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ABSTRACT

The concept of Pharmacovigilance Planning and Risk Minimization Planning (PVP/RMP),
initiated by the International Conference on Harmonization (ICH), addressed an important
conceptual change from monitoring the safety of individual medicine to proactively
conducting risk prevention for the minimization of medication error. However, the
implementation of PVP/RMP is a challenge in societies like Taiwan where irrational
medication and co-medication is prevalent. It is even more difficult in Taiwan where two
regulatory bodies are governing pharmaceutical affairs, namely Taiwan Food and Drug
Administration (TFDA) in charge of Western Medicine (WM) and the Department of Chi-
nese Medicine and Pharmacy (DCMP) in charge of Traditional Chinese Medicine (TCM).
There are thus dual-tract drug approval panels, two GMP controls and two independent
adverse drug event reporting systems. This rendered irrational co-medication of WM and
TCM undetectable and the standard tools for monitoring pharmacovigilance inapplicable.
The bilateral regulatory system is conceptually unscientific in accordance with PVP/RMP
and unethical from humanity point of view. The first part of this review delivers (1) social
aspects of polypharmacy in Taiwan; (2) regulatory aspects of pharmaceutical administra-
tion; (3) risks undermined in the bilateral regulatory system and (4) pharmacoepidemiology
in relation to the risk of polypharmacy. As evidence-based medicine (EBM) forms the
fundamental risk-benefit assessment on medication, the second part of this review
delivers (1) the scientific aspects of the beauty and the odds of biological system that
governs host—xenobiotics interaction; (2) conceptual evolution from product management
(pharmacovigilance) to risk management (PVP/RMP); (3) non-biased due process is essential
for risk-benefit assessment on medicinal products and (4) the opinion of the authors on
system building for safe medication.
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LLC. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Pharmacovigilance Planning and Risk Minimization Planning
(PVP/RMP), a theme of proactive system building on safe
medication, represents important conceptual evolution from
monitoring the safety of individual medicine (pharmacovigi-
lance) to conducting risk prevention for the minimization
of medication error (use of medicine). It was initiated by the
International Conference on Harmonization (ICH) and
becomes a global trend [1,2].

However, the implementation of PVP/RMP is a challenge
in societies like Taiwan where irrational medication and
co-medication is prevalent. It is even more difficult in
Taiwan where the dual-track regulatory bodies are gov-
erning pharmaceutical affairs of western medicine (WM)
and traditional Chinese medicine (TCM). Attempts in
integrating WM and TCM into a sound uni-track regulatory
body under Taiwan Food and Drug Administration (TFDA)
failed when the Governmental Reformation Plan took place
in year 2005.

Potential risk of irrational medication in Taiwan will
first be described in this report from social and pharmaco-
epidemiological aspects. Risk generated due to the
complexity of product-oriented bilateral regulation and
administration will be analyzed. How to implement a sound
risk management on pharmaceuticals based on evidence-
based risk-benefit assessment will be discussed.

To be specific, quality, safety and efficacy (QSE) are three
criteria in drug approval for IND (investigational drugs) and
NDA (new drug application) no matter they are synthetic,
natural, biological or biotech generated origin. In practice, the
approval panel is an integrative evaluation process of which
the review committee is composed of a pool of QSE experts. As
the products are different by nature, standards are set in
different categories for products of different origin. In other
words, pharmaceuticals are subjected to a uni-track review
scheme while the review is executed based on different
standards according to their nature.

TCM, as licensed drug, is logically subjected to the same
approval panel. There is no point to single out TCM from
other pharmaceuticals. However, sponsors in Taiwan can
choose, at their own will, either administration body to
apply for IND and NDA, as QSE criteria are different in the
bilateral drug approval systems. Moreover, with two
administration bodies independently in charge of TCM and
drugs other than TCM, there are two quality assurance
schemes, two post-marketing monitoring systems and two
adverse drug reporting systems in Taiwan. Unknown risks
are thus undermined both for consumers (health risk) and
for the society (pharmaco-epidemiology), as there is no
mechanism to exercise an integrative risk analysis. It is
government's responsibility to establish a due process in
order to exercise integrative risk analysis along the life cycle
of all pharmaceuticals.

This report will then describe the humanity-based risk-
benefit assessment on pharmaceuticals. The conceptual
change initiated by ICH and the publication of PVP/RMP
guidance thereof for system building of safe medication in-
dicates that product management need to be transformed to

humanity-based risk management in modern era. With two
independent pharmaceutical administration bodies it is
impossible to exercise such risk management. It is the
responsibility of lawmakers to seriously review current situ-
ation and take into consideration of system building for
safe medication in order to keep abreast of the global trend on
PVP/RMP.

1.1. Polypharmacy

Polypharmacy is widespread in the general public. Besides
registered medicine, the population of complementary/alter-
native medicine (CAM) and TCM users is growing, especially in
the aged and in patients with chronic disease [3,4]. As a
considerable large portion of patients take CAM (including
TCM) with registered medicines without notification to pro-
fessionals, standard tools for monitoring of pharmacovigi-
lance have its limitation. Safety threat thus emerges from
various scientific and pharmacoepidemiological reports.
Evaluation of clinical efficacy and adverse reactions caused
by interactions of herbal remedy with conventional therapy
becomes a critical issue [5,6].

1.2 Social aspects of irrational medication and co-
medication in Taiwan

Taiwan is known for its outstanding national health insur-
ance program which benefits 99% of the population. The
welfare-like program rendered Taiwanese overusing the
healthcare resources, indicated by the high physician's visit
per person and the large number of drug items (both WM and
TCM) per prescription [7,8]. Other than prescription drugs,
patients took TCM in retail shop without notifying medical
professionals. The imbalanced distribution of pharmacy
service between hospitals, clinics and community pharma-
cies further reflects the lack of mechanisms for professional
pharmacists to conduct pharmacovigilance monitoring on
polypharmacy [9].

1.3. Regulatory aspects of pharmaceutical
administration in Taiwan

CAM, including TCM, are marketed without license in most of
the developed countries. Claims for therapeutic efficacy are
thus prohibited or limited to authorized indications. TCM
however are classified as licensed drugs in Taiwan. There are
two regulatory bodies governing pharmaceutical affairs,
namely Taiwan Food and Drug Administration (TFDA) in
charge of WM and the Department of Chinese Medicine
and Pharmacy (DCMP) in charge of TCM. There are thus two
parallel drug approval panels in regulating clinical trials of
investigational new drugs (IND) and new drug application
(NDA), two GMP regulations and two adverse drug event
reporting systems within the government [10].

The bilateral regulating system rendered standard tools
for pharmacovigilance monitoring inapplicable, which is
conceptually unscientific in accordance with evidence-based
risk-benefit assessment for PVP/RMP in modern era. It led to
the irrational co-medication undetectable and considered
unethical from humanity point of view [11].
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Fig. 1 — Identified illegal advertisement of medicinal products in year 2004 on cable TV (a) and on radio (b) in Taiwan.

1.4. Pharmacoepidemiology in relation to the risk of
polypharmacy

Epidemiological features indicated that the prevalence and
incidence rate of chronic kidney disease (CKD) in Taiwan are
relatively high compared with other countries [12,13]. The
incidence rate of end-stage renal disease (ESRD) of Taiwan
ranked the top among the world prior to year 2009 [14]. Re-
ports also indicated that herbal therapy was positively asso-
ciated with CKD [12]. Safety issue in relation to polypharmacy
becomes a challenge to the authority and the medical society.

With the prevalent use of TCM and CAM, inappropriate
commercial advertisements in the media becomes a social
problem. According to a report of survey study in Taiwan, the
identified illegal advertisement of products with therapeutic
claims on cable TV counts for 12% of total healthcare related
advertisements (183 out of 1591 cases), of which 41% goes to
food and CAM and 15% goes to TCM (Fig. 1a). The illegal
advertisement rate is even higher on radio, with TCM ranked
the top (53%) followed by CAM (31%) (Fig. 1b). Most of the
advertisements are claims for weight reduction and for
the treatment of erectile dysfunction while are lack of
evidence [15].

2. Evidence-based medicine

Biological activity, i. e. the pharmacodynamic outcome, used
to be major concern in conventional drug research and
development. Pharmacokinetics (PK), the descriptor of
drug—host interaction, is conducted at the later stage of drug

pharmacodynamics

Activity

biological system

drugs

ADME

pharmacokinetics

Fig. 2 — Integrative pharmacodynamic and
pharmacokinetic outcome determines the efficacy of drug
therapy.

development. However, the disposition of biological active
substances in body system determines the success of these
substances to become therapeutic agents. The failure in most
cases is due to unsatisfactory PK and consequent toxicological
outcome after xenobiotics enter the biological system (Fig. 2).
As a consequence, the successful rate of bringing xenobiotics
from preclinical to clinical stage was rather low, estimated to
be 1/2000 [16—18].

2.1.  Scientific aspects of partnership between xenobiotics
and the host

The biological system, which forms the basis of xen-
obiotic—host interactions is full of mechanisms in manipu-
lating drug action and its destination in the body. Mechanisms
governing the xenobiotic—host interaction include absorp-
tion, distribution, metabolism and excretion (ADME, Fig. 3).

Transporters in biological system for delivering xenobi-
otics to target sites are associated with drug efficacy [19,20].
Examples include the competition of transporters for intesti-
nal absorption, the interference in the rate and profile of
metabolism, modification of drug distribution, change of renal
clearance due to the competition of transporters for excretion
in the kidney, and the occurrence of drug resistance due to the
modification of ADME process [21].

Scientific evidences regarding to the sites and mechanisms
of xenobiotic—host interaction are emerging. It is well docu-
mented that transporters in the intestine, liver, kidney and

drug (or xenobiotics)

(—\E transporters

free drug

tissue/organ circulation
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free drug ===—= free drug + protein bound drug
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kidney <« metabollites  |jyer

transporters
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Fig. 3 — ADME determines the destination of xenobiotics in
the biological system.
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Fig. 4 — Illustration of risk-benefit assessment along drug
approval process (Note: PK: Pharmacokinetics; PD:
Pharmacodynamics; ADME/T: ADME and Toxicology).

brain are involved in the uptake and the efflux of chemical
substances [22,23]. Transporters in the intestine for absorp-
tion and in the kidney for excretion demonstrated character-
istics of broad substrate specificity, indicating the possibility
of broad scope of drug-drug, drug-TCM and drug—food
interactions. Evidence also supported the consequence of the
involvement of transport proteins in the pharmacokinetic
variability and the safety of drugs in human use [24]. The
competition of renal transporter between drugs and food, for
example, may change the bioavailability of drugs due to the
change of renal clearance rate.

The metabolic system processing the biotransformation
of xenobiotics provides another pitfalls for drug-drug and
drug—food interaction. Reports indicated that hepatotoxicity
and renal toxicity of xenobiotics are associated with the for-
mation of reactive metabolites no matter they are from
synthetic or herbal resources. Therefore partnership of xe-
nobiotics with the body system forms the basis of EBM in

Chemistry
= PD / toxicity
(a) = ADME
= formulation/PK
== Clinical

modern science and interaction between xenobiotics become
key elements of risk-benefit assessment for justifying a
xenobiotic to become a drug [25,26].

2.2. Risk-benefit assessment of pharmaceutical products

Drug approvalis an integrative judgment process based on the
risk-benefit assessment of quality, safety and efficacy of
medicinal substances (Fig. 4). Evidence-based justification of
drug-drug and drug—food interaction also becomes a standard
procedure for safety evaluation of New Drug Application
(NDA) by pharmaceutical regulatory bodies [27—30]. In order
to increase the successful rate in new drug development,
conventional sequential involvement of chemistry, pharma-
codynamics (PD), safety/toxicity (T) and pharmacokinetics
(ADME/PK) is evolved to an operation scheme of parallel PD/
ADME/T screening (Fig. 5).

2.3. The theory of TCM therapy need to be correctly
addressed

There are three key elements in Chinese Medicine regarding
the theory of TCM therapy, namely (1) Yaw-Shi-Ton-Yuan (%
K|EJR); (2) Bien-Jen-Luin-Jhi (¥###5A) and (3) Juin-Chen-
Tzuo-Shi (& EESE).

Yaw-Shi-Ton-Yuan (E#&[EJR) delivered important mes-
sage that the body system does not differentiate food and
medicinal herbs. They are all foreign (xenobiotics) to the body.
Genseng for example is used as food as well as for treating
disease. Bien-Jen-Luin-Jhi (¥%5®’4), the approach to TCM
therapy by Chinese medical doctors, addresses the assess-
ment of body condition (kinetics) prior to drug treatment (drug
efficacy). This approach, in modern term of western therapy,
is to measure pharmacokinetics in order to optimize the
pharmacodynamics (efficacy) of TCM therapy. Juin-Chen-
Tzuo-Shi (& E ) using combination of herbs for therapy.
It is conceptually and theoretically identical to the process of

PD

(b)| Chem —» i —_

formulation

+ - [ini
PK Clinical

ADME/Toxicity

g
(c) | ADME

chemistry &
molecular design

=>Clinical
i

PD/PK optimization

Fig. 5 — The strategic planning of drug development, guided by risk-benefit assessment based on evidence-based medicine,
has evolved from (a) sequential involvement of PD, ADME/PK to (b) PD and ADME/PK abreast and to (c) system biology

evaluation based on ADME.
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Fig. 6 — Both TCM and WM are combination products
derived from formulation design.

formulation design toward PD/PK optimization in developing
WM (Fig. 6) [31].

Chinese ancestors showed their wisdom both conceptually
and in practice in using TCM for therapy, not only fulfilling the
scientific norm but also being ethical and humanistic. To this
author's opinion, the theory of TCM therapy is obviously
misconducted by Taiwanese people, both in education and in
practice of public policy. It needs to be correctly addressed in
modern era for the sake of safe medication.

3. Conceptual evolution on medication
3.1.  Pharmacovigilance

Pharmacovigilance Specification (PV) addresses the evidence-
based justification of safely using individual drug throughout
its life cycle from preclinical development (phase I, I and III
clinical trials) and approval to post-market surveillance
(phase 1V).

However, genetic and cultural differences such as food and
CAM (including TCM) intake are among factors that influence
the therapeutic outcome of drug treatment. Therefore, safety
evaluation of marketed drugs should be based on good quality
of evidence from the growing population that took the drug
after a reasonably long period of time. In order to overcome
the fragmentation of information, pharmacovigilance re-
quires comprehensive risk-benefit assessment based on the

@based product management

before 1990: IND and NDA

New drug registration

1990~2000: Post market
pharmacovigilance

2000~2010: Risk

management on medication

N @D AV TRV SIS EG N Social impact: culture/medication behavior
building for safe medication N Pharmacoepidemiology

accumulated data of the population using the individual
pharmaceutical product [32]. This drives the move of Phar-
macovigilance (PV) to Pharmacovigilance Planning (PVP).

3.2.  From pharmacovigilance to pharmacovigilance
planning

Partnership between xenobiotics and the body forms the
beauty and the odds of medication, fundamentally judged as
evidence-based medicine. Biological activity is thus not the
only criteria in justification of medicinal substances for
therapeutic use. Instead, the mainstream of pharmaceutical
regulation has evolved from science-based product manage-
ment (PV) to humanity-based risk management (PVP/RMP)
(Fig. 7). The transition took almost thirty years.

Following the conceptual evolution, the Council for Inter-
national Organizations of Medical Sciences (CIOMS) and ICH
developed and published Topic ICH E2E Guidance in 2005 as an
action to implement PVP/RMP. The guidance addresses the
identification of all possible signals of risk in regard to drug
use. Evidence based approaches to risk assessment such as
genetic/racial and cultural factors (food and nutrition) are
included in the Bridging Study Evaluation along drug approval
panel, as indicated in Fig. 7. Pharmacoepidemiological studies
thus become important for risk analysis [1,33—36]. This con-
ceptual change, declared by the ICH, emphasized on risk
prevention of medication, is already a global trend for system
building of safe medication [37,38].

3.3. Pharmacovigilance of herbal medicines

Pharmacovigilance of herbal medicines started to call for
attention in Europe and the US. It is suggested that systematic
pharmacovigilance for building up reliable information as
guidelines for the evaluation of safe and effective use of herbal
medicines should be an essential issue in modern era [39].
Adverse Reactions from TCM therapy started to call for

Phase I 1l 11l trial for New drug approval

—— Phase IV post market surveillance

Bridging study evaluation: Genetics/Drug/food interaction

e I Evidence Based Medicine

mbased risk man@
\

Fig. 7 — Illustration of ICH initiation of chronical transition from science-based product management (pharmacovigilance) to

humanity-based risk management (PVP/RMP) on medication.
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Fig. 8 — Humanity based classification of health related
food and medicinal products.

attention [40,41]. Herb-drug interactions focusing on sites
along ADME of drugs being effected calls for much attention of
safe pharmacotherapy [42—44]. Interest in pharmacokinetic
studies of drugs co-medicated with herbal remedies is
increasing [45,46].

4. System building of safe medication in
Taiwan
4.1. Ethical aspects on classification of health-related

food and pharmaceuticals

Theoretically speaking, food and medicinal substances should
be classified according to the risk measurement upon hu-
manity concern. Risk-benefit assessment, in terms of quality,
safety and efficacy, is the only justification for health related
xenobiotics to become food and medicine (Fig. 8). The cogni-
tion that biological system can differentiate food and medic-
inal substances is against the scientific norm.

However, ordinary people in oriental society tend to clas-
sify health related products by their nature, i. e. product type
such as food, nutraceuticals, WM and TCM (Fig. 9). The
cognition came from the educational impact and the conse-
quent conduction in public policy. Disregard the fact that WM
is a formulation product, the majority of people in Taiwan
simply differentiate WM and TCM by the thought that WM is a
product consisted of single component while TCM is a com-
bination. Disregard the complexity generated by the TCM

Fig. 9 — Classification of health related food and medicinal
products according to product origin.

components, Taiwanese people simply believe, not logic
though, that TCM is safe while WM is with toxicity.

4.2. Regulation and administration of western medicine
in Taiwan

Upon modernization of pharmaceutical regulation toward
global standard, laws such as PIC/S GMP, GLP, GCP, GMP of
active pharmaceutical ingredient (API/GMP), Bioequivalence
and Bioavailability (BA/BE) were implemented on WM by the
Bureau of Pharmaceutical Affairs (Fig. 10) [33].

4.3. Regulation and administration of herbal medicine in
Taiwan

Both WM and TCM are regulated by the Bureau of Pharma-
ceutical Affairs before 1995. Drug license is issued from this
Bureau. After the lawmakers passed Pharmacy Law Article103
in year 1996, TCM was regulated separately from WM by the
Committee of Chinese Medicine and Pharmacy (CCMP).

Following Governmental Reformation Plan, the integration
of all food and pharmaceutical affairs to the administration
bodies of Taiwan Food and Drug Administration (TFDA) was
the goal. Drafting the Organization Act of TFDA was initiated
in year 2005 by this author, then the chief of the Bureau of
Pharmaceutical Affairs. The Organization Act of TFDA was
defined as the authority to govern all affairs regarding to food
and medicinal products. However, political renounce was
encountered. As a consequence, all food and medicinal
products except TCM are regulated by TFDA since year 2009
and TCM was singled out and governed separately by the
Department of Chinese Medicine and Pharmacy (DCMP).

According to the Organization Act of TFDA, TFDA is in
charge of all affairs regarding to food and medicine (Article #1).
Regardless of the fact that herbal medicine includes TCM, CAM
and nutraceuticals, only CAM and nutraceuticals are governed
by TFDA. However, drug license of TCM is issued. This is
logically confusing and not convincible. As indicated with the
number of license issued, TCM products grows drastically
since 1995, the year that administration of TCM was separated
from WM. It grows even faster after year 2009, when govern-
ment reformation took place, and beyond (Table 1).

4.4. GDDP for implementing pharmacovigilance
planning and risk minimization

From ethical point of view, humanity-based medication is an
important concept to all the stakeholders of drug user. It
should be justified by, and only by, the quality, safety and
efficacy of medicinal substances, no matter they are from
synthetic, biological, biotechnological or herbal resources.
Without due process in control of risk prevention, the pro-
motion of medicinal products claiming therapeutic use is
non-ethical and unfair to consumers. It is also against the
scientific cognition on evidence-based justification of medi-
cine (Fig. 11) [47].

Good Dispensing Practice (GDP) addressed the safe delivery
of medicines and medication information to patients. How-
ever, Risk exists in where pharmacy professionals are unable
to reach. As such, stakeholders involved in product and
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Table 1 — Summary of license of western medicine (WM) and TCM.

License number of the Year® 1995 2006 2011° 2014° 2017

WM OTC 7152 7385 8164 7696 6727
Prescriptions 14,718 14,235 16,883 16,199 15,299
Total 21,870 21,620 25,047 23,895 22,026

TCM OTC 4663 6444 — — 8395
Prescriptions 2394 4663 — — 14,337
Total 7057 11,107 - - 22,732

@ Data listed are total licensed products in effect, provided by the authority.
® Chronical data of TCM license number issued by DCMP is not available from the authority.

information delivery, namely product providers, medical
professionals, the third party drug payers, media, consumers
and policy makers in charge of food and drug administration,
should also be responsible for the system building of safe
medication. The concept of Good Dispensing and Delivery
Practice (GDDP) is thus proposed. In this aspect, due process
for the delivery of medicine and medication information is
equally important in patient care (Fig. 12) [48].

==

2
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\!

Enjoy taking herb/medicine

( Publlc pollcy )

v

" Socialimpact: .
( Profit-directed product )
promotion

Taiwan is lack of a due process for integrative and un-
biased justification on safe medication. To this author's
opinion, risk of polypharmacy came from conceptually
misleading education on medication (behavior of drug
use) and from public policy, as the separation of regulatory
and administrative management on WM and TCM leads
to the fragmentation of information in regard to medica-
tion risk.

- 24

Risk assessment of
taking herb/medicine

(Public Policy )

'

Socnal Impact

Ethlcs and humanity- dlrected )
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Fig. 11 — Conceptual discrepancy between product management and risk management and the consequences in social

impact.
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Media: social responsibility
Consumers: self risk management

medicinal products
with or without license

Fig. 12 — Social responsibility of stakeholders in
medication management: Good Dispensing and Delivery
Practice is essential for the system building of safe
medication.

5. Conclusion

Risk of medication not only comes from registered drugs but
also from irrational use and co-use of all types of products
claiming therapeutic effect. Evidence-based justification on
medicinal products is thus important for safe medication. The
conceptual change from product-oriented pharmacovigilance
to proactive pharmacovigilance planning for risk minimiza-
tion is already a global trend. Use of medicinal products thus
need to be evolved from pharmacovigilance of individual
products to humanity-based integrative assessment of risk-
benefit on medication.

Although challenging the culture in societies prevalent of
irrational medication is most likely unwelcome, system
building for safe medication need to be continuously
addressed, proactively designed and pragmatically imple-
mented by the authority. The bilateral administrative bodies
in regulating WM and TCM in Taiwan is outdated in modern
era, not only because it is against scientific norm but also
ethically against humanity and thus need to be critically
reviewed. Dissemination of opinions addressed in this article
is to call for attention of the general public regarding the
prevention of medication risk.

Acknowledgement

The authors are gratitude to TFDA for information regarding
the number of drug license issued.

REFERENCES

[1] Tsintis P, La Mache E. CIOMS and ICH initiatives in
pharmacovigilance and risk management: overview and
implications. Drug Saf 2004;27:509—17.

[2] PFSB/SD Notification No. 0411—1 and PFSB/ELD Notification No.
0411-2, 2012. Pharmaceutical and food safety Bureau, Ministry

of Health, Labor and Welfare, Japan. https://www.pmda.go.jp/

english/safety/info-services/drugs/rmp/0001.html.

Chung VC, Lau CH, Yeh EK, Griffith SM. Age, chronic non-

communicable disease and choice of traditional Chinese and

western medicine outpatient services in a Chinese
population. BMC Health Serv Res 2009;9:207. open access at
https://doi.org/10.1186/1472-6963-9-207.

Zemel MB. Dietary supplements in management and

prevention of chronic disease. ] Nutr Disord Ther 2013;3:e107.

https://doi.org/10.4172/2161-0509.1000e107.

Posadzki P, Watson L, Ernst E. Herb—drug interactions: an

overview of systematic reviews. Br J Clin Pharmacol

2013;75:603—-18.

Izzo AA, Hoon-Kim S, Radhakrishnan R, Williamson EM. A

critical approach to evaluating clinical efficacy, adverse

events and drug interactions of herbal remedies. Phytother

Res 2016;30:691—-700.

Gau CS, Chang IS, Wu LL, Yu HT, Huang YW, Chi CL, et al.

Usage of the claim database of national health insurance

program for analysis of cisapride-erythromycin co-

medication in Taiwan. Pharmacoepidemiol Drug Saf
2007,16:86—95.

National health insurance annual report. Republic of China:

National Health Insurance; 2016-2017.

Liang YS, Ho YF, Wang TC, Hung YT, Wang HP. Analysis of

the quality of pharmaceutical care environment in Taiwan. J

Taiwan Pharm 2013;29:8—17 [English Abstract].

[10] Wang HP. Risk analysis on the bilateral regulatory systems of
Taiwan pharmaceutical administration. ] Taiwan Pharm
2015;31:2—7 [English Abstract].

[11] Ramos-Esquivel A, Viquez-Jaikel A, Fernéandez C. Potential
drug-drug and herb-drug interactions in patients with
Cancer: a prospective study of medication surveillance. J
Oncol Pract 2017;13:e613—22.

[12] Kuo HW, Tsai SS, Tiao MM, Yang CY. Epidemiological
features of chronic kidney disease in Taiwan. Am ] Kidney
Dis 2007;49:46—55.

[13] Hwang SJ, Tsai JC, Chen HC. Epidemiology, impact and
preventive care of chronic kidney disease in Taiwan.
Nephrology 2010;15:3-9.

[14] Lin YC, Hsu CY, Kao CC, Chen TW, Chen HH, Hsu CC, et al.
Incidence and prevalence of ESRD in Taiwan Renal Registry
Data System (TWRDS) 2005-2012. Acta Nephrologica
2014,28:65—8.

[15] Huei DR, Chang GC, Hsu SW. Taiwan drug relief
foundation on the prevalence of illegal advertisement on
drugs, cosmetics and healthcare products. Ann Rep 2004.
pp 12-12.

[16] Grossman I. ADME pharmacogenetics: current practices and
future outlook. Expert Opin Drug Metab Toxicol
2009;5:449—62.

[17] Tremaine L, Brian W, DelMonte T, Francke S, Groenen P,
Johnson K, et al. The role of ADME pharmacogenomics in
early clinical trials: perspective of the Industry
Pharmacogenomics Working Group (I-PWG).
Pharmacogenomics 2015;16:2055—67.

[18] Meng Q, Liu K. Pharmacokinetic interactions between herbal
medicines and prescribed drugs: focus on drug metabolic
enzymes and transporters. Curr Drug Metab
2014;15:791-807.

[19] Yang NJ, Hinner MJ. Getting across the cell membrane: an
overview for small molecules, peptides, and proteins.
Methods Mol Biol 2015;1266:29—53.

[20] Wang HP, Wang CL. Biological transporters as targets for new
drug design. ] Exp Clin Med 2009;1:31-8.

[21] Tiirk D, Szakdcs G. Relevance of multidrug resistance in the
age of targeted therapy. Curr Opin Drug Disc Devel
2009;12:246—52.

3

[4

[5

6

7

[8

[9


http://refhub.elsevier.com/S1021-9498(18)30001-2/sref1
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref1
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref1
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref1
https://www.pmda.go.jp/english/safety/info-services/drugs/rmp/0001.html
https://www.pmda.go.jp/english/safety/info-services/drugs/rmp/0001.html
https://doi.org/10.1186/1472-6963-9-207
https://doi.org/10.4172/2161-0509.1000e107
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref5
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref5
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref5
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref5
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref5
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref6
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref6
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref6
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref6
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref6
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref7
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref7
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref7
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref7
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref7
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref7
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref8
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref8
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref9
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref9
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref9
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref9
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref10
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref10
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref10
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref10
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref11
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref11
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref11
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref11
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref11
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref11
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref11
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref12
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref12
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref12
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref12
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref13
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref13
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref13
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref13
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref14
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref14
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref14
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref14
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref14
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref15
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref15
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref15
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref15
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref15
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref16
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref16
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref16
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref16
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref17
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref17
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref17
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref17
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref17
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref17
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref18
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref18
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref18
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref18
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref18
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref19
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref19
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref19
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref19
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref20
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref20
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref20
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref21
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref21
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref21
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref21
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref21
https://doi.org/10.1016/j.jfda.2017.11.012
https://doi.org/10.1016/j.jfda.2017.11.012

JOURNAL OF FOOD AND DRUG ANALYSIS 26 (2018) S3—S11

S11

(22]

(23]

(24]

(23]

[26]

[27]

(28]

[29]

(30]

(31]

(32]
(33]

(34]

Liu H, Sahi J. Role of hepatic drug transporters in drug
development. J Clin Pharmacol 2016;7(56 Suppl):S11—22.
Szakac G, Varadi A, OzvegyLaczka C, Sarkadi B. The role of
ABC transporters in drug absorption, distribution,
metabolism, excretion and toxicity. Drug Discov Today
2008;13:379-93.

Tomoko Tomiyama, O Z &A'&<H A B, Japanese
commentary Press (JP), ISBN 9784535586802, 2016 [in
Japanese]; [MILEEF,BERRNBIE, RXEXMHE, HRER,
2017. ISBN 978-986-94251-5.

Fasinu PS, Bouic PJ, Rosenkranz B. An overview of the
evidence and mechanisms of herb—drug interactions. Front
Pharmacol 2012;3:69. https://doi.org/10.3389/
fphar.2012.00069.

Raschi E, De Ponti F. Drug- and herb-induced liver injury:
progress, current challenges and emerging signals of post-
marketing risk. World ] Hepatol 2015;7:1761—-71.

Hartford CG, Petchel KS, Mickail H, PerezGutthann S,
McHale M, Grana JM, et al. Pharmacovigilance during the
pre-approval phases: an evolving pharmaceutical industry
model in response to ICH E2E, CIOMS VI, FDA and EMEA/
CHMP risk-management guidelines. Drug Saf
2006;29:657—73.

Prueksaritanont T, Chu X, Gibson C, Cui D, Yee KL,
Ballard ], et al. Drug-drug interaction studies: regulatory
guidance and an industry perspective. AAPS ]
2013;15:629—45.

Dingemanse J, Appel-Dingemanse S. Integrated
pharmacokinetics and pharmacodynamics in drug
development. Clin Pharmacokinet 2007;46:713—37.
Tuntland T, Ethell B, Kosaka T, Blasco F, Zang RX, Jain M,
et al. Implementation of pharmacokinetic and
pharmacodynamic strategies in early research phases
of drug discovery and development at Novartis
Institute of Biomedical Research. Front Pharmacol
2014;28(5):174.

Wang HP, Wang CL, Yu WN, Huang YW, Lin YL, Leu YL, et al.
From pharmacovigilance to pharmacovigilance planning. J
Food Drug Anal 2007;15:377—86.

McFarlance A. Drug policy: the challenge is to overcome
fragmentation. Healthc Pap 2002;3:38—42.

Wang HP. Legal and Social aspects of pharmaceutical
evidence-based-medicine. ] Taiwan Pharm 2015;31:2—8.
Callreus T. Use of the dose, time, susceptibility

(DoTS) classification scheme for adverse drug

reactions in pharmacovigilance planning. Drug Saf
2006;29:557—66.

(33]

(36]

(37]

(38]

(39]

(40]

(41]

(42]

(43]

[44

(43]

46]

[47]

(48]

Bahri P, Tsintis P. Pharmacovigilance-related topics at the
level of the international conference on harmonisation (ICH).
Pharmacoepidemiol Drug Saf 2005;14:377—-87.

Moseley JNS. Risk management: a European regulatory
perspective. Drug Saf 2004;27:499—508.

Ravindra T, Darshil S, Maheshwari Dilip. Pharmaceutical risk
management plan: a tool for pharmaceutical industry. J Glob
Trends Pharm Sci 2015;6:2789—93.

first published Guidance on format of the risk-management
plan in the European union, risk-management plans.
European Medicines Agency; 08/11/2012. http://www.ema.
europa.eu/ema/index.jsp?curl=pages/regulation/document_
listing/document_listing 000360.jsp.

Shaw D, Graeme L, Pierre D, Elizabeth W, Kelvin C.
Pharmacovigilance of herbal medicine. ] Ethnopharmacol
2012;140:513-8.

Tsai HH, Lin HW, Lu YH, Chen YL, Gail B, Mahady A. Review
of potential harmful interactions between anticoagulant/
antiplatelet agents and Chinese herbal medicines. Published.
May 9, 2013. Available: https://doi.org/10.1371/journal.pone.
0064255.

Colombo D, Lunardon L, Bellia G. Cyclosporine and herbal
supplement interactions. J Toxins 2014. https://doi.org/
10.1155/2014/145325. 6 pages available at 145325.

Choi YH, Chin YW, Kim YG. Herb-drug interactions: focus on
metabolic enzymes and transporters. Arch Pharm Res
2011;34(11):1843—63.

Konig J, Miiller F, Fromm MF. Transporters and drug-drug
interactions: important determinants of drug disposition and
effects. Pharmacolog Rev 2013;65:944—66.

Hou YC, Lin SP, Chao PDL. Liquorice reduced cyclosporine
bioavailability by activating P-glycoprotein and CYP 3A. Food
Chem 2012;135:2307—-12.

Yang S, Tsai S, Hou Y, Chao PDL. Inductive modulation on P-
glycoprotein and cytochrome 3A by resveratrol, a constituent
of grapes. Food Chem 2012;133:683—8.

Yang AY, Juang SH, Tsai SY, Chao PDL, Hou YC. St. John's
wort significantly increased the systemic exposure and
toxicity of methotrexate in rats. Tox Appl Pharmacol
2012;263:39—43.

Xu O, Bauer R, Hendry BM, Fan TP, Zhao Z, Duez P, et al. The
quest for modernisation of traditional Chinese medicine.
Complem Alt Med 2013;13:132. https://doi.org/10.1186/1472-
6882-13-132.

Wang HP. System building for safe medication. In: Giancarlo,
editor. Risk management trends. Brussel: InTech Open
Access Publ Co; 2011. p. 189—202.


http://refhub.elsevier.com/S1021-9498(18)30001-2/sref22
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref22
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref22
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref23
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref23
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref23
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref23
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref23
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref23
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref23
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref23
https://doi.org/10.3389/fphar.2012.00069
https://doi.org/10.3389/fphar.2012.00069
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref26
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref26
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref26
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref26
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref27
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref27
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref27
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref27
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref27
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref27
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref27
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref28
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref28
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref28
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref28
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref28
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref29
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref29
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref29
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref29
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref30
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref30
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref30
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref30
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref30
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref30
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref31
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref31
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref31
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref31
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref32
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref32
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref32
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref33
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref33
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref33
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref34
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref34
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref34
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref34
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref34
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref35
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref35
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref35
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref35
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref36
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref36
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref36
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref37
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref37
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref37
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref37
http://www.ema.europa.eu/ema/index.jsp?curl=pages/regulation/document_listing/document_listing_000360.jsp
http://www.ema.europa.eu/ema/index.jsp?curl=pages/regulation/document_listing/document_listing_000360.jsp
http://www.ema.europa.eu/ema/index.jsp?curl=pages/regulation/document_listing/document_listing_000360.jsp
http://www.ema.europa.eu/ema/index.jsp?curl=pages/regulation/document_listing/document_listing_000360.jsp
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref39
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref39
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref39
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref39
https://doi.org/10.1371/journal.pone.0064255
https://doi.org/10.1371/journal.pone.0064255
https://doi.org/10.1155/2014/145325
https://doi.org/10.1155/2014/145325
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref42
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref42
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref42
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref42
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref43
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref43
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref43
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref43
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref43
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref44
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref44
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref44
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref44
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref45
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref45
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref45
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref45
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref46
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref46
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref46
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref46
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref46
https://doi.org/10.1186/1472-6882-13-132
https://doi.org/10.1186/1472-6882-13-132
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref48
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref48
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref48
http://refhub.elsevier.com/S1021-9498(18)30001-2/sref48
https://doi.org/10.1016/j.jfda.2017.11.012
https://doi.org/10.1016/j.jfda.2017.11.012

	Risk undermined in the bilateral pharmaceutical regulatory system in Taiwan
	1. Introduction
	1.1. Polypharmacy
	1.2. Social aspects of irrational medication and co-medication in Taiwan
	1.3. Regulatory aspects of pharmaceutical administration in Taiwan
	1.4. Pharmacoepidemiology in relation to the risk of polypharmacy

	2. Evidence-based medicine
	2.1. Scientific aspects of partnership between xenobiotics and the host
	2.2. Risk-benefit assessment of pharmaceutical products
	2.3. The theory of TCM therapy need to be correctly addressed

	3. Conceptual evolution on medication
	3.1. Pharmacovigilance
	3.2. From pharmacovigilance to pharmacovigilance planning
	3.3. Pharmacovigilance of herbal medicines

	4. System building of safe medication in Taiwan
	4.1. Ethical aspects on classification of health-related food and pharmaceuticals
	4.2. Regulation and administration of western medicine in Taiwan
	4.3. Regulation and administration of herbal medicine in Taiwan
	4.4. GDDP for implementing pharmacovigilance planning and risk minimization

	5. Conclusion
	Acknowledgement
	References


