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ABSTRACT

Introduction: The Kellgren-Lawrence (K-L)
grade is the most commonly used measure of
radiographic  disease  severity in  knee
osteoarthritis (OA). Studies suggest that intra-
articular hyaluronic acid (IA-HA) should only be
considered in cases of early stage knee OA. The
purpose of this review was to determine if trials
administering IA-HA in early-moderate knee OA
patients demonstrated greater pain relief than
studies that also included patients with end-
stage disease.
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Methods: We conducted a systematic search of
the literature to identify randomized controlled
trials (RCT) comparing I[A-HA with saline
injections and that diagnosed disease severity
using the K-L grade criteria. The primary out-
come was mean change in pain from baseline at
4-13 weeks and 22-27 weeks. Safety was evalu-
ated on the total number of participants expe-
riencing a treatment-related adverse event (AE).
Results: Twenty RCTs were included. In the
early-moderate OA subgroup, the mean change
in pain scores was statistically significant
favoring IA-HA from baseline to 4-13 weeks
[SMD = -0.30, 95% CI —-0.44 to -0.15,
p < 0.0001] and within 22-27 weeks
[SMD =-0.27, 95% CI -0.39 to -0.16,
p <0.00001]. No significant differences were
observed in the late OA subgroup. IA-HA was
associated with a significantly greater risk of
treatment-related AEs relative to saline in the
late OA subgroup [RR = 1.76, 95% CI 1.16-2.67,
p = 0.008].

Conclusion: 1A-HA provides significant pain
relief compared to saline for patients with early-
moderate knee OA, compared to cohorts
including patients with end-stage OA (KL grade
4), with no increase in the risk of treatment-
related AEs, up to 6 months. Patients with end-
stage disease had lower levels of pain relief and
may be diluting study results if included in the
treatment cohort.
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INTRODUCTION

Osteoarthritis (OA) is the most common joint
disorder in the USA, estimated to affect over 30
million adults, and the prevalence is expected
to increase for the foreseeable future [1, 2]. Joint
pain is a common complaint among individuals
with OA and a primary reason for them to seek
medical care [2, 3]. As the disease is chronic and
nonfatal, identifying effective measures to not
only prevent but also treat it will have signifi-
cant impacts at both the clinical and socioeco-
nomic levels [1, 4]. Osteoarthritis may occur in
any joint, but knee OA is one of the most
common manifestations of this disease and, as
the knee takes on a substantial amount of the
weight-bearing load, can lead to significant
disability if left untreated [1, 4].

While surgical intervention is typically
reserved for the most severe OA, more conser-
vative therapies are initiated earlier in the dis-
ease process in effort to alleviate symptoms and
delay progression. Treatment with intra-articu-
lar hyaluronic acid (IA-HA) injections is one of
these options, although there is inconsistency
in its recommendations across knee OA guide-
lines [4-7]. HA is a naturally occurring sub-
stance present in synovial fluid and the quality
and quantity of HA are reduced in arthritic
knees [3, 8]. IA-HA injections are typically
indicated for patients who are non-responders
to nonpharmacological and pharmacological
therapies or experience adverse effects from
these treatments [3, 8, 9]. In addition to
restoring the viscoelasticity of the synovial
fluid, IA-HA may also have anti-inflammatory
and antinociceptive properties, and stimulate
in vivo high molecular weight (HMW) HA syn-
thesis [8]. Both basic science studies and clinical
trials have demonstrated the potential benefit
of HA injections [4]. While a number of differ-
ent HA products are available in various injec-
tion regimens, literature has demonstrated
there are also significant differences in molec-
ular and rheological properties [4, 8, 10, 11].

Radiographs play an important role in the
diagnosis of OA [1, 2]. In clinical trials investi-
gating knee OA, disease severity is most com-
monly assessed by the Kellgren-Lawrence (KL)
criteria [1, 2]. This system grades OA into five
categories of severity, from O to 4, with lower
grades representing greater joint space and less
disease severity [12]. Most IA-HA studies have
focused on its use in patients with early to
moderate knee OA (K-L grade < 3), suggesting
that HA injections should only be considered
earlier in the disease process and that studies
that have included patients with end-stage dis-
ease (K-L grade 4) have contributed to the cur-
rent controversy surrounding their use [4, 13]. A
number of prior studies have demonstrated a
greater response to HA therapy when baseline
radiographic presentation was less severe
[14-16].

The purpose of this review was to determine
if the inclusion of end-stage OA (KL grade 4)
participants reduced the measured effectiveness
of IA-HA in randomized controlled trials mea-
suring its effect on knee OA pain.

METHODS

Literature Search

A comprehensive literature search for relevant
articles was conducted using a detailed search of
the MEDLINE, EMBASE, and PubMed databases
(Supplementary Material). The inclusion criteria
were (1) blinded randomized controlled trial
(RCT) comparing IA-HA with intra-articular
saline injections; (2) knee pain or treatment-
related adverse events (AEs) were a reported
outcome; (3) described disease severity using
the K-L grade criteria; and (4) articles that were
published in English. After the list of eligible
studies was finalized, a manual search of rele-
vant reference lists was conducted to ensure
that no potentially eligible trials were missed.
This article is based on previously conducted
studies and does not contain any studies with
human participants or animals performed by
any of the authors.
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Search Results

The literature searched identified 2198 citations
(Fig. 1). After titles and abstracts were screened,
166 were included for full-text review. Nineteen
studies met the predefined inclusion criteria
[14, 17-34] and an additional study was hand-
selected [35], for a total of 20 trials; however,
one of these studies was only included in the
analysis of treatment-related adverse events
[29]. The hand-selected study was retrieved
from the reference list of previously published
articles regarding IA-HA wuse for knee
osteoarthritis.

Medline + Embase — 1,350 articles
PubMed — 848 articles

Total: 2,198 articles

Data Extraction and Outcome Measures

Data extraction consisted of study characteris-
tics, patient demographics, and reported out-
come and safety measures. The primary
outcome measure was the mean change in knee
pain score from baseline at two separate visit
windows: (1) 4-13 weeks (earlier visit) and (2)
22-27 weeks (later visit). The Western Ontario
and McMaster Universities Arthritis Index
(WOMAC) pain scores were extracted whenever
reported. If the WOMAC pain scores were not
reported, an a priori hierarchy of outcomes was
used to extract the next most relevant pain
measure. The hierarchy used was taken from a
previous meta-analysis, and was as follows:

Duplicates: 926 articles

Relevant for screening
process - 1272 Articles

Exclusion Reason
Not JA-HA: 93
Not an RCT: 820

Title Screen: 994 articles

Not OA: 53

Not Knee: 99

Abstract Screen: 112 articles

Not Human: 22

Relevant for Full text
screen: 166 articles

No control
comparison: 135

Full Text Screen: 147 articles

Not retrievable: 21

Did not report

Hand-selected: 1 article

Kellgren-Lawrence
grade: 9

Articles to be Included: 20 articles

Fig. 1 Flow diagram of search results

Insufficient or unclear
reporting of outcome
data: 3
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WOMAC pain, visual analog scale (VAS) pain on
activity/walking, VAS pain on weight-bearing,
VAS pain at rest, or other pain outcomes (Knee
Injury and Osteoarthritis Outcome Score
(KOOS), Musculoskeletal Outcomes Data Eval-
uation and Management System (MODEMY),
Index of Severity for Osteoarthritis for the Knee
(ISK) assessment, and WOMAC total score [11].
If data for these outcomes were not reported in
a given study, it was not included in the pri-
mary outcome. Safety data was also extracted
when possible on the total number of partici-
pants experiencing a treatment-related AE. If
data for these outcomes were not reported in a
given study, it was not included in the safety
analysis. Data from the intent-to-treat popula-
tion was used whenever possible. Data extrac-
tion was completed in duplicate by two
independent reviewers.

Data Analysis

Standardized mean differences (SMD) and rela-
tive risks (RRs) were analyzed using the
Cochrane Review Manager 5.3 software [36]. For
continuous outcomes, a negative SMD repre-
sented a result favoring IA-HA, while a positive
effect estimate represented a result favoring IA-
saline. Missing standard deviations were esti-
mated on the basis of the methods recom-
mended in the Cochrane Handbook for
Systematic Reviews of Interventions [37]. For
binary outcomes, an RR less than 1 favored IA-
HA, while a value greater than 1 favored IA-
saline. Effect size estimates were analyzed using
a generic inverse variance statistical method
and a random-effects analysis model with a 95%
confidence interval (CI). The number of partic-
ipants who experienced a treatment-related AE
was analyzed under a dichotomous outcome
assessment using Mantel-Haenzel statistical
method and a random-effects analysis model
with a 95% CI. Heterogeneity between the
included trials was measured using the I
statistic.

Studies were stratified into two groups: (1)
studies with early to moderate (early-moderate)
knee OA participants (i.e., K-L grade < 3 only),
and (2) studies with early to late (late) knee OA

patients (i.e., the authors enrolled patients with
K-L grade 1-4 knee OA) based on the trial’s
demographic characteristics. If a trial had less
than 5% of the patients with a baseline K-L
grade of 4, the trial was included in the early-
moderate OA subgroup.

Sensitivity Analysis

A sensitivity analysis was conducted to deter-
mine if single-blinded studies and the non-
blinded study had a significant impact on the
total treatment effect of IA-HA on knee pain vs
[A-saline at 13-week and 26-week follow-up
periods. To accomplish this, single-blinded
studies were removed from analyses to deter-
mine if they had a significant impact on treat-
ment efficacy. Additionally, we conducted a
sensitivity analysis to determine if the hand-se-
lected study had a significant impact on the total
treatment effect of IA-HA on knee pain vs IA-
saline. To accomplish this, the hand-selected
study was removed from analyses to determine if
it had a significant impact on treatment efficacy.

RESULTS

Study Characteristics and Demographics

The sample sizes of the included trials ranged
from 12 to 588 patients (Table 1). Sixteen stud-
ies (80.0%) were double-blinded RCTs and four
(20.0%) were single-blinded. The IA-HA formu-
lations used across these trials were Adant,
Durolane, Euflexxa, Fermathron Plus, Gel-One,
Hyalgan, Orthovisc, Monovisc, and Synvisc; the
specific brand was not reported in two studies.
The average ages and BMIs ranged from 53 to
73 years and 25 to 33 kg/m [2], respectively,
(Table 2). Of 19 studies, 16 were included in the
early-moderate OA subgroup and the other
three were included in the late OA subgroup.
The other study, Henderson et al. presented
their results for patients with K-L grade 2 and
those with K-L grade 3-4; therefore this study
was represented in both subgroups as Hender-
son 1994a (early-moderate OA subgroup) and
Henderson 1994b (late OA subgroup) [25].
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Table 1 Study characteristics of the included trials

Study Sample  Countries Study design IA-HA Outcome measure
size formulation for pain
Altman et al. (2004) 346 USA, Canada, Sweden Double-blinded  Durolane WOMAC pain, 0-20
RCT Likert
Altman et al. (2009) 588 USA Double-blinded  Euflexxa VAS pain, 100 mm
RCT
Arden et al. (2014) 218 Sweden, German, UK Double-blinded  Durolane WOMAC pain, 0-20
RCT Likert
Brandt et al. (2001) 226 USA Double-blinded  Orthovisc WOMAC pain, 5-25
RCT Likert
Chevalier et al. (2010) 253 UK, France, Czech Double-blinded  Synvisc WOMAC pain, 0-4
Republic, RCT Likert
Germany, Belgium,
the Netherlands
Creamer et al. (1994) 12 UK Single-blinded Hyalgan VAS pain, 100 mm
RCT
Cubukeu et al. (2005) 40 Turkey Single-blinded ~ Synvisc WOMAC pain, 5-25
RCT Likert
DeCaria et al. (2012) 30 Canada Double-blinded ~ Hyalgan WOMAC pain, 0-20
RCT Likert
Diracoglu et al. (2009) 63 Turkey Double-blinded  Synvisc WOMAC pain, 0-20
RCT Likert
Hangody et al. (2017) 368 Europe, Canada Double-blinded ~ Monovisc WOMAC pain,
RCT 100 mm
Henderson et al. 91 UK Double-blinded  Hyalgan VAS pain, 100 mm
(1994) RCT
Huang et al. (2011) 200 Taiwan Double-blinded  Hyalgan WOMAC pain,
RCT 100 mm
Huskisson et al. (1999) 100 UK Single-blinded Hyalgan VAS pain, 100 mm
RCT
Lundsgaard et al. 308 UK, the Netherlands ~ Double-blinded ~ Hyalgan VAS pain, 100 mm
(2008) RCT
Navarro-Sarabia et al. 306 Spain Double-blinded  Adant WOMAC pain,
(2011) RCT 100 mm
Neustadt et al. (2005) 229 USA, Canada Double-blinded ~ Orthovisc WOMAC pain,
RCT 0-500
Petrella et al. (2006) 106 Canada Double-blinded ~ Suplasyn WOMAC pain, 5-25
RCT Likert
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Table 1 continued

Study Sample  Countries Study design IA-HA Outcome measure
size formulation for pain

Sezgin et al. (2005) 41 Turkey Single-blinded Orthovisc WOMAC pain, 5-25
RCT Likert

Strand et al. (2012) 379 Japan Double-blinded =~ Gel-ONE WOMAC pain,
RCT 100 mm

Van der Weegen et al. 196 The Netherlands Double-blinded ~ Fermathron VAS pain, 100 mm

(2015) RCT plus

Pain at 4-13 Weeks (Earlier Visit)

In the early-moderate OA subgroup (16 trials;
n=1578 for IA-HA, n = 1341 for saline), the
mean change in pain scores from baseline
within this visit window was statistically sig-
nificant in favor of IA-HA [SMD = — 0.30, 95%
CI —0.44 to —0.15, p<0.0001; > =68%]
(Fig. 2). In the late OA subgroup (4 trials;
n = 288 for IAHA, n = 278 for saline), there was
no significant effect between IA-HA and saline
[SMD = 0.28, 95% CI —0.12 to 0.68, p =0.17;
I? = 72%).

The test for subgroup differences (early-
moderate OA versus late OA) was statistically
significant (p = 0.008). The funnel plot revealed
no evidence of publication bias (Fig. 3).

Pain at 22-27 Weeks (Later Visit)

In the early-moderate OA subgroup (9 trials;
n =1058 for IA-HA, n =981 for saline), the
mean change in pain scores from baseline
within this visit window was statistically sig-
nificant in favor of IA-HA [SMD = — 0.27, 95%
CI —0.39 to —0.16, p <0.00001; I* = 38%]
(Fig. 4). In the late OA subgroup (2 trials;
n = 254 for IAHA, n = 254 for saline), there was
no significant effect between 1A-HA and saline
[SMD = 0.03, 95% CI —0.14 to 0.21, p = 0.72;
P = 3%].

The test for subgroup differences (early-
moderate OA versus late OA) was statistically
significant (p = 0.005). The funnel plot revealed
no evidence of publication bias (Fig. 5).

Treatment-Related AEs

In the early-moderate OA subgroup (9 trials;
n = 1304 for IA-HA, n = 1104 for saline), there
was no significant difference in the risk of
treatment-related AEs between IA-HA and saline
injections [RR =1.03, 95% CI 0.89-1.20,
p = 0.68; I? = 36%)] (Fig. 6). In the late OA sub-
group (3 trials; n =230 for IAHA, n = 232 for
saline), IA-HA was associated with a signifi-
cantly greater risk of treatment-related AEs rel-
ative to saline [RR =1.76, 95% CI 1.16-2.67,
p =0.008; I* = 0%)].

The test for subgroup differences (early-
moderate OA versus late OA) was statistically
significant (p = 0.02).

Sensitivity Analysis

Three single-blinded studies and one non-blin-
ded were removed in the sensitivity analysis
[23, 24, 29, 34]. The pooled effect size remained
statistically significant with little change in total
effect size at 13-week (SMD = —0.16 [— 0.32,
—0.01], P = 0.004) and 26-week (SMD = — 0.19
[-0.30, — 0.07], P = 0.001) follow-up periods.

At 13-week and 26-week follow-up periods,
the pooled effect size remained statistically sig-
nificant with little change in total effect size
when the hand-selected study was removed
from the analysis. Similar results were observed
when single-blinded studies were removed from
analyses; total treatment efficacy and subgroup
differences remained statistically significant at
13 weeks and 26 weeks.
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Table 2 Demographic characteristics of the included trials
Study IA-HA arm Control arm
#n Mean Mean %  K-Lgrade #» Mean Mean %  K-L grade,
age BMI  male (%) age BMI  male # (%)
Altman (2004) 172 62.9 M: 295 54.1 1-3: 76.7 174 63.3 M:29.0 362 1-3:74.1
F: 313 4: 233 F: 29.8 4: 259
Altman (2009) 291 625 324 37.0 1-3: 100.0 295 60.8 33.0 37.0 1-3:100.0
4: 0.0 4: 0.0
Arden (2014) 108 64.5 M: 282 45.0 1-3: 100.0 110 60.9 M: 28.1 540 1-3: 100.0
F: 264 4: 0.0 F: 269 4: 0.0
Brandt (2001) 114 65.0 32.0 37.0 1-3: 100.0 112 67.0 30.1 37.0 1-3: 100.0
4: 0.0 4: 0.0
Chevalier (2010) 124 63.6 29.1 25.8 1-3: 100.0 129 625 29.8 31.8 1-3: 99.2
4: 0.0 4: 0.8
Creamer (1994) 12 NR NR 0.0 1-3: 66.7 12 NR NR 00 1-3:66.7
4: 33.3 4: 33.3
Cubukcu (2005) 30 52.6 NR 30.0 1-3: 100.0 10 57.6 NR 0.0  1-3:100.0
4: 0.0 4: 0.0
DeCaria (2012) 15 719 30.5 53.0 1-3: 100.0 15 729 29.4 53.0 1-3: 100.0
4: 0.0 4: 0.0
Diracoglu (2009) 42 594 31.1 10.0 1-3: 100.0 21 562 31.3 0.0  1-3:100.0
4: 0.0 4: 0.0
Hangody (2017) 150 59.2 28.4 34.0 1-3: 99.3 69 58.0 29.1 26.1 1-3: 100.0
4: 0.7 4: 0.0
Henderson (1994) 40 NR NR NR 1-3: 82.2 44 NR NR NR 1-3: 71.7
4:17.8 4: 28.3
Huang (2011) 100 65.9 25.7 26.0 1-3: 100.0 100 64.2 25.4 22.0 1-3: 100.0
4: 0.0 4: 0.0
Huskisson (1999) 50 65.8 NR 24.0 1-3: 100.0 50 64.8 NR 42.0 1-3: 100.0
4: 0.0 4: 0.0
Lundsgaard (2008) 82 68.8 29.6 42.9 1-3: 63.1 80 69.6 293 476  1-3:61.2
4: 36.9 4: 38.8
Navarro-Sarabia 153 63.0 284 16.3 1-3: 100.0 153 639 28.7 16.3 1-3: 100.0
(2011) 4: 0.0 4: 0.0
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Table 2 continued

Study IA-HA arm Control arm

n  Mean  Mean % K-L grade, »  Mean  Mean % K-L grade,
age BMI male (%) age BMI male 2 (%)

Neustadt (2005) 115 584 28.9 548  1-3:100.0 114 59.1 294 50.0  1-3:100.0
4: 0.0 4: 0.0

Petrella (2006) 53 639 NR 569  1-3: 100.0 53 624 NR 53.7  1-3:100.0
4: 0.0 4: 0.0

Sezgin (2005) 22599 30.2 182  1-3: 100.0 19 594 293 31.6  1-3: 100.0
4: 0.0 4: 0.0

Strand (2012) 247 609 283 40.5  1-3: 100.0 128 60.3 28.7 39.8  1-3:100.0
4: 0.0 4: 0.0

Van der Weegen 99 587 28.6 49 1-3: 100.0 97 60.1 29.3 50 1-3: 100.0
(2015) 4 0.0 4 0.0

NR not reported

IAHA Placebo Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD_Total Weight IV, Random, 95% Cl _Year IV, Random, 95% CI
Early-moderate OA
Henderson 1994a -15.6 7.7 18 -142 688 19 31% -0.19(-0.83,0.46) 1994 -—*
Huskisson 1998 -335 2351 50 -198 2668 50 5.0% -0.54[-0.94,-0.14) 1999 —
Brandt 2001 -53 338 114 37 338 112 6.3% -0.47 [-0.74,-0.21] 2001 ——
Neustadt 2005 -6.36 325 30 -3 163 10 26% -1.12[-1.88,-0.36) 2005
Cubukcu 2005 -10.1 3 22 .81 24 19 29% -1.43[-2.13,-0.74) 2005
Sezgin 2005 -146.2 1193 115 1295 1217 114 63% -0.14 [-0.40,0.12) 2005 —1
Petrella 2006 -8 1186 53 -84 10 53  52% 0.01 [-0.37,0.39) 2006 h
Diracoglu 2009 -1.66 11 42 041 08 21 3.6% -1.19[1.75,-0.62) 2009
Altman 2008 -255 2766 291 .225 2766 285 7.2% -0.11 (-0.27,0.05) 2009 S
Chevalier 2010 -083 079 124 -064 079 129 64% -0.24 [-0.49,0.01) 2010 —*
Huang 2011 -23 192 100 <21 194 100 6.1% -010(-0.38,017) 2011 ——
DeCaria 2012 <22 284 15 173 32 15 28% -015(-0.87,0.57] 2012 —_—
Strand 2012 -216 2168 247 145 2168 128 6.7% -0.33[-0.54,-0.11) 2012 =
Arden 2014 -256 346 108 -245 306 110 6.3% -0.03(-0.30,0.23) 2014 -
van derWeegen 2015 -26 2766 99 -287 2766 97 6.1% 0.10(-0.18,0.38) 2015 b
Hangody 2017 -39 219 150 -308 237 69 61% -0.36[-0.65,-0.08) 2017 =t
Subtotal (95% CI) 1578 1341 82.6% -0.30[-0.44,.0.15] L 2

Heterogeneity: Tau®= 0.05; Chi*= 47.26, df= 15 (P < 0.0001); F= 68%
Testfor overall effect: Z= 4.05 (P < 0.0001)

Late OA

Henderson 1994b -87 659 22 18 615 12 24% 1.41[0.62,2.20] 1994

Creamer 1994 -10 31.75 12 11296 12 24% 0.03(-0.77,0.83) 1994
Altman 2004 -287 397 172 342 41 174  68% 0.14 (-0.08,0.35) 2004 T
Lundsgaard 2008 -144 2766 82 -146 2766 80 58% 0.01 (-0.30,0.32) 2008 it
Subtotal (95% CI) 288 278  17.4% 0.28[-0.12, 0.68] -

Heterogeneity: Tau*= 0.11; Chi*=10.73, df= 3 (P= 0.01), F=72%
Testfor overall effect: Z=1.36 (P=0.17)

Total (95% Cl) 1866 1619 100.0% -0.21[-0.36, -0.06] L 2
Heterogeneity: Tau*= 0.07; Chi*= 74.67, df= 18 (P < 0.00001); F=75%
Testfor overall effect: Z= 2.82 (P = 0.005)

Test for subaroup differences: Chi*= 7.00, df= 1 (P = 0.008), I*= 85.7%

)
t

s '
-1 0 1 2
Favours IAHA Favours Placebo

':,.-

Fig. 2 Pain at 4-13 wecks
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IAHA Placebo Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean  SD Total Mean  SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Early-moderate OA
Huskisson 1999 -26.4 2442 50 .82 2708 50  6.2% -0.70[-1.10,-0.30) 1999
Brandt 2001 -5 338 114 25 338 112 98% -0.44[-0.71,-0.18) 2001 —
Neustadt 2005 -123.7 1234 115 1118 117 114 10.0% -0.10(-0.26,0.16) 2005 —
Altman 2009 2257 289 291 185 325 205 134% -0.22[-0.40,-0.07) 2009 —
Chevalier 2010 -076 078 124 -058 08 129 103% -0.23(-0.47,0.02) 2010 ——]
Huang 2011 -2928 192 100 -21.52 194 100 9.3% -0.40[-0.68,-0.12) 2011 —
DeCaria 2012 -1.87 213 15 06 3223 15 25% -0.45(-1.18,0.27) 2012 —
van derWeegen 2015 -18.3 28.05 99 186 28.05 97 93% 0.01 (-0.27,0.29) 2015 A
Hangody 2017 -395 228 150 -328 2386 69 9.1% -0.29(-0.57,0.00) 2017 ——
Subtotal (95% Cl) 1058 981 79.9%  .0.27[.0.39,-0.16] »
Heterogeneity: Tau*= 0.01; Chi*=12.90, df=8 (P=0.12); F= 38%
Testfor overall effect: Z= 4.56 (P < 0.00001)
Late OA
Altman 2004 -25 4 172 -283 417 174 1186% 010[-0.12,0.21) 2004 -T—
Lundsgaard 2008 -11.4 2805 82 -864 2805 80 85% -010(-0.41,0.21] 2008 )
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DISCUSSION

The results of this meta-analysis suggest that IA-
HA therapy is most efficacious in reducing pain

in patients with early-moderate knee OA, but
not in the late OA subgroup. This analysis also
revealed that significant pain relief with HA
injections can occur within 4-13 weeks (earlier
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visit) post-injection and remain beneficial up to
approximately 6 months (later visit); the effect
estimates were similar between these two time
points (SMD = — 0.30, 95% CI — 0.44 to — 0.15
at the earlier visit and SMD = — 0.27, 95% CI
—0.39 to — 0.16 at the later visit). This suggests
that the effect seen with HA plateaus and is
maintained up to 6 months post-injection.

In 2015, Strand et al. published a meta-
analysis evaluating the effects of IA-HA within
subcategories of disease severity [16]. Similar to
the current study, Strand et al. found that the
effect size for pain between IA-HA and saline
injections in the early-moderate OA subgroup
(K-L grade < 3) was statistically significant
(SMD = —0.35, 95% CI —0.57 to — 0.14), but
this outcome was not significant in the sub-
group that also included K-L grade 4 patients
(SMD = —0.11, 95% CI — 0.46 to 0.24). Other
SMDs reported in previous meta-analyses,
without considering OA grade, have ranged
from —0.19 to —0.43 [10, 16, 38-42]. The
estimates that were calculated in the current
analysis for the early-moderate OA subgroup
(—=0.30 at 4-13weeks and —0.27 at 22—
27 weeks) were within this range, but those for
the late OA subgroup (0.28 at 4-13 weeks and
0.03 at 22-27 weeks) were not. Such an obser-
vation may be explained by the fact that most
IA-HA studies have only included patients with
early to moderate knee OA [4]. The current
study provides further quantitative evidence
that including patients with K-L grade 4 knee
OA dilutes the benefit of HA injections when
averaging treatment effects within a sample.
These results also demonstrated the potential
for HA to provide greater benefit to patients if it
is provided earlier in the course of their disease,
as opposed to being provided as a later treat-
ment option once disease severity has already
progressed to late stages. These results also
demonstrate that the late OA subgroup experi-
enced significantly more treatment-related AEs,
suggesting that patients with KL grade 4 may be
more susceptible to adverse events. These
results may have been influenced by the inclu-
sion of avian-derived HA and non-animal sta-
bilized HA formulations, as well as the use of
low molecular HA. Further insight into the

product differences of IA-HA in KL grade 4 par-
ticipants is required.

Several knee OA guidelines are available to
practicing physicians; however, there is clearly
inconsistency in the recommendations for 1A-
HA injections [4, 5, 43]. What many of these
guidelines fail to address is how the efficacy of
[A-HA may vary by select patient characteristics.
The results of this systematic review suggest
that future clinical practice guidelines base their
treatment recommendations on the individual
patient’s disease state and focus on the poten-
tial for greater benefit when IA-HA is provided
in earlier stage knee OA.

A limitation of the current study is the
heterogeneity within subgroups, suggesting
that there may be other factors contributing to
the difference in results between the subgroups.
It has been previously established that IA-HA
trials are variable in terms of patient eligibility
criteria, HA molecular characteristics, injection
schedules, and outcomes assessment [3], which
must also be further investigated. Additionally,
there is a small proportion of included patients
who were in advanced stages of their knee OA.
Although this proportion is small, the results of
this study still provide valuable information
regarding the potential effects seen in these late
stage patients. Studies included in this analysis
varied in terms of blinding, HA product (with
different injection regimens and molecular
weights), and used either the VAS for pain or
WOMAC pain subscale, though there is even
variability in the subscale for WOMAC pain
(e.g., the 0-100 mm, 0-20 or 5-25 Likert, or
0-500 scale). The K-L grade is the most widely
used OA severity scale; however, other measures
exist, with their own definitions and scoring
systems [1], and studies that reported relevant
outcomes were excluded from this analysis for
this reason. There is also controversy as to
whether or not radiographic criteria always
correlate with clinical symptoms [1]. It cannot
be said, definitely, that patients with more sev-
ere OA based on radiographs are also more
symptomatic at baseline. Non-English trials
were excluded, which may limit the generaliz-
ability of these findings and confidence in the
effect estimates. The included studies were pre-
dominantly representative of sites in North
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America and Europe, though two trials were
conducted in Asia [26, 33] and demonstrated
comparable treatment effects for HA. Lastly, the
number of studied including participants with
KL grade 4 knee OA was limited, suggesting that
this cohort may not be actively recruited in IA-
HA clinical trials.

A strength of this analysis was that only data
from randomized, saline-controlled trials were
included, ensuring that pooled effects estimates
were from evidence of high-quality studies with
a common comparator. There was also a large
number patients in the analysis (n = 3485 in the
assessment of pain at the earlier visit window),
though a substantial proportion of this sample
represented patients in the early-moderate OA
subgroup. The outcome scales used to assess
pain (i.e., the VAS and WOMAC) are validated
measures and commonly evaluated in the knee
OA literature. The funnel plots also revealed
that publication bias is unlikely.

CONCLUSIONS

Treatment with IA-HA provides statistically
significant pain relief compared to saline injec-
tions for patients with early-moderate knee OA,
with no increase in the risk of treatment-related
adverse effects, up to 6 months post-injection.
IA-HA demonstrated no benefit over controls in
the late OA subgroup and was associated with
significantly greater treatment-related AEs. In
this regard, some of the prior studies that
demonstrated no significant benefit with HA
injections may have confounded their results
with the inclusion of a considerable proportion
of patients with end-stage knee disease. Future
investigations on the topic should take caution
in completely rejecting the potential benefit of
IA-HA when it may indeed be efficacious for a
subset of the knee OA population.
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