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Abstract
Background  Several meta-analyses of phase 3 randomized controlled trials (RCTs) were published in 2019, reassessing 
the safety of most anti-osteoarthritis (OA) medications, mainly on the basis of data from full safety reports. The current 
systematic review (SR) intends to provide complementary insights into the safety of anti-OA medications, using evidence 
from post-marketing safety surveillance studies.
Methods  The review protocol was registered with PROSPERO database (registration no. CRD42021227872). We followed 
the Cochrane methodology for SRs of interventions and comprehensively searched the Medline, CENTRAL, Scopus and 
TOXLINE databases from inception to November 2023, to include all post-marketing safety surveillance studies on any 
anti-OA medications. The outcomes of this SR were any adverse events (AEs) reported in the included studies.
Results  The literature search yielded 16,990 studies, of which 59 articles were ultimately included in the review. Most studies 
investigated non-steroidal anti-inflammatory drugs (NSAIDs, 27 studies, 28 reports) and intra-articular hyaluronic acid (IAHA, 
16 studies). Symptomatic slow-acting drugs for osteoarthritis (SYSADOAs) were assessed in seven studies (one of which also 
assessed NSAIDs), and corticosteroid injections in four studies, while opioids and “herbal mixtures and other compounds” each 
were investigated respectively in three and two studies. Most of the studies were cohort studies (n = 44), others were case reports 
or case series (n = 12), RCTs (n = 2 reports of the same trial), or a case–control study (n = 1). The most commonly reported AEs 
with NSAIDs from cohort (sample sizes varied between 129 and 22,938 patients), RCT (21,645 patients with OA), and case–control 
(174 cases and 926 control patients with OA) studies were gastrointestinal (GI) and/or cardiovascular (CV) AEs, with specific AEs 
varying with individual NSAIDs. Where comparisons between NSAIDs were made, the overall literature shows a better or similar 
safety profile for celecoxib (at a daily dose of 200 mg, where dosage was reported) compared with other NSAIDs in regards to GI, 
CV and renal events. Other anti-OA medications with most common AEs reported from cohort studies were: IAHA (injection site 
pain); diacerein (GI AEs and reddish urine); avocado–soybean unsaponifiables (GI AEs); non-pharmaceutical-grade glucosamine 
and chondroitin (allergic reactions, GI disorders); opioids (hip fracture associated with long-term tramadol use among older adults; 
GI and nervous system disorders with hydrocodone); corticosteroid injections (increased risk of OA progression); herbal mixtures 
and other compounds (GI AEs). There were case reports or case series of specific AEs with various anti-OA medications that 
require further investigations in well-designed cohort studies before any definitive conclusions can be reached.
Conclusions  This SR confirms previous evidence on the safety of anti-OA medications from meta-analyses of phase 3 
RCTs. Beyond the evidence here reported, the limitations of this research highlight the urgent need of a reporting guideline 
for post-marketing safety surveillance studies. Importantly, real-life safety surveillance of anti-OA medications should be 
strengthened with large cohort studies with control groups, and results should be disaggregated by disease populations for 
drugs common to several conditions.
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Key Points 

This systematic review confirms previous evidence 
on the safety of anti-osteoarthritis medications from 
meta-analyses of phase 3 randomized placebo-controlled 
trials.

Some additional safety concerns have been reported on 
specific drugs, mainly from case reports and case series, 
which require further investigations in large cohort stud-
ies before any definitive conclusions can be reached.

The limitations of this research highlight the urgent 
need of a reporting guideline for post-marketing safety 
surveillance studies.

1  Introduction

Osteoarthritis (OA) is the most common joint disease and 
a major public health issue, particularly in the context of 
global population growth and ageing, representing a sig-
nificant burden for patients, societies and healthcare sys-
tems [1–3]. In the absence of recognized disease-modifying 
drugs, the management of OA relies on combinations of 
pharmacological and non-pharmacological treatments, with 
the aim of relieving the pain induced by the disease and 
improving the functional status and quality of life of patients 
[4]. In such a context, the safety of these drugs is of para-
mount importance, as patients may need to take anti-OA 
medications for several years.

Recently, the European Society for Clinical and Eco-
nomic Aspects of Osteoporosis, Osteoarthritis and Mus-
culoskeletal Diseases (ESCEO) commissioned a series of 
systematic reviews and meta-analyses that reassessed the 
safety of various anti-OA medications, providing up-to-date 
evidence on safety using data from phase III randomized 
placebo-controlled clinical trials (RCTs) [5–9]. For more 
accuracy of estimates, many of these meta-analyses used 
as much as possible data from full safety reports, instead of 
safety data reported in clinical trial manuscripts [5–7].

Although evidence from meta-analyses of RCTs is the 
highest-level evidence in epidemiology and evidence-based 
medicine, such evidence is limited for assessment of drug 
safety and therefore needs to be complemented by post-
marketing surveillance data. Limitations of RCTs in pro-
viding strong evidence on drug safety include sample size 
restrictions, selective patient population and relatively short 
follow-up duration [10]. These limitations make them inap-
propriate to study rare, long-onset potentially severe or seri-
ous adverse events, as well as effects of possible interactions 

with other drugs particularly in patients with comorbidi-
ties, which may not be detected from phase I to phase III 
clinical trials. Therefore, data from real-life, provided by 
post-marketing safety surveillance studies, are necessary for 
deepening the knowledge about drug safety [11]. In OA, in 
particular, it has been reported that long-term safety data are 
limited. On the other hand, and to the best of the authors’ 
knowledge, no systematic review of post-marketing surveil-
lance studies of anti-OA drugs has been published so far. 
Such a review would be useful in providing an overview of 
characteristics and outcomes of post-marketing safety sur-
veillance studies in OA.

The objective of this systematic literature review is there-
fore to identify all the published post-marketing safety sur-
veillance studies on pharmacological treatments for OA and 
to describe the characteristics and the main findings of these 
studies. Thus, we sought to provide complementary evidence 
on the safety of anti-OA medications and insights into the 
state of post-marketing safety surveillance in OA.

2 � Methods

2.1 � Guidelines and Protocol Registration

This systematic literature review was conducted follow-
ing the methodological guidance provided in the Cochrane 
Handbook [12]. The current report follows the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guideline [13].

The review protocol was pre-registered in the PROS-
PERO database (registration no. CRD42021227872).

2.2 � Information Sources

The following four bibliographic databases were searched 
from inception to 4 November 2023, using detailed and 
highly sensitive search strategies: Medline (via Ovid), 
the Cochrane Central Register of Controlled Trials (Ovid 
CENTRAL), Scopus and TOXLINE (via ProQuest). An 
initial comprehensive search was first conducted on 30 
December 2020, then the literature search was updated in 
2023 (04/11/2023) to include additional studies published 
since the initial search date.

Post-marketing surveillance studies not published in 
scientific journals were not considered in this systematic 
review; therefore, grey literature (such as reports to drug 
regulatory agencies) was not searched. We conducted a 
manual search of any literature reviews identified through 
databases search and of references of included studies for 
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any additional individual study on post-marketing surveil-
lance of anti-OA drugs.

2.3 � Search Strategies

The search strategies were constructed following the Popu-
lation/Problem, Intervention, Comparator, Outcome, and 
Study design (PICOS) framework. As this review does not 
address any specific anti-OA medications (Intervention) and 
does not consider any specific comparisons to other inter-
ventions (Comparator), the search strategy did not include 
these two components of the PICOS framework. Although 
safety is the outcome of interest in this review, the outcome 
component of the PICOS framework was also omitted. In 
fact, the review does not address any specific set of adverse 
events. Therefore, the search strategies included only the 
Population/Problem (“osteoarthritis”) and the Study design 
(“post-marketing surveillance studies”/“phase IV studies”/
real-life studies) components of the PICOS framework. Spe-
cific terms for individual phase IV study designs in phar-
macoepidemiology (e.g. phase IV randomized clinical tri-
als, cohort studies, case–control studies, analysis of secular 
trends) were not used, as this would generate substantial 
unnecessary records, given that these specific study designs 
are not used only for the purpose of post-marketing safety 
surveillance. To broaden the scope of the search, we added 
(as an exception to the principle announced before) the terms 
“case report” and “case series” to the words describing the 
study design. This is to avoid missing any case report or case 
series on real-life safety experiences with anti-OA drugs, 
which would not have been specifically reported/indexed as 
a post-marketing surveillance report. The detailed search 
strategies for the databases considered for this systematic 
review are reported in the Supplementary Information.

2.4 � Eligibility Criteria

2.4.1 � Inclusion Criteria

All individual post-marketing surveillance studies/publica-
tions addressing the safety of any pharmacological treat-
ment for the management of OA were included in this 
systematic literature review. All types of study designs in 
pharmacoepidemiology were considered, including phase 
IV randomized clinical trials, cohort studies, case–con-
trol studies, analysis of secular trends, case series and 
case reports. Studies including both patients with OA and 
patients with other diseases for the assessment of drugs 
common to various conditions (e.g. NSAIDs, corticos-
teroids) were also included. Ultimately, post-marketing 
studies specifically designed to investigate interactions 
between anti-OA medications and other drugs in patients 
with OA were included.

2.4.2 � Exclusion Criteria

Studies that are extensions of phase 3 RCTs, and usually 
reported as “long-term safety” studies, were not included 
in this systematic review. Likewise, randomized placebo-
controlled trials performed after drug approval, but that are 
not typically designed for the purpose of pharmacovigilance, 
were excluded; these studies are those designed as phase 3 
RCTs but performed after drug approval (sometimes referred 
to as “phase 5” trials). We also excluded controlled clinical 
trials designed as drug comparison studies or noninferiority 
studies, even if they included safety as outcome, unless they 
were formally described as post-marketing safety surveil-
lance or real-life studies. For studies including both patients 
with OA and patients with diseases other than OA, those 
that did not report separate results for patients with OA 
only were excluded. Studies evaluating rofecoxib (Vioxx) 
were excluded from this systematic review, as this drug has 
already been withdrawn from the market [14]. In the case of 
studies reporting data on multiple drugs including rofecoxib, 
only those that have results separately reported for drugs 
other than rofecoxib were included. Ultimately, the follow-
ing studies/papers were also excluded: evidence synthesis 
studies (narrative or systematic reviews), letters, comments, 
editorials or studies involving animals, plus published in 
languages other than English or French.

2.5 � Study Selection Process

The Covidence online software (https://​www.​covid​ence.​
org/) was used to manage the whole study selection pro-
cess. Two researchers (G.H. and L.L.) independently read 
the title and abstract of all the records from all the databases 
after duplicates removal, to exclude irrelevant studies. At 
this stage, all post-marketing studies on anti-OA drugs were 
included, whether safety was evoked or not in the title or 
abstract. Then, the same two investigators (G.H. and L.L.) 
independently reviewed the studies included for full-text 
review to include those that fully fitted the review selection 
criteria. Full-text exclusion reasons were documented. At 
both the title/abstract and full-text selection stages, disagree-
ments between the two reviewers were solved by consensus 
or with the involvement of another member of the review 
team (O.B.).

2.6 � Data Collection and Data Items

Two members of the review team (G.H. and L.L.) extracted 
relevant data from the included articles using a predefined 
standard data extraction form. Data were extracted from each 
article by one person, then systematically checked by one 
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of the review team members (G.H. or L.L.). The following 
data were extracted: (a) information for manuscript identi-
fication (Covidence identifier, first authors’ name, publica-
tion year); (b) objective(s) of the study; (c) characteristics 
of the study (design, setting, duration, sample size, funding 
source, whether the study was reported as a post-marketing 
safety surveillance or mandated study); (d) characteristics of 
patients and disease (age, gender, location of OA); (e) treat-
ment and characteristics (drug studied, dosage, formulation 
regimen, manufacturer, treatment duration, comparator); (f) 
main findings of the study (adverse events with frequen-
cies or odds ratios/risk ratios); (g) conclusions of the study 
(authors’ conclusion and/or perspectives).

Since the purpose of this review was to identify and 
describe the available post-marketing safety surveillance 
studies on pharmacological treatments for OA, and also to 
identify challenges in pharmacovigilance in OA, we did not 
contact authors for complementary information in case of 
incomplete or missing data in the manuscripts.

2.7 � Outcomes of Interest

As a systematic review of post-marketing safety surveil-
lance studies, the outcome of this research was any adverse 
events, or any safety issues reported in the included studies. 
Although failure in drug effectiveness has also been con-
sidered as harm to patient [15], this review did not cover 
effectiveness.

2.8 � Methodological Quality Assessment

We assessed the methodological quality of the included 
studies using specific risk of bias (RoB) assessment tools, 
according to study design. Cohort and case–control studies 
were assessed using the Newcastle–Ottawa Scale (NOS). 
The NOS for cohort studies evaluates: (1) the selection of 
study participants, (2) the comparability of cohorts on the 
basis of the design or analysis and (3) the adequacy of out-
come assessment. This tool is, indeed, the most commonly 
used RoB assessment tool for cohort and case–control stud-
ies [16], and was found to be better than the Risk Of Bias 
In Nonrandomized Studies-of Interventions (ROBINS-I) in 
terms of applicability, while showing similar reliability [17]. 
A high score indicates a low risk of bias. Case reports and 
case series were assessed using the Joanna Briggs Institute 
(JBI) critical appraisal checklist [18], the only tool currently 
available for the assessment of the methodological quality 
of case reports [16]. Risk of bias in randomized controlled 
trials was assessed using the Cochrane tool (RoB 1.0) [19].

2.9 � Data Synthesis

We qualitatively synthetized the most relevant data extracted 
from the included studies. The specific data considered in the 
synthesis were those related to the study and interventions 
characteristics, the outcomes (adverse events) and the study 
authors’ conclusions. We first synthetized the data in tables, 
then these were summarized in short text descriptions.

3 � Results

3.1 � Study Selection

The database search yielded a total of 16,990 records, from 
which 59 reports (58 individual studies) fulfilling the selec-
tion criteria were ultimately included in the systematic 
review. The study selection process is summarized in Fig. 1, 
including details on full-text exclusion reasons.

Of the 59 articles included, 44 were reports of cohort 
studies, 12 were case series or case reports, 2 articles 
were reports from a single RCT and 1 study was a nested 
case–control study. The drugs studied include non-steroidal 
anti-inflammatory drugs (NSAIDs) [20–47] (Table 1), intra-
articular hyaluronic acid (IAHA) [48–63] (Table 2), sympto-
matic slow-acting drugs for osteoarthritis (SYSADOAs) [26, 
64–69], corticosteroid injections [70–73], opioids [74–76] 
and herbal mixtures and other compound [77, 78] (Table 3).

3.2 � Methodological Quality of Included Studies

The synthesis of the methodological quality assessment for 
the included studies is presented in the Supplementary Infor-
mation. Cohort and case–control studies were assessed using 
the NOS scale, while case reports and cases series were 
evaluated with the JBI case reports critical appraisal tool.

The main methodological flaw of the included cohort stud-
ies is the absence of control groups. Supplementary Table 1 
presents the synthesis of risk of bias in studies on NSAIDs, 
with only 6 cohort studies of 19 having a control group [20–23, 
28, 29]. Two of them compared meloxicam with rofecoxib 
[28, 29], so only the meloxicam arm is reported herein; the 
remaining four cohort studies with a control group investi-
gated the safety of celecoxib against meloxicam, naproxen or 
other NSAIDs [20–23]. Among 15 cohort studies investigat-
ing IAHA (Supplementary Table 2), only one had a control 
group [54]. Of the ten cohort studies on other drugs (includ-
ing SYSADOAs, corticosteroid injections, opioids, and herbal 
mixtures and other compounds) (Supplementary Table 3), only 
two studies had a control group, including a study on corticos-
teroid injections [71] and another one on opioids [76].
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A total of 12 case reports or case series were included in 
this review. Almost all of them were quite well reported, hav-
ing a 7–8 “yes” responses to the 8 questions of the JBI case 
reports critical appraisal tool; one case reports on SYSADOAs 
[68] and another one on corticosteroid injection [72] did not 
have a good reporting quality (Supplementary Tables 1–3). 
The only RCT (with two reports [24, 25]) included was 
assessed as a low risk of bias study (using the Cochrane RoB 
1.0 tool), as was the sole case–control study included [26] 
(Supplementary Tables 4 and 5).

3.3 � Characteristics of Included Studies 
and Overview of Outcomes by Drugs

3.3.1 � Non‑steroidal Anti‑inflammatory Drugs (NSAIDs)

Among the included studies, NSAIDs were the most investi-
gated anti-OA medications, with a total of 28 reports includ-
ing 19 cohort studies (prospective or retrospective), 6 case 
reports or case series, 2 reports of a single RCT and 1 nested 
case–control study. The sample size of the cohort studies 
varied between 129 and 22,938 patients, while the follow-
up duration varied between 4 weeks and 18 months. Most 

Fig. 1.   PRISMA flow diagram 
of the systematic review
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studies included more female than male subjects. Specific 
NSAIDs investigated and outcomes are summarized below 
(further details in Table 1):

–	 Celecoxib or naproxen versus no exposure (one study) 
[20]: Celecoxib was taken by 16,580 patients and nap-
roxen by 2907 patients for at least 90 days of continuous 
use, compared with 51,539 subjects with no recorded 
exposure or short-term use of NSAIDs. Cardiovascular 
event (hospitalization for an acute myocardial infarction 
or ischaemic stroke) was the outcome of that study. The 
results showed no increased risks for celecoxib (adjusted 
HR = 1.05, 95% CI 0.91–1.22) or naproxen (adjusted HR 
= 0.99, 95% CI 0.64–1.54), compared with non-chronic 
NSAID/Cox-2 inhibitor use.

–	 Celecoxib versus traditional NSAID (tNSAID): Hospital 
admission rates for gastrointestinal (GI) or cardiovascu-
lar (CV) events in real-life use of celecoxib (n = 6150 
patients with OA) and tNSAID (n = 4369 patients with 
OA) were investigated in a population-based cohort study 
conducted in France [21]. Only one OA patient experi-
enced a CV event in the celecoxib group, against three 
patients with OA in the tNSAID cohort (Table 1). In this 
study, which included various patient populations, the 
authors reported that GI or CV event rates were not dif-
ferent between products, even for patients aged over 60 
years old [21].

–	 Celecoxib versus meloxicam: Two retrospective cohort 
studies with 9-month follow-up duration each involved 
celecoxib (Celebrex®) and meloxicam (Mobic®). One 
study included 9339 patients with OA [22] and the other 
9338 patients with OA [23], with celecoxib taken by 
4905 patients in each study. The outcomes of interest in 
these studies were incidence rates of thromboembolic 
events (cardiovascular event; cerebrovascular events; 
peripheral venous thrombotic event) [22] and incidence 
rates of selected gastrointestinal events [23]. In the first 
study [22], authors concluded that the incidence of these 
three groups of events reported in each of these two drug 
cohorts was low, stressing however that the relevance 
of their findings needs to be considered together with 
other clinical and pharmaco-epidemiological studies. In 
the study investigating incidence rates of selected gas-
trointestinal events [23], the authors reported a relative 
reduction in the incidence of symptomatic (acid/peptic) 
GI events, and in the incidence rate of complicated upper 
GI conditions (perforations/bleeding) for celecoxib com-
pared with meloxicam.

–	 Celecoxib versus ibuprofen, or naproxen (two reports 
from the PRECISION trial): PRECISION was a rand-
omized, multicentre, double-blind, noninferiority trial 
involving patients with rheumatoid arthritis (RA) or oste-

oarthritis who were at increased cardiovascular risk. A 
total of 24,081 patients were enrolled in this trial, includ-
ing 21,645 patients with OA (89.9%) and 2436 (10.1%) 
patients with rheumatoid arthritis (RA), followed up for 
up to 42 months, with a minimum follow-up duration of 
18 months. The two reports from of this trial included in 
this review are those that presented separate results for 
patients with OA [24, 25]. The first report examined the 
risk of two composite outcomes, namely “major NSAID 
toxicity” and “expanded major NSAID toxicity” (as 
defined by authors; see notes of Table 1), for celecoxib 
compared with ibuprofen or naproxen [24]. The primary 
analyses based on the total sample (patients with OA 
and RA combined) showed that patients using naproxen 
or ibuprofen experienced significantly higher risks of 
major toxicity than those using celecoxib. Conversely, 
hypothesis-generating subgroup analysis for patients with 
OA showed increased risks for celecoxib, compared with 
ibuprofen or naproxen, although there was no subgroup 
interaction observed by arthritis diagnosis (OA versus 
RA) [24]. While the subgroup analyses were reported as 
“post hoc” in this first report, the second report from the 
PRECISION trial investigated the relative risks of car-
diovascular (CV), gastrointestinal (GI) and renal adverse 
events during treatment with the same NSAIDs, this time 
separately in patients with OA and patients with RA [25]. 
Results of analyses showed similar or lower risks of CV, 
GI and renal adverse events for celecoxib, compared with 
treatment with ibuprofen or naproxen in patients with OA 
[25].

–	 Meloxicam was further investigated in three studies, two 
of which were retrospective cohort studies with 9-month 
follow-up duration each (compared with rofecoxib; 
results for rofecoxib not reported in this manuscript) [28, 
29], and one case report [30]. AEs reported in the two 
cohort studies (n = 4433 patients with OA in each study) 
were cardiovascular and cerebrovascular thromboem-
bolic event, peripheral venous thrombotic event, symp-
tomatic (acid/peptic) upper GI events and complicated 
upper GI conditions (perforations/bleeding) (details in 
Table 1). It is worth noting that the focus of these studies 
were thromboembolic events [28] and selected gastroin-
testinal events [29]. The case report was about a female 
patient of 39 years old who experienced maculopapular 
rashes over the lips, cheeks and upper extremities (a rare 
case of meloxicam-induced Stevens–Johnson syndrome) 
[30].

–	 Nimesulide: Two cohort studies investigated nimesulide. 
One was a 1-year follow-up duration study (long-term 
treatment) of 133 patients [31], while the second study 
included 22,938 patients for 1–3-week follow-up dura-
tion (short-term treatment) [32]. In the long-term study, 
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authors failed to report numbers of patients with spe-
cific AEs (frequencies). Severe AEs (not specified) were 
reported by nine patients, while AEs related to the fol-
lowing body systems were reported: gastro-intestinal 
tract, central nervous system and skin [31]. In the short-
term duration study, AEs reported in selected number 
of patients (n = 1887) as presumably related to therapy 
were: epigastralgia, pyrosis, nausea, diarrhoea, vomiting, 
skin rash, itch, dizziness, somnolentia, oedema, head-
ache, aerophagia, sweating, flushing, xerostomia, con-
stipation and other [32].

–	 Flurbiprofen (Froben®) treatment was investigated in 
an 18-month cohort study (n = 221), with or without 
concomitant NSAIDs, and was found to be principally 
associated with gastro-intestinal, CNS or dermatological 
AEs [33].

–	 S-furbiprofen plaster (a topical NSAID) was investigated 
in a 52-week cohort study (n = 201 patients) in which 
authors observed a statistically significant increase in 
serum creatinine at both 40 and 80 mg doses, but incre-
ment was small and subclinical [34].

–	 Indoprofen was found to be associated with mainly GI 
tract AEs (78% of all AEs) in a 4-week duration cohort 
study including 1629 patients [35].

–	 Ibuprofen, with concomitant warfarin: There was a case 
report of a 74-year-old white woman with hip OA who 
developed significant elevation of the international nor-
malized ratio (INR) after the addition of ibuprofen to her 
medication regimen. The patient experienced a decrease 
in haemoglobin concentration, asymptomatic hypoten-
sion and increased blood urea nitrogen/creatinine ratio 
[36].

–	 Piroxicam was investigated in a cohort study of 6–12-
month follow-up duration (n = 154) in which epigastric 
distress and other gastrointestinal symptoms (nausea, 
abdominal discomfort and flatulence) were found to be 
the most common AEs (most being mild or moderate in 
severity) [37].

–	 Etoricoxib: A case of toxic epidermal necrolysis with 
etoricoxib was reported with a 59-year-old female patient 
who took only a single dose of 60 mg orally [38].

–	 Sulindac (Arthrocine®): One cohort study with 2040 
participants with hip or knee OA who were followed 
up for 12 months reported mainly gastralgia, but also 
gastrointestinal bleeding, neurosensory AEs (dizziness, 
headaches, insomnia and drowsiness) and cutaneous AEs 
(pruritus and rash) [39].

–	 Flavocoxid (Limbrel®): A cohort study of 2-month dura-
tion investigated flavocoxid in 1067 patients. The most 
commonly reported AEs were gastrointestinal AEs (7.4% 
of participants). Other AEs included those related to the 

central nervous system (1.0% of patients) and the mus-
culoskeletal system (0.4% of patients) [40].

–	 Diclofenac: Two of the included studies, a case series 
[41] and a case report [42], were about diclofenac alone 
in patients with OA. The case series study reported an 
analysis of 180 cases of diclofenac hepatic injury (involv-
ing 139 patients with OA) submitted to the Food and 
Drug Administration (FDA), suggesting that diclofenac-
related liver injury is particularly likely to involve osteo-
arthritic females, presenting with jaundice 1–6 months 
after starting diclofenac, with injury that is predomi-
nantly hepatocellular and presumably caused by meta-
bolic idiosyncrasy [41]. The case report was about an 
extremely rare case of spontaneous thigh haematoma 
described in a 60-year-old woman with severe bilateral 
hip OA treated with diclofenac sodium on a long-term 
basis [42].

–	 Paracetamol and diclofenac: A case of anaphylaxis 
complicated by loss of consciousness was reported in 
a 52-year-old OA woman who had eaten her regular 
biryani (a mixed rice dish originating on the Indian Sub-
continent) before taking paracetamol and diclofenac for 
chronic back pain related to underlying OA [47].

–	 Imidazole salicylate: A post-marketing survey (cohort 
study) of up to 1 month duration (n = 467 patients with 
OA) found that one 750-mg tablet, three times a day of 
imidazole salicylate was associated with the following 
“treatment-related AEs”: Heartburh, epigastric pain, 
intestinal disorders, nausea or vomiting, dizziness, and 
itching [43].

–	 Etodolac was investigated in a post-marketing surveil-
lance study on a cohort of 776 patients with OA with 
a 6-week follow-up duration. Gastrointestinal events 
(including epigastric pain, heartburn, abdominal pain and 
diarrhoea) were the most commonly reported AEs [44].

–	 Naproxen: One cohort study (1-year duration) including 
145 patients with OA and intolerance to other NSAIDs 
reported the following “drug-related” AEs: dyspepsia, 
constipation, nausea, dizziness and other AEs (not spec-
ified). Authors reported that side-effects were trouble-
some enough to cause withdrawal from the trial in 17 
patients. Nevertheless, they concluded that naproxen has 
proved to be a safe and effective drug in a group of “dif-
ficult to treat patients” with OA [45].

–	 Fenbufen: In a cohort study (n = 129 patients, minimum 
6-month follow-up duration) reporting mainly GI AEs, 
authors concluded that fenbufen appeared to be a safe 
and well-tolerated compound for long-term treatment of 
patients with OA. One case of severe dermatitis required 
withdrawal from trial [46].

–	 Traditional NSAIDs (see list in Table  1): A nested 
case–control study estimated the risk of non-fatal acute 
myocardial infarction (AMI) associated with traditional 
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NSAIDs (tNSAIDs) in different subgroups of patients. 
When all tNSAIDs were considered together as a group, 
no increased risk of AMI was observed among OA 
patient current users compared with non-users (adjusted 
OR = 1.04; 95% CI 0.85–1.27). Results by individual 
NSAIDs were not reported separately for patients with 
OA [79].

–	 Various individual NSAIDs or combinations of NSAIDs 
with other NSAIDs or with other drugs were investi-
gated in a single retrospective cohort study including 143 
patients with knee OA. AEs with NSAIDs were heart-
burn, bloating, nausea, decreased appetite and dyspepsia. 
AEs with NSAID + corticosteroid were stomach ache 
and dyspepsia [27].

3.3.2 � Intra‑articular Hyaluronic Acid (IAHA)

Sixteen observational studies investigated various IAHA 
preparations under specific brand names, including 
Arthrum 2.5%, Crespine® Gel, Hyalubrix®, LBSA0103 - 
SynovianTM, Durolane, HyalOne®, Sinovial® Forte 1.6%, 
HYMOVIS ONE (HYADD4-G), Condrotide®, Hyalgan® 
and Hylan G-F 20. Fifteen of these studies were cohort stud-
ies, with follow-up duration ranging from 5 weeks to 7 years. 
These studies largely included patients with OA of the knee 
or hip. The mean age of participants in most of these stud-
ies (n = 12/16) was ≥ 60 years old, and most of them (n = 
12) included more female (> 50%) than male participants 
(details in Table 2).

–	 HyalOne® (Hyalubrix® 60 Italian brand) was investi-
gated in three cohort studies. One prospective cohort 
study included 120 patients with hip OA followed up 
for 18 months after receiving a single 4-mL (60 mg/4 
mL) injection of HyalOne® every 6 months, with the 
possibility of an additional injection at the intervening 
3-month intervals on clinical request [55]. Another pro-
spective cohort study of up to 7-year follow-up duration 
included 1022 patients with hip OA who received a sin-
gle injection (60 mg/4 mL) into the affected hip every 6 
months, with additional injections if clinically needed 
[57]. The third study was a retrospective cohort study 
with ≥ 12 months of follow-up of 187 patients with knee 
OA receiving a single IA injection (60 mg/4 mL) in the 
affected knee, also with additional injections if clinically 
needed [58]. In all three studies, no systemic or severe 
local side effects, or septic complications, were reported; 
transient local pain was the only side effect reported in 
some patients.

–	 Hyalubrix® (Fidia Farmaceutici SpA, Italy): This hya-
luronic acid preparation (sodium hyaluronate solution 
1.5%, 2.0 mL for IA injection) was investigated in a 
5-week follow-up duration prospective cohort study in 

1266 patients with OA in various locations, including the 
hip and the knee, who received one injection per week 
for three consecutive weeks. Specific AEs reported were 
pain at the injection site, swelling at the injection site, 
and other (not specified). No serious AEs occurred [50].

–	 Hylan G-F 20: Two cohort studies of at least 1 year fol-
low-up investigated the effects of a single 6-mL injection 
of Hylan G-F 20 in patients with knee OA [62, 63], with 
a repeat treatment phase as needed in one of these stud-
ies [62]. Local AEs reported in the first study (n = 394 
patients included) were arthralgia, synovitis, arthritis, 
bursitis, musculoskeletal stiffness, injection site pain and 
injection site pruritus [62]. Systemic AEs were, oedema 
peripheral, cellulitis, rash or swelling of the face (con-
sidered to be related to the study treatment); six patients 
(2%) experienced serious AEs, all considered not related 
to the study treatment or procedure [62]. In the second 
study (n = 95 patients), AEs reported were pain, swelling 
and warmth, which were all of mild severity [63].

–	 Arthrum 2.5% (LCA Pharmaceutical, Chartres, France): 
In a prospective cohort study of 6-month follow-up dura-
tion for safety monitoring, 214 patients with knee OA 
received a single IA injection of Arthrum 2.5% (3 mL, 
75 mg hyaluronic acid). The AEs reported were minor 
local reaction, post-injection pain on walking, pruritus 
and delayed pain. There were no general or serious AEs 
reported [48].

–	 Crespine® Gel was investigated in a prospective cohort 
study including 84 participants with knee OA, followed 
up for 9 months after a single injection of Crespine® 
Gel (2 mL), a cross-linked HA product. Increased pain 
with limited mobility of the knee joint 72 h post-injection 
was reported in most of the participants, including pain 
only, pain and redness of the knee joint, pain and swell-
ing, simultaneous pain, swelling and redness. Limited 
mobility of the knee after injection, without experienc-
ing pain, redness or swelling, was also reported in a few 
participants. No serious side effects were reported [49].

–	 LBSA0103 SynovianTM (LGChem,Ltd., Iksan, Republic 
of Korea): This hyaluronic acid preparation was investi-
gated in a prospective cohort study including 3140 par-
ticipants with knee OA who received either one or two 
IA injections of LBSA0103 and were followed-up for 
12 weeks after each injection and up to 36 weeks (with 
the second injection, if required, at 24 weeks after the 
first injection). Injection site reaction and AEs other than 
injection site reaction were reported; notably, no serious 
adverse drug reactions (ADR) were reported, while seri-
ous AEs deemed not related to intervention were reported 
in 17 patients. Authors concluded that LBSA0103 had an 
acceptable benefit–risk profile, suggesting that AEs noted 
after administration of LBSA0103 would continue to be 
monitored through routine safety reporting channels. It is 



Systematic Review of Post-marketing Safety Surveillance Studies of Anti-OA Drugs

worth noting that this study was reported as a mandated 
post-marketing surveillance study [51].

–	 Durolane (Bioventus Global LL, the Netherlands): Pro-
spectively collected outcome data were analysed for 82 
patients with hip OA, followed up for 6 weeks after a sin-
gle injection of this non-animal-derived, stabilized HA 
(NASHA) with molecular weight > 3000 kilodaltons, 
3 ml preparation. Only minor pain was reported by five 
patients; there were no treatment-related significant AEs, 
infection or other AEs [52].

–	 Sinovial® Forte 1.6% (IBSA Institut Biochimique SA, 
Lugano, Switzerland): One prospective cohort study 
including 114 patients with hip OA investigated Sino-
vial® Forte 1.6%. Patients received a single injection (4 
mL, two vials) of this sodium hyaluronate with MW of 
800–1200 KDa at a concentration of 32 mg/2 mL for one 
vial, with optional additional injections at the 3-month 
follow-up visit if symptomatically appropriate and were 
followed up for up to 6 months. No systemic AEs were 
observed. Only seven patients reported a local reaction 
at the injection site, consisting of mild pain and local-
ized warmth, which resolved spontaneously. No septic 
complications were observed [56].

–	 HYMOVIS ONE (HYADD4-G): 198 patients with hip 
OA received a single intra-articular injection of this vis-
coelastic hyaluronan (32 mg/4 mL) and were followed-up 
for at least 12 months, in a post-marketing cohort study 
(retrospective analysis). No systemic or severe local side 
effects were reported. In 2.5% of cases, there was a sensa-
tion of pain lasting from several hours to a few days that 
spontaneously regressed [59].

–	 Condrotide® (Mastelli Srl, Sanremo, Italy) was investi-
gated in a 3-year follow-up duration retrospective cohort 
post-marketing study involving 43 patients with hip OA. 
These patients received ultrasound-guided intra-articular 
treatment of two 2-mL vials of Condrotide® for a total 
of 4 mL and 80 mg PN-HPT™ every 6 months. Neither 
the patients nor the attending physicians reported sys-
temic or severe local side effects. A few cases of minor 
and transient local pain or burning sensation were all the 
reported side effects [60].

–	 Hyalgan® (FIDIA S.p.A., Padua, Italy): In a prospec-
tive cohort study of 1–2 years follow-up of 76 patients 
with knee OA who received five intra-articular injections 
of Hyalgan® (20 mg of sodium hyaluronate) at weekly 
intervals, the following AEs were reported: injection-site 
pain, injection-site bruising, headache and nausea. No 
systemic AEs, no dropouts due to AEs and no pseudo-
septic reactions were reported [61].

–	 An ultrasound-guided intra-articular injection (USGIAI) 
of HA (brand not specified) was compared with standard-
of-care hip OA treatment with oral NSAIDs, pain killers, 
SYSADOA in an open real-life setting study (a retro-

spective cohort study). Patients were treated with three 
consecutive weekly doses of HA-USGIAI and followed 
up for 6 months. No drug-related or injection-dependent 
adverse effects were seen during follow-up [54].

–	 There was a case report of severe septic arthritis and 
systemic sepsis that led to the death of the patient, a 
59-year-old male who received a single injection of an 
intra-articular hyaluronate (brand not specified) for knee 
OA. Authors reporting this case recommended producing 
correct guidelines for a clean aseptic injection procedure, 
to obtain proper consensus from the patient, and to pay 
attention to his clinical history and comorbidities before 
implementing any kind of invasive treatment, including 
joint injection [53].

3.3.3 � Symptomatic Slow‑Acting Drugs for Osteoarthritis 
(SYSADOAs) (Table 3)

–	 Avocado/soybean unsaponifiables (Piascledine®) at 
a dosage of 300 mg capsule/day was investigated in a 
prospective cohort study of 6-month follow-up duration 
including 4822 patients with knee OA. The following 
AEs were experienced by a few numbers of patients: 
diarrhoea, elevated blood pressure and headache, and 
nausea, flatulence or abdominal pain. No serious adverse 
reactions were experienced [64].

–	 Diacerein: Two post-marketing surveillance cohort stud-
ies, both conducted in India, investigated diacerein in 
patients with knee OA, with different dosages, sample 
sizes and follow-up durations [65, 66]. The first study 
included 120 patients who received 50 mg tablet admin-
istered orally once daily and were followed up for 4 
months, the only AEs reported being reddish urine (2 
cases) [65]. The second study was a 12-week duration 
study including 7903 patients who were treated with 50 
mg tablets administered twice daily. The AEs reported 
were diarrhoea, gastritis, nausea, abdominal pain or dis-
comfort and vomiting; there were no severe or serious 
AEs reported, and none of the study participants with-
drew owing to AEs [66].

–	 SYSADOAs (including glucosamine and chondroitin sul-
phate): The risk of nonfatal acute myocardial infarction 
(AMI) associated with various drugs used in OA was 
investigated in a nested case–control study in Spain. The 
authors reported that SYSADOAs (chondroitin sulphate 
and glucosamine) are prescription-only drugs that are 
widely used in Spain. This study found that SYSADOAs 
did not increase the risk of AMI in any of the conditions 
examined [26].

–	 Glucosamine and chondroitin preparations (non-prescrip-
tion grade) were investigated in three studies: two case 
reports [67, 68] and a prospective cohort study [69]. The 
first case report is about a 36-year-old woman who devel-
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oped a skin rash with delayed onset after taking 1500 mg 
glucosamine sulphate and 1200 mg chondroitin sulphate 
pills for lumbar degenerative joint disease. Within 3 h 
of the first dose, she noticed the appearance of an itchy 
rash on her torso and legs. This was suspected to be an 
allergic reaction to the supplement. The brand of the sup-
plement used was not specified [67]. The second study 
investigated cases of adverse drug reactions (ADRs) to 
glucosamine and chondroitin in the Australian population 
between 2000 and 2011, with a primary focus on hyper-
sensitivity reactions. In this study of 366 ADRs to glu-
cosamine and chondroitin preparations, 71.85% of cases 
(n = 263) were found to have hypersensitivity reactions 
[68]. In the prospective cohort study, 1102 patients with 
knee or hip OA were treated with Theraflex® (capsules 
of glucosamine hydrochloride 500 mg and chondroitin 
sulphate 400 mg), three times a day for the first three 
weeks, then twice daily, for a total of 64 weeks of treat-
ment and follow-up duration. Most common Medical 
Dictionary for Regulatory Activities (MedDRA) system 
classes AEs were musculoskeletal and connective tissue 
disorders, gastrointestinal disorders, infections and infes-
tations. AEs considered by the investigators as “related to 
the study product” were reported for 31 (2.8%) patients 
and mainly included gastrointestinal disorders (in 24 
patients) [69].

3.3.4 � Corticosteroid Injections

The safety of corticosteroid injections was investigated in 
two cohort studies [70, 71]. In addition, specific safety con-
cerns were reported by a case report [72] and a case series 
[73] (Table 3).

–	 The first cohort study included 1000 patients with knee or 
hip OA who received a single injection of triamcinolone 
(Triamcort, Helvepharm) and where followed up for 
1–12 months after injection to determine the number of 
patients with complications. The following severe com-
plications were reported in 1% of patients: osteonecrosis, 
insufficiency fractures and rapid OA progression, all of 
which occurred between 2 and 9 months after injection 
[70].

–	 In the second cohort study with 5-year follow-up dura-
tion and self-reported treatment with glucocorticoid 
or IAHA injections, the authors reported that they 
did not have data on the type of glucocorticoids used 
and dosage, which was outlined as a limitation of the 
study. The objective of the study was to determine 
whether glucocorticoid injections increase the risk of 
knee OA progression over 5 years. Despite the limi-
tation outlined, the authors concluded that IA gluco-

corticoid injections for symptomatic knee OA did not 
significantly increase the 5-year risk of incident TKR 
or radiographic worsening, though stressing that these 
findings should be interpreted cautiously [71].

–	 The case report was about a 73-year-old woman who 
received a single intra-articular corticosteroid injection 
for knee OA. The procedure was then complicated by 
septic arthritis requiring hospitalization, joint lavage 
and intravenous antibiotic treatment [72].

–	 The case series included two patients with knee OA (49 
and 45 years old) who experienced rare AEs associated 
with corticosteroid injections (intra-articular triamci-
nolone 80 mg with 1% lidocaine, single injection). The 
first patient complained of vision disturbances includ-
ing black spots bilaterally and difficulty seeing out of 
her left eye, 11 days post-injection. The second patient 
noted feelings of acute anxiety manifested by panic 
attacks, 7 days after the injection, and was diagnosed 
with substance-induced anxiety [73].

3.3.5 � Opioids

Three [74–76] of all the studies included in this review 
investigated various opioids (Table 3).

–	 The first study is a case series including a 79-year-
old male who was treated with a buprenorphine trans-
dermal patch for OA. One and a half months after the 
increase of the dosage (from 15 mcg/h transdermal 
applied once every 7 days to 20 mcg/h transdermal 
every 7 days), the patient developed a topical erythe-
matous reaction directly under the site of application. 
He experienced itchiness and burning in this area [74].

–	 The second study is a cohort study including 307 
patients with OA who were treated with an extended-
release formulation of hydrocodone (Hysingla® ER, 
Purdue Pharma L.P.) and were followed up for more 
than 52 weeks. Twenty-two percent of the patients 
discontinued the study owing to AEs, while serious 
treatment-emergent AEs (TEAEs) occurred in 9.8% of 
patients. MedDRA system organ class TEAEs reported 
include gastrointestinal disorders (47% of patients) and 
nervous system disorders (35% of patients) [75] (details 
in Table 3).

–	 In the third study, in which the primary outcome was 
any new diagnosis of a hip fracture requiring surgery 
following treatment with tramadol and the combina-
tive drugs including tramadol, tramadol use was identi-
fied as a risk factor for hip fracture, especially among 
patients aged 60–70 years and among male patients 
(Table 3), when compared with patients who did not 
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use tramadol but used any NSAID drugs, paracetamol 
or muscle relaxants [76].

3.3.6 � Herbal Mixtures and Other Compounds

–	 Ademetionine* (Gumbaral®): A large phase IV cohort 
study (n = 20,641) was conducted to obtain further 
information about the safety of ademetionine in patients 
with OA. Over 8 weeks treatment duration, no serious 
drug-related AEs were reported. Twenty-one percent of 
patients reported moderate or severe AEs, most of which 
were related to the gastrointestinal tract. Some deaths 
occurred, all reported as appearing to be explained by 
other factors and not related to the treatment [77].

–	 GCSB-5 (Shinbaros®, Green Cross Corporation, Yongin, 
Korea) – a mixture of six herbal extracts was assessed in 
a 24-week duration cohort study including 756 patients 
with knee OA. Several AEs were reported, including 
mainly gastrointestinal disorders (23.7% of subjects). 
Authors concluded that GCSB-5 had a comparable gas-
trointestinal safety profile to celecoxib [78].

4 � Discussion

This study intended to describe the characteristics and the 
main findings of published post-marketing safety surveil-
lance studies of anti-OA medications. In terms of study 
characteristics, most were cohort studies without control 
groups, thus making them high risk of bias studies. Sample 
sizes varied substantially from a hundred to several thou-
sand for a few studies, follow-up durations mainly from 
several months to 1 year, while only a very few studies were 
explicitly reported as post-marketing safety surveillance or 
mandated studies (Tables 1–3). Regarding findings, glob-
ally, the results reported in this manuscript confirm previ-
ous evidence from our meta-analyses of placebo-controlled 
trials on the safety of cyclooxygenase‑2 inhibitors [8], topi-
cal non-steroidal anti-inflammatory drugs (NSAIDs) [5], 
symptomatic slow-acting drugs for osteoarthritis (SYSA-
DOAs) [6], intra-articular hyaluronic acid (IAHA) [7] and 
opioids [9]. A few additional safety concerns were reported, 
mainly from case reports or case series on specific drugs, 
all of which require further investigations with more rigor-
ous study designs before any definitive conclusions can be 
reached. Studies were also retrieved on other compounds 
such as herbal mixtures [78] and ademetionine (Gumbaral) 
[77], with mainly gastrointestinal tract AEs reported for both 
compounds.

Regarding topical NSAIDs, only S-furbiprofen plaster 
(SFPP), which was included in our meta-analysis of phase 3 
RCTs [5], was investigated in a study included in this review 
[34]. That study focussed on the impact on kidney function 

of long-term application of SFPP [34] and therefore did 
not report on other AEs commonly assessed with topical 
NSAIDs [5].

Our previous meta-analysis comparing cox-2 inhibi-
tors with placebo treatment in patients with OA found that 
these drugs were associated with increased risks of both 
upper gastrointestinal and cardiovascular AEs [8]. Among 
the studies included in this systematic review, four large 
cohort studies and a non-inferiority RCT (with two reports) 
[20–25] investigated the post-marketing safety of chronic use 
of celecoxib against no recorded exposure or non-chronic 
NSAIDs use [20], traditional NSAID [21] meloxicam [22, 
23], and ibuprofen or naproxen [24, 25]. Overall, the results 
of these studies show a better or similar cardiovascular, gas-
trointestinal and renal safety profile for celecoxib (at a daily 
dose of 200 mg, where dosage was reported), compared with 
other NSAIDs. These results are consistent with findings of 
the original publication from the PRECISION trial, which 
showed that, at moderate doses, celecoxib was noninferior 
to ibuprofen or naproxen with regard to cardiovascular 
safety (analysis based on the total sample including both 
patients with OA and with RA) [80]. However, this better 
safety profile of celecoxib, at the daily dose recommended 
by regulatory agencies, should be weighed against efficacy 
when compared with other NSAIDs [81]. One of the reports 
from the PRECISION trial, which examined whether various 
patient subgroups had differential risks of “NSAIDs toxic-
ity”, showed mixed results for patients with OA and RA, 
compared with the results of the primary analyses including 
all patients, for the same outcomes. Although obvious dif-
ferences may exist in drug safety profiles between patients 
with OA and with RA owing to relevant patient and dis-
ease characteristics, as well as to differences in drug dos-
age, a more plausible explanation for these results may be 
the “artificial” composite nature of the outcomes assessed 
(see notes of Table 1). This kind of “personalized” outcome 
definition should therefore be avoided when analysing drug 
safety results, and classifications by System Organ Classes 
(SOCs) should rather be used [82, 83].

IAHA was investigated in 15 cohort studies, which 
assessed various hyaluronic acid (HA) preparations. Only 
minor injection site reactions were reported with most HA 
preparations. Although such evidence may be reassuring, 
given the limited number of studies available on each of 
these preparations and their relatively small sample size, 
further post-marketing surveillance studies including more 
patients are warranted to allow definitive conclusions on the 
safety of HA preparations. In fact, the results reported in 
this manuscript are consistent with findings of our previ-
ous meta-analysis of placebo-controlled trials, which con-
cluded that IAHA seemed not to be associated with any 
safety issue in the management of OA, on the basis of data 
from studies not allowing concomitant anti-OA medications 
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[7]. However, the same meta-analysis found a possible asso-
ciation of IAHA with increased risk of serious AEs when 
used with concomitant OA medications, a finding that we 
reported as requiring further investigations [7]. In the cur-
rent systematic review, serious AEs (not specified) were 
reported in two cohort studies, which were deemed by the 
authors not related to treatment [51, 62]. Although these 
events may rather be procedure related or even related to fac-
tors other than the HA itself (such as comorbidities or con-
comitant drugs), further high-quality research is warranted 
to rule out any doubts about the safety of IAHA injections 
in patients with OA.

SYSADOAs have been part of the treatment armamentar-
ium of OA, including different agents such as glucosamine 
sulphate (GS), chondroitin sulphate (CS), avocado−soybean 
unsaponifiables (ASU) and diacerein [84], although not all 
clinical guidelines recommend their use. Two cohort stud-
ies investigating diacerein [65, 66] and one assessing ASU 
(Piascledine®) [64] were included in this review. The results 
reported with these compounds are consistent with the find-
ings of our previous meta-analysis of placebo-controlled tri-
als [6], with gastrointestinal AEs and reddish urine being the 
most frequent AEs reported with diacerein [65, 66]. Regard-
ing ASU, mainly gastrointestinal AEs were reported in the 
single cohort study retrieved [64]. In the current review, 
the only study on prescription-grade GS and CS concluded 
that these compounds did not increase the risk of any of the 
conditions examined [26], a result that is consistent with 
the findings of our previous meta-analysis [6]. It is worth 
noting that only pharmaceutical-grade compounds are rec-
ommended for the management of OA [84].

Corticosteroid injections were not assessed in our previ-
ous safety meta-analyses. Of the two cohort studies inves-
tigating intra-articular corticosteroids (IACS) among the 
studies included in this systematic review, one reported 
osteonecrosis, insufficiency fractures and rapid progressive 
OA as severe complications in patients [70]. These find-
ings are consistent with the conclusions of a recent meta-
analysis that found that the use of IACS may contribute to 
imaging features of knee cartilage loss [85]. In contrast, in 
the second cohort study included in this review, the authors 
found that IACS injections for symptomatic knee OA did 
not significantly increase the 5-year risk of incident total 
knee replacement or radiographic worsening; however, given 
the limitations of that study, the authors stressed that these 
findings should be interpreted cautiously and replicated in 
other cohorts [71].

Lastly, among the opioid drugs that were included in our 
previous safety-focussed meta-analysis [9], hydrocodone 
(extended-release formulation) [75] and tramadol [76] were 

investigated each in a post-marketing safety surveillance 
cohort study in patients with OA. The AEs associated with 
the use of hydrocodone [75] (Table 3) were similar to those 
reported in the single study on hydrocodone included in our 
previous meta-analysis, although reporting was far more 
exhaustive in the study included in this review [9]. The study 
on tramadol reported a positive association between long-
term use and hip fractures, especially among male patients 
and those aged 60–70 years [76]. This finding adds to the 
numerous AEs associated with tramadol use, as previously 
reported [9]. Although opioids have been part of the treat-
ment armamentarium of osteoarthritis, current recommenda-
tions for their use vary across international guidelines [84, 
86, 87].

We acknowledge several limitations of this systematic 
review. First, we restricted our literature search to studies 
published in English or French language. Therefore, 51 stud-
ies were excluded because their full-text manuscript was 
reported in other languages only. Even if evidence showed 
that restricting systematic reviews to English-language 
publications has little impact on their conclusions [88], we 
acknowledge that this number of excluded studies is substan-
tial when compared with the number of studies ultimately 
included in this review. Nevertheless, it is worth keeping 
in mind that not all these studies would have necessarily 
been included in the review if they were reported in Eng-
lish, as some could finally be excluded for other reasons. 
Second, we also excluded a number of studies because they 
did not report separate results for patients with OA. Though 
such exclusions could indeed be seen as a limitation, we 
rather consider this option as a strength of this systematic 
review, as it allows direct evidence on anti-OA medications 
for patients with OA. Third, we may have inadvertently 
excluded some studies as not post-marketing surveillance 
studies, particularly those designed as RCTs and compar-
ing various drugs, mainly because reporting was not clear 
for many studies. Finally, despite being highly sensitive, 
our search strategies may have missed some cohort studied 
or RCTs that did not include specific terms denoting post-
marketing surveillance in their title, abstract or keywords.

The purpose of this research was to provide insights into 
the state of post-marketing safety surveillance of drugs used 
in OA and to identify potential challenges in this setting. In 
this sense, the limitations of the review, as outlined above, 
offer the opportunity to highlight some areas of improve-
ment in the field of post-marketing safety surveillance in 
OA, particularly regarding the reporting of manuscripts. The 
same way our previous meta-analyses and other research 
have outlined issues in the reporting of safety results in 
manuscripts on RCTs, this review shows that the quality of 
reporting is a burning issue in the field of post-marketing 
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safety research in OA. This highlights the urgent need for 
a reporting guideline, in the form of a “preferred reporting 
items”, which could also suggest a framework for reporting 
of AEs, such as the one recently published [83]. In particu-
lar, many studies in this systematic review were not explic-
itly reported as post-marketing safety surveillance studies, 
which made the selection of studies not straightforward. 
Future research and reports should also consider providing 
results per disease if including several patient populations, 
particularly when investigating drugs common to several 
conditions. The risk of bias assessment of included studies 
has shown that the major methodological flaw of the cohort 
studies included in this review is the absence of control 
groups. It is therefore important that future post-marketing 
safety surveillance studies of drugs used in OA consider 
including patients under other treatment options, to facilitate 
causality assessment. Lastly and importantly, this systematic 
review also showed that only a few phase IV studies had a 
real goal of safety surveillance. More emphasis should there-
fore be placed on post-marketing safety surveillance of anti-
OA medications, with more rigorous and adequately pow-
ered studies that have safety as primary outcome. Despite 
the importance of these studies, they are hardly feasible 
owing to the costs and are therefore generally conducted 
or sponsored by pharmaceutical companies. Authors of a 
survey investigating the practice of post-marketing studies 
in Germany reported that these studies are not improving 
drug safety surveillance, stressing that high remuneration 
and strict confidentiality clauses could influence the physi-
cians’ reporting behaviours of adverse drug reactions [89]. 
Therefore, to improve the credibility and usefulness of post-
marketing safety surveillance, these studies should be con-
ducted by academic institutions or public health agencies.

5 � Conclusions

The results of this research confirm previous evidence on 
the safety of anti-OA medications from meta-analyses of 
randomized placebo-controlled trials. Given the limited 
number of studies retrieved on most anti-OA drugs and the 
relative short duration of these studies, real-life safety sur-
veillance of anti-OA medications should be strengthened 
with large cohort studies of longer durations and comple-
mented by publications of consolidated data from adverse 
drug reaction report registries. Beyond the evidence 
reported in this manuscript on the safety of the various 
anti-OA medications, this systematic review importantly 
highlights the urgent need for a guideline to improve the 
reporting of post-marketing safety surveillance studies. 

In particular, future studies should be explicitly reported 
as post-marketing safety surveillance studies, and where 
applicable, results should be desegregated to provide evi-
dence on drug safety per disease or patient populations.
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