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Abstract
Introduction The Chinese National Medical Products Administration (NMPA) has emphasized proactive pharmacovigilance 
throughout the product life cycle in recent years. However, the safety-related withdrawal of drugs from the Chinese market 
has received less attention.
Objectives The primary aim of the study was to investigate the context of withdrawing a drug for safety reasons in China 
(between 1999 and 2021).
Methods Withdrawn drugs were first identified from the Chinese NMPA and United States (US) Food and Drug Adminis-
tration websites and the World Health Organization’s (WHO’s) consolidated list of products, WHO Drug Information, and 
WHO Pharmaceuticals Newsletter. We then searched the China National Knowledge Internet database, Chongqing VIP 
information database, Wanfang database, PubMed, and Google Scholar for drug withdrawal details. We used the Oxford 
Centre for Evidence-Based Medicine criteria to assess the levels of evidence that support withdrawing a drug.
Results A total of 30 drugs were withdrawn from the Chinese market between 1999 and 2021. The number of withdrawals 
increased during the stable Chinese drug surveillance period (2012–2021). Evidence from case-series or case–control studies 
was primarily used to determine the withdrawals of 16 drugs (53.3%). Fifteen drugs were withdrawn from the markets of 
China and the US, including five drugs (5/15, 33.3%) that were withdrawn in the same year in China and the US.
Conclusions The promulgation of regulations and development of advanced passive and active systems have enhanced 
pharmacovigilance in China. High-quality evidence, coordination with other regulatory authorities, and communication and 
information sharing should be strengthened to optimize drug safety surveillance and risk management.
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Key Points 

Thirty drugs were withdrawn from the Chinese mar-
ket between 1999 and 2021, with 14 drugs withdrawn 
during the stable Chinese drug surveillance period 
(2012–2021).

Robust evidence contributed to the drug withdrawal 
decisions following the development of pharmacovigi-
lance programs in China.

The development of regulations and advanced passive 
and active systems has enhanced the pharmacovigilance 
in China.

1 Introduction

The Chinese National Medical Products Administra-
tion (NMPA) attaches great importance to public health 
through adverse drug reaction (ADR) monitoring, safety 
surveillance, and risk management following drug market-
ing approval.

ADR monitoring was initiated in 1988 in China, and 
the National  Center for ADR  Monitoring, which was 
established in 1989, is responsible for drug safety [1]. In 
1999, the Measures for Monitoring and Management of 
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ADRs (for Trial Implementation) was enacted as the first 
regulation for post-marketing ADR surveillance in China, 
and it is devoted to monitoring the safety of post-marketed 
drugs [2]. Prior to 2003, ADRs were reported to provincial 
ADR centers via paper reports, fax, or telephone. In 2003, a 
nationwide China Adverse Drug Reaction Monitoring Sys-
tem (CADRMS), which is an online spontaneous reporting 
system, was established [3]. In 2016, the NMPA created 
the China ADR Sentinel Surveillance Alliance (CASSA) 
program, which provides a solid basis for active drug safety 
monitoring using electronic medical records [4]. After more 
than 30 years of development, a relatively mature pharma-
covigilance regulation and management system has been 
established [5].

Post-marketing withdrawal of a drug in China occurs 
when the drug is suspected to have caused serious adverse 
reactions, especially when the risks outweigh the benefits, 
and such withdrawals may represent a measure of success-
ful pharmacovigilance [6]. In the United States (US), 32 
drugs were withdrawn between 1975 and 2009 [7]. A recent 
study stated that 133 drugs were withdrawn from the market 
worldwide due to safety reasons from 1990 to 2010 [8]. The 
objective of the present study was to investigate the context 
of drug withdrawal for safety reasons in China between 1999 
and 2021, identify the scientific evidence that leads to drug 
withdrawals, and perform a comparative analysis of drug 
safety withdrawals between China and the US.

2  Methods

2.1  Data Source

We chose the study period between January 1999 and 
December 2021 because it corresponds to China’s modern 
era of drug surveillance. We categorized the pharmacovig-
ilance development of China into three periods: the ini-
tial Chinese drug safety surveillance development period 
(1999–2004), the rapid Chinese drug safety surveillance 
development period (2005–2011), and the stable Chinese 
drug safety surveillance period (2012–2021) [9].

We obtained a list of drugs from the NMPA and US Food 
and Drug Administration (FDA) websites and the World 
Health Organization’s (WHO’s) consolidated list of prod-
ucts for which the consumption and/or sale has been banned, 
withdrawn, severely restricted, or not approved by govern-
ments (issues 6, 8, 12, and 14, the updated version of issue 
14, 2010–2018), WHO Drug Information (2005–2021), 
and WHO Pharmaceuticals Newsletter (2002–2021). For 
each drug withdrawal, we searched the China National 

Knowledge Internet (CNKI), Chongqing VIP informa-
tion, and Wanfang databases, which are the three scientific 
databases in China. We also searched PubMed and Google 
Scholar for drug withdrawal details.

2.2  Inclusion/Exclusion Criteria

In the present study, the term ‘drug’ means active ingredi-
ent. Thus, we did not calculate the total number of marketed 
drugs and generics, but only the number of active ingredi-
ents. We included drugs that were withdrawn by regulatory 
authorities and those that were previously withdrawn (by 
regulatory authorities) because of ADRs but then re-intro-
duced with a restriction of use. When only one formulation 
of a drug was withdrawn, the drug was included in the list, 
and the formulation was noted; however, if all formulations 
of the drug were subsequently withdrawn, we used the ear-
liest date, irrespective of formulation, as the year of first 
withdrawal.

Drugs were excluded for the following reasons: docu-
mented evidence is available of voluntary withdrawal by 
marketing authorization holders (MAHs) for commercial 
reasons; withdrawal was only based on insufficient efficacy 
(not due to adverse reactions) or contamination of the active 
ingredient by other agents; and withdrawal was based on 
certain indications or specific populations. We also excluded 
vaccines, traditional Chinese medicine drugs, non-human 
medicines, and dietary supplements.

2.3  Data Extraction and Analysis

For each withdrawn drug, we extracted the following data: 
Anatomic Therapeutic Chemical (ATC) classification (first 
level); year of marketing (year of marketing authorization, 
launch date, or date of first recorded use); year of with-
drawal (year of first withdrawal); and ADRs that were most 
related to the drug’s withdrawal. The highest quality level 
of available evidence supporting the withdrawal of drugs 
was assessed based on the Oxford Centre for Evidence-
Based Medicine (OCEBM) criteria. OCEBM criteria are 
as follows: level 1, systematic reviews (highest); level 2, 
randomized clinical trials (RCT); level 3, non-randomized, 
cohort, or follow-up studies; level 4, case-series or case-
control studies; and level 5, mechanism-based reasoning 
(lowest) [10]. One reviewer (YRL) extracted the data, and 
a second reviewer (YJ) independently verified the data, 
with discrepancies between the reviewers resolved through 
discussion. We compared the withdrawal information both 
available in China and the US for drugs that were withdrawn 
in China in the study periods. Data were analyzed using 
descriptive analysis.
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3  Results

We identified 30 drugs withdrawn from the Chinese market 
between 1999 and 2021 (Table 1). The most frequent ATC 
classification (first level) of these drugs was “Antiinfectives 
for systemic use” (9/30, 30.0%) (Table 1).

3.1  Number of Drug Withdrawals According 
to the Study Periods

Fourteen drugs were withdrawn (46.7%) during the sta-
ble Chinese drug safety surveillance period (2012–2021), 
whereas nine and seven drugs were withdrawn (30.0% 
and  23.3%) during the initial Chinese drug safety sur-
veillance development period (1999–2004) and the rapid 
Chinese drug safety surveillance development period 
(2005–2011), respectively (Fig. 1).

3.2  Types of Adverse Drug Reactions

Cardiovascular and hematological toxicities (5/30; 16.7%) 
were the most reported ADRs that led to withdrawals, fol-
lowed by drug abuse, neurotoxicity, and carcinogenicity 
(3/30; 10.0%) (Fig. 2).

3.3  Evidence for Drug Withdrawal

The quality of available evidence that triggered drug with-
drawal decisions according to the OCEBM criteria is shown 
in Fig. 3. Of the 30 included drugs, case-series or case–con-
trol studies were used as evidence for withdrawals in 16 
drugs (53.3%), while systematic reviews were used in five 
drug withdrawals (16.7%) (Fig. 3). The OCEBM criteria 
supporting drug withdrawals during the study periods are 
shown in Fig. 4. More robust evidence contributed to regula-
tory decisions following the three periods.

3.4  Comparison of Drug Withdrawals in China 
and the United States

Fifteen drugs were withdrawn in both China and the US. Phe-
nylpropanolamine, aprotinin, pergolide mesylate, tegaserod, and 
sibutramine (5/15, 33.3%) were withdrawn from the Chinese and 
US markets in the same year, while dextropropoxyphene was 
withdrawn from the Chinese market in 2011, which was a year 
after its withdrawal from the US market (2010) (Table 2).

Figure 5 also provides data on the duration of marketing 
before drug withdrawal in China and the US. Compared with the 
US, China had longer exposure durations to seven drugs (apro-
tinin, fenfluramine, pemoline, phenformin, terfenadine, furazo-
lidone, and oxyphenbutazone) (Fig. 5. We excluded metamizole 
in Fig. 5 as the marketing year of US was unavailable).

4  Discussion

Drug withdrawal decisions are based on re-evaluations of 
the benefit-to-risk balance when rare and new ADRs occur 
following large-scale use after drug approval. Our study 
showed that a total of 30 drugs were withdrawn in China 
between 1999 and 2021. The number of drug withdrawals 
increased during the stable Chinese drug safety surveillance 
period (2012–2021). Case-series or case–control studies 
were mostly used as the evidence for withdrawals in 16 
drugs (53.3%). Fifteen products were withdrawn from both 
the Chinese and US markets, including five products (5/15, 
33.3%) that were withdrawn in the same year in China and 
the US.

China has a relatively mature passive spontaneous report-
ing system that includes a four-level network consisting of 
one national center, 34 provincial centers, and > 400 munici-
pal centers [9]. Healthcare professionals (physicians, nurses, 
pharmacists), MAHs, and drug distributors are allowed to 
report ADRs. ADRs and/or adverse drug events were ini-
tially mainly reported by medical institutions, with fewer 
reports by MAHs and drug distributors. Currently, ADR 
reporting is mandatory for both MAHs and medical institu-
tions, which is different from that in the US [2, 44]. There is 
currently no dedicated patient reporting system in China and 
patients report ADRs mainly through medical institutions or 
MAHs. The NMPA has recognized the importance of patient 
reporting and is considering to establish an ADR patient 
reporting system. CADRMS received a total of 1.962 mil-
lion ADR reports in 2021, and the average number of reports 
per million people was 1392 [45]. In 2016, the NMPA cre-
ated the CASSA program, which provides a solid basis for 
national active drug safety monitoring with electronic medi-
cal records [4]. Provincial active surveillance programs have 
also been developed in China. For example, the Guangdong 
Provincial Center for ADR Monitoring has developed an 
ADR Quick Reporting and Intelligent Scanning System 
to promote active pharmacovigilance [46]. The combina-
tion of active and passive monitoring strengthens the post-
marketing surveillance of drugs. The NMPA implements 
risk management approaches when serious safety issues are 
identified by post-marketing surveillance, including MAH 
communication meetings, and these methods include modi-
fication of package inserts, restriction of use, and suspension 
or withdrawal of marketing authorization. A drug is with-
drawn from the market when the NMPA determines that the 
benefit–risk assessment is not acceptable.

It is important to note that the sources of evidence used 
in our study include evidence originating from the literature, 
pharmaceutical company notices, and regulatory authority 
websites. For example, the decision to revoke tegaserod was 
based on a systematic review of data from 29 premarketing 
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Table 1  Drug withdrawals for safety reasons between 1999 and 2021 in China

ATC  Anatomic Therapeutic Chemical, OCEBM Oxford Centre for Evidence-Based Medicine
*Based on the OCEBM criteria [10]: level 1, systematic reviews; level 2, randomized clinical trials; level 3, non-randomized, cohort, or follow-
up studies; level 4, case-series or case–control studies; and level 5, mechanism-based reasoning
**The following drugs were withdrawn because of specific formulations: kanamycin B sulfate (injection), cefaloridine (injection), kasugamycin 
hydrochloride (injection), ketoconazole (oral), pyritinol (injection), and metamizole (injection)

Drug ATC classification (first level) Year of 
market-
ing

Year of 
with-
drawal

Primary reasons for withdrawal Level of evidence*

Phenylpropanolamine Respiratory system 1984 2000 Hemorrhagic stroke, cardiovas-
cular events

4 [11]

Ethylimine Dermatologicals 1976 2002 Carcinogenicity 4 [12]
Bimolane Antiinfective for systemic use 1982 2002 Carcinogenicity 3 [13]
Ethoxide Antiinfective for systemic use 1965 2003 Agranulocytosis 4 [14, 15]
Kanamycin B sulfate** Antiinfective for systemic use 1971 2003 Ototoxicity 4 [16]
Cefaloridine** Antiinfective for systemic use 1983 2003 Nephrotoxicity 4 [17]
Kasugamycin hydrochloride** Antiinfective for systemic use 1971 2003 Ototoxicity 4 [18]
Yellow mercuric oxide Antiinfective for systemic use 1952 2003 Mercury poisoning 4 [19]
Phenylmercuric acetate Genito urinary system and sex 

hormones
1955 2003 Mercury poisoning 4 [20]

Aprotinin Blood and blood forming organs 1975 2007 Anaphylaxis reactions 3 [21]
Pergolide mesylate Nervous system 1996 2007 Cardiac valvulopathy 3 [22]
Tegaserod Alimentary tract and metabolism 2003 2007 Cardiovascular events, including 

heart attack and stroke
1 [23]

Fenfluramine Alimentary tract and metabolism 1984 2009 Cardiac valvulopathy, pulmonary 
hypertension

1 [24, 25]

Sibutramine Alimentary tract and metabolism 1999 2010 Cardiovascular events, including 
heart attack, stroke and cardiac 
arrest

2 [26]

Dextropropoxyphene Nervous system 1996 2011 Fatal overdose 2 [27]
Clenbuterol hydrochloride Respiratory system 1979 2011 Drug abuse 4 [28]
Buflomedil Cardiovascular system 1988 2013 Neurotoxicity, cardiovascular 

events
4 [29]

Meprobamate Nervous system 1985 2013 Drug abuse 3 [30]
Ketoconazole** Antiinfectives for systemic use 1984 2015 Hepatotoxicity 1 [31]
Pemoline Nervous system 1983 2015 Hepatotoxicity 4 [32]
Chlormezanone Musculo-skeletal system 1996 2016 Toxic epidermal necrosis 4 [33]
Phenformin Alimentary tract and metabolism 1963 2016 Lactic acidosis 2 [34]
Sulfisomidine Antiinfective for systemic use 2002 2018 Blood disorders, hypersensitivity, 

nephrotoxicity
4 [35]

Terfenadine Respiratory system 1989 2018 Cardiovascular events, including 
cardiac arrhythmias and death

3 [36]

Pyritinol** Nervous system 1975 2018 Immunologic disorders 4 [37]
Furazolidone Antiparasitic products, insecti-

cides and repellents
1959 2019 Neurotoxicity 1 [38]

Metamizole** Nervous system 1953 2020 Agranulocytosis, anaphylactic 
reactions

1 [39]

Oxyphenbutazone Musculo-skeletal system 1976 2020 Blood disorders 4 [40]
Sulfadimidine Antiinfective for systemic use 1959 2020 Blood disorders 4 [41, 42]
Phenolphthalein Alimentary tract and metabolism 1955 2021 Carcinogenicity 5 [43]
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trials by Novartis [23]. Our study found that sixteen with-
drawals (53.3%) were supported solely by case-series or 
case–control studies. In line with our study, Olivier et al. 
showed that twelve withdrawals in France (57%) were based 
on spontaneous reports and case series between 1998 and 
2004 [47]. Charles et al. reported that most of the medicine 
withdrawals (63%) from the worldwide market were based 
on case reports between 1953 and 2014 [48]. However, a 
recent study suggested that the use of RCTs increased as 
supporting evidence of withdrawn, revoked, or suspended 
regulatory actions due to safety reasons increased to 72.2% 
within the EU in the period from 1 July 2012 to 31 Decem-
ber 2016 [49]. Similarly, more robust evidence has contrib-
uted to regulatory decisions following the development of 

pharmacovigilance programs in China. An example is keto-
conazole, which was marketed as an antifungal treatment. 
After confirming the risk of ketoconazole to the liver, the 
NMPA issued an ‘ADR Information Bulletin’ to alert the 
public of this risk in 2002. In 2012, the NMPA warned the 
public again that ketoconazole can cause severe liver injuries 
that may potentially result in liver transplantation or death, 
and it advised patients to monitor liver functions. In 2013, 
the NMPA added ketoconazole to the list of drugs for inten-
sive ADR monitoring, which strengthened the frequency of 
monitoring of this drug. Meanwhile, the NMPA commis-
sioned Peking University to re-evaluate the hepatotoxicity 
of ketoconazole [50]. A systematic review showed that the 
hepatotoxicity incidence of ketoconazole was 3.6–4.2%, and 
this value was higher in patients who were prescribed this 
drug for off-label use [51]. With the above evidence, keto-
conazole was finally withdrawn from the Chinese market in 
2015. This example implies that a gradual shift has occurred 
towards using more robust evidence to support drug with-
drawal regulatory actions.

Our study suggested that five drugs were withdrawn 
from the Chinese and US markets in the same year, which 
may be explained by information sharing between inter-
national countries. For example, based on the result of the 
Sibutramine Cardiovascular Outcome Trial (SCOUT) study, 
the NMPA concluded that the benefits of sibutramine do 
not outweigh the cardiovascular risks and recommended the 
withdrawal of sibutramine in China in the same year as it 
was withdrawn in the US [26]. In 1998, the National Center 

Fig. 1  Number of drug withdrawals according to the study periods in 
China

Fig. 2  Types of adverse drug reactions that led to drug withdrawal in China
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for ADR Monitoring became a member of the WHO Inter-
national Drug Monitoring Program [52]. Then the National 
Center for ADR Monitoring began reporting ADRs to the 
WHO center, and coordinated with other WHO members in 
Uppsala. The drug regulatory authorities work together to 
ensure that regulatory authorities are continuously updated 
on any emerging safety issue. Delays until drug withdrawal 
have been observed in China because drug withdrawal deci-
sions depend on the duration before drug withdrawal, the 
number of patients exposed to unsafe drugs, the indications 
for therapy, the frequency of the ADRs, the severity of the 
ADRs, the benefits of the drug involved, and the availability 
of safer alternative drugs [50, 53, 54, 55]. Other possible 
explanations for the different drug withdrawal times between 
China and the US include the different regulatory systems, 
different economic considerations, and different willingness 
of the regulatory authorities to act [6, 7].

This study is the first study to report on drug withdraw-
als for safety reasons in China. We used robust methods to 
search for drugs withdrawn for safety reasons and assessed 
data from a variety of sources. However, our study also had 
certain limitations. First, despite our intensive effort to con-
duct an exhaustive review of all available data, errors may 
have occurred because we only analyzed pharmacovigilance 
public data and data obtained from indirect sources (e.g., 
year of marketing) such as the published literature. In addi-
tion, we did not provide the number of drugs withdrawn 
during the three time periods as a percentage of the number 
of drugs approved during the three periods because we could 
not obtain the number of drugs approved before 2012, due to 
opaque information. Furthermore, although post-marketing 
drug withdrawals can be a measure of successful pharma-
covigilance, they may also indicate a failure of the drug 
approval system to identify safety issues in the pre-market 
phase. The relationship between post-marketing drug with-
drawals and China’s drug approval system is an important 
issue, and further investigations should be performed.

Fig. 3  Evidence for drug withdrawal. OCEBM criteria [10]: level 1, 
systematic reviews; level 2, randomized clinical trials; level 3, non-
randomized, cohort, or follow-up studies; level 4, case-series or case–
control studies; and level 5, mechanism-based reasoning. OCEBM 
Oxford Centre for Evidence-Based Medicine

Fig. 4  Evidence for drug withdrawal according to the study period. 
OCEBM criteria [10]: level 1, systematic reviews; level 2, rand-
omized clinical trials; level 3, non-randomized, cohort, or follow-
up studies; level 4, case-series or case–control studies; and level 5, 
mechanism-based reasoning. OCEBM Oxford Centre for Evidence-
Based Medicine

Table 2  Comparison of drug withdrawals in China and the United 
States (US)

Metamizole was withdrawn based on its injection formulation. Tegas-
erod was first approved for the treatment of IBS-C and chronic idio-
pathic constipation in the US in 2002 and 2004, respectively, and then 
withdrawn from the US market in 2007 due to adverse cardiovascu-
lar events. Following additional safety data, tegaserod was approved 
again for use in the US for IBS-C under more restricted labeling in 
April 2019
NA not available, IBS-C irritable bowel syndrome with constipation, 
US United States

Drug China US

Year of 
market-
ing

Year of 
with-
drawal

Year of 
market-
ing

Year of 
with-
drawal

Phenylpropanolamine 1984 2000 1947 2000
Aprotinin 1975 2007 1993 2007
Pergolide mesylate 1996 2007 1988 2007
Tegaserod 2003 2007 2002 2007
Fenfluramine 1984 2009 1973 1997
Sibutramine 1999 2010 1997 2010
Dextropropoxyphene 1996 2011 1957 2010
Pemoline 1983 2015 1975 2005
Chlormezanone 1996 2016 1960 1996
Phenformin 1963 2016 1959 1977
Terfenadine 1989 2018 1985 1997
Furazolidone 1959 2019 1958 1991
Metamizole 1953 2020 NA 1977
Oxyphenbutazone 1976 2020 1960 1985
Phenolphthalein 1955 2021 1902 1997
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5  Conclusions

This study describes drugs that were withdrawn from the 
market in China for safety reasons. The promulgation of 
regulations and development of advanced passive and active 
systems have enhanced pharmacovigilance in China. High-
quality evidence, coordination with other regulatory authori-
ties, and communication and information sharing should be 
strengthened to optimize drug safety surveillance and risk 
management. Moreover, active pharmacovigilance has now 
been introduced into monitoring and evaluation systems 
based on the integration of multiple databases, which can 
facilitate the early detection of drug safety risks and estab-
lish high-quality evidence for regulatory decision-making.
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