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Abstract

Background: The National Medical Products Administration (NMPA) in China has set to advance the regulatory
capacity of traditional Chinese medicines (TCMs) with the adoption of regulatory science (RS). However, the priority
of actions at the interface of RS and TCMs were yet to be defined. This research aims to identify the priority areas and
summarize core actions for advancing RS for traditional medicines in China.

Methods: A mixed approach of documentary analysis of government policies, regulations and official information
about TCMs regulation in China, and a scoping review of literature using 4 databases (PubMed, ScienceDirect, Scopus
and CNKI) on major concerns in TCMs regulation was employed.

Results: Ten priority areas in the development of TCM-related regulatory science in China have been identified,
including: (1) modernizing the regulatory system with a holistic approach; (2) advancing the methodology for the
quality control of TCMs; (3) fostering the control mechanism of TCMs manufacturing process; (4) improving clini-

cal evaluation of TCMs and leveraging real world data; (5) re-evaluation of TCMs injection; (6) developing evaluation
standards for classic TCMs formula; (7) harnessing diverse data to improve pharmacovigilance of TCMs; (8) evaluating
the value of integrative medicine in clinical practice with scientific research; (9) advancing the regulatory capacity to
encourage innovation in TCMs; and (10) advancing a vision of collaboration for RS development in TCMs.

Conclusions: RS for TCMs in China encompasses revolution of operational procedures, advancement in science
and technology, and cross-disciplinary collaborations. Such experiences could be integrated in the communications
among drug regulatory authorities to promote standardized and scientific regulation of traditional medicines.

Keywords: Regulatory Science, China, Traditional medicine, TCM, Drug Regulatory Authority, National Medical
Products Administration

Background

Regulatory Science (RS) is a comparatively new disci-
pline that has been adopted by drug regulatory authori-
ties (DRAs) with the objectives to enhance the scientific
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rationale supporting their benefit/risk analysis and regu-
latory decisions based on best available science [1]. The
Food and Drug Administration (FDA) in the US consid-
ers RS as a science of developing new tools, standards,
and approaches to assess the safety, efficacy, quality, and
performance of all FDA-regulated products [2]. Similarly,
the European Medicines Agency (EMA) in the European
Union defines RS as a range of scientific disciplines that
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are applied to the quality, safety and efficacy assessment
of medicinal products and emphasizes on the entirety
of the product lifecycle [3]. RS to the Pharmaceuticals
and Medical Devices Agency (PMDA) in Japan plays an
important role in optimally adapting technology achieve-
ments to social and human needs by making precise
prediction, evaluation and judgment based on the best
evidence available [4]. RS has been increasingly consid-
ered as the scientific discipline underpinning the sci-
entific and technical foundations of drug regulatory
authorities (DRAs) across the countries.

In China, the National Medical Products Administra-
tion (NMPA) highly recognized the values of RS to form
the basis of regulatory activities. In May 2019, the NMPA
launched the Action Plan of Regulatory Science which
is the first official initiative that synchronizes the global
trend of RS development [5]. To enhance the regula-
tory capacity, it is clearly stated in the Action Plan that
the regulatory agency is committed to developing new
regulatory tools, standards and methods in responses to
both experienced and foreseeable challenges from the
practical situation. The overall goal is for the regulatory
decision-making process at the NMPA to become more
scientific, forward-looking and adaptable in the new era
of regulatory paradigm. According to the Deputy Direc-
tor of NMPA, “By developing and adopting regulatory sci-
ence, the drug regulation system in China will adhere to
the five main attributes of innovation, quality, efficiency,
system, and capability [6]”

The Action Plan of RS listed out the first batch of 9 key
RS development areas in China which broadly covered a
wide range of regulated products (such as pharmaceuti-
cal products, medical device, and drug-device combi-
nation products) and technology (such as cell and gene
therapy, nanotechnology, and real world evidence) [5].
One of the 9 key RS areas was specifically dedicated to
the evaluation of the safety of traditional Chinese medi-
cines (TCMs) informed with the clinical practice of Tra-
ditional Chinese Medicine (TCM) theory. TCM refers to
medicinal substances and preparations used under the
guidance of TCM theory, which contains herbs, minerals
and animal substances. This has successfully marked the
unique application of RS on traditional medicine calling
for immediate actions to accelerate advancement. While
the RS plan in China has emphasized the importance of
TCMs, further specifications about the areas of concerns
have not been systematically analyzed. This paper aims to
present a snapshot about applying RS in the regulation of
TCMs in China and to propose actions essential to the
support such development in the best interest of pub-
lic health and industry growth. It is envisioned that the
experiences of developing RS in TCMs in China may also
become a valuable RS development blueprint for other
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DRAs which strive to ensure the quality use of traditional
and complementary medicines.

Methods

A mixed approach involving documentary analysis of
government policies, regulations and official informa-
tion about TCMs and RS in China, as well as relevant a
scoping review of literature was employed in this study
since Jan 01, 2000 (3 years before the introduction of
the concept about developing scientific approaches to
improve the health of the population in China [7]) to Jul
31, 2020. The publicly government documents were iden-
tified from the official websites: The State Council, The
People’s Republic of China (http://english.www.gov.cn/),
The National Medical Products Administration (http://
english.nmpa.gov.cn/), and The National Administration
of Traditional Chinese Medicine (http://www.satcm.gov.
cn/), The Center for Drug Evaluation of NMPA (http://
www.cde.org.cn/), and The Center for Information of
NMPA (http://www.sfdaic.org.cn). The government col-
lected documents were classified and further analyzed
according to the registration category, market access
requirements and post-marketing regulation of TCM.

On the other hand, literature published since 2000 was
searched from 3 English electronic databases (including
PubMed, ScienceDirect, Scopus) and 1 Chinese elec-
tronic database (Chinese National Knowledge Infrastruc-
ture, CNKI) using the search terms: (“regulatory science”
OR “government regulation” OR “Government Regula-
tion” [MeSH]) AND (“traditional Chinese medicine*” OR
“TCM” OR “traditional medicine*” OR “integrative Medi-
cine” OR “Medicine, Traditional” [MeSH] OR “Medicine,
Chinese Traditional” [MeSH] OR “Integrative Medi-
cine” [MeSH]) AND “China”. Publications which refer
to the study, review, comment of TCMs regulation were
selected independently by 2 researchers and included in
this study for further data analysis upon careful assess-
ment and agreement by the research team. Studies which
were about clinical trial, meta-analysis, or randomized
controlled trials of TCMs were excluded.

Results

Ten priority areas of RS development in TCMs

The core responsibility for the NMPA is to ensure the
safety, effectiveness and quality control data of TCMs
(and all the pharmaceutical products) approved for
marketing. For achieving such goals, strengthening the
regulatory systems through developing RS is considered
a core action [8, 9]. At present, the TCMs regulated by
NMPA are divided into medicinal materials, decoction
pieces and finished medicines. Considering the “com-
plexity” and “variability” of the processes of “from plant-
ing and production to final clinical application’, and
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“from medicinal materials and decoction pieces to fin-
ished products’, the regulatory requirements for TCMs is
distinctively different from that for chemical drugs [10].
Advancing RS by the NMPA will have important implica-
tions for the regulatory capacity to overcome challenges
in the decision-making process about TCMs. In the fol-
lowing, 10 priorities areas in TCMs regulation worth
the leading effort of RS development by the NMPA are
proposed.

Priority Area 1: modernizing the regulatory system

with a holistic approach

The regulation of TCMs is a prolonged and highly com-
plex process starting from the planting field to bedside
and beyond. Each domain of the process requires dif-
ferent yet standardized and continuous skillset at tech-
nical and operational levels. However, the current drug
regulatory system in China is characterized by a tiered
approach involving the central and the local governance
over various phases of regulatory process. At different
stages of the drug lifecycle, the regulation process is gen-
erally carried out by different offices of national and pro-
vincial drug regulatory departments [11]. In other words,
the process of drug regulation is divided into several
operation blocks such as registration, production, circu-
lation and adverse reaction monitoring [11, 12]. Besides,
under the phased mode of the regulatory process, each
regulatory department has its own scope of regulation,
and an apparent lack of effective communication between
different regulatory departments, as well as between each
regulatory authority and the applicants [12]. This may
inevitably affect the availability and accessibility of infor-
mation necessary for regulatory decision-making, and
loopholes in the overall regulatory paradigm may thus
result, affecting the rigor of the regulatory mechanism
[13]. At the same time, the efficiency in the use of regula-
tory resources may also be jeopardized.

From the experiences of DRAs, a shift towards a holis-
tic approach that integrates product-base system-base
approaches is recommended to ensure drug safety and
risk management throughout the product lifecycle. As
such, the operation blocks at each stage of product life-
cycle can be connected with data flow and information
transfer to complete the regulatory chain that allows
a helicopter view of planning, monitoring and control
achieving dynamic management. In the newly revised
Drug Administration Law and Provisions for Drug Reg-
istration, the concept of marketing authorization holder
(MAH) has been officially adopted. On one hand, it
allows domestic research institutions, drug manufac-
turers, and individuals to hold licenses to market drug
products without holding a manufacturing license for a
facility. On the other hand, more importantly, it sets forth
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a concrete, consolidated list of MAH responsibilities.
Together with stronger pharmacovigilance and post-mar-
ket surveillance system in place, MAH is now required
to take responsibility of the safety, efficacy, and quality of
their drugs during the entire “lifecycle,” including non-
clinical research, clinical trials, manufacture, distribution,
and post-marketing surveillance. This echoes the regula-
tory requirements set forth by the DRAs in the US, EU
and Japan [14]. In addition, NMPA has also adopted the
International Council for Harmonization of Technical
Requirements for Pharmaceuticals for Human Use (ICH)
Q12 “Technical and regulatory considerations for phar-
maceutical product lifecycle management” that empha-
sizes on the importance of data availability and stability
to inform the regulatory decisions made throughout the
product lifecycle [15, 16].

Stable and controllable quality of TCMs is the basis of
stable quality and the curative effect of TCMs. For this,
NMPA issued the Good Agricultural Practice (GAP) in
2002 [17] in order to help minimize the risks of germ-
plasm confusion, as well as the overuse of pesticide and
fertilizer in the growing of medicinal materials. On the
other hand, WHO guidelines on good agricultural and
collection practices (GACP) [18] *for medicinal plants
were published in 2003. Another area of concern regard-
ing TCMs was the possible use of endangered animals.
As early as 1987, the State Council of China issued the
Regulations on the Protection and Management of Wild
Medicinal Materials Resources [19] aiming to protect
wildlife resources and discourage artificial breeding with
legal forces.

In order to meet the requirements of traceability and
monitoring of the quality of TCM products, the Opin-
ions of the State Council on Accelerating the Construc-
tion of Traceability System for Important Products [20]
was implemented followed by the Guiding Opinions
on the Construction of Drug Information Traceability
Information System [21], Guidelines for drug Traceabil-
ity Information System Construction [22] and Encoding
Requirements for Drug Traceability Code [23]. Collec-
tively, these documents provide a framework of stand-
ard requirements for developing drug traceability system
to ensure the traceability of a drug’s entire lifecycle.
Meanwhile, NMPA also launched the Action Plan for
Accelerating the Smart Regulation of Drugs [24], which
encourages the implementation of a big data regulatory
infrastructure based on the drug traceability system to
further improve the drug surveillance system.

The core responsibility of developing RS here is to
advance and improve the existing regulatory systems
and infrastructure to reinforce the monitoring and trace-
ability of TCMs across the entire product lifecycle from
raw materials to bedside [25]. Actions are needed to
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strengthen the inter-departmental regulatory coordi-
nation mechanism and encourage internal and exter-
nal communication and collaboration to engage diverse
key stakeholders such as the Centers for Disease Con-
trol, MAH, manufacturer, distributors, users, and other
technical institutions. Information technology and other
innovations are needed to lead the development of sci-
entific infrastructure for the regulatory agencies at differ-
ent levels to advance the data collection and sharing, and
surveillance of TCMs throughout their lifecycle.

Priority Area 2: advancing the methodology for the quality
control of TCMs

At present, the scientific and systematic research on
medicinal materials, decoction pieces and extracts are
still ongoing. In the Chinese Pharmacopoeia (Ch.P)
2015, out of the 655 enlisted medicinal materials, decoc-
tion pieces and extracts, 210 lacked the qualitative and
quantitative analysis of the major constituents while the
systematic research for more than 80% of TCMs are yet
to complete [26]. Even for those monographs and stand-
ards already developed (which already specify definitions,
characters, identification, tests, assays, storage infor-
mation, and more), such standards may not be specific
enough and sometimes fall short to differentiate highly
similar herbal species. Considering the various levels of
complexity in the combination of the ingredients and the
multiple chemical constituents of each ingredient, as well
as the lack of standardization in the formulation when
used in practical setting, the quality and standard data
currently available is not sufficient to support the formu-
lation of a comprehensive and effective system of quality
standards for TCMs [26].

The efficacy and safety of TCMs are highly associated
with the quality. However, unlike chemical synthetic
drugs, TCMs is a complex chemical system and the qual-
ity is attributed by the chemical components of many
structurally diverse compounds. Not surprisingly, the
development of quality control and standards for most
herbal materials, processed herbal preparation, and the
final product of TCMs are highly challenging [10]. More-
over, the characteristics of synergistic reactions among
different components, action channels and effect targets
are difficult to be elucidated by the study model of “sin-
gle component and single target” in modern medicine.
Therefore, a scientific and effective system for evaluating
the efficacy and safety of TCMs should be prioritized on
the quest.

Great progress has been made in recent years to clarify
the substance base and the mechanisms of actions for
some TCMs. For the development of quality standards,
biological assay has been recommended to better ensure
the quality of TCM sources, authentication of species
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and preparations, stability of intermediate extracts, and
the consistency of preparations [27]. The Guiding Prin-
ciples for Bioassay of TCMs [28] has been adopted and
published in General Principles of Ch.P for quality con-
trol of TCM. Similarly, the Botanical Drug Development
Guidance for Industry also clearly indicates that biologi-
cal assay is an important content of new drug registra-
tion review of botanicals in the US [29]. In addition, the
concept of quality markers [30, 31], biological activity
and biological response [32], as well as intelligent qual-
ity management [33] have also been suggested for the
evaluation of TCMs quality [34—37]. Meanwhile, mod-
ern analytical technologies such as mass spectrum and
chemometrics hold promising potentials to continuously
contribute to the identification of potential quality mark-
ers of the herbs [38, 39], and other TCMs preparations
[40, 41].

With the development of RS, it is urgent to develop
new technologies and methods for advancing the
approaches in the quality standards, control and evalua-
tion, as well as the traceability system that addresses the
unique features of herbs and TCMs across the entire life-
cycle. Recently, the National Natural Science Foundation
of China listed the quality markers of TCMs as a key pro-
ject in 2018. Academic experts have already conducted
discussions about the applicability of the quality mark-
ers of TCMs and published hundreds of related articles.
Some key universities and large-scale Chinese medicine
enterprises in China have already carried out relevant
scientific research to be integrated in the drug develop-
ment process. Developing RS should benefit not only the
development of new methods and technologies, but also
the coordination of research patterns and research efforts
to justify the rationale for any developments in TCMs
quality control and assessment system in a more efficient
manner.

Priority Area 3: fostering the control mechanism of TCMs
manufacturing process

Currently, the quality control through sample testing of
raw materials, intermediate products and final products
are mostly conducted manually in a detached manner. As
such, the test results may not be able to fully and compre-
hensively reflect the quality of TCMs, and the approach is
neither conducive in detecting changes in the production
process and nor sensitive in identifying problems in time
[42]. This is especially the case for traditional pharma-
ceutical process of TCMs that features the following: (1)
low level of automation that affects the consistency of the
operation and thus the product quality; (2) poor infor-
mation integration capability that supports an automatic
control system; (3) insufficient openness of the system
that affects the interoperability and interchangeability of
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the bottom control appliances; and (4) poor maintain-
ability and unreliable dependability of the appliance [43].
An operational procedure that strictly and accurately
control the various control points (pretreatment, extrac-
tion, separation, concentration, dehydration and formu-
lation) of the TCMs pharmaceutical process leading to a
technological process control will have a direct impact on
quality and effect of products.

In the US, the FDA launched the process analysis tech-
nology (PAT) program in 2002 and issued the Guidance
for Industry about PAT in 2004 [44]. Gradually, PAT
became the reform direction and research focus in the
field of quality control in pharmaceutical industry. In
2016, the Ministry of Industry and Information Tech-
nology in China launched the “Planning Guide for the
Development of Pharmaceutical Industry” which pro-
posed the use of PAT to optimize pharmaceutical process
and quality control, and realize the technical convergence
and product quality consistency of pharmaceutical prod-
ucts [45]. As a powerful PAT tool, near-infrared spec-
troscopy has been adopted in real-time monitoring of
TCMs technological processes [46]. Similarly, the NMPA
also encourages the use of Quality by Design (QbD) as
a means to continuously improve the consistency of the
product quality and to monitor for contamination or
other production failures during the manufacturing pro-
cess. The concept of QbD has evolved with the issuance
of ICH Q8 (R2) (Pharmaceutical Development), ICH Q9
(Quality Risk Management), and ICH Q10 (Pharmaceu-
tical Quality System) [47]. For drug regulators, analysis
of QbD information would help acquire a better under-
standing about the possible variations, grasp the inevi-
table differences between batches, and ensure that the
review conclusions are as scientific as possible.

The use of novel science and technologies, such as ana-
lytical technology to monitor and control processes or
statistical methods to discover any variations in manufac-
turing process or product quality, is vital in light of the
complexity of manufacturing process and innovation of
TCMs. To this end, it is important for the NMPA to rein-
force the research capacity guided by RS to assess how to
develop and best use new technologies to the assurance
of product safety, efficacy, and quality, and to do so in col-
laboration with industry and academia when developing
regulatory policies corresponding to these innovations.

Priority Area 4: improving clinical evaluation of TCMs

and leveraging real world data

The mainstream of medical knowledge and practice in the
world is evidence-based medicine which recognizes the
values of scientific evidence, and the efficacy and safety
of any clinical interventions is primarily determined by
clinical evidence. Undoubtedly, it is an important task
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to leverage evidence-based clinical study and evaluation
of TCMs [48]. Nevertheless, it remains highly challeng-
ing to integrate the TCMs characteristics into the design
methods for various reasons. Firstly, the design quality of
randomized controlled trials (RCTs) is often weak at the
randomization and allocation method and the evaluation
of efficacy outcome in the blind trials. Secondly, while
the diagnosis based on the TCM theory is an important
factor in identifying eligible research objects in clinical
research of TCMs, there is a lack of internationally recog-
nized diagnostic criteria. Thirdly, there is a lack of stand-
ardized and quantitative evaluation indicators of curative
effects such as “treating the root cause” or “strengthening
the foundation” affecting the evaluation of clinical effi-
cacy of TCMs. An additional challenge in TCMs research
is the lack of standardization in the products, which is
further complicated by the features of multiple active
components found in numerous chemical compounds
commonly seen in TCMs.

Evidence-based clinical practice guidelines of TCM
and modified research models of the randomized con-
trolled trial (RCT) have seen much progress in recent
years. For instance, N of 1 trial, pragmatic trials, add-on
design, expertise-based trials have been used for assess-
ing clinical effect of TCM interventions including TCMs
and other TCM practice [49]. Explanatory RCT has
been used to test the efficacy in a research setting using
highly selected study subjects and under highly con-
trolled conditions [50]. Such design optimally balances
out the effect of any actual or potential confounding fac-
tors when evaluating the efficacy of TCMs in comparison
to placebo or active drugs. The pragmatic RCT design is
more closely related to the “real world” clinical settings
and is often used in the study of effectiveness compari-
son [51]. A series of one (N-of-one) trial is a special type
of crossover trial which involves rounds of treatment
crossovers within a single subject. This research design
may be further repeated several times to confirm the
results about the effectiveness of the TCMs in question
[52]. To develop evidence about TCMs, the National
Administration of Traditional Chinese Medicine estab-
lished the Evidence-based Medicine Center of TCM
in collaboration with the Chinese Academy of Chinese
Medical Sciences in 2019. Around the same period, the
“Evidence-based Capacity Building Project of TCM” [53]
was also launched to promote the capacity building of
developing evidence base for TCMs at clinical research
bases and treatment centers in 31 provinces in China.

Furthermore, with the advent of the big data era,
evidence-based evaluation methods of TCMs need to
be continuously developed and updated. In China, the
importance of real world evidence was to fill the research
gaps due to the limitations of traditional TCMs clinical
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trials and to address the needs for additional evidence
to inform policy decisions [54]. NMPA recently pub-
lished the “Guiding Principles of Real World Evidence
Supporting Drug Research and development and Evalu-
ation (Trial)” [55], which proposed innovative strategies
of combining real world study with RCT as new paths
of clinical research and development, and clinical effec-
tiveness and safety evaluation, thus supporting drug
regulatory decision-making. Collectively, it requires both
modern clinical trial design and statistically sound meth-
ods to leverage clinical data and real world evidence for
the evidence-based approach in the evaluation of TCMs
treatment.

The value of RS here is to encourage encouraging inno-
vation in clinical evaluation through collaborating with
other stakeholders to develop and modernize clinical
trial designs and statistical methods to encourage inno-
vation in clinical evaluation of TCMs. At the same time,
the NMPA should reinforce the regulations about the
confidentiality, privacy protection, data sharing govern-
ance, and ethical approval of data collected from various
sources. For this, the adoption of RS should see the out-
come of a systematic approach in data collection and data
quality control through the development of policy frame-
work, regulatory documents and technical guidance. This
should be a joint effort across institutions and stakehold-
ers to foster mutual understanding and cooperation so
that common goals and agendas can be shared among
researchers, practitioners, and policymakers. As such,
developing RS in this area will help ensure for the devel-
opment and application of high-quality real world evi-
dence to policy and regulatory decisions by the NMPA.

Priority area 5: re-evaluation of TCM injection
A TCM injection is a sterile preparation that may con-
tain one or more purified extract of herbal materials for-
mulated as a solution, emulsion, powder, or concentrated
solution for injection into human body [56]. They are a
unique type of TCMs preparation that has been widely
used in clinical practice in China and remain the most
popular dosage forms of TCMs due to their remarkable
effects in certain diseases [57, 58] accounting for one
third of all TCMs sales in hospitals [59]. However, there
are continuous concerns over the safety of the TCM
injections in light of the significant number of adverse
drug reaction (ADR) reports [60—62]. Statistics show that
ADR reports related to TCM injections account for >50%
of total ADR reports related to TCMs [63] resulting in a
series of public warnings and other regulatory actions by
the NMPA since 2006 [64].

Safety concerns over TCM injections include allergic
reactions to any of the components or may be related to
the insufficient quality control of the preparations which
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may be attributed to insufficient basic research and poor
controllability of quality standards. According to the
study by Li et al. [65], among the 134 of TCM injections
manufactured by 224 manufacturers approved for sale by
the NMPA in 2017, only 5 of them had their monographs
published in the Ch.P (2015). The quality standards of the
remaining 129 TCM injections (92.3%) were documented
in other national guidelines which set a comparatively
lower benchmark of quality or consistency and may not
undergo regular review and update as the monographs in
Ch.P. The substandard requirements for the quality con-
trol of TCM injections have profound implications for the
effective control of product quality [63]. This is especially
the case for the TCM injections which were approved for
sale many years ago and were thus exempted from the
regulatory requirements about the safety and efficacy of
the current standards.

There is an urgent need for post-marketing re-evalua-
tion of TCM injections by methodological and rigorous
testing that emphasizes on quality controllability and risk
evaluation and management [66, 67]. In 2008, the Minis-
try of Health and NMPA and the National Administra-
tion of Traditional Chinese Medicine jointly issued the
“Basic Principles for Clinical Use for TCM Injections”
[68]. In 2009, the NMPA also issued the Work Plan for
Re-evaluation of the Safety of TCM Injections [69] which
called for comprehensive actions in risk investigation
in production and quality control, risk-benefit evalua-
tion across batches, and improvement of product quality
standards. Seven guidance documents were subsequently
published for public reflection in 2010 on safety evalua-
tion of TCM injections in non-clinical research, clini-
cal research, production process, quality controllability,
risk control capability evaluation, risk benefit evaluation
and risk management plan [70]. In 2015, “Opinions on
Deepening the Reform of Review and Approval System
and Encouraging the Innovation of Pharmaceuticals and
Medical Devices” [71] re-emphasized the re-evaluation of
pharmaceutical injections.

To this end, the development of RS should focus on
developing a platform for safety evaluation that is com-
patible with TCM toxicity attributes to effectively address
specific TCM toxicities and safety concerns [72, 73].
Network pharmacology which considers multi-target
strategies over single-target approaches may offer an
alternative and modernized way to investigate the ADR
and toxicity of drugs [74, 75]. The application of drug
toxicology genomics and/or metabolomics at the early-
stage of TCMs toxicity investigation should be explored
[76-78]. Other techniques such as in-vitro multi-
parameter cell-based imaging method that featured high
throughput may also be used as an alternative to animal
testing to develop a mechanistic understanding of TCMs
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ADR. The post-marketing clinical research also provides
important information needed for the re-evaluation of
TCM injections. Using data from the pre-existing hos-
pital information systems, re-evaluation studies of TCM
injections about the post-marketing safety can be carried
out using prospective nested case-control and prescrip-
tion sequence analysis designs [79-81]. Other cutting-
edge technologies such as fast screening methods based
on drug-metabolizing enzymes and receptor pathways,
computational toxicology, and molecular toxicology may
offer a new system of TCMs safety evaluation techniques
(82, 83].

Priority Area 6: developing evaluation standards for classic
TCM formula

Ever since the National Administration of Traditional
Chinese Medicine published the list of the first batch of
classic TCM formula (CTCMEF) in 2018 [84], CTCMF
has become one of the most popular topics in the drug
regulation sector in China. CTCMF refers to TCMs
prescriptions passed down from the clinical practice of
famous doctors in past dynasties which had been docu-
mented in ancient TCM textbooks, are still widely used,
and have definite and distinctive curative effects which
is based on experience of traditional use not necessar-
ily contemporary RCTs. Under the assumption that the
safety and efficacy of CTCMF have been verified through
clinical practice for hundreds or thousands of years, the
TCM Law [85] stipulates that, for drug registration pur-
poses, the application will only need to include non-
clinical safety data for the preparations of CTCME. To
further specify the registration requirements, the NMPA
published three technical documents [86, 87], such as
Administrative Provisions on Simplified Registration and
Approval of CTCMF (Draft for Soliciting Opinions), to
clearly define the evidence requirements for human use
experience and to introduce the relevance of real world
study as a source of human use experience [88].

Real world study is an important research method to
establish high-quality clinical evidence of TCM interven-
tion, which can embody the connotation of TCM to the
maximum extent [89]. However, it remains a great chal-
lenge for the simplified application of CTCMF to deter-
mine: (1) the authenticity of the origins and sources of
the raw herbal materials; (2) the quality standards and the
substance benchmark of CTCMF and CTCMF prepara-
tions; (3) the basic requirements and principles for the
comparative study of CTCMF preparations (standard
decoction and new preparations); (4) the standard pro-
cessing method and the right dosage range of CTCMF
preparations; (5) the quality traceability system from
medicinal materials to preparations that embodies the
whole process quality control concept [90].
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Multiple issues to be resolved through adopting RS may
include: (1) development of quality markers of CTCMF
to ensure quality stability and consistency; in the genu-
ineness of medicinal materials and product industrializa-
tion; (2) determination of the genuineness of medicinal
materials that specifies the origin, habitat, harvesting
time, storage and transportation process, processing,
resource balance, production scale of the raw herbs; (3)
standardization of the preparation and manufacturing
process from substance basis and standard decoction to
industrial preparation; (4) information transferability
and traceability across the product lifecycle incorporated
with modern process control theory and norms (such as
good engineering practice, GEP); (5) application of Good
Agriculture Practice (GAP) to ensure quality traceability
system of medicinal materials which may involve artifi-
cial cultivation and breeding [90].

Priority Area 7: harnessing diverse data to improve
pharmacovigilance of TCMs

Effective pharmacovigilance is a key to the development
of guidelines which ensures safe, effective use of TCMs.
According to the definition of World Health Organiza-
tion (WHO), Pharmacovigilance (PV) refers to the sci-
ence and activities related to the detection, evaluation,
understanding and prevention of adverse reactions or
any other drug-related problems [91]. Adverse drug
events (ADE), including adverse drug reactions (ADRs),
drug quality problems, and drug interactions, will have a
great impact on patients’ health and significantly increase
their medical costs [92—-94]. An efficient PV system can
not only monitor, evaluate and prevent adverse reactions
or other related medical events but also be a key step to
improve the drug regulatory system, clinical practice and
public health plan [95].

Nevertheless, China’s PV system is still developing as
the current ADRs monitoring and reporting system fall
short to fully support the regulation of TCMs across the
product lifecycle. According to the experiences of DRAs,
the utilization of healthcare database has gradually
increased, especially in Europe, the US and Asia in recent
years. These medical databases have been widely used to
support drug discovery, comparative efficacy and safety
evaluation of marketed drugs [96-99]. The US FDA
and other medical regulatory agencies, pharmaceutical
industry and drug safety researchers have been explor-
ing the application of big data in PV [100]. Sentinel is a
post-marketing monitoring system developed by the US
FDA in 2008. As of 2018, there are medical data of more
than 300 million people [101]. In order to promote coop-
erative research through the establishment of a health
database network, the EMA has been coordinating Euro-
pean Network of Centres for Pharmacoepidemiology
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and Pharmacovigilance (ENCePP) in recent ten years,
which includes about 200 public institutions and contract
research organizations to participate in activities related
to drug epidemiology and PV. Up to now, monitoring
drug safety through big data has proved to be cost-effec-
tive and can quickly determine the internal links related
to ADRs.

In the perspective of RS, although the development
of real world evidence is at an early stage in China, a
number of important government initiatives are already
underway. One such program is the China Hospital PV
System, which was started in 2015 by the National Centre
for ADRs Monitoring at the NMPA. This nationwide pro-
gram was designed to identify safety signals proactively
and to assist the analysis of the association between drug
exposure and ADE. This system combined with the cur-
rent drug safety monitoring system helps to reinforce the
PV capacity in the country. The system collects data in
electronic medical records from 300 hospitals and from
healthcare claims to generate real world drug safety evi-
dence for integrative analysis using drug risk analytics
tools to support regulatory decision-making [102]. China
is also actively developing intelligent information tech-
nology for TCMs regulation. The Research Institute of
TCM regulation has set up a “Big Data Research Center
for TCM, relying on the “Database of National Center
for ADRs Monitoring’, uniting with the “Internet++”
platform of TCMs nationwide and other eight centers
of the institute, based on emerging technologies such as
big data, blockchain and artificial intelligence, focusing
on two key points: data marking in the whole lifecycle of
TCM and timely identification of medication safety risks.

Priority Area 8: evaluating the value of integrative medicine
in clinical practice with scientific research
Although the term integrative medicine (IM) has been
used frequently in different healthcare settings, there is
not a standard definition for it [103]. In China, IM refers
to the integration of TCM modality and conventional
medicine modality as TCM is usually practiced along-
side with conventional medicine especially in hospital
settings [104]. This is of particular importance for com-
plex diseases which may not be addressed by one medical
system alone. As with conventional medicine, IM empha-
sizes the importance of an evidence-base for effective-
ness especially in the international perspective [103, 105].
Although there are many successful examples of clinical
practice integrated at therapeutic level, there are appar-
ently a limited number of trials on IM and thus lack of
evidence for IM which suggests that an IM approach may
be beneficial for certain conditions [106—108].

To conduct trials on IM remains highly challenging due
to the limitation of clinical trial designs [105]. Despite
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decades of research and integration, the fundamentals
of TCM remain largely unchanged and its theories inex-
plicable to science [109-111]. The research evidence on
the effectiveness of IM provided as a package of care is
limited due to its complex nature and definition, lack
of standardization and challenges in methodological
design [112-114]. However, major breakthroughs have
been reported recently. Since the COVID-19 outbreak
in China, it is mandated that the use of IM must be
strengthened to manage the pandemic at a national level.
The scientific and technological emergency research
project “Clinical Research on Prevention and Treatment
of Pneumonia Infected by New Coronavirus by Combi-
nation of Chinese and Western Medicine” was officially
launched [115]. As a result, real-world evidence for IM
in the prevention and treatment of the infection has been
mounting [116-119].

In order to improve the quality of IM research, sup-
porting policies and initiatives are already in place. The
Outline of the National Strategic Plan for the Develop-
ment of TCM (2016—2030) mentioned that “using mod-
ern science and technology to promote the integration of
Chinese and Western medicine, complementary advan-
tages and collaborative innovation” is one of the key tasks
[120]. Local governments, such as Guangdong Province,
have issued 11 local standards, such as General Rules
for the Revision of Clinical Practice Guidelines of TCM
(Integrated Chinese and Western Medicine) [121], which
provide methodological basis for the construction of clin-
ical practice, comprehensive acquisition of evidence and
evaluation. Methodology wise, pragmatic RCTs or obser-
vational studies with nested qualitative approaches (with
both practitioners and patients) that mimic the complex-
ity of health care provision in the ‘real world’ situations
are worth investigating [103].

To combines two knowledge systems to become an
alternative medical model, optimum evidence and opti-
mum research methodology are essential [122]. There-
fore, it is necessary to establish the curative effect and risk
evaluation based on evidence-based medicine to support
the integration of Chinese Medicine and conventional
medicine. RS in IM may focus on developing reporting
guidelines which provide guidance for researchers and
reviewers to conduct and assess evidence about IM and
to facilitate systematic reviews on effectiveness.

Priority Area 9: advancing the regulatory capacity

to encourage innovation in TCMs

Chinese herbal medicines provide a wealth of potential
source materials for drug discovery [123]. According to
Deng, 3563 extracts and 5000 single compounds from
3000 therapeutic herbal medicines have been collected in
China in 2007 [124]. A study in 2011 also revealed that in
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China, at least 130—140 new drugs, either single chemical
entities extracted from herbal medicines or synthetically
modified compounds, are currently in clinical use [123].
With the advantage of a long history of and a strong the-
ory base for the clinical use, drug candidates have been
successfully identified for drug discovery. For instance,
goldthread (Coptis chinensis Franch.) which has been
used as a TCMs to treat inflammatory symptoms and
infectious conditions for more than 3000 years [125], was
found to contain berberine. With modern science, it was
found that berberine not only possesses antibiotic and
anti-inflammatory properties [126, 127], but also exhib-
its beneficial effects for inflammatory bowel diseases, and
modulates the activities of ERK, p38 MARK, and JNK
to suppress T17 and T1 T cell differentiation suggesting
the potentials to becoming a therapeutic agent to treat
type 1 diabetes mellitus [128]. Further studies also sug-
gested that berberine may also be a promising treatment
for cancer, depression, hypertension, and hypercholester-
olemia [129].

Biochemical techniques and cutting-edge technolo-
gies have made available new approaches in drug dis-
covery from Chinese herbal medicines from the predrug
stage and the quasi drug stage into the full-drug stage
[130]. The virtual mapping between databases of Chi-
nese herbal ingredients and molecular targets of diseases
represents a new approach of drug discovery [123]. To
search for an active herbal ingredient or lead compound
from herbal materials, new technologies such as super-
critical carbon dioxide extraction technology, membrane
separation technology, semi-bionic extraction method,
molecular distillation technology, and enzyme method
in extracting effective components of medicinal plants
have been developed [131-134]. Systems pharmacology
uses both experiments and computational analysis of
regulatory networks to develop a new understanding of
drug action across multiple scales of complexity ranging
from molecular and cellular levels to tissue and organism
levels [135]. Genomic, proteomic and metabolomic tech-
nologies, network analysis, and other high-throughput
studies, as well as structural and biochemical studies, are
also being used to conduct systems-level analysis of drug
action and molecular targets [136, 137]. With continu-
ous development, nanotechnology has been applied to
the research and development of TCMs particularly for
formulation optimization such as the controlled prepara-
tion of TCMs using specific microstructure and surface
properties [138, 139].

These novel and increasingly complex approaches to
drug discovery from Chinese herbal medicines present
growing challenges to NMPA’s readiness to evaluate new
products. For this, RS must be one step ahead to equip
the NMPA with the necessary tools and methods to
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reliably assess the safety and efficacy of products derived
from these new scientific developments. New assess-
ment tools and methodologies needed for the evalua-
tion process of innovative products, and advancements
in the expertise and infrastructure to evaluate new and
emerging technologies can be facilitated through active
collaboration with external partners. Reaching out to
manufacturers and clinicians to identify areas of high
public health need with few existing effective interven-
tions might be of strategic advantages. Efforts should also
be made to promote the development, standardization,
and validation of new techniques for the assessment of
quality, safety and effectiveness of new products across
the sectors. Cross-disciplinary RS training and research
to address scientific gaps and challenges posed by novel
products are also needed.

Priority Area 10: advancing a vision of collaboration for RS
development in TCMs

The challenge of drug innovation and development is not
just a matter for drug regulatory authorities. It is neces-
sary to study new science, new technology, new methods
and new tools, to jointly promote and truly obtain the
progress of applied science and technology, and to coop-
erate with all stakeholders. Established in 2013, China
Society for Drug Regulation, which is headed by the
NMPA, is a collaborative platform among government,
academia and industry. At present, 17 professional com-
mittees have been set up to assist NMPA in the research
about the theory, technology and method of drug regu-
lation, and promote the innovation and development of
drug RS in China.

Nevertheless, the technical support for RS develop-
ment needs further strengthening. As such, NMPA has
established multiple research bases and centers in univer-
sities for driving TCMs RS development such as Peking
University and Tsinghua University [140-146], aiming to
strengthen the construction of RS (Table 1). To consoli-
date the resources for RS development, NMPA has signed
a series of cooperation agreements with universities and
research institutes such as the Chinese Medicine Regula-
tory Scientific Research Cooperation Agreement with the
Chinese Academy of Chinese Medical Sciences and Bei-
jing University of Chinese Medicine to establish the Chi-
nese Medicine RS Research Center (Research Institute)
[142]. The overall goal is to resolve any technical chal-
lenges in TCMs evaluation and regulation through joint
efforts in research on policies and mechanisms of TCMs
innovation, as well as education and training scientific
talents in TCMs regulation.

At the same time, NMPA has actively established differ-
ent forms of strategic alliances with other countries, and
strengthened cooperation and exchanges in its regulatory
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Table 1 Partnerships formed by NMPA for the development of RS
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Time Collaborators Collaborating research base Key research areas
1 2013/09  Tianjin Binhai Food and Drug Administra- Tianjin Binhai Center for Food and Drug Drug and food technology and policy
tion and Tianjin Institute of Pharmaceuti- Regulatory Science Research
cal Research
2 2015/08  Peking University Peking University Asia Pacific Economic Education and training, RS research and
Cooperation Regulatory Sciences Center innovation, international collaboration,
of Excellence RS Information Technology and Policy
3 2016/12  Fudan University and University of Copen-  Sino-Danish Regulatory Science Center Education and training, trainee exchange
hagen and professionals training RS program
4 2018/04  Tsinghua university Institute of Regulatory Science and Chinese  TCMs modernization and RS research
Medicine Research Institute
5 2019/04  Sichuan University Medical Device Regulatory Science RS in medical device
Research Base
6 2019/06  Beijing University of Chinese Medicine Chinese Medicine Regulatory Science RS in TCM
Research Institute
7 2019/06  China Academy of Chinese Medical Sci- Chinese medicine Regulatory Science RS in TCM
ences Research Center
8 2019/10  Shenyang Pharmaceutical university Drug Regulatory Science Research Base Course development, Education and train-
ing, Research in RS
9 2019/12  Shandong university Drug Regulatory Science Research Base RS in pharmaceutical products
10 2019/12  South China University of Technology Medical Device Regulatory Science RS in medical device
Research Base
11 2020/04 Shanxi Medical products Administration Northwest Institute of Pharmaceutical RS research, Training and Education

and Xi'an Jiaotong University

Regulatory Science

capacity and standard setting. Such efforts are impor-
tant for the agency to grasp the most advanced scientific
research achievements and regulatory experiences, carry
out practical and effective transformation, and enhance
regulatory capacity and standards. At present, China’s
international cooperation in drug regulation includes:
ICH, International Coalition of Medicines Regulatory
Authorities (ICMRA), the Pharmaceutical Inspection
Convention and Pharmaceutical Inspection Co-opera-
tion Scheme (PIC/S), the Global Coalition for Regulatory
Science Research (GCRSR), International Medical Device
Regulators Forum (IMDRF), WHO Good Regulatory
Practices (GRP), etc.

Discussion

In this review, 10 priority areas in the development of
TCM-related regulatory science in China have been iden-
tified, the major concerns reviewed, and core actions
suggested for advancing RS for TCMs in China. As pre-
sented in Table 2, it has been proposed that NMPA when
developing RS in TCMs has the prime duties to formu-
late scientific norms around the major concerns over the
complexity and variability of the whole lifecycle of TCM,
formulate scientific operational procedures (priority
area 1), encourage the advancement and use of scientific
means and technology (priority area 2,3,4,5,6,7,8,9), and
develop inter-disciplinary collaborations (priority area
10) to address the goals in the RS initiative. The overall

goal of the RS initiative in China and the proposed pri-
ority areas in TCMs share commonalities with the pri-
orities set forth by the FDA [2] and EMA RS [3] in their
respective RS action plan: improve the efficiency of the
evaluation and approval process, deliver safe new prod-
ucts to patients faster, and strengthen the regulatory
capacity to improve regulatory performance and thus
patient outcomes.

Figure 1 summarizes an overview of the process of
advancing RS for TCMs in this study. When the evalu-
ation tools and concepts for medical innovation prod-
ucts fall short, NMPA should work proactively with
manufacturers and the scientific community to identify
and resolve critical development concerns and stimulate
research through some activities, and then makes this
information available to the public through core action to
advancing the development of regulatory medical prod-
ucts. It is also important for the NMPA to constantly
adjust and adopt new ideas and strategies in TCMs
regulation to ensure quality and safety, and to promote
continuous innovation in scientific research and develop-
ment of TCM products, forging the collaborations with
all stakeholders to tackle any technical concerns.

In light of the current challenges in the scientific devel-
opment of TCMs, as Liu et al. proposed [147], a top-level
design, and a top-down approach is needed for the sus-
tainable development of RS in TCMs in China. Two prin-
ciples unique to TCMs must be taken into consideration:
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Table 2 10 priority areas and core actions summarized for advancing RS in TCMs
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Priority area

Major concerns

Core actions proposed

Modernizing the regulatory system with a
holistic approach

(1) Existing regulatory mode
(2) Drug lifecycle management

2 Advancing the methodology for the quality (1) Basic research of quality control
control of TCMs (2) Innovative quality control methods
3 Fostering the control mechanism of TCMs (1) Possible variation of quality in product
manufacturing process manufacturing process
(2) Many control points in TCMs manufactur-
ing process
4 Improving clinical evaluation of TCMs and The clinical evaluation of TCMs remains many
leveraging real world data challenging
5 Re-evaluation of TCM injection The risk of TCM injection safety
6 Developing evaluation standards for classic (1) Formulate methods and standards of
TCM formula pharmacy and biology
(2) The development of quality markers
7 Harnessing diverse data to improve pharma-  Monitoring of drug safety
covigilance of TCMs
8 Evaluating the value of integrative medicine in  Research evidence on the efficacy of integra-
clinical practice with scientific research tive medicine
9 Advancing the regulatory capacity to encour- (1) Technologies of drug discovery

age innovation in TCMs

(2) Demand for the assessment of new

(1) Innovative regulation mode of drug lifecycle

(2) Establishment of drug information traceabil-
ity information system

(3) The Action Plan for Accelerating the Smart
Regulation of Drugs

(1) Guiding Principles for Bioassay of TCM
(2) Identify and evaluate quality marker

(1) Develop a PAT tool such as near-infrared
spectroscopy
(2) Guidelines for QbD concept

(1) Establishment of TCMs evidence-based
Center

(2) Initiation of the Evidence-based Capacity
Building Project of TCM

(3) Guidelines for drug discovery and review
supported by real world evidence

(1) Initiation of re-evaluating TCM injection
program

(2) Guidelines for safety evaluation of TCM
injection

Guidelines for application to the classic TCM for-
mula preparation and substance benchmark

(1) Establishment of China Hospital Pharma-
covigilance System

(2) Establishment of Database of National Center
for ADRs Monitoring

Developing guidelines and funding for clinical
practice of integrative medicine

(1) Develop biochemical techniques and
cutting-edge technologies for drug discovery

products

10 Advancing a vision of collaboration for RS
development in TCMs
stakeholders

The challenge of drug innovation devel-
opment requires to cooperate with all

(2) Equip new tools, methodologies and tech-
niques for the assessment of new products

(1) Set up scientific research bases or centers
(2) International scientific collaboration

Regulatory TCM products Concern Scientific research
(safety, efficacy, quality identification (government, academia,
control, performance) — industry)
Advancement Re.c omend .
Scientific solution
Core actions Public activities
(guideline, standard, development (committee, meeting,
technology, approach, etc.) D — workshop, etc.)
Fig. 1 The process of advancing RS for TCMs in China

(1) the development of TCMs should be considered as a
“reverse transformation” of “clinical-trial-clinical” (clini-
cal traditional use experience - clinical trial - clinical
use); and (2) the research design of the clinical efficacy

re-evaluation should be guided according to the princi-
ple of evidence-based medicine. In the process of imple-
menting actions for RS development in TCMs, close
attention should be paid to the development of policies,
regulations, technical guidelines, technical methods and
technical standards of TCMs research and development
to effectively resolve the influencing factors affecting the
quality, safety and efficacy of TCMs. It is also necessary
to strengthen the cooperation among drug regulatory
authorities, academia and industry, and improve the RS
capacity of drug regulators so as to truly develop and uti-
lize the scientific and technological advancements to pro-
mote the progress of RS in TCMs.

Limitations

There are some limitations in this paper. Firstly, consid-
ering that developing and adopting regulatory science
especially in TCMs is still at its infancy, the breadth
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and depth of information available is limited. Therefore,
instead of using systematic review suitable for analyz-
ing exhaustive amount of information, the approach of
scoping review was employed to capture key findings
relevant to the research scope as much as possible. Sec-
ondly, the 10 priority areas in this paper are insufficient
to fully identify and explain the possible variation of the
current RS development in traditional medicines around
the world. However, the paper findings may be used to
inform the implementation strategy in the priority areas
and summarize core actions to promote the development
and address the current concerns of TCMs regulation in
China and abroad. As outlined in the action plan, TCMs
are considered one of the RS priorities calling for imme-
diate actions to accelerate advancement.

Conclusions

RS for TCMs in China encompasses revolution of
operational procedures, advancement in science and
technology, and cross-boundary collaborations. Such
experiences should be used to facilitate communications
among drug regulatory authorities to promote standard-
ized and scientific regulation of traditional medicines.
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