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Introduction: Viscosupplementation (VS) is a safe and effective local treatment for
osteoarthritis (OA) of the knee. While much research has been completed evaluating its
efficacy, comparatively little research has been completed examining the effects of multiple,
repeat courses of treatment versus a single course of treatment.

Methods: We retrospectively reviewed real-world data from a large cohort of patients
receiving treatment for OA of the knee at 16 rehabilitation clinics. Patients were grouped
based on whether they received a single course of treatment or multiple courses. Outcomes
for this study included pain (measured via the visual analog scale, VAS) and functional
ability (measured via the Western Ontario and McMaster Universities Arthritis Index
(WOMAUC)). Pain and function scores were collected at baseline (prior to treatment admin-
istration) and one week following each course of treatment.

Results: Patients receiving multiple courses of treatment saw greater improvements than
those receiving a single course. For VAS, maximal improvement occurred after the fourth
course (66% improvement: 1.7+1.2 vs 5.0+2.4 at baseline, p<0.0001). WOMAC scores saw
maximal improvement up to the fourth course for all domains (pain: 74%: 2.5+3.3 vs 9.5
+5.3, p<0.0001; stiffness: 61%: 1.3£1.0 vs 3.3+£2.0, p<0.0001; function: 66%: 9.5+7.2 vs
28.3£14.1, p<0.0001). When scores from multiple courses were averaged, improvements
were maintained through the fourth course for VAS (3.4+2.8) and all WOMAC domains
(pain: 6.1£5.0; stiffness: 3.0+2.2; function: 23.4+17.3).

Discussion: Our results indicate that multiple courses of treatment are associated with
greater improvements than a single course of VS, and that these improvements continue
through four courses of treatment.

Keywords: viscosupplementation, hyaluronic acid, knee osteoarthritis, repeat treatment,
longitudinal study

Introduction

Osteoarthritis (OA) of the knee remains a significant and prevalent condition
worldwide, with over 650 million individuals over 40 years of age affected in
2020." With an estimated 86 million patients newly affected each year,' the clinical
and economic burden on worldwide healthcare is daunting. Treatment of symptoms
in early and mid-stage OA is often multimodal, taking a stepwise approach that
combines non-pharmacologic and/or pharmacological (over the counter or
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prescription) treatments. In cases where these treatments
fail but where surgical intervention is not indicated — due
to co-morbidities or patient preference — viscosupplemen-
tation (VS) offers a viable treatment alternative.

The ability to deliver treatment locally and without any
known drug interactions makes VS particularly useful in
the treatment of typical knee OA symptoms. Over the last
three decades, various formulations of VS have been eval-
uated in clinical studies,” ® as well as systematic reviews

711 a1l of which have affirmed its

and meta-analyses,
safety and efficacy in addressing symptoms of knee OA.
The 2015 Consensus Statement'? further noted that VS is
a “positive” therapy and should not be restricted to use
only in patients who have failed to respond adequately to
analgesic or non-steroidal anti-inflammatory (NSAID)
medication. In the United States, 16 different VS formula-
tions have been reviewed and approved by the Food and
Drug Administration since 1997, the majority of which are
labelled as safe for use in repeat treatments. However, the
body of evidence evaluating the long-term benefits of
repeated treatment, while growing, remains somewhat lim-
ited. The 2015 EUROVISCO

recommendations'® supported the retreatment of sympto-

update of the

matic patients following an initial course of VS and there
is clinical evidence demonstrating a benefit to repeated
treatment, although this evidence generally represents
either highly regimented, randomized, saline-controlled
studies or small-to-medium sized cohort studies of
retreatment.®'* Less work has been completed examining
larger, real-world populations and thus, the evidence in
this important setting is more limited.

To address this lack of evidence, we sought to evaluate
the comparative effectiveness of multiple versus single
courses of VS in improving pain and function scores in
knee OA patients in a real-world setting. We further
sought to examine the comparative effect of repeated
courses of treatment on patient symptomatology in this
cohort.

Methods

Study Design

This study was a retrospective, observational, multi-site
study of patients who underwent VS treatment for knee
OA. We collected data from 16 rehabilitation clinics
affiliated with OsteoArthritis Centers of America. The
study was conducted in accordance with the Declaration
of Helsinki,'” ethics approval was received from Advarra

prior to data collection and all patients provided informed
consent for collection of study data. Study participants
were grouped based on whether they received a single
course of treatment (SC) or multiple courses of treatment
(MC), based upon product prescribing information. In
cases where patients received treatment for bilateral knee
OA, data was collected for each knee separately.

Study Population and Eligibility Criteria
We included data from patients who received VS for
primary knee OA between January 2014 and June 2020.
Patients were eligible for inclusion in the analysis if:

- they had a confirmed diagnosis of OA, based on
in the

Determination rules,'® which at a minimum include

criteria set out Medicare Local Coverage
patient-reported pain in the affected knee which interferes
with basic function/activities of daily living (ADL),
a physical examination, standing radiographs and
a detailed medical history including previous treatment;

- clinical outcomes data was recorded prior to the first
VS injection (baseline); and,

- one-week post-treatment outcomes data was avail-
able, regardless of the number of treatment courses
administered.

Patients presenting for second or subsequent courses of
treatment additionally were required to have reported
a recurrence of pain in the affected joint and to have
objective documentation of previous success with VS
treatment. Patients for whom no baseline or post-
treatment data were available were excluded from the

analysis.

Treatment Regimen

Each course of VS was administered as a series of 5
injections administered at weekly intervals. We sought to
replicate real-world conditions for treatment and, as such,
patients presented for treatment based on symptomatology
and discomfort. No recruitment of patients was undertaken
and patients returning for repeat courses of treatment did
so of their own volition and were not prompted to return.
No restrictions were placed on the time between courses
of treatment. The number of courses administered in each
case was determined by the treating physician in consulta-
tion with the patient and based on patient presentation.
During treatment, no restrictions were placed on patients
regarding physiotherapy, rehabilitation or medications.
The most commonly administered viscosupplements
were Genvisc850 (OrthogenRx, Inc., Doylestown, PA,
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USA), Supartz (Bioventus LLC, Durham, NC, USA),
Orthovisc (Pendopharm, Montreal, PQ, Canada) and
Italy)

Hyalgan (Fidia Farmaceutici, Abano Terme,

(Table 1).

Outcomes

The outcomes for this study were pain and function, assessed
via the visual analog scale (VAS, 0-10), and the Western
Ontario and McMaster Universities Arthritis Index
(WOMAC)'” score, respectively. Data for each knee treated
was recorded at baseline (prior to initiation of first course of
treatment) and one week following completion of each course
of treatment. Demographic data including patient age, gender,

Table | Demographics and Descriptive Statistics

Single Multiple p-value
Course Course
Age®, mean (SD) 69.3 67.5 (9.9) 0.08
(I
Gender?, n (%)
M 324 (50) 56 (43) 0.14
F 327 (50) 75 (57)
BMI?, mean (SD) 334 32.0 (7.9) 0.79
(16.8)
Total patients, n 651 131 n/a
Total knees, n 936 209 n/a
Treated knee, n (%)
R 198 (30) 42 (32) 0.71
L 194 (30) 34 (26) 0.38
Bilateral 259 (40) 55 (41) 0.64
Kellgren-Lawrence Score?,
n (%)
0 122 (19) 23 (18) 0.75
| 23 (4) 6 (4) 0.56
2 153 (23) 27 (21) 0.47
3 248 (38) 50 (38) 0.99
4 105 (16) 25 (19) 0.41
Viscosupplementation
administered®, n (%)
Genvisc850 462 (71) 96 (74) 0.59
Supartz 156 (24) 29 (23) 0.65
Orthovisc 20 (3) (1) 0.14
Hyalgan 13 (2) 4(3) 0.45
Other 0 (0) () n/s

Note: *Reflects number of patients treated.
Abbreviations: n/a, not applicable; n/s, not statistically significant using Fisher’s
exact test.

Kellgren-Lawrence (KL) score at baseline, treatment date,
body mass index (BMI) and treated knee (ie, right, left or
bilateral) was recorded for all patients. Patients categorized as
“bilateral” received treatment for both knees at different time
points during the study period. In these cases, data was col-
lected for each knee separately and patients were categorized
as “bilateral” for demographic purposes only. Data regarding
the occurrence of adverse events (AEs) was also collected.

Statistics Methods and Data Analysis Plan
Alpha was set a priori at 0.05 for all statistical compar-
isons. Continuous variables are presented as mean or mean
+ standard deviation. Mean values were compared using
Student’s #-test or analysis of variance (ANOVA), as
appropriate. Categorical variables are presented as propor-
tions and compared using chi-squared or Fisher’s exact
test (as appropriate). To determine the rate of treatment
responders, the minimal clinically important difference
(MCID) for each of VAS and WOMAC scores was calcu-
lated by comparing the post-treatment score with the base-
Thresholds
improvement of 30% over baseline for VAS'® and an
improvement of 20% over baseline for WOMAC."”
Patients were stratified based on the number of courses

line score. for MCID were set as an

of treatment completed and comparisons made within
groups and between groups. The within-group analysis
was a comparison of change from baseline for each
group (SC and MC), with mean baseline scores in each
group compared with post-treatment scores. The between-
groups analysis compared the final, post-treatment scores
from the SC group with the MC group. The MC group was
stratified based on the number of courses of treatment
administered, such that results from a single course could
be compared with results from two, three, etc. courses of
treatment. Finally, post-treatment scores within the MC
group were compared to determine the relative effect of
repeated courses of treatment on outcomes.

Results

Descriptive Statistics

A total of 782 patients (1145 knees) were included in the
analysis. Descriptive statistics are summarized in Table 1.
The entire study patient cohort, comprised of 52% females
(409/782), had a mean BMI of 32.1 (SD: 9.5) and a mean age
0f 68.9 years (SD: 10.9). There were no statistically significant
differences in demographic variables between study groups
(SC vs MC). GenVisc850 and Supartz were the two most
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prescribed VS in both study groups: Supartz was prescribed
slightly more often to patients in the SC group while
GenVisc850 was prescribed slightly more often in the MC

group.

Within-Groups Analysis: Change from
Baseline

Statistically significant improvements from baseline for both
VAS and WOMAC scores were noted in all treatment
groups, regardless of the number of courses of treatment
received (Figure 1). For the entire cohort, an average 36%
improvement over baseline was noted in VAS scores follow-
ing the final course of treatment, regardless of the number of
courses administered (3.442.9 post-treatment vs 5.3+2.9 at
baseline, p<0.0001). Similar observations were noted for
WOMAC Pain (37% improvement: 6.4+4.6 vs 10.1+4.6 at
baseline, p<0.0001), Stiffness (33% improvement: 3.0+2.1 vs
4.5+2.1 at baseline, p<0.0001) and Function (33% improve-
ment: 23.7+£16.1 vs 35.6£15.6 at baseline, p<0.0001) scores.

The changes from baseline for patients in the MC group
were greater than improvements in patients in the SC group,
with improvements generally increasing with each subse-
quent course of treatment (Figure 1). For VAS, maximal
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improvements were noted following the fourth course of
treatment (66% improvement: 1.7£1.2 vs 5.0+2.4 at base-
line, p<0.0001). Significant improvements were noted up to
the fourth course for all WOMAC domains. The greatest
improvements in WOMAC Pain scores were noted after four
(74%: 2.5¢3.3 vs 9.54£5.3, p<0.0001) courses, as were the
greatest improvements in WOMAC Stiffhess scores (61%:
1.3+1.0 vs 3.3£2.0, p<0.0001) and WOMAC Function
scores (66%: 9.5+£7.2 vs 28.3+14.1, p<0.0001) courses.

Between-Groups Analysis: Final

Post-Treatment Scores

Post-treatment, VAS and WOMAC scores in the MC group
improved gradually over those in the SC group, peaking
following the fourth course. The mean final VAS score for
patients having received a single course of treatment was 3.3
+2.9. Scores in patients who received two (3.142.7, p=0.61
vs single course) and three (3.7+2.6, p=0.56) courses were
improved, with four courses associated with a significant
improvement (1.7+1.2, p<0.01) (Table 2). Similar observa-
tions held true for all domains of WOMAC scores. For
WOMAC Pain, the largest improvements noted following
the fourth course (2.5£3.3, p=0.04 vs single course).
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Figure | Comparison of baseline (white) and post-treatment (grey) scores for VAS (A), WOMAC Pain (B), WOMAC Stiffness (C) and WOMAC Function (D). Data are
shown as mean + SEM. *Indicates statistically significant improvement over baseline. **Indicates statistically significant improvement over single course of treatment.
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Table 2 Between Groups Comparison of Post-Treatment Scores Following the Final Course of Treatment

Courses of Treatment

I (n=936) 2 (n=180) 3 (n=23) 4 (n=6)
VAS, mean (SD) 33 (29 3.1 (27) 3.7 (2.6) 1.7 (1.2)
p-value® 0.61 0.56 <0.01
WOMAC Pain, mean (SD) 6.4 (4.6) 5.9 (4.5) 6.3 (44) 2.5 (3.3)
p-value® 0.21 0.96 0.04
WOMAC Stiffness, mean (SD) 29 (2.1) 29 (2.1) 2.7 (1.8) 1.3 (1.0)
p-value® 0.98 0.66 0.05
WOMAC Function, mean (SD) 23.5 (15.9) 22.4 (15.7) 26.0 (l6.1) 9.5(72)
p-value® 0.39 0.46 0.03

Notes: Sample size reflects number of knees treated; * vs single course; Bolded p-value indicates statistically significant difference.

WOMAC Stiffness (1.3%1.0, p=0.05) and Function (9.5+7.2,
p=0.03) scores were significantly improved over a single
course (Stiffness: 2.9+2.1; Function: 23.5+15.9) following
the fourth course of treatment.

Between-Groups Analysis: Averaged

Post-Treatment Scores

To further examine the effect of repeated courses of treat-
ment on the primary outcome, a second between-groups
analysis was completed in the MC group using the average
score over all courses of treatment. In this comparison,
scores for two courses of treatment were compared with
those from three or greater courses of treatment. For VAS,
improvements following multiple courses of treatment
were maintained but were not significantly different.
A similar response was noted for all WOMAC domains,
with improvements maintained through multiple courses
of treatment but no significant differences noted between
various courses of treatment (Table 3).

Responder Rates

Multiple courses of treatment resulted in a greater propor-
tion of patients achieving a minimum clinically important
difference in both VAS and WOMAC scores when com-
pared with a single course of treatment (Table 4). For VAS
scores, two (112/180, 62%, p=0.42), three (14/23, 61%,
p=0.86) and four (4/6, 67%, p=0.70) courses of treatment
resulted in more patients achieving a clinically important
improvement than a single course (552/936, 59%),
although these improvements were not significant.

Responder rates for WOMAC scores were higher than for
VAS scores. For WOMAC Pain, maximal improvements
were noted following two (135/180, 75%, p=0.15) and four
(5/6, 83%, p=0.48) courses of treatment when compared with
a single course (652/936, 70%). For both WOMAC Stiftness
and Function, three courses (Stiffness: 20/23, 87%, p=0.03)
and two courses (122/180, 68%, p=0.47), respectively, saw
important improvements over a single course (Stiffness: 607/
936, 65%; Function: 608/936, 65%) (Table 4).

Adverse Events
No adverse events related to the administration or use of VS
were reported in any of the patients during the study period.

Discussion
Viscosupplementation is a viable and well-utilized treat-
ment modality for osteoarthritis. While the evidence

Table 3 Between Groups Comparison of Average of All Post-
Treatment Scores Following Each Patient’s Final Course of
Treatment for Patients Receiving Multiple Courses of Treatment

Journal of Pain Research 2021:14

Courses of Treatment
2 3 4 (n=6)
(n=180) (n=23)
VAS, mean (SD) 3432 | 32(32) | 3429
WOMAC Pain, mean (SD) 6.6 (46) | 5.7 (5.6) | 6.1 (50)
WOMAC Stiffness, mean 3322 2.9 (2.3) 3.0 (22)
(SD)
WOMAC Function, mean 25.2 21.2 234
(Sb) (16.6) (18.2) (17.3)
Note: Sample sizes reflect number of knees treated.
https: 24 I 7
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Table 4 Summary of Responder Rates

Courses of Treatment
I (n=936) 2 (n=180) 3 (n=23) 4 (n=6)
VAS, mean (%) 552 (59) 112 (62) 14 (61) 4 (67)
p-value® 0.42 0.86 0.70
WOMAC Pain, mean (%) 652 (70) 135 (75) 15 (65) 5(83)
p-value® 0.15 0.65 0.48
WOMAC Stiffness, mean (%) 607 (65) 120 (67) 20 (87) 5(83)
p-value® 0.64 0.03 0.34
WOMAC Function, mean (%) 608 (65) 122 (68) 14 (61) 5(83)
p-value® 0.47 0.68 0.35

Notes: Sample sizes reflect number of knees treated; For VAS, a minimal clinically important difference (MCID) was deemed achieved if an improvement of 30% over
baseline scores was noted; For WOMAC, MCID was defined as a 20% improvement over baseline; * vs single course; Bolded p-value indicates statistically significant

difference.

supporting its efficacy in general is mounting, the evidence
regarding the cumulative effect of multiple courses of
treatment, especially in real-world settings, remains some-
what sparse. To examine the effect of repeated courses of
treatment on pain and function, we used real-world data
and compared results following a single course of treat-
ment with multiple courses, and further compared the
relative effects of repeated courses on pain and function.
We noted that repeated courses provided greater improve-
ments over baseline than did a single course of treatment.
We further noted that, in patients receiving multiple
courses of treatment, there was a continued improvement
following successive courses of treatment, with pain and
functional abilities scores improving through the fourth
course of treatment.

The effect of repeated courses of VS treatment has
been examined by several authors, and while a consensus
on the point at which improvement plateaus remains
elusive, there is compelling evidence from several studies
that echo our findings that improvements continue to be
noted up to and beyond 4 courses of treatment. Recent
recommendations from the EUROVISCO group support
the retreatment of symptomatic patients following an
initial course of treatment,13 and reviews of real-world
evidence have commented on the value of repeated treat-
ment in improving function and reducing the need for
analgesics."' Among the most powerful data on this
effect is a large study by Altman et al,>® who examined
the IMS Health PharMetrics Plus database for data from

patients who received between 1 and >5 courses of VS
treatment and found that incremental and statistically
significant improvements were noted following each suc-
cessive course of treatment. When combined with results
from Navarro-Sarabia and the AMELIA study,’ which
found that the beneficial effects of multiple courses of
treatment lasted up to one year following a fourth course
of treatment, these results suggest that there is an incre-
mental and long-term benefit to repeated courses of VS
treatment. More recently, Altman et al’ sought to move
closer to a consensus finding on repeated use of VS and
completed a systematic review of 17 randomized trials
and observational studies with greater than 1 repeated
course of HA treatment. In their analysis, they found
that up to 4 repeated courses of treatment were effective
at minimizing knee pain and improving function. The
included studies varied widely regarding the number of
repeated courses provided, however, making comparisons
of the effects based on the number of courses difficult.
Cumulatively, the results from these various studies pro-
vide important commentary on the value of repeated
courses of treatment with VS; however, this evidence,
while compelling, is from tightly controlled settings or
patient registries and does not adequately reflect real-
world settings. As such, our results from a multisite, real-
world setting represent an important addition to the
literature.

In our study, we noted two important findings: 1)
multiple courses provide superior results over a single

https:
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course, and 2) improvements continued with repeated
courses, as evident from the improvements in change-
from-baseline with each subsequent course, which con-
tinued through the third and fourth courses of treatment
for pain and function scores. Interesting amongst our
findings, though, were the differences noted in our
between-groups analysis as to exactly when treatment
effects plateau or maximize, based on whether final or
averaged scores were used in the calculation. When final,
post-treatment scores were used, the effect was noted after
the third course; however, when averaged scores were
used, improvements were maintained into the fourth
course and beyond, especially for WOMAC Pain and
Function domains. We also noted that, when comparing
results from differing numbers of courses in the MC
group, there was a continued improvement in the fourth
courses when compared with two courses. As such, our
data confirms the value of continued courses of treatment,
but the differences noted between averaged and final
scores leaves open questions of how the time between
courses impacts patient improvement. Further investiga-
tion into this variable is warranted and may be a key to
gaining an improved perspective on the cumulative effect
of repeated courses.

Also important in our study was the observation that
the continued effect was noted not just in raw pain and
function scores but also in responder rates. We noted that
scores for VAS and all domains of WOMAC saw improve-
ments in responder rates following the second course,
improvements that were improved-upon in the third and
fourth
the second course were not significant; however, the

courses. Statistically, improvements beyond
decreasing sample size in the latter courses may be par-
tially responsible for the lack of statistical significance.
The ability of repeated courses to continue to improve
outcomes is a valuable finding and, when combined with
other observations that repeated treatment can in fact turn
non-responders into responders,® suggests that early stop-
page of treatment due to slow response may not be bene-
ficial, and treatment should continue, to allow time for the
carry-over effect to be observed.

The level of improvement in pain and function score
observed in our study mirror those of similar studies. We
noted improvements of 38% over baseline in VAS and 34—
37% over baseline in WOMAC scores in patients receiv-
ing a single course of treatment, improvements which
increased to >40% for all scales following the second
course of treatment. These findings mirror those of others,

where improvements ranging from 28-54% in pain scores
and up to 32% in function scores have been noted.''' We
also noted similarities in responder rates with other studies
that have examined several repeated courses of treatment.
Navarro-Sarabia et al® noted that 70.5% of participants
saw a >20% improvement in function scores following
their fourth course of treatment, findings that mirror our
observations that 70—78% of patients achieved a clinically
important improvement after their third or fourth course of
treatment. Our results differ, though, when considering
pain scores, where we observed that an MCID was
achieved in 62% of cases, while other studies saw up to
79.2% of patients achieve an overall pain reduction of
20%.° This discrepancy may be explained by the fact
that we calculated MCID using a >30% change to indicate
a clinically important change and may also reflect the
varied time between treatment courses in our study.
Indeed, when recalculated as a >20% change, the propor-
tion of patients in our study seeing a clinically important
improvement exceeds 70%.

Our study has limitations. The retrospective design of
the study may be considered a limitation, but the large
sample size and multisite setting provide valuable data on
the real-world effects of VS. The low sample size of
patients receiving 3 or more courses of treatment, the non-
standardized administration of VS products, plus the
variability in the number of courses received — due to
physician discretion in prescribing treatment — and the
variability with regards to physiotherapy, rehabilitation
and medication may also limit the strength of the conclu-
sions somewhat. These factors, however, represent real-
world variables and therefore our study provides data that
may more closely reflect the circumstances in typical
patient populations. While our study demonstrated defini-
tive improvements with multiple courses of treatment, the
comparison of post-treatment scores without factoring in
the time between courses may introduce selection bias into
the study and somewhat diminish the evaluation of
a carry-over effect from previous courses of treatment.
Future studies are planned that will take into account
these factors, including the time between courses of treat-
ment, to identify predictors of treatment success. Finally,
the lack of a comparator group representing alternate
treatment modalities (eg physical therapy) may be consid-
ered a weakness, although the goal of the study was to
compare the effects of courses of VS in a real-world
setting, and not to evaluate its effectiveness relative to
alternate treatments.
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Conclusions

Our study determined that multiple courses of treatment
provide greater improvements in pain and function scores
than does a single course of treatment, and that there is an
increase in improvements with successive courses of treat-
ment, until a plateau effect is noted following the fourth
course of treatment. While more information is required to
establish the relationship between carry-over and plateau
effects, and to identify predictors for treatment success, the
data provides a strong basis for consideration of repeat
courses of treatment in patients where a single course fails
to provide suitable relief and improvement.
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