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ABSTRACT

With the progress of digital technology and innovative drug R&D, machine learning and data-driven algorithms have been increasingly used to support the core work
of pharmaceutical areas such as new drug discovery, drug reuse and drug supervision, etc.! A new concept of "Smart Pharmacology" has gradually grown into a system
with rich connotations and comprehensive coverage, and the related applications and industrial chain have high prospects for development. The so-called "Smart
Pharmacology " mainly uses big data, cloud computing, Al, IoT, 5G, Blockchain and other forefront digital technologies to provide whole-process, information-based,
intelligence-driven solutions for various scenarios in the pharmacy sectors, including new drug development, drug molecular design, hospital drug management,
clinical drug decision support, modernization of traditional medicine, pharmacy informatization, drug regulation and other broad areas, with a wide range covering
drug discovery, production, supply, circulation, procurement, allocation and monitoring. In fact, the emergency of smart pharmacology provides a comprehensive and

optimized path for modernizing the whole life cycle management of drugs and instills new vitality into the development of modern pharmacy.

1. Al-driven new drug discovery

New drug discovery has long been a high-risk, long-term and costly
process. Smart pharmacy supported by big data and Al has already played
a revolutionary role in drug discovery for chemical, biological, ther-
apeutical and radiological drugs.

Taking chemical drug discovery as an example, modern medicine in
general relies on chemical synthetic drug industry. The discovery of
potential drug candidates or lead compounds typically requires a long-
term pathway that follows the conventional drug development and
clinical evaluation process. US FDA experience shows that discovery,
optimization and completion of preclinical studies of lead compounds
usually takes 5-6 years, with an average of 1 in 5000 lead compounds
approved for human trials and an average of 10-12 years and US $2
billion for a molecule to gain final clinical application approval from the
FDA.? In China, the speed of innovative drugs market has greatly
improved due to medical approval reforms, with IND and NDA Approval
times have accelerated (by around 59 days),> however, the overall pace
of the search for innovative drugs remains slow, limited by the speed of
traditional clinical trials.*

It has already been observed that Big data and Al technology drugs

could greatly accelerate drug screening and development. Applying Al
methods, calculation of compound prediction and screening can be
automatically completed by computer within days to obtain the most
promising compounds, for example, IBM has already used its Al gener-
ation framework to study three important COVID-19 drug targets and
generated 3000 new potential hits or molecules.’

Al can also screen for better-targeted small molecule drugs, further
driving the improvement of drug discovery accuracy. The 2022 China Al
White Paper Series on Al and Drug Discovery® shows that AI pathways
have been widely applied to tumor target identification, peptide syn-
thesis, virtual seedling compound screening, drug property prediction,
pharmacophore modelling, drug monitoring and release, quantitative
conformational relationships, drug repositioning, polypharmacology and
physiological activity to support the full process of drug discovery,
increasing search scope and accuracy while reducing the number and
cycle time of conventional chemistry experiments. For example, Insilo, a
Chinese unicorn AI company, has discovered a biological target associ-
ated with idiopathic pulmonary fibrosis and designed a new molecule at
a cost of just $2 million within 18 months.”

In addition, big data based on mining and management techniques
have already supported the recent development of modelling algorithms
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to further accelerate the rapid discovery of drugs for chemical innovators.
When rapid intervention is required during a Covid-19 pandemic, the
analysis of large target datasets against coronaviruses through Al has
provided more accurate anti-coronavirus peptides/drugs and has been
identified as the key to the discovery of more desirable and effective
therapies.® This year, Google Cloud just announced two new Al life sci-
ences solutions to further accelerate drug discovery through AGI models
for biotech companies, pharmaceutical companies and public sector or-
ganizations. This trend will no doubt further led to a new round of
technological innovation.

Likewise, in the face of recent pandemic challenges, the importance of
drug repurposing or repositioning supported by Al has been emphasized,
where it is known to have the opportunity to significantly reduce
development time and costs. A good example is provided by the drug
candidate zafirlukast in the FDA review of drug repurposing, in which a
supervised machine learning model was trained to predict the antiviral
properties of zafirlukast against Covid-19, and it has been proved able to
reduce cytokine storms, promising a new repurposed drug for treatment
in the pandemic.’

2. Al-driven drug design

Big data and Al-driven computational drug design further provides a
high-quality enhancement pathway for drug design and clinical research.
Computational drug design, typically based on the hypothetical effect of
a drug on a disease, could design and test molecular properties, in-
teractions and behaviors, and enable the calculation of better materials,
processes and systems for specific functions while applying artificial in-
telligence and core chemistry to enable its implementation.'® These
Al-driven drug design applications can accurately decode the molecular
structure of drugs, retrieve data and information from engines, combine
multidimensional knowledge to design new drug candidate structures,
optimize drug repurposing, reduce adverse side effects of many potential
compounds, and improve the payback of associated investments. This
systems-centric R&D approach has provided new directions leading to
the emergence of new drugs. In recent years, driven by many companies,
computational drug design technology has become the next generation of
fundamental technology widely used in the field of COVID-19 drug dis-
covery and development. For instance, Al played an important role in the
identification of the sequence of SARS- CoV-2, and also showed a lot of
advantages in the application of many vaccines and drugs including
Atazanavir, Remdesivir, Efavirenz, Ritonavir, and Dolutegravir, PARP1
inhibitors, Abacavir, Roflumilast, Almitrine, and Mesylate.11

At the same time, the pharmaceutical industry contains many
different aspects, of which chemical synthesis is an extremely important
part, where the long-term accumulation of high-quality data is already
sufficient for Al technology to further analyze and design synthetic routes
for drug molecules, ultimately reducing the high economic and time costs
of active compounds in organic synthesis of compounds. With the sup-
port of artificial intelligence-driven drug design, the future of pharma-
ceuticals will certainly be explosive breakthroughs achieved through
high-quality systematic Al integration platforms or companies, which
will improve drug accessibility while providing more accurate treatments
for subjects and patients.

3. Al-driven drug evaluation and RWD

Al can also help significantly improve drug safety and accessibility
assessments.'? It is known that conventional randomized clinical trial
(RCT) data is reliable (but small in sample size, which makes it difficult to
detect adverse events), costly and restrictive in terms of how medicines
are administered. Compared to clinical trial data, the Real- World Data
derived from real-life clinical scenarios, covers a wide range of people,
can provide more scientific decision support on drug interactions. These
Real-World Data include Spontaneous Reporting System (SRS), Elec-
tronic Medical Records (EMR), registries, insurance data (Claims),
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population health data surveys, wearable devices and more, which can be
analyzed to improve error detection, patient stratification and medica-
tion management and will gradually become an important resource for
drug safety evaluation with the aid of Al, helping to improve patient
safety. Research has shown that large number of Al models have already
been put in place in recent years to track, detect and assess potential
patient risk, identify potential errors from clinical records or identify
patient risk, and provide robust validation of drug assessments in both
prospective and real-world clinical settings.'® For instance, a prognostic
model of Alzheimer's disease has already been built with Deep Learning
based on longitudinal data for characterizing the progression of MCI
subjects to AD dementia, which could early predict AD progression with
high accuracy.'

4. Al-driven hospital drug management

Through the creation of a unified cloud-based clinical data manage-
ment system and end-to-end hospital drug management, the gradual
investment in Al could also significantly simplify medical coding and
improve the efficiency of drug management in hospitals. For example,
IBM claims that while drug clinical trials require the assignment of
medical codes to patient outcomes and the updating of related data sets, a
task that previously took a significant amount of time, the intervention of
Al could accelerate this process by searching for medical codes in a faster
and smarter way, reducing medical code searches by around 70%."°

5. Al-driven clinical drug decision support

Clinical applications of Al models, supported by IoT and 5G, have
transformed the current healthcare paradigm and are becoming common
practice through automated classification, screening and management of
medication treatments. With the support of Al clinicians can make more
informed evidence-based decisions, overcoming the limitations of
traditional rule-based clinical medication decisions. In fact, shared
decision-making between Al and clinicians, patients and other medical
staff is about to become the next trend in reality.'®

Also, with the assistance of virtual Al, for example, precise clinical
medication decisions will be easier to carry out. With embedded AI and
wearable devices carried autonomously by patients, Al models can learn
and retain preferences and support customized real-time advice to pa-
tients 24/7. The healthcare system can support 24/7 patient access to an
Al-based virtual assistant that can answer questions based on the patient's
condition, preferences and individual needs, reducing the workload of
staff rotations and turnover of doctors in medication decisions.

6. Al-driven Traditional Chinese Medicine

The intelligence of Traditional Chinese Medicine (TCM) diagnosis
will be an essential move towards the modernization of TCM. It is known
that Traditional Chinese medicine clinical diagnosis is based on systemic
theory and holistic view, relying heavily on doctors' personal knowledge
and experience, the diagnostic process is highly subjective, and the
diagnostic results are highly personalized for patients but easily lacking
in precision.

Al's advantages in data mining and collection, data processing and
analysis, and deep learning can be applied to the structured and scientific
expression of massive ancient TCM literature and clinical diagnosis and
treatment experience, helping to establish objective standards and eval-
uation systems. The combination of Al, Big data, Blockchain and IoT
technologies can assist in reforming the Chinese medicine service system,
screening the authenticity of Chinese herbs, tracing the origin, predicting
quality, and establishing an efficient information tracing system which
could cover the entire process of Chinese medicine (storage, preparation,
decoction, packaging and dispensing). Digital TCM diagnosis equipment
embedded in Al can play a significant function in consultation, diagnosis,
medicine administration and testing. There is no doubt that the interplay
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between the TCM intelligent diagnosis system and clinicians will help to "
joint the strengths" of the TCM evidence system and Al technology. An
outstanding example is using Deep Learning to identify the potential
active ingredients and the synergistic relationship of chemical compo-
nents contained in herbal categories, in order to develop novel drugs for
certain pain disorder subtypes.'”

Judging from existing examples, Al has a positive impact on the
development and quality monitoring of new Chinese medicine, the
construction of Chinese medicine prescription models, acupuncture point
combinations, drug side effect prediction and clinical drug use.'® Based
on sufficient clinical data, ontology-based AI models can be used for
Chinese medicine drug side effect prediction, and the neural network
structure is used to validate the prediction results, thus greatly improving
the accuracy of the prediction. The use of Al image recognition tech-
nology, extraction of facial feature parameters and the application of
deep learning can also enable digital consultation, leading to health state
modelling based on accurate and quantitative analysis.'®

7. Al-driven drug information management

Al-driven pharmaceutical information applications can improve the
efficiency of pharmaceutical production and achieve full process quality
traceability. Through the application of informatization and intelligence
such as MES and Process Knowledge Systems (PKS), the key process and
quality control parameters of the pharmaceutical production process can
be integrated into the strictly controlled pharmaceutical production
process, thus building a unified platform to achieve a deep integration of
pharmaceutical production personnel, equipment, materials, regulations
and environment based on GMP and improve the efficiency of pharma-
ceutical production. At the same time, the extraction and mining of
quality data from the production process enables full process quality
traceability. It also provides a more efficient way for regulators to
monitor the market and trace quality information, helping them to grasp
the state of market operation from a macro perspective and improve the
early warning capability and efficiency in dealing with drug quality
problems’.

Al-driven drug health care management is also an important element
of smart pharmacy. The interconnection of public health information,
health records and electronic medical records has already greatly
expanded the information base for healthcare management, on which AI
can identify trends, select preventive medicines, control prices, identify
fraud, optimize payments and efficiently address existing problems such
as risk assessment, rising healthcare costs and lack of patient care. For
example, the Al-based internet hospital pharmacy services has already
saved a lot of time and money during the COVID-19 pandemic in China.?’

8. Al-driven drug regulation

Al will also help build affordable and sustainable drug regulation,
significantly reducing the burden and resource consumption of relevant
personnel in medication risk reporting, case processing, risk tracking,
timely alerts, etc. European studies already show that?! AI could provide
great assistance to regulators in multi-country data sharing and valida-
tion, mining of multi-source data and identification of pharmacovigi-
lance signals, and expansion of applications for specific geographic and
characteristic populations. Integrated data warehouses and analytics
portfolios can be used to analyze, visualize and report complex data in
areas such as internal fraud prevention, improved management and
clinical use workflows, providing more comprehensive scientific cogni-
tive support for drug regulation. In China, the regulation of Al in life
sciences is still developing in order to meet the challenge of rapid tech
advances.

9. Discussion and conclusion

Although the development of Al technology significantly drives drug
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research and development, there are still challenges in this new area. The
limitation of data accessibility and quality becomes a hurdle in devel-
oping Al systems, especially for RWD drug management, evaluation, and
clinical support, since the data are mostly private. On the other hand,
despite there being open-source databases such as PDB bank that provide
large amounts of data for drug discovery and design, and new Al systems
such as AlphaFold can provide most of the structures of drug molecules,
challenges remain since predicting drug-target complex is still difficult to
achieve, let alone to simulate the drug interaction with human cells.

In sum, the progress of Al technology has been increasingly driving
the development of pharmaceutical areas such as new drug discovery,
drug reuse and supervision, etc. Challenges remain as high-quality da-
tabases, especially those from the clinical side, need to develop, and the
technology to simulate drug interaction with in-vivo target molecules
also needs to improve.
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