, 35, 36]. How to
better apply Al technology to serve the medical
field is also a management concern.

The management of Al in drug R&D

The development of drugs is a difficult process
that requires technological innovation, and sci-
entists should actively apply Al technology in
the field of medicine [9, 34]. The traditional sci-
entific method is, for example, that scientists
first come up with the hypothesis that a particu-
lar abnormal protein is the cause of some type
of cancer, and then the drug companies test
the hypothesis by sifting through hundreds of
thousands of compounds that might react with
the protein to become potential anticancer
drugs [11, 35, 37]. These potential anticancer
drugs are also subject to multiple rounds of
screening and lengthy three-stage clinical tri-
als. Even in clinical trials, less than 1% of the
FDA’s approval is available. Generally, the cost
of a new drug can averagely be as high as $1
billion, and it is also time-consuming, only with
clinical trials taking over one decade. Many
pharmaceutical companies, such as the scien-
tists at Berg in Boston, have tried to design new
drugs using artificial intelligence. They collect-
ed a large number of biological samples, such
as blood, urine, tumors and tissue samples
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big data nodes to identify dis-
eases and health tissue differ-
ences in the molecules [9, 36,
38]. Changing or replacing the-
se molecules is the basis for
new drug development. In this way, Berg will
only need 9-12 months to develop a new drug.
Clinical phase Il new drug BPM31510 com-
bined with gemcitabine in the treatment of pan-
creatic cancer is a successful example of the
outcome of this methodology.

Cooperative management mechanism of phar-
maceutical companies

Applying computational chemistry technology,
foreign pharmaceutical companies involve in
the drug discovery and development process in
the aspects of metabolism, cancer and immu-
nology in various areas of disease, and small
molecular drugs. The Nimbus Therapeutics
Company cooperates deeply with the Schro-
dinger Company in the field of computer-assist-
ed drug development to develop specific pro-
cedures (Figure 4) [34]. The joint teams of the
two companies design, iterate, optimize and
support the rapid iteration and refinement of
new methods, so that there is a deep integra-
tion between computer technology and drug
discovery [11]. Combining with computational
chemistry, the latest advances in human genet-
ics and biology are closely related to the selec-
tion of drug targets that focuses on unmet clini-
cal needs. At the same time, the company with
good cooperation of academia and the industry
have created an efficient management system
and jointly promoted new drug project prog-
ress. In the field of drug development, the com-
pany focuses on three overlapped physiological
mechanisms: metabolic disorders, tumors and
immune disorders, and the links between these
three diseases are now being clarified [37, 39].
If the immune system is too active, it can cause
a variety of metabolic system diseases such as
nonalcoholic steatohepatitis, and type | diabe-
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tes. It has become a major medical break-
through for tumor immunotherapy using the
immune system to fight and remove tumor cells
in recent years. Tumor cells and normal cells
through identifying physiological metabolic pa-
thway differences can also be found in targeted
tumor cell drug molecules.

Open data management system

Two elements of Al are technology (algorithms)
and data. At present, the greatest challenge
faced by the field of medicine industry Al is
the insufficiency of data. Most of the interna-
tional artificial intelligence algorithms are open
source software; a new algorithm will soon be
converted into a convenient module, so that
the Al technology is not a bottleneck, but the
data is [11, 39]. In the field of Al research in
medicine, the main difficulty is the lack of high
quality and clean clinical tagging of key data. To
solve this problem, government agencies such
as the Food and Drug Administration (FDA), the
Institute of Health, large hospitals, and medical
technology companies can make effects of col-
lecting a large amount of high-quality data,
which will greatly promote the Al in the field of
medical applications [34, 36, 37]. For example,
the gene screening testing company and se-
quencing instrument major manufacturer lu-
mina collect the genetic and clinical character-
ization data of 20,000 tumors, which are of
great help to the application of artificial intelli-
gence in precision tumor treatment.

Summary

As drug R&D moves forward and the develop-
ment mechanism becomes innovative, drugs
trends more diversified and effective. At the
same time, the management and administra-
tion for drug R&D is becoming more challenge-
able. Therefore, the research and development
of new drugs should be combined with an in-
novative management system, optimized man-
agement structure and integrated innovation of
management modes into scientific research to
promote the development of the pharmaceuti-
cal industry and to avoid the risk of enterprise
development. With all these measurements,
the economical value of drug R&D and benefits
of human health will be enhanced.
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