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ARTICLE INFO ABSTRACT

Objectives: There is a discrepancy between evidence in support of the widespread use of intra-articular hya-
luronic acid (IAHA) to treat knee osteoarthritis (OA) in clinical practice, and the often discordant recommen-
dations from multiple international guideline committees, which requires further investigation.

Methods: We conducted a literature review to determine the strength of evidence in support of the efficacy

Keywords:
Hyaluronic acid
Intra-articular

Knee and safety of IAHA, from randomized controlled trials and meta-analyses.
Osteoarthritis Results: Our analysis shows that IAHA provides a moderate symptomatic benefit to knee OA patients and
Viscosupplementation without major safety concerns. In fact, IAHA may offer one of the best benefit/risk ratios among pharmaco-

logic options, as measured by improvements in knee OA health outcomes, overall gain in quality-adjusted
life years and substantial delays in time to total knee replacement.
Conclusions: We advocate for the consideration of recommending IAHA injection as a treatment option in the
management of knee OA, tailored by disease stage and patient phenotype. Future research efforts should
focus on identification of OA patient subgroups that demonstrate a more robust response to IAHA, determi-
nation of long-term effects of repeat IAHA injections on patient-reported outcomes and total knee replace-
ment-sparing effect, further elucidation of disease-modifying effects, and the potential for combination
therapy with other pharmacologic and non-pharmacologic therapies to optimize the management of knee
OA.
© 2018 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license.
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

widely prescribed and yet have significant toxicity [4—9]. Analge-

Osteoarthritis (OA) is a degenerative disease of the synovial sics and NSAIDs are particularly poorly tolerated by OA patients
joints causing joint pain and functional impairment [1]. It occurs because these patients are frequently of advanced age, have
frequently in adults over 50 years old and is a major cause of dis- comorbidities, and are receiving multiple medications. Thus,

ability worldwide [233]- OAis a pfogressive disorder with differ- intra-articular (IA) therapy is often preferred by OA patients and
ent degrees of disease severity that requires long-term their physicians [10].

management with various treatment options over the course of There are multiple international recommendations for the man-
the disease. In the absence of a cure for OA, there are multiple agement of knee OA, published by the European League Against
treatment modalities that can manage the symptoms of OA, how- Rheumatism (EULAR), the American College of Rheumatology (ACR),
ever, few may be considered as disease modifying. Paracetamol, the American Academy of Orthopedic Surgeons (AAOS), the Osteoar-
opioids, and non-steroidal anti-inflammatory drugs (NSAIDs) are thritis Research Society International (OARSI), and the European Soci-

ety for Clinical and Economic Aspects of Osteoporosis, Osteoarthritis

o . . L . and Musculoskeletal Diseases (ESCEO) all of which recommend non-
Abbreviations: IAHA, intra-articular hyaluronic acid; OA, osteoarthritis. h logi first Ii 11-151. H .
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Acceptable Symptom State (PASS) [16,17], which first necessitates
pain reduction. Though data from randomized controlled trials
(RCTs) and meta-analyses indicate that intra-articular hyaluronic acid
(IAHA) offers the best benefit/risk balance among the various phar-
macologic treatments to ameliorate knee OA pain [18—-21], there is a
lack of agreement among national and international guidelines about
the use of IAHA for the medical management of symptomatic knee
OA [11-15,22]. Despite the lukewarm recommendations provided in
published guidelines, many rheumatologists, orthopedic surgeons
and other clinicians worldwide continue to offer this treatment to
their patients with good clinical results, facilitating the control of
symptoms and even delaying the need for a surgical intervention
[10,23].

What is HA? Mechanism of action

HA is a glycosaminoglycan molecule found intrinsically within the
knee joint where it provides viscoelastic properties to synovial fluid.
During the course of OA, the synovial fluid undergoes degradation
similar to other tissues of the joint which manifests as a decrease in
the amount and the average molecular weight of HA [24], which is
correlated with joint pain and functional impairment [25].

Injection of HA into the joint acts to restore IA lubrication, conse-
quently improving joint biomechanics. While it is known that the res-
idence time of IAHA in the joint is only 2—3 days, prolonged effects
lasting several weeks post-injection suggest that other mechanisms
of action must be at work [24]. IAHA has been found to: stimulate the
endogenous synthesis of HA and extracellular matrix components by
synovial fibroblasts, promote chondroprotection by mitigating pro-
teoglycan loss in cartilage and apoptosis of chondrocytes, reduce HA
degradation by decreasing the production of pro-inflammatory cyto-
kines, and reduce the induction of pain mediators [26]. Evidence of
the numerous mechanisms by which HA acts on joint structure and
function provides support that IAHA may be clinically beneficial in
knee OA not only by providing pain relief but also by delivering
potential disease-modifying effects. Though the evidence is promis-
ing, confirmation of the disease-modifying effects of IAHA requires
further investigation.

Current controversy on IAHA use in OA

As an international group of clinicians, we are concerned by the
discrepancy between the abundant evidence base attesting to the
efficacy of IAHA, confirmed by our own clinical experience, and
the published recommendations provided by some treatment guide-
lines committees. A negative assessment of the utility of IAHA from
treatment recommendations may restrict patients’ access to this
valuable treatment option. Such a restriction is likely to accelerate
referrals to orthopedic surgeons and will increase the rate of total
knee replacement in many countries, which is very costly and not
without risk. We propose to address this discrepancy through careful
consideration of the evidence base, so that clinicians worldwide are
able to offer all of the most beneficial treatment options throughout
the disease course enabling truly patient-centered care in OA.

Methods

Articles included in this narrative review were identified through
a literature search of PubMed using the following MeSH items or free
words: “osteoarthritis”, “knee”, “systematic review”, “meta-analysis”,
“hyaluronic acid”, “intra-articular”, and “viscosupplementation”.
The search strategy was limited to studies conducted in humans, pub-
lications in English language, and full-length articles published
until 31 October 2017. For assessment of the efficacy and safety of
IAHA we included meta-analyses of IAHA versus placebo or other OA
treatments.

Efficacy of HA

We identified 17 meta-analyses of RCTs investigating the efficacy
of IAHA versus placebo in treating the symptoms of knee OA, of which
13 were positive for a treatment benefit of IAHA [18,21,27-37], 2
showed an intermediate effect [38,39] and 2 were negative [40,41]
(summarized in Table 1). Overwhelmingly, the 17 meta-analyses
found a positive effect for the use of IAHA versus placebo, with an
effect size (ES) of between 0.30 and 0.40 above that of the IA “placebo
effect” (Table 1). An ES above 0.20 is considered to be slightly clini-
cally relevant on an individual patient basis in chronic pain conditions
such as knee OA, while a medium ES difference of between 0.4 and
0.6 is considered to have clinical importance [42]. An additional 3
meta-analyses compared the efficacy of IAHA against other treat-
ments, and these studies demonstrated that IAHA was as effective as
NSAIDs for pain relief [43], and provided a longer-lasting benefit than
IA corticosteroids from week 8 onwards, with an ES of 0.22 at week 8
(95% confidence interval [CI]: —0.05—0.49) rising to 0.39 (95% CI:
0.18-0.59) at week 26 in favor of IAHA [44,45] (Table 1). One meta-
analysis compared a high molecular weight HA formulation to a low
molecular weight HA, and did not identify any differences on efficacy,
but reported a higher rate of acute post-injection flare with the high
molecular weight HA [46].

A 2006 Cochrane review of 40 placebo-controlled trials of multiple
HA products mostly administered at weekly intervals for 3—5 weeks
found beneficial effects on pain, function and patient global assess-
ment versus placebo. The benefits were particularly noticeable at
5-13 weeks post-injection with percentage of improvement from
baseline ranging from 28 to 54% for pain and from 9 to 32% for func-
tion [29]. Bannuru et al. examined the therapeutic trajectory of IAHA,
finding that IAHA is efficacious by 4 weeks, reaches its peak effective-
ness at 8 weeks (ES=0.46; 95% ClI: 0.28—0.65) and exerts residual
detectable effects up to 24 weeks [31]. Although the meta-analysis of
71 RCTs by Rutjes et al. found a moderate ES for IAHA of 0.37 (95% CI:
0.28-0.46), the authors pooled data from studies with placebo and
active comparator arms, which might have biased their results
towards the null [32]. Also, the inclusion of studies that incorporated
other types of interventions (arthroscopy, ultrasonography, cyclo-
oxygenase-2 [COX-2] inhibitors etc.) or controls (such as appropriate
care, treatment of the contralateral knee) will introduce heterogene-
ity that can obfuscate interpretation. Despite this severe selection
bias, it should be noted that an ES of 0.37 (corresponding to a 9 mm
change on a 100 mm visual analog scale) was exactly the value of the
minimal clinically important difference (MCID) for pain reduction
that was pre-determined by the authors to conclude positively
regarding efficacy. Since an ES of 0.37 was reported by the authors,
their conclusions for the efficacy of IAHA should logically have been
positive. Instead, in contradiction to their methodology, the authors
concluded that treatment of knee OA with IAHA was associated with
a small and clinically irrelevant benefit.

In contrast, a recent systematic review of overlapping meta-analy-
ses performed using PRISMA-compliant methodology found that 12
meta-analyses met the eligibility criteria, and overall the studies
demonstrated that IAHA is an effective intervention for knee OA
without increased risk of adverse events (AEs) (Fig. 1) [47].

A study that assessed the relative effect of varying routes of
administration of placebo (oral, IA, topical, oral + topical) on knee OA
pain found that the effect of IAHA was limited by a large placebo
effect for IA saline control [48]. This network meta-analysis which
included 39,814 participants from 149 RCTs, demonstrated that the
use of the IA delivery method itself had a significant effect, with an ES
of 0.29 (95% credible interval [Crl]: 0.04—-0.54) for IA placebo com-
pared with oral placebo. The statistically significant benefits of IAHA
on pain were maintained versus IA placebo with an ES of 0.34 (95%
Crl: 0.26-0.42) at 3 months, which is of a comparable magnitude to
that observed in other meta-analyses [31,32]. To summarize these



Table 1

Meta-analyses of the efficacy of intra-articular hyaluronic acid injections in knee osteoarthritis

Study: Author (year)/ Analysis details
IAHA versus placebo
Lo GH (2003) [38]

Wang CT (2004) [27]
Arrich ] (2005) vs. placebo [40]

Modawal A (2005) [28]
Bellamy N (2006) [29]

Strand V (2006) [30]

Bannuru RR (2011)
Therapeutic trajectory vs. placebo [31]
Colen S (2012) [39]

Rutjes (2012) [32]

Miller LE (2013) [33]
Bannuru RR (2015)
(placebo and vs. other treatments) [18]

Campbell KA (2015) [34]
Jevsevar D (2015) [41]
Richette P (2015) [35]
Strand V (2015) [36]

Johansen M (2016) [37]

Trojian TH (2016) vs. IA placebo (and IA CS) [21]

IAHA versus other treatments
Bannuru RR (2014) vs. NSAIDs [43]

Bannuru RR (2009) Therapeutic trajectory vs. IA

corticosteroids [44]
He WW (2017) vs. IA corticosteroids [45]

Reichenbach S (2007) Low MW vs. Hylan
G-F20 [46] =HA vs. HA

Number of studies analyzed Primary outcome

22

20
22

11
40

5

54

74

71

29
52

10

29

71
11

12

13

Pain change
at M1-4 SMD
Pain/Function change
Pain during
movement VAS
Pain VAS
Pain/Function
(WMD or SMD)
Pain/Function
(Lesquesne score)
Pain change from
baseline SMD
Pain change from baseline

Pain difference vs. control
at endpoint SMD

Pain/Function at endpoint

Pain/Function at M3; SMD

Pain/Function at endpoint
Pain/Function at endpoint
Pain at 3M

Pain/Function at W4-26

Pain at endpoint
OMERACT-OARSI response
criteria

Pain at endpoint SMD

Pain change from
baseline SMD

Pain change from baseline

Pain at endpoint SMD

Results: Quantification of effect (95% CI)

ES: 0.32 (0.17-0.47)

Significant improvement in pain and function

Mean change: —7 mm at W22-30

Between group difference: —18 mm at W8-12

—28% to 54% reduction in pain at W5-13

ES:0.20

ES: 0.46 (0.28—-0.65) at W8 0.21 (0.10—-0.31) at W24

—30% pain over IA placebo
effect (WMD —10 mm on VAS)
ES: —0.37 (—0.46—-0.28)

SMD: 0.38-0.43 for pain; 0.32—0.34 for function

ES: IA placebo vs. oral placebo
0.29 (0.04—0.54) IAHA vs. IA placebo
0.34(0.26-0.42)
IAHA vs. oral placebo 0.63 (0.39-0.88)

IAHA superior to placebo for pain and function

Did not meet MCID vs. placebo

SMD: -0.21 (—0.32—-0.10)

SMD: 0.38-0.43 for pain and 0.32-0.34
for function vs. placebo

ES: —0.39 (—0.47 to—0.31) vs. placebo

11% greater chance of response vs. [A

placebo (15% greater chance of response vs. IA CS)

Hedges's g: —0.07 (—0.24-0.10)

ES: 0.22 (—0.05-0.49) at W8 in favor of IAHA
ES: 0.39 (0.18-0.59) at W26 in favor of IAHA

CS>HAat1M
CS=HAat3M
HA>CSat6 M
ES: on between group difference —0.27

in favor of Hylan, but more post-injection flares

Conclusion

Intermediate (positive effect but concerns over potential publication bias)

Positive

Negative (did not meet clinically meaningful difference of —15 mm VAS)

Positive (considered as a moderate effect over placebo)
Positive

Positive

Positive

Intermediate (effect of HA not considered conclusive due to large
placebo effect)

Positive (but of moderate benefit and safety issues)

Positive
Positive

Positive
Negative
Positive
Positive

Positive
Positive
Non-inferiority of HA vs. NSAIDs

Positive for HA from W8

Positive for HA at 6M

Positive effect (but discouraged Hylan use for safety reasons)

Abbreviations: CI confidence interval; CS, corticosteroid; ES, effect size; HA, hyaluronic acid; IA, intra-articular; M, month; OMERACT-OARSI, Outcome Measures in Rheumatoid Arthritis Clinical Trials-Osteoarthritis Research Society Interna-

tional; MCID, minimal clinically important difference; MW, molecular weight; SMD, standardized mean difference; VAS, visual analog scale; W, week; WMD; weighted mean difference.
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\Wang 2004
Modawal 2005
Arrich 2005
Strand 2006

Outcome

Bellamy 2006

Bannuru 2011
*Rutjes 2012
Colen 2012
Jevsevar 2015
tCampbell 2015

Richette 2015
Strand 2015
Trojian 2016

ILO 2003

Overall pooled effect size

Lequesne index score (early)

Lequesne index score (late)

Knee function (early)

Knee function (late)

IMiIIer 2013
IBannuru 2015
I§Johansen 2016

Knee stiffness

:

Physical function

Pain with activities (early)

Pain with activities (late)

Patient global assessment (early)

Patient global assessment (late)

Pain at rest (early)

Pain at rest (late)

Knee pain outcomes (early)

Knee pain outcomes (late)

WOMALC pain

WOMAC physical function

OMERACT-OARSI response

Overall adverse events

Discontinued due to adverse event

Overall study withdrawal

Fig. 1. Outcomes of 17 meta-analyses of intra-articular hyaluronic acid versus placebo in knee osteoarthritis.
Green squares indicate positive results for hyaluronic acids. Blue squares indicate no difference, Red squares indicate a difference favoring placebo. Numbers indicate the num-
ber of randomized controlled trials (RCTs) included in the meta-analysis, with the exception of:

+Campbell 2015 for which the numbers listed are for meta-analyses and not RCTs;

*Rutjes 2012 includes 71 trials for the pain analysis, of which 68 were sham-controlled;

§Johansen 2016 includes 85 comparisons reported in 71 randomized trials either vs. placebo or non-intervention;

OMERACT—-0ARSI, Outcome Measures in Rheumatoid Arthritis Clinical Trials-Osteoarthritis Research Society International; WOMAC, Western Ontario and McMaster Universi-
ties Osteoarthritis Index. [Adapted from Xing et al. 2016 [47] with additional studies included].

results in a clinical context, the IA placebo effect alone is 1.6 times
more than the effect of paracetamol, suggesting an inherent benefit
in using IA treatments by virtue of their placebo effects, or that IA
saline is not a true placebo. This is an important consideration, both
in the interpretation of clinical trial data and in clinical practice
[48,49].

Another recent network meta-analysis has investigated the poten-
tial for an individual to improve when given [AHA treatment versus
another treatment using OMERACT—OARSI (Outcome Measures in
Rheumatoid Arthritis Clinical Trials—Osteoarthritis Research Society
International) response criteria, rather than average change in pain
or functional outcomes across treatment groups [21]. This analysis
found that subjects receiving IAHA were 15% and 11% more likely to
respond to treatment by OMERACT—OARSI criteria than those receiv-
ing either IA corticosteroid or IA placebo (p < 0.05 for both) at 1226
weeks post-injection.

Some of the differences in the results of meta-analyses can be
explained by the different methodologies employed in the assess-
ments. Usually clinicians would like to identify the most effective
treatment among a range of alternatives. Traditional pair-wise meta-
analysis provides only a limited view of the existing evidence without
addressing the relative merits of all available options. RCTs often do
not include all available comparator interventions of interest. A net-
work meta-analysis synthesizes all available evidence within a con-
sistent framework, fully preserving the randomization within each
trial [50—52]. This method considers all trials simultaneously and
enables integration of direct evidence from head-to-head trials
(when they exist) with indirect evidence (through a common com-
parator) [53-55]. The advantages of network meta-analysis include:
(1) the ability to compare treatments that have never been compared

in any trial, (2) improvement in precision for the estimated effect
sizes, and (3) comparing and ranking multiple treatments in a princi-
pled statistical analysis [56,57]. In this way, network meta-analysis
provides useful evidence for judiciously selecting the best choice(s)
of treatment. The network meta-analysis approach applied by Ban-
nuru et al. to the efficacy and safety of pharmacologic interventions
for knee OA demonstrates that IAHA is the most efficacious treatment
for pain relief, with a very low incidence of AEs [18,58].

In addition to the published meta-analytic data, we analyzed data
from 3 published randomized non-inferiority clinical trials [59—-61]
and one trial presented as an abstract at the EULAR 2016 congress
[62] that assessed the efficacy of various IAHA preparations compared
in face-to-face non-inferiority studies as measured by the OMER-
ACT—O0ARSI response criteria, for which 981 out of 1322 OA patients
could be classified as responders. The calculated overall response rate
to IAHA by these response criteria was 74% (95% Cl: 66%—81%).

Safety of HA

IAHA is generally considered to be a safer alternative to oral
NSAIDs and opioids for knee OA. A detailed exploration of the safety
of IAHA was undertaken in a recent systematic review and network
meta-analysis of 74 studies of 18 HA products involving 13,042
patients aged 45—75 years which found a very low incidence of AEs
(Table 2) [58]. The most commonly reported AEs were transient local
reactions such as pain, swelling and arthralgia (incidence 8.5%),
which subsided rapidly. None of the HA products were statistically
significantly different from placebo, nor from each other with regard
to incidence of AEs. The rate of withdrawals due to AEs in patients
receiving IAHA was reported to be low across 37 trials that



Table 2

Estimates of odds ratios for total adverse events from a network meta-analysis of randomized controlled trials of various hyaluronic acid products versus placebo

Placebo

Adant

1.21

E. Maheu et al. / Seminars in Arthritis and Rheumatism 48 (2019) 563572 567

1.14(0.23,5.28) 0.90(0.32,2.25) Structovial
1.46(0.34,6.26) 1.16(0.52,2.70) 1.30(0.44,4.22) Suvenyl
1.27(0.37, 4.43) 1.02(0.59,1.65) 1.13(0.51,2.70) 0.86(0.39,1.88) Synvisc

1.27 (0.34,4.58) Orthovisc

Hydros

Hyalgan

Hyajoint

Go_on

Gel_200

Fermathron

Euflexxa

lane

Duro!
1.24
0.72
0.87
1.05
0.74

Artzal
0.90
1.12
0.66
0.78
0.95
0.65

0.97
0.87
1.08
0.64
0.63
0.84
0.87
0.89

s ratios less than 1 indicate a harmful effect of the intervention group.

Column headings represent the control group and the row headings represent the intervention group for each comparison. Odd

[Reprinted from: Osteoarthritis and Cartilage 2016; 24(12). Bannuru RR, Osani M, Vaysbrot EE, McAlindon TE. Comparative safety profile of hyaluronic acid products for knee osteoarthritis: a systematic review and network meta-analysis.

Pages 2022—41. [Copyright (2016), with permission from Elsevier.]

investigated 13 products versus placebo (n = 5550 patients). Fourteen
of 900 patients who received Hyalgan, 6 of 135 patients receiving
Hya-lect and 5 of 281 patients receiving Durolane withdrew from
treatment due to AEs. For other products the number of patients who
withdrew due to AEs was either 1 or none [58].

However, a systematic review published in 2012 raised concerns
about the safety profile of IAHA [32]. Pooled AE data from 14 trials
(n=3667 patients) found an increased risk of serious AEs (SAEs) asso-
ciated with IAHA (relative risk 1.41; 95% CI: 1.02—1.97). The most fre-
quent SAEs were disorders related to the gastrointestinal (GI) system
(2 events with IAHA vs. 8 among controls), cardiovascular (CV) sys-
tem (5 vs. 2 events), cancer (6 vs. 0 events), and musculoskeletal sys-
tem (4vs. 2 events). Even so, a causal relationship between the SAEs
and IAHA seems biologically unlikely [63], and it must be emphasized
that most of the SAEs described occurred during the course of a single
clinical trial, which was only published as an abstract at the time that
the paper by Rutjes et al. was written [64]. This trial was subse-
quently published by Strand et al. and the authors confirmed that
there was no relationship between IAHA injections and the SAEs
described [65]. Conversely, in the network meta-analysis of IAHA
safety conducted by Bannuru et al. only 3 treatment-related SAEs
were reported among 9214 participants (septic arthritis, a pseudo-
septic reaction and an episode of anaphylactic shock shortly after
injection) [58].

The safety of repeated courses of IAHA injections is also reported
from a post-marketing registry of Supartz HA formulation [66]. Of the
7404 patients with knee OA who received IA Supartz, nearly half
(49%; n=3614) received more than 1 treatment course (of 3—5 injec-
tions). IAHA was well tolerated in this population, with only 37 (0.5%)
reporting 58 AEs. The majority (95%) of patients who reported an AE
did so during the first injection-series, of which 85% were injections
site reactions. None of the AEs was serious, and most resolved sponta-
neously without medical intervention. The overall AE rate after repeat
injection courses was 0.008 (95% CI: 0.001-0.055).

How does HA compare to other treatment options for knee OA?

Guidelines from the ESCEO and ACR recommend IAHA for knee OA
in patients for whom symptoms persist despite prior treatment with
paracetamol, NSAIDs, and symptomatic slow-acting drugs for OA
(SYSADOAS), or other analgesics [12,15]. Paracetamol is widely pre-
scribed as a first-line therapy for OA even though the measured ES of
paracetamol on pain is small (0.14; 95% CI: 0.05-0.22) and with no
effect on physical function and stiffness in knee OA patients [67,68].
Recent concerns over the safety profile of paracetamol raise questions
over routine, chronic use of the drug at the upper end of standard
analgesic doses (>3 g/day), because it has been associated with upper
Gl events, liver toxicity, and renal and cardiovascular AEs [4,69,70].

To determine the comparative effectiveness of pharmacologic
interventions for knee OA on the main outcomes of pain and function,
a recent network meta-analysis was performed on 137 studies com-
prising 33,243 participants using a Bayesian random-effects model
[18]. For pain, all interventions significantly outperformed oral pla-
cebo, and the most efficacious treatment was IAHA with an ES of 0.63
(95% Crl: 0.39-0.88), while the least effective treatment was paracet-
amol (ES=0.18; 95% Crl: 0.04—0.33). For function, all interventions
apart from IA corticosteroids and paracetamol were significantly
superior to oral placebo. The use of the IA delivery method itself was
found to have a significant effect, with an ES of 0.29 (95% Crl:
0.04—0.54) for IA placebo compared with oral placebo. Nonetheless,
when compared with IA placebo, a statistically significant ES of 0.34
(95% Crl: 0.26-0.42) was observed for IAHA on pain at 3 months
(Table 3), which is of the magnitude observed in other meta-analyses
e.g., ES on pain of 0.46 (95% CI: 0.28—0.65) at week 8 in the Bannuru
meta-analysis, and ES of 0.37 (95% CI: 0.46—0.28) in the Rutjes meta-
analysis [31,32].



568 E. Maheu et al. / Seminars in Arthritis and Rheumatism 48 (2019) 563—-572

Table 3
Effect size of treatments in knee osteoarthritis versus oral placebo and intra-articular
(IA) placebo

Treatment Effect size vs. Effect size vs.

oral placebo (95% Crl) IA placebo (95% Crl)
Paracetamol 0.18 (0.04-0.33) —0.11(-0.38-0.17)
IA placebo 0.29 (0.04-0.54) -
Celecoxib 0.33(0.25-0.42) 0.04 (-0.21-0.30)
Naproxen 0.38 (0.27—0.49) 0.09 (—0.15-0.34)
Diclofenac 0.52 (0.34-0.69) 0.23 (—0.03-0.49)
IA corticosteroids 0.61(0.32-0.89) 0.32(0.16-0.47)
IA hyaluronic acid 0.63(0.39-0.88) 0.34(0.26-0.42)

Crl, credible interval; [Adapted from Bannuru et al. 2015 [18]].

Collectively, oral NSAIDs are reported to have a moderate ES on
pain (0.29; 95% CI: 0.22—0.35) [67], and a recent network meta-analy-
sis comparing different NSAIDs found that diclofenac 150 mg/day was
the most effective for improving pain (ES=0.57; 95%Crl: 0.69—0.46)
[71]. Regardless of their effectiveness, all oral NSAIDs whether selec-
tive or non-selective have the potential to increase the risk of GI and
CV events. Both COX-2 inhibitors (selective NSAIDs) and diclofenac
are associated with higher CV risk [8,9] and renal failure [72]. All of
the safety risks of NSAIDs are increased with age, which is a concern
when treating OA patients who are mostly aged [73]. A meta-analysis
found that IAHA was not significantly different from continuous oral
NSAIDs at 4 and 12 weeks in terms of outcomes for pain, function,
and stiffness [43]. Given the favorable safety profile of IAHA over
NSAIDs, IAHA might be a preferable alternative to oral NSAIDs for
knee OA, especially for older patients at greater risk for systemic AEs
[43]. Topical NSAIDs have a moderate effect on pain relief, with a
potentially similar efficacy to that of oral NSAIDs, and the advantage
of fewer AEs due to a lower systemic absorption [74,75].

Opioid analgesics are recommended to treat moderate to severe
OA that does not respond to first line treatments. Opioids significantly
decrease pain intensity (ES=0.79; 95% CI: 0.98—0.59) in the short-
term (mean duration 13 weeks) and have small benefits on function
compared with placebo in patients with OA [76]. In spite of their effi-
cacy, the potential for opioids to cause AEs is high, and these treat-
ments pose a risk for addiction and could lead to serious withdrawal
symptoms once they are discontinued [76]. Opioids are associated
with higher risks of CV events, fractures, and safety events requiring
hospitalization vs. NSAIDs in OA patients with a mean age of 80 years
[77]. Given the significant benefits of [AHA over oral NSAIDs, it is clear
that IAHA could similarly prove to be a safer alternative for OA
patients who are receiving opioids.

IA corticosteroid is a common treatment option for knee OA espe-
cially where there is evidence of joint effusion [78]. A Cochrane
review of 27 trials of 1767 participants has found only low-grade evi-
dence that IA corticosteroids are more beneficial for pain and function
than control [79]. Current evidence suggests that IA corticosteroid
may offer only a short-term effect on pain in comparison to IAHA. A
meta-analysis found that while IA corticosteroids had an early effect
on pain and were relatively more effective than IAHA up to 4 weeks,
by week 4 the two treatments had equal efficacy, and from week 8 up
to 26 weeks IAHA had greater efficacy [44]. The results of this study
were recently corroborated by a meta-analysis reporting that [AHA is
more effective than IA corticosteroid in the long term (up to 6
months) [45]. A clinical trial published in 2017 by McAlindon et al.
assessed the safety and efficacy of triamcinolone acetonide versus
placebo over a two-year period [80]. No significant difference in pain
reduction was observed between placebo and the active treatment
when measured at 3 months after each injection, which is not sur-
prising given the usual short-term efficacy of IA corticosteroid ther-
apy (4-8 weeks). It must be emphasized that a systematically-
repeated corticosteroid injection regimen does not work and is prob-
ably not the best way to use IA corticosteroids in knee OA. The group

receiving IA corticosteroids showed greater cartilage volume loss of
about 2% per year compared with placebo, although this cartilage loss
was not associated with worsening of symptoms [80]. Besides, the
clinical significance of such cartilage loss is currently not established.
Studies on the long-term effects of IAHA are limited; however, it is
shown that 80% of patients respond to repeat courses of IAHA injec-
tions over 3 years [81] and multiple courses of IAHA are found to be
safe in post-marketing surveillance studies [66]. These findings sug-
gest that IA corticosteroid may offer only a short-term effect on pain
in comparison to IAHA and that IAHA may be more desirable as a
long-term treatment option, for both efficacy and safety reasons.

Although recommended as first-line treatment for knee OA along-
side rescue analgesia with paracetamol, the efficacy of SYSADOAs as a
class meets with controversy due to the diversity of the agents and
inconsistencies in their regulatory status and labeling worldwide. The
data for prescription crystalline glucosamine sulfate (pCGS) have
shown an efficacy on pain relief (ES=0.27; 95% CI: 0.12-0.43)
[82,83], and pCGS has a long-term safety profile comparable to that
of placebo [84]. Similarly, pharmaceutical-grade chondroitin sulfate
has also shown a beneficial effect on OA pain, functional outcomes,
and, possibly, radiologic progression in RCTs and meta-analyses
[85—87]. There is clinical evidence that avocado soybean unsaponifi-
ables (ASU) reduce pain, stiffness, and physical function in studies of
patients with hip and knee OA over 3—6 months [88-90], and that
these treatments may have an effect on structure modification in hip
0A[91].

Discussion

As illustrated by our review, numerous meta-analyses have been
conducted to determine the safety and efficacy of IAHA. Although
there are some discrepancies between the studies, the majority are
overwhelmingly positive for the use of IAHA as a treatment option in
knee OA.

The question then remains as to why IAHA is disregarded in some
papers [92], and only cautiously considered in some treatment guide-
lines [12,14], while it is simultaneously recommended and widely
used by rheumatologists and other healthcare professionals. The vari-
ability in treatment recommendations for IAHA may be due to a lack
of methodological consistency with regard to evidence inclusion and
assessment, recommendation formulation, and working group com-
position [22]. The modest effect size for IAHA found in RCTs may also
contribute to the negative recommendations found in clinical guide-
lines. Reasons for the modest effect of IAHA may relate to the com-
plexity of studying IA therapies within the framework of RCTs. It has
been demonstrated that IA saline solution exerts a higher placebo
effect than that of oral or topical therapies. Thus, the overall efficacy
of HA could be the sum of the effect demonstrated in RCTs plus the
effect attributed to an active placebo [49]. This overall efficacy could
explain the positive benefit perceived by patients and doctors in
everyday clinical practice. Despite the modest effect size for IAHA
recorded in RCTs, a lack of valid alternative treatments for OA, espe-
cially for patients that cannot tolerate other drugs, makes IAHA a
highly valuable treatment option. The modest effect of IAHA on
symptoms may also be relevant when a patient requires rehabilita-
tion therapy, as a decrease in pain will allow an easier approach to
physical therapy and rehabilitation exercises.

Our findings, supporting the efficacy and safety of IAHA, are in
agreement with recent assessments of other international expert
groups. A multidisciplinary group of Canadian OA experts reviewed
the available evidence from 8 meta-analyses concluding that IAHA
therapy was a well-tolerated and effective option for patients with
mild to moderate knee OA failing first-line pharmacologic therapy
[93]. A recent European task force reached a consensus on recom-
mending IAHA as an effective and well tolerated treatment for mild
to moderate knee OA and concluding that its use should not be
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limited only to patients who have failed to respond to analgesics and
NSAIDs [19]. Another task force of experts from the ESCEO reached
the same conclusion [94]. A study commissioned by the American
Medical Society for Sports Medicine (AMSSM) led the society to rec-
ommend IAHA for Kellgren—Lawrence grade II-IIl knee OA in patients
aged >60 years based on high quality evidence demonstrating benefit
using OMERACT—OARSI responder rates; the recommendation was
downgraded for those aged <60 years due to only moderate quality
evidence in this age group, further studies in this age group being
needed [21].

The variability of IAHA effect among different patient phenotypes
has not been well understood. Thus, further investigation of patient
characteristics associated with a better response to IAHA treatment is
warranted. Limited available evidence suggests that IAHA injections
tend to be more effective if the patient [20]:

¢ has moderate, radiologically-advanced OA (at a Kellgren—Lawrence
grade II, rather than grade III) [95],

e is not too old, i.e.,<60 years of age (from clinical trials evidence)
[96]; in clinical practice IAHA is a good option for older patients
receiving poly-pharmacy due to the low potential for AEs and
drug-drug interactions with IAHA,

¢ has a high level of symptoms. Karlsson et al. showed that patients
with a Lequesne index of at least 10 had a better response [96],
and

e has no effusion [95].

In addition, the presence of crystals in the joint does not appear to
influence the efficacy of IAHA [97,98].

A working group of multidisciplinary clinical experts has developed
an Appropriate Use Criteria (AUC) for the use of IAHA in knee OA, to
determine which types of patients in real-world clinical scenarios are
most appropriate to receive IAHA [99]. In line with above considera-
tions, the group determined that IAHA treatment was most appropri-
ate in patients with mild or moderate OA with clinically and
radiologically confirmed disease who either had not received other
therapies for the knee, had failed other nonpharmacologic or pharma-
cologic therapies for the knee, or had an incomplete response to other
therapies for the knee. In other clinical scenarios, the use of IAHA was
considered as uncertain due to a lack of supporting evidence; these
patient groups included those with severe OA, and those with mild to
moderate OA who have a high risk of AEs, and are intolerant to, or con-
traindicated to pharmacologic agents for the knee. IAHA injection was
considered contra-indicated among symptomatic adults with OA and
active local (peri-articular) or IA infection of the knee. The group sup-
ports the need for further research to identify specific patient popula-
tions, including differentiating among grades of IA severity that may
derive greatest benefit from IAHA injections for knee OA [99].

Studies on the long-term effects of IAHA are limited; however, it is
shown that IAHA therapy remains efficacious over several years of
treatment; 80% of patients respond to repeat courses of IAHA injec-
tions over 3 years [81]. Multiple courses of IAHA are shown to be safe
over 6-18 months, with an overall AE rate of 0.008 (95% CI:
0.001-0.055) [66]. Evidence for the impact of IAHA on long-term out-
comes is provided by retrospective database analyses demonstrating
a delay in need for total knee replacement (TKR) surgery of
0.6—2.2 years, and up to 3.6 years with 5 or more courses of IAHA
[23,100—-103]. Although a cohort study found no significant differ-
ence in the risk of any surgical intervention among HA users com-
pared to non-use and corticosteroid use among patients who
ultimately had knee surgery, a lower risk of surgery was found with
IAHA (hazard ratio=0.87; 95% CI: 0.79-0.95) [104]. Pharmacoeco-
nomic data on the use of IAHA in the management of knee OA is
scarce, although there is some evidence that IAHA is associated with
functional improvement of knee OA and quality of life along with a
gain in quality-adjusted life years (QALYs) and reduced need for other

OA treatments, resulting in an improved benefit/risk ratio [105—-107].
A recent study demonstrates that IAHA treatment reduces the use of
other pain medications such as NSAIDs, corticosteroids and opioids
among patients with knee OA [108].

Conclusions

The data presented above attests to the efficacy and safety of IAHA
as demonstrated in multiple RCTs and meta-analyses. Thus, we con-
clude that IAHA is a valuable tool in the treatment armamentarium
alongside other pharmacologic and non-pharmacologic treatment
options and should not be disregarded. International and national rec-
ommendations for the management of knee OA should advocate for
the use of IAHA injection in the management of symptomatic knee OA,
at certain disease stages, and in certain phenotypes of patients. There
is, without a doubt, room for such a treatment as IAHA, given its mod-
erate but true symptomatic effect making it better than paracetamol or
even NSAIDs for knee pain, and likely offering the best benefit/risk
ratio among pharmacologic options for knee OA treatment.

Research agenda

e Further investigation of mechanisms of action of HA to elucidate
the potential disease modification properties of this treatment
approach.

e [dentification of prospective patient characteristics predictive of
response to IAHA.

e High quality studies to determine the clinical benefit of IAHA in
those aged 40 — 60 years.

e Further studies of the effect of repeat IAHA injections over a longer
period than 6 months.

e Study of the additional symptomatic effect of IAHA, combined
with other therapeutic options such as physiotherapy and non-
pharmacologic management.

e Further, well-designed studies of the total knee replacement-spar-
ing effect of IAHA injections.

Acknowledgments

The authors would like to thank Lisa Buttle, PhD of Ascot Medical
Communications Consultancy for her editorial assistance.

Author contributions

All authors contributed equally to researching data for the article,
and made substantial contributions to discussion of the content, writ-
ing and reviewing/editing of the manuscript before submission.

EM led the group.

RB added his expertise in evidence-based medicine.

GHB added his expertise on HA mechanism of action.

AM, HB and FA added their expertise on clinical use, proofs and
evidence of good benefit/risk balance, and additional research ques-
tions requiring further investigations.

Declaration of competing interests

EM reports personal fees from Expanscience during the conduct of
the study, and personal fees from FIDIA, IBSA-Genevrier, LCA (France),
TRB Chemedica, Rottapharm/Meda, and Expanscience, outside of the
submitted work.

RRB reports personal fees from Expanscience during the conduct
of the study, and personal fees from Fidia outside of the submitted
work.

GHB reports personal fees from Expanscience during the conduct
of the study, and is conducting an experimental study treating knee
OA in rabbits with HA.



570 E. Maheu et al. / Seminars in Arthritis and Rheumatism 48 (2019) 563572

FA reports personal fees from Expanscience during the conduct of
the study, and personal fees from Sothema outside of the submitted
work.

HB reports personal fees from Sanofi-Aventis, LABRHA, Expan-
science, TRB Chemedica, and Abbvie outside of the submitted work.

AM reports personal fees from Expanscience during the conduct of
the study, and personal fees from IBSA, Fidia, Guna, ABIOGEN, and
LABRHA outside of the submitted work.

Supplementary materials

Supplementary material associated with this article can be found,
in the online version, at doi:10.1016/j.semarthrit.2018.06.002.

References

[1] Lane NE, Brandt K, Hawker G, Peeva E, Schreyer E, Tsuji W, et al. OARSI-FDA ini-
tiative: defining the disease state of osteoarthritis. Osteoarthr Cartil
2011;19:478-82.

[2] Pereira D, Peleteiro B, Araujo J, Branco ], Santos RA, Ramos E. The effect of osteo-
arthritis definition on prevalence and incidence estimates: a systematic review.
Osteoarthr Cartil 2011;19:1270-85.

[3] Vos T, Flaxman AD, Naghavi M, Lozano R, Michaud C, Ezzati M, et al. Years lived
with disability (YLDs) for 1160 sequelae of 289 diseases and injuries
1990-2010: a systematic analysis for the global burden of disease study. Lancet
2010;380:2163-96.

[4] Roberts E, Delgado Nunes V, Buckner S, Latchem S, Constanti M, Miller P, et al.
Paracetamol: not as safe as we thought? A systematic literature review of obser-
vational studies. Ann Rheum Dis 2016;75:552-9.

[5] da Costa BR, Nuesch E, Kasteler R, Husni E, Welch V, Rutjes AW, et al. Oral or
transdermal opioids for osteoarthritis of the knee or hip. Cochrane Database
Syst Rev 2014;9:CD003115.

[6] Langley PC, Patkar AD, Boswell KA, Benson (], Schein JR. Adverse event profile of
tramadol in recent clinical studies of chronic osteoarthritis pain. Curr Med Res
Opin 2010;26:239-51.

[7] Arfe A, Scotti L, Varas—Lorenzo C, Nicotra F, Zambon A, Kollhorst B, et al. Non-

steroidal anti-inflammatory drugs and risk of heart failure in four European

countries: nested case-control study. BM] 2016;354:i4857.

Bhala N, Emberson ], Merhi A, Abramson S, Arber N, Baron JA, et al. Vascular and

upper gastrointestinal effects of non-steroidal anti-inflammatory drugs: meta-

analyses of individual participant data from randomised trials. Lancet
2013;382:769-79.

Castellsague ], Riera-Guardia N, Calingaert B, Varas-Lorenzo C, Fourrier-Reglat A,

Nicotra F, et al. Individual NSAIDs and upper gastrointestinal complications: a

systematic review and meta-analysis of observational studies (the SOS project).

Drug Saf 2012;35:1127-46.

[10] Roman-Blas JA, Bizzi E, Largo R, Migliore A, Herrero-Beaumont G. An update on
the up and coming therapies to treat osteoarthritis, a multifaceted disease.
Expert Opin Pharmacother 2016;17:1745-56.

[11] Jordan KM, Arden NK, Doherty M, Bannwarth B, Bijlsma JW]J, Dieppe P, et al.
EULAR recommendations 2003: an evidence based approach to the manage-
ment of knee osteoarthritis: report of a task force of the standing committee for
international clinical studies including therapeutic trials (ESCISIT). Ann Rheum
Dis 2003;62:1145-55.

[12] Hochberg MC, Altman RD, April KT, Benkhalti M, Guyatt G, McGowan ], et al.
American college of rheumatology 2012 recommendations for the use of non-
pharmacologic and pharmacologic therapies in osteoarthritis of the hand, hip,
and knee. Arthr Care Res 2012;64:465-74.

[13] Jevsevar DS. Treatment of osteoarthritis of the knee: evidence-based guideline,
2nd edition. ] Am Acad Orthop Surg 2013;21:571-6.

[14] McAlindon TE, Bannuru RR, Sullivan MC, Arden NK, Berenbaum F, Bierma-
Zeinstra SM, et al. OARSI guidelines for the non-surgical management of knee
osteoarthritis. Osteoarthr Cartil 2014;22:363-88.

[15] Bruyere O, Cooper C, Pelletier JP, Branco ], Brandi ML, Guillemin F, et al. An algo-
rithm recommendation for the management of knee osteoarthritis in Europe
and internationally: a report from a task force of the European society for clini-
cal and economic aspects of osteoporosis and osteoarthritis (ESCEO). Semin
Arthritis Rheum 2014;44:253-63.

[16] Tubach F, Ravaud P, Baron G, Falissard B, Logeart I, Bellamy N, et al. Evaluation
of clinically relevant states in patient reported outcomes in knee and hip
osteoarthritis: the patient acceptable symptom state. Ann Rheum Dis 2005;
64:34-7.

[17] Kvien TK, Heiberg T, Hagen KB. Minimal clinically important improvement/dif-
ference (MCII/MCID) and patient acceptable symptom state (PASS): what do
these concepts mean? Ann Rheum Dis 2007;66(Suppl 3):iii40-1.

[18] Bannuru RR, Schmid CH, Kent DM, Vaysbrot EE, Wong JB, McAlindon TE. Compara-
tive effectiveness of pharmacologic interventions for knee osteoarthritis: a system-
atic review and network meta-analysis. Ann Intern Med 2015;162:46-54.

[8

9

[19] Henrotin Y, Raman R, Richette P, Bard H, Jerosch ], Conrozier T, et al. Consensus
statement on viscosupplementation with hyaluronic acid for the management
of osteoarthritis. Semin Arthritis Rheum 2015;45:140-9.

[20] Maheu E, Rannou F, Reginster J-Y. Efficacy and safety of hyaluronic acid in the
management of osteoarthritis: evidence from real-life setting trials and surveys.
Semin Arthritis Rheum 2016;45:528-33.

[21] Trojian TH, Concoff AL, Joy SM, Hatzenbuehler JR, Saulsberry WJ, Coleman CL
AMSSM scientific statement concerning viscosupplementation injections for
knee osteoarthritis: importance for individual patient outcomes. Clin ] Sport
Med 2016;26:1-11.

[22] Altman RD, Schemitsch E, Bedi A. Assessment of clinical practice guideline meth-
odology for the treatment of knee osteoarthritis with intra-articular hyaluronic
acid. Semin Arthritis Rheum 2015;45:132-9.

[23] Altman R, Lim S, Steen RG, Dasa V. Hyaluronic acid injections are associated with
delay of total knee replacement surgery in patients with knee osteoarthritis:
Evidence from a large U.S. health claims database. PLoS One 2015;10:e0145776.

[24] Fakhari A, Berkland C. Applications and emerging trends of hyaluronic acid in
tissue engineering, as a dermal filler and in osteoarthritis treatment. Acta Bio-
mater 2013;9:7081-92.

[25] Band PA, Heeter ], Wisniewski HG, Liublinska V, Pattanayak CW, Karia RJ, et al.
Hyaluronan molecular weight distribution is associated with the risk of knee
osteoarthritis progression. Osteoarthr Cartil 2015;23:70-6.

[26] Altman RD, Manjoo A, Fierlinger A, Niazi F, Nicholls M. The mechanism of action
for hyaluronic acid treatment in the osteoarthritic knee: a systematic review.
BMC Musculoskelet Disord 2015;16:321.

[27] Wang CT, Lin ], Chang CJ, Lin YT, Hou SM. Therapeutic effects of hyaluronic acid
on osteoarthritis of the knee. A meta-analysis of randomized controlled trials.
] Bone Joint Surg Am 2004;86-A:538-45.

[28] Modawal A, Ferrer M, Choi HK, Castle JA. Hyaluronic acid injections relieve knee
pain. ] Fam Pract 2005;54:758-67.

[29] Bellamy N, Campbell ], Robinson V, Gee T, Bourne R, Wells G. Viscosupplementa-
tion for the treatment of osteoarthritis of the knee. Cochrane Database Syst Rev
2006:CD005321.

[30] Strand V, Conaghan PG, Lohmander LS, Koutsoukos AD, Hurley FL, Bird H, et al.
An integrated analysis of five double-blind, randomized controlled trials evalu-
ating the safety and efficacy of a hyaluronan product for intra-articular injection
in osteoarthritis of the knee. Osteoarthr Cartil 2006;14:859-66.

[31] Bannuru RR, Natov NS, Dasi UR, Schmid CH, McAlindon TE. Therapeutic trajec-
tory following intra-articular hyaluronic acid injection in knee osteoarthri-
tis—meta-analysis. Osteoarthr Cartil 2011;19:611-9.

[32] Rutjes AW, Juni P, da Costa BR, Trelle S, Nuesch E, Reichenbach S. Viscosupple-
mentation for osteoarthritis of the knee: a systematic review and meta-analysis.
Ann Intern Med 2012;157:180-91.

[33] Miller LE, Block JE. US-approved intra-articular hyaluronic acid injections are
safe and effective in patients with knee osteoarthritis: systematic review and
meta-analysis of randomized, saline-controlled trials. Clin Med Insights Arthritis
Musculoskelet Disord 2013;6:57-63.

[34] Campbell KA, Erickson BJ, Saltzman BM, Mascarenhas R, Bach BR Jr, Cole BJ, et al.
Is Local viscosupplementation injection clinically superior to other therapies in
the treatment of osteoarthritis of the knee: a systematic review of overlapping
meta-analyses. Arthroscopy 2015;31. 2036—2045 e2014.

[35] Richette P, Chevalier X, Ea HK, Eymard F, Henrotin Y, Ornetti P, et al. Hyaluronan
for knee osteoarthritis: an updated meta-analysis of trials with low risk of bias.
RMD Open 2015;1:e000071.

[36] Strand V, McIntyre LF, Beach WR, Miller LE, Block JE. Safety and efficacy of
US-approved viscosupplements for knee osteoarthritis: a systematic review
and meta-analysis of randomized, saline-controlled trials. ] Pain Res
2015;8:217-28.

[37] Johansen M, Bahrt H, Altman RD, Bartels EM, Juhl CB, Bliddal H, et al. Exploring
reasons for the observed inconsistent trial reports on intra-articular injections
with hyaluronic acid in the treatment of osteoarthritis: meta-regression analy-
ses of randomized trials. Semin Arthritis Rheum 2016;46:34-48.

[38] Lo GH, LaValley M, McAlindon T, Felson DT. Intra-articular hyaluronic acid
in treatment of knee osteoarthritis: a meta-analysis. ] Am Med Assoc
2003;290:3115-21.

[39] Colen S, van den Bekerom MP, Mulier M, Haverkamp D. Hyaluronic acid in the
treatment of knee osteoarthritis: a systematic review and meta-analysis with
emphasis on the efficacy of different products. BioDrugs 2012;26:257-68.

[40] Arrich ], Piribauer F, Mad P, Schmid D, Klaushofer K, Mullner M. Intra-articular
hyaluronic acid for the treatment of osteoarthritis of the knee: systematic
review and meta-analysis. Can Med Assoc ] 2005;172:1039-43.

[41] Jevsevar D, Donnelly P, Brown GA, Cummins DS. Viscosupplementation for oste-
oarthritis of the knee: a systematic review of the evidence. ] Bone Joint Surg Am
2015;97:2047-60.

[42] Cohen ]. Statistical power analysis for the behavioral sciences. Routledge; 1998
ISBN 1-134-74270-3.

[43] Bannuru RR, Vaysbrot EE, Sullivan MC, McAlindon TE. Relative efficacy of hyalur-

onic acid in comparison with NSAIDs for knee osteoarthritis: a systematic

review and meta-analysis. Semin Arthritis Rheum 2014;43:593-9.

Bannuru RR, Natov NS, Obadan IE, Price LL, Schmid CH, McAlindon TE. Ther-

apeutic trajectory of hyaluronic acid versus corticosteroids in the treatment

of knee osteoarthritis: a systematic review and meta-analysis. Arthritis

Rheum 2009;61:1704-11.

[45] He WW, Kuang MJ, Zhao J, Sun L, Lu B, Wang Y, et al. Efficacy and safety of intra-
articular hyaluronic acid and corticosteroid for knee osteoarthritis: A meta-anal-
ysis. Int ] Surg 2017;39:95-103.

[44


https://doi.org/10.1016/j.semarthrit.2018.06.002
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0001
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0001
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0001
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0001
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0002
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0002
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0002
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0003
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0003
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0003
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0003
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0003
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0004
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0004
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0004
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0005
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0005
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0005
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0006
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0006
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0006
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0007
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0007
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0007
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0007
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0008
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0008
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0008
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0008
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0009
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0009
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0009
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0009
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0010
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0010
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0010
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0011
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0011
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0011
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0011
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0011
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0012
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0012
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0012
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0012
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0013
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0013
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0014
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0014
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0014
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0015
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0015
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0015
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0015
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0015
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0016
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0016
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0016
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0016
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0017
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0017
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0017
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0018
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0018
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0018
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0019
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0019
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0019
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0020
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0020
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0020
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0021
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0021
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0021
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0021
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0022
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0022
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0022
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0023
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0023
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0023
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0024
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0024
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0024
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0025
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0025
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0025
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0026
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0026
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0026
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0027
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0027
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0027
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0028
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0028
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0029
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0029
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0029
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0030
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0030
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0030
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0030
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0031
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0031
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0031
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0031
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0032
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0032
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0032
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0033
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0033
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0033
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0033
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0034
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0034
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0034
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0034
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0034
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0035
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0035
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0035
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0036
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0036
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0036
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0036
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0037
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0037
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0037
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0037
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0038
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0038
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0038
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0039
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0039
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0039
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0040
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0040
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0040
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0041
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0041
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0041
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0042
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0042
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0043
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0043
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0043
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0044
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0044
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0044
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0044
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0045
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0045
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0045

E. Maheu et al. / Seminars in Arthritis and Rheumatism 48 (2019) 563572 571

[46] Reichenbach S, Blank S, Rutjes AW, Shang A, King EA, Dieppe PA, et al. Hylan ver-
sus hyaluronic acid for osteoarthritis of the knee: a systematic review and meta-
analysis. Arthritis Rheum 2007;57:1410-8.

[47] Xing D, Wang B, Liu Q, Ke Y, Xu Y, Li Z, et al. Intra-articular hyaluronic acid in
treating knee osteoarthritis: a PRISMA-compliant systematic review of overlap-
ping meta-analysis. Sci Rep 2016;6:32790.

[48] Bannuru RR, McAlindon TE, Sullivan MC, Wong JB, Kent DM, Schmid CH. Effec-
tiveness and implications of alternative placebo treatments: a systematic
review and network meta-analysis of osteoarthritis trials. Ann Intern Med
2015;163:365-72.

[49] Osani MC, Bannuru RR. What clinicians should know about differential placebo
effects. ] Comp Eff Res 2016;5:289-96.

[50] Jansen JP, Fleurence R, Devine B, Itzler R, Barrett A, Hawkins N, et al. Interpreting
indirect treatment comparisons and network meta-analysis for health-care
decision making: report of the ISPOR task force on indirect treatment compari-
sons good research practices: part 1. Value Health 2011;14:417-28.

[51] Dias S, Welton NJ, Sutton AJ, Ades AE. Evidence synthesis for decision making 1:
introduction. Med Decis Making 2013;33:597-606.

[52] Mills EJ, Thorlund K, loannidis JP. Demystifying trial networks and network
meta-analysis. BM] 2013;346:f2914.

[53] Dias S, Sutton AJ, Ades AE, Welton NJ. Evidence synthesis for decision
making 2: a generalized linear modeling framework for pairwise and network
meta-analysis of randomized controlled trials. Med Decis Making 2013;33:
607-17.

[54] Lu G, Ades AE. Combination of direct and indirect evidence in mixed treatment
comparisons. Stat Med 2004;23:3105-24.

[55] Caldwell DM, Ades AE, Higgins JP. Simultaneous comparison of multiple treat-
ments: combining direct and indirect evidence. BMJ 2005;331:897-900.

[56] Salanti G. Indirect and mixed-treatment comparison, network, or multiple-
treatments meta-analysis: many names, many benefits, many concerns for the
next generation evidence synthesis tool. Res Synth Methods 2012;3:80-97.

[57] Cipriani A, Higgins JP, Geddes JR, Salanti G. Conceptual and technical challenges
in network meta-analysis. Ann Intern Med 2013;159:130-7.

[58] Bannuru RR, Osani M, Vaysbrot EE, McAlindon TE. Comparative safety profile of
hyaluronic acid products for knee osteoarthritis: a systematic review and net-
work meta-analysis. Osteoarthr Cartil 2016;24:2022-41.

[59] Berenbaum F, Grifka J, Cazzaniga S, D'Amato M, Giacovelli G, Chevalier X, et al. A
randomised, double-blind, controlled trial comparing two intra-articular hyalur-
onic acid preparations differing by their molecular weight in symptomatic knee
osteoarthritis. Ann Rheum Dis 2012;71:1454-60.

[60] Maheu E, Zaim M, Appelboom T, Jeka S, Trc T, Berenbaum F, et al. Comparative
efficacy and safety of two different molecular weight (MW) hyaluronans F60027
and Hylan G-F20 in symptomatic osteoarthritis of the knee (KOA). Results of a
non inferiority, prospective, randomized, controlled trial. Clin Exp Rheumatol
2011;29:527-35.

[61] Pavelka K, Uebelhart D. Efficacy evaluation of highly purified intra-articular hya-
luronic acid (Sinovial(R) vs hylan G-F20 [Synvisc(R)]) in the treatment of symp-
tomatic knee osteoarthritis. A double-blind, controlled, randomized, parallel-
group non-inferiority study. Osteoarthr Cartil 2011;19:1294-300.

[62] Maheu E, Dreiser LR, Avouac B, Bardin T. Comparison of therapeutic response
rates, using various response definitions in a prospective randomized non-infe-
riority trial comparing two intra-articular hyaluronic acid preparations (1-shot
IAHA) in symptomatic knee osteoarthritis (OA). Ann Rheum Dis 2016;75:831.
Abstract SAT0443.

[63] McAlindon TE, Bannuru RR. Osteoarthritis: Is viscosupplementation really so
unsafe for knee OA? Nat Rev Rheumatol 2012;8:635-6.

[64] Baraf HS, Strand V, Hosokawa H, Akahane O, Lim S, Yaguchi M. Effectiveness and
safety of a single intraarticular injection of gel-200, a new crosslinked formula-
tion of hyaluronic acid (HA) in the treatment of symptomatic osteoarthritis (OA)
of the knee [Abstract 326]. Osteoarthr Cartil 2009;17:5174.

[65] Strand V, Baraf HS, Lavin PT, Lim S, Hosokawa H. A multicenter, randomized con-
trolled trial comparing a single intra-articular injection of Gel-200, a new cross-
linked formulation of hyaluronic acid, to phosphate buffered saline for treat-
ment of osteoarthritis of the knee. Osteoarthr Cartil 2012;20:350-6.

[66] Bannuru RR, Brodie CR, Sullivan MC, McAlindon TE. Safety of Repeated Injections
of Sodium Hyaluronate (SUPARTZ) for Knee Osteoarthritis: A Systematic Review
and Meta-Analysis. Cartilage 2016;7:322-32.

[67] Zhang W, Nuki G, Moskowitz RW, Abramson S, Altman RD, Arden NK, et al.
OARSI recommendations for the management of hip and knee osteoarthritis:
part IIIl: Changes in evidence following systematic cumulative update of research
published through January 2009. Osteoarthr Cartil 2010;18:476-99.

[68] Machado GC, Maher CG, Ferreira PH, Pinheiro MB, Lin CW, Day RO, et al. Efficacy
and safety of paracetamol for spinal pain and osteoarthritis: systematic review
and meta-analysis of randomised placebo controlled trials. BM] 2015;350:
h1225.

[69] FDA. Drug Safety Communication 13 January 2011: Prescription acetaminophen
products to be limited to 325::mg per dosage unit; boxed warning will highlight
potential for severe liver failure.FDA Available from: http://www.fda.gov/Drugs/
DrugSafety/ucm239821.htm (Accessed 06 February 2018), 2011.

[70] Sabate M, Ibanez L, Perez E, Vidal X, Buti M, Xiol X, et al. Paracetamol in thera-
peutic dosages and acute liver injury: causality assessment in a prospective case
series. BMC Gastroenterol 2011;11:80.

[71] da Costa BR, Reichenbach S, Keller N, Nartey L, Wandel S, Juni P, et al. Effec-
tiveness of non-steroidal anti-inflammatory drugs for the treatment of pain
in knee and hip osteoarthritis: a network meta-analysis. Lancet 2017;390:
e21-33.

[72] Ungprasert P, Cheungpasitporn W, Crowson CS, Matteson EL. Individual non-
steroidal anti-inflammatory drugs and risk of acute kidney injury: A systematic
review and meta-analysis of observational studies. Eur ] Intern Med
2015;26:285-91.

[73] Cadet C, Maheu E, French Ag. Coxibs and traditional NSAIDs for pain relief. Lan-
cet 2014;383:121-2.

[74] Chou R, McDonagh MS, Nakamoto E, Griffin J. Analgesics for Osteoarthritis:
An update of the 2006 comparative effectiveness review. Oct. 2011. NCBI Rock-
ville MD: Available from: http://www.ncbi.nlm.nih.gov/pubmedhealth/
PMHO0016485/pdf/TOC.pdf [Accessed 27 April 2018].

[75] Rannou F, Pelletier J-P, Martel-Pelletier J. Efficacy and safety of topical NSAIDs in
the management of osteoarthritis: evidence from real-life setting trials and sur-
veys. Semin Arthritis Rheum 2016;45:518-21.

[76] Avouac J, Gossec L, Dougados M. Efficacy and safety of opioids for osteoarthritis:
a meta-analysis of randomized controlled trials. Osteoarthr Cartil 2007;15:957-
65.

[77] Solomon DH, Rassen JA, Glynn R}, Lee ], Levin R, Schneeweiss S. The comparative
safety of analgesics in older adults with arthritis. Arch Intern Med
2010;170:1968-76.

[78] Maheu E, Guillou GB. Intra-articular steroid therapy for osteoarthritis of the
knee. Prescrire Int 1995;4:26-7.

[79] Juni P, Hari R, Rutjes AW, Fischer R, Silletta MG, Reichenbach S, et al. Intra-artic-
ular corticosteroid for knee osteoarthritis. Cochrane Database Syst Rev 2015:
CD005328.

[80] McAlindon TE, LaValley MP, Harvey WF, Price LL, Driban ]B, Zhang M, et al. Effect
of intra-articular triamcinolone vs saline on knee cartilage volume and pain in
patients with knee osteoarthritis: A randomized clinical trial. JAMA
2017;317:1967-75.

[81] Navarro-Sarabia F, Coronel P, Collantes E, Navarro FJ, de la Serna AR, Naranjo A,
et al. A 40-month multicentre, randomised placebo-controlled study to assess
the efficacy and carry-over effect of repeated intra-articular injections of hyalur-
onic acid in knee osteoarthritis: the AMELIA project. Ann Rheum Dis
2011;70:1957-62.

[82] Eriksen P, Bartels EM, Altman RD, Bliddal H, Juhl C, Christensen R. Risk of bias
and brand explain the observed inconsistency in trials on glucosamine for symp-
tomatic relief of osteoarthritis: a meta-analysis of placebo-controlled trials.
Arthritis Care Res (Hoboken) 2014;66:1844-55.

[83] Reginster JY. The efficacy of glucosamine sulfate in osteoarthritis: financial and
nonfinancial conflict of interest. Arthritis Rheum 2007;56:2105-10.

[84] Towheed TE, Maxwell L, Anastassiades TP, Shea B, Houpt ], Robinson V, et al.
Glucosamine therapy for treating osteoarthritis. Cochrane Database Syst Rev
2009:CD002946.

[85] Richy F, Bruyere O, Ethgen O, Cucherat M, Henrotin Y, Reginster JY. Structural
and symptomatic efficacy of glucosamine and chondroitin in knee osteoarthri-
tis: a comprehensive meta-analysis. Arch Intern Med 2003;163:1514-22.

[86] Schneider H, Maheu E, Cucherat M. Symptom-modifying effect of chondroitin
sulfate in knee osteoarthritis: a meta-analysis of randomized placebo-controlled
trials performed with structum((R)). Open Rheumatol ] 2012;6:183-9.

[87] Hochberg M, Chevalier X, Henrotin Y, Hunter D], Uebelhart D. Symptom and
structure modification in osteoarthritis with pharmaceutical-grade chondroitin
sulfate: what's the evidence? Curr Med Res Opin 2013;29:259-67.

[88] Blotman F, Maheu E, Wulwik A, Caspard H, Lopez A. Efficacy and safety of avo-
cado/soybean unsaponifiables in the treatment of symptomatic osteoarthritis
of the knee and hip. A prospective, multicenter, three-month, randomized,
double-blind, placebo-controlled trial. Rev Rhum Engl Ed 1997;64:825-34.

[89] Maheu E, Mazieres B, Valat JP, Loyau G, Le Loet X BP, et al. Symptomatic efficacy
of avocado/soybean unsaponifiables in the treatment of osteoarthritis of the
knee and hip: a prospective, randomized, double-blind, placebo-controlled,
multicenter clinical trial with a six-month treatment period and a two-month
followup demonstrating a persistent effect. Arthritis Rheum 1998;41:81-91.

[90] Appelboom T, Schuermans J, Verbruggen G, Henrotin Y, Reginster JY. Symptoms
modifying effect of avocado/soybean unsaponifiables (ASU) in knee osteoarthri-
tis. A double blind, prospective, placebo-controlled study. Scand ] Rheumatol
2001;30:242-7.

[91] Maheu E, Cadet C, Marty M, Moyse D, Kerloch I, Coste P, et al. Randomised, con-
trolled trial of avocado-soybean unsaponifiable (Piascledine) effect on structure
modification in hip osteoarthritis: the ERADIAS study. Ann Rheum Dis
2014;73:376-84.

[92] Hunter DJ. Viscosupplementation for Osteoarthritis of the Knee. N Engl ] Med
2015;372:2570.

[93] Bhandari M, Bannuru RR, Babins EM, Martel-Pelletier ], Khan M, Raynauld JP, et al.
Intra-articular hyaluronic acid in the treatment of knee osteoarthritis: a Canadian
evidence-based perspective. Ther Adv Musculoskelet Dis 2017;9:231-46.

[94] Cooper C, Rannou F, Richette P, Bruyere O, Al-Daghri N, Altman RD, et al. Use of
Intraarticular Hyaluronic Acid in the Management of Knee Osteoarthritis in Clin-
ical Practice. Arthritis Care Res (Hoboken) 2017;69:1287-96.

[95] Lussier A, Cividino AA, McFarlane CA, Olszynski WP, Potashner W], De Medicis R.
Viscosupplementation with hylan for the treatment of osteoarthritis: findings
from clinical practice in Canada. ] Rheumatol 1996;23:1579-85.

[96] Karlsson ], Sjogren LS, Lohmander LS. Comparison of two hyaluronan drugs
and placebo in patients with knee osteoarthritis. A controlled, randomized,
double-blind, parallel-design multicentre study. Rheumatology (Oxford)
2002;41:1240-8.

[97] Conrozier T, Mathieu P, Schott AM, Laurent I, Hajri T, Crozes P, et al. Factors pre-
dicting long-term efficacy of Hylan GF-20 viscosupplementation in knee osteo-
arthritis. Joint Bone Spine 2003;70:128-33.


http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0046
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0046
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0046
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0047
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0047
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0047
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0048
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0048
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0048
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0048
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0049
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0049
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0050
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0050
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0050
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0050
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0051
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0051
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0052
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0052
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0053
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0053
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0053
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0053
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0054
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0054
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0055
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0055
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0056
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0056
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0056
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0057
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0057
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0058
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0058
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0058
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0059
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0059
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0059
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0059
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0060
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0060
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0060
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0060
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0060
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0061
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0061
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0061
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0061
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0062
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0062
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0062
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0062
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0062
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0063
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0063
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0064
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0064
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0064
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0064
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0065
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0065
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0065
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0065
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0066
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0066
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0066
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0067
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0067
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0067
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0067
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0068
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0068
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0068
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0068
http://www.fda.gov/Drugs/DrugSafety/ucm239821.htm
http://www.fda.gov/Drugs/DrugSafety/ucm239821.htm
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0070
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0070
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0070
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0071
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0071
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0071
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0071
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0072
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0072
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0072
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0072
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0073
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0073
http://www.ncbi.nlm.nih.gov/pubmedhealth/PMH0016485/pdf/TOC.pdf
http://www.ncbi.nlm.nih.gov/pubmedhealth/PMH0016485/pdf/TOC.pdf
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0075
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0075
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0075
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0076
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0076
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0076
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0077
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0077
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0077
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0078
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0078
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0079
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0079
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0079
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0080
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0080
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0080
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0080
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0081
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0081
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0081
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0081
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0081
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0082
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0082
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0082
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0082
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0083
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0083
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0084
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0084
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0084
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0085
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0085
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0085
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0086
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0086
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0086
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0087
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0087
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0087
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0088
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0088
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0088
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0088
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0089
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0089
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0089
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0089
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0089
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0090
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0090
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0090
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0090
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0091
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0091
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0091
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0091
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0092
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0092
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0093
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0093
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0093
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0094
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0094
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0094
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0095
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0095
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0095
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0096
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0096
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0096
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0096
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0097
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0097
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0097

572

(98]

[99]

[100]

[101]

[102]

[103]

E. Maheu et al. / Seminars in Arthritis and Rheumatism 48 (2019) 563572

Daumen-Legré VP,T, Acquaviva PC, Lafforgue P. Evaluation of safety and efficacy
of viscosupplementation in knee osteoarthritis with chondrocalcinosis. Arthritis
Rheum 1999;42:5158.

Bhadra AK, Altman R, Dasa V, Myrick K, Rosen ], Vad V, et al. Appropriate use cri-
teria for hyaluronic acid in the treatment of knee osteoarthritis in the United
States. Cartilage 2017;8:234-54.

Waddell DD, Bricker DC. Total knee replacement delayed with Hylan G-F
20 use in patients with grade IV osteoarthritis. ] Manag Care Pharm
2007;13:113-21.

Mar ], Romero Jurado M, Arrospide A, Enrique Fidalgo A, Soler Lopez B. Cost-
analysis of viscosupplementation treatment with hyaluronic acid in candidate
knee replacement patients with osteoarthritis. Rev Esp Cir Ortop Traumatol
2013;57:6-14.

Altman R, Fredericson M, Bhattacharyya SK, Bisson B, Abbott T, Yadalam S, et al.
Association between hyaluronic acid injections and time-to-total knee replace-
ment surgery. ] Knee Surg 2016;29:564-70.

Delbarre A, Amor B, Bardoulat |, Tetafort A, Pelletier-Fleury N. Do intra-articular
hyaluronic acid injections delay total knee replacement in patients with osteoar-
thritis - A Cox model analysis. PLoS One 2017;12:e0187227.

[104]

[105]

[106]

[107]

[108]

Shewale AR, Barnes CL, Fischbach LA, Ounpraseuth ST, Painter JT, Martin BC.
Comparative effectiveness of intra-articular hyaluronic acid and corticosteroid
injections on the time to surgical knee procedures. ] Arthroplasty 2017;32.
3591-3597 e3524.

Thomas T, Amouroux F, Vincent P. Intra articular hyaluronic acid in the
management of knee osteoarthritis: Pharmaco-economic study from the
perspective of the national health insurance system. PLoS One 2017;12:
e0173683.

Mazieres B, Bard H, Ligier M, Bru I, d'Orsay GG, Le Pen C. Medicoeconomic evalu-
ation of hyaluronic acid for knee osteoarthritis in everyday practice: the MES-
SAGE study. Joint Bone Spine 2007;74:453-60.

Torrance GW, Raynauld JP, Walker V, Goldsmith CH, Bellamy N, Band PA,
et al. A prospective, randomized, pragmatic, health outcomes trial evaluat-
ing the incorporation of hylan G-F 20 into the treatment paradigm for
patients with knee osteoarthritis (Part 2 of 2): economic results. Osteoarthr
Cartil 2002;10:518-27.

MclIntyre LFB,W, Bhattacharyya S, Yadalam S, Bisson B, Kim M. Impact of hyalur-
onic acid injections in utilisation of pain management medications. Am ] Pharm
Benefits 2017;9:195-9.


http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0098
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0098
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0098
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0098
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0099
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0099
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0099
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0100
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0100
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0100
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0101
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0101
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0101
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0101
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0102
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0102
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0102
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0103
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0103
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0103
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0104
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0104
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0104
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0104
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0105
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0105
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0105
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0105
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0106
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0106
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0106
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0107
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0107
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0107
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0107
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0107
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0108
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0108
http://refhub.elsevier.com/S0049-0172(18)30235-X/sbref0108

	Why we should definitely include intra-articular hyaluronic acid as a therapeutic option in the management of knee osteoarthritis: Results of an extensive critical literature review
	Introduction
	What is HA? Mechanism of action
	Current controversy on IAHA use in OA

	Methods
	Efficacy of HA
	Safety of HA
	How does HA compare to other treatment options for knee OA?
	Discussion
	Conclusions
	Research agenda
	Acknowledgments
	Author contributions
	Declaration of competing interests

	Supplementary materials
	References



