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Abstract: From the Southwestern Ontario database, one of the largest primary-care datasets
in Canada, 1,263 patients with osteoarthritis (OA) of one or both knees were identified who
received two consecutive series of intra-articular (IA) injections of hylan G-F 20 preparation
and no other prescribed OA medications, and were evaluated fully between 2006 and 2012.
A cohort of 3,318 demographically matched OA patients who had not been treated with IA
injection therapy was identified from the same database for comparison. Responses to therapy
were assessed by means of'a 10-point visual analog scale (VAS) for pain at rest and after comple-
tion of a 6-minute walk test (6MWT), while physical capacity was measured by performance in
the 6GMWT itself. After two cycles of hylan G-F 20 therapy, the average VAS score for pain at
rest declined from 7.8241.27 at baseline to 4.16%1.51 (average change 3.66+1.78, significantly
more than the reduction of 3.1242.03 seen in the reference group [P<<0.012]) and the average
VAS score for pain after the 6MWT decreased by 5.56%1.74 points (from 9.58+0.4 at baseline
to 4.02+1.67 at the final assessment), a significantly larger change than that seen in the refer-
ence group (A2.99+1.85; P<<0.001 for intergroup comparison). Distance walked in the 6SMWT
increased on average by 115 m, significantly more than that seen in the reference group (A91 m;
P<0.001 for intergroup comparison). These findings from a primary-care database suggest
sustained benefits in terms of pain and physical function from repeat cycles of A injections of
hylan G-F 20 and no other prescribed OA medications in adults with OA of the knee.
Keywords: osteoarthritis, high-molecular-weight hyaluronic acid, intra-articular, 6-minute
walk test, repeat treatment, pain relief

Introduction
There are currently around 4.6 million people diagnosed with osteoarthritis (OA)
in Canada and an additional 400,000 cases are recorded each year.! Many of these
patients have OA of the knee joint(s). OA is not a lethal condition but is disabling
and is associated with substantial impact on the lives of individuals and wider societal
costs. Most of the Can$195 billion annual cost of OA is attributable to indirect costs
such as loss of productive work time; the total economic cost of OA is predicted to
double by 2020 and to double again by 2030.!

There is no curative intervention for OA; therapy is targeted toward pain relief
and the preservation of function. Intra-articular (IA) injection of hyaluronic acid or
high-molecular-weight hyaline analogs (HAs) has been evaluated as effective for these
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purposes for OA of the knee.? However, there is currently
a lack of consensus among experts about the weight of the
supporting evidence for this intervention, and it is generally
regarded as a supplementary therapy.** Use of IA HA in
knee OA is predicated on its ability to restore more normal
viscoelastic and mechanical qualities of synovial fluid in
osteoarthritic joints as well as various potentially favorable
effects on inflammation.” The therapeutic effects of HA,
once established, may persist for 6 months or more.® Some
evidence of sustained benefit from repeat cycles of [A HA
has been reported from clinical studies, but comparable
experience from observational studies of real-world practice
is lacking.*'?

The Southwestern Ontario (SWO) database, established
in 1999, records both administrative and clinical patient-
level data from a mixture of urban and rural catchment areas
in London, Ontario, and nearby communities. This large
dataset, which now includes approximately 10%—15% of
the adult inhabitants of SWO, has been used to investigate
patient demographic profiles and practice patterns in Canadian
primary care. We now report our findings from a new analysis
of the SWO database, examining the longer term effects of
several cycles of IA HA injections on pain and mobility in
patients with OA of the knee. Our investigation focused on
the hylan G-F 20 preparation (Synvisc®; Sanofi Biosurgery,
Cambridge, MA, USA). This is the most widely prescribed HA
preparation in Canada and could be expected, on the basis of
previous information,'" to generate a large patient sample.

Methods

Detailed descriptions of the nature, size, and operation of
the SWO database have appeared in other publications.'>!
This is an ongoing patient-level observational cohort of
350,000 patients registered at a mixture of urban and rural
primary-care practices (n=87). Baseline information for all
participants includes demographics, complete morbidity
profile, medications, and other clinical data. Patient data are
updated quarterly for all those attending their primary-care
providers.

For the present investigation, patient data were extracted
from the SWO database for the period 1 January 2006 to
31 December 2012. Within that time interval, all adult
patients (=18 years old) who had a diagnosis of OA of one
or both knees and who were recorded as having initiated and
received two consecutive courses of hylan G-F 20 at inter-
vals of 6 months (£30 days) were identified. Hylan G-F 20
was administered according to the manufacturer-approved
schedule, comprising either three injections, each of 2.0 mL

(16 mg) at intervals of 1 week for three consecutive weeks,
or a single-dose formulation that delivered 48 mg in a 6-mL
injection. No other prescribed OA medications were permit-
ted in the study group. Patients with bilateral OA received
injection in one joint only.

Patients were also included if their treatment began in
2005 but was evaluated in 2006 or if treatment began in 2012
and was evaluated in 2013.

Additional inclusion conditions comprised a baseline
mobility score and/or OA-related pain severity assessment
up to 4 weeks before the start of therapy and a repeat assess-
ment up to 4 weeks after completing therapy. Patients were
excluded if no data were recorded for the post-injection
efficacy/outcome measures for each course of treatment.
The severity of OA at baseline was quantified based on the
Kellgren—Lawrence rating system (1=mild; 4=severe) using
radiographs that were obtained not more than 1 year prior to
the first course of treatment.

A comparison cohort was retrospectively identified of
patients with knee OA who had a baseline evaluation and
then a treatment and follow-up evaluation during the same
time frame (2006-2012) but who had no record of treatment
with IA therapies (including, but not limited to, HA) before
or during that interval. Persons meeting these criteria were
matched on baseline characteristics to patients in the study
cohort. In conformity with the requirements for inclusion in
the HA group, patients in the comparison group had to have
had at least two consecutive courses of OA-directed therapy
at intervals of 6 months (£30 days). Qualifying prescriptions
had to have been filled within 30 days of issuance, and pre-
scribed medications had to be unchanged during the period
of follow-up and assessment. Patients in the control group
could have new or additional OA medications prescribed at
the discretion of their physicians, with the exception of IA
therapies, which were prohibited.

Patient responses to therapy in both groups were
assessed by means of mobility, expressed as distance trav-
elled in the 6-minute walk test (6MWT), '* and a 10-point
visual analog scale (VAS) score for pain at rest and after the
6MWT, with O=no pain and 10=severe pain. Assessments
of treatment effect were performed 8-30 days after the last
injection in a treatment cycle. These methodologies are
widely used in arthritis research to quantify symptom sever-
ity and limitation of function, and responses to therapy.'¢'8
The 6MWT, first proposed some 50 years ago,' is applied
across many chronic diseases and has normative data.”
Patients with bilateral OA were assessed by VAS only in
the injected knee.
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Data management, quality assurance,

and data security
Data collated into the SWO database are extracted from charts
at point of care and then entered into a proprietary SQL™
program, which includes data verification. Data collection
is conducted by a designated data abstraction team that also
conducts quarterly verification tests on a random sample of
10% of records. Error rates are less than 1.3% per annum.
Participating practices have consented to the centralized
accrual of clinical data from patient records in conformity
with institutional approval. As described in other reports,
all records are anonymized to standards that meet or exceed
current confidentiality requirements," including encrypted
identifiers for all physicians and patients. Industry-standard
data protection methods, also detailed elsewhere,'>!* are
in place to ensure the security of data during Internet
transmission.

Statistical methods
The differences from pretreatment to posttreatment were
computed for each group, and the mean changes were then
compared between the two (independent) groups using
Student’s #-test and the Wilcoxon rank test. Longitudinal
regression analysis was performed to compare the changes in
mobility and pain scores between the two groups, with adjust-
ment for severity of OA according to the categorical variables
of the Kellgren—Lawrence score and sex and the continuous
variables of age at the first HA treatment, body mass index
(BMI), comorbidity, and OA duration. A two-tailed P-value
of <0.05 was used to indicate statistical significance.

All analyses were performed using SAS software, version
9.2 (SAS Institute Inc., Cary, NC, USA).

Results

Inspection of the SWO database between 2006 and 2012
identified 20,187 patients who had a diagnosis of knee OA,
6,618 of whom were recorded as having been treated with
IA HA. As illustrated in Figure 1, slightly fewer than half of
these patients (46.6%) had received hylan G-F 20 and ~20%
had undergone at least two consecutive series of treatment
and assessment during 2006-2012.

There was a slight preponderance of men among the
patients who received consecutive courses of IA hylan G-F
20 therapy (Table 1). Two-thirds of patients had bilateral
knee involvement; disease status was rated as established
to advanced and severe (Kellgren—Lawrence scores 2—4,
inclusive) in >90% of cases. Almost all patients (82%)
were classified as either overweight (BMI 25-29 kg/m?)

Total patients treated with HA: 6,618

Treatment and/or
nent not fully within
2006-2012: 596

Total patients treated and assessed fully
within 2006-2012: 6,022

Treatment with non-hylan
G-F 20 hyalurons: 2,940

Total patients treated with hylan G-F 20
and assessed fully within 2006—2012: 3,082

Treatment with single
course of hylan G-F 20 or
assessment outside time
limit: 1,819

Total patients treated with two consecutive
series of hylan G-F 20 injections and
assessed fully within 2006-2012: 1,263

Figure I CONSORT diagram for derivation of the study cohort.
Abbreviation: HA, hyaline analog.

or expressly obese (BMI =30 kg/m?). The average age of
patients at the first HA treatment was 68%15 years, and the
average interval between the first diagnosis of OA and the
first use of IA hylan G-F 20 was 5 years. Dyslipidemia (13%)
and type 2 diabetes mellitus (11%) were conspicuous among
baseline comorbidity findings. The demographic profile of
the control group, also shown in Table 1, was substantially
similar to that of the hylan G-F 20 group except for mean
age, which was approximately 5 years lower in the refer-
ence cohort.

OA-related prescription medications recorded in the
control group, as raw data, included prescription oral non-
steroidal anti-inflammatory drugs (NSAIDs) (n=2,355,
71%), acetaminophen (n=1,161, 35%), narcotics (primarily
codeine phosphate, n=729, 22%), topical NSAIDs (n=197,
6%), glucosamine (n=430, 13%), chondroitin (n=132, 4%),
and glucosamine with chondroitin (n=391, 12%).

Findings for patients’ self-reported pain and objective
data on mobility are depicted in Figures 2—4. Baseline
scores did not differ significantly between groups. Pain at
rest, pain after the 6MWT, and average distances travelled
in the 6MWT all responded favorably to treatment in both
groups, but in every instance, the mean effect in patients who
underwent a repeat course of IA hylan G-F 20 therapy was
significantly (P=0.012) superior to that seen with control
therapies.
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Table | Demographic details of the study cohort and reference group

Patient characteristic Hylan G-F 20 with two Reference
consecutive series (N=1,263) group (N=3,318)

Age at diagnosis (years), mean (SD) 63 (9) 57 (10)
Age at first IA HA treatment (years), mean (SD) 68 (15) Not applicable
BMI (kg/m?)

Mean (SD) 27 (6) 27 (4)

Overweight (25-29), n (%) 669 (53) 1,692 (51)

Obese (=30), n (%) 366 (29) 1,029 (31)
Sex, n (%)

Female 555 (44) 1,559 (47)

Male 707 (56) 1,759 (53)
Kellgren—Lawrence grade at baseline, n (%)

| 76 (6) 133 (4)

2 442 (35) 1,095 (33)

3 454 (36) 1,294 (39)

4 290 (23) 796 (24)
Location of knee OA, n (%)

Unilateral 442 (35) 1,427 (43)

Bilateral 821 (65) 814 (57)
Comorbidities, n (%)

Hypertension 821 (65) 2,256 (68)

Dyslipidemia 164 (13) 365 (11)

Type 2 diabetes 139 (11) 398 (12)

Smoking 38 (3) 66 (2)

Depression 51 (4) 165 (5)

Myocardial infarction 25 (2) 99 (3)

Congestive heart failure 13 (1) 69 (2)

Stroke (1) 32(1)

Abbreviations: SD, standard deviation; IA, intra-articular; HA, hyaline analog; BMI, body mass index; OA, osteoarthritis.

Discussion

This study was designed to examine the clinical impact of
HA in the real-world circumstances of Canadian primary
care. Patients in the IA therapy group received no other pre-
scribed OA medications, and patients in the control group
received any prescribed OA therapy other than IA injections.

Pain at rest (VAS)

10
9
g 782
7.15
7
6
5
4 4.16 403
3
2
1
0
Pretreatment Posttreatment

Our research aimed to characterize the use of HA — specifi-
cally in the hylan G-F 20 preparation —as a practicable option
in knee OA therapy in the context of a condition with a vari-
able trajectory for which multiple different but non-definitive
medical treatment modalities are available. We identified
significant clinical benefit from two courses of hylan G-F 20

m Consecutive hylan G-F 20
treated (n=1,263)

m Non-HA treated (n=3,318)

P<0.012

3.66

3.12

Difference

Figure 2 Intergroup comparison of pain at rest (10-point VAS) before and after completion of two cycles of hylan G-F 20 therapy or of non-HA therapy in the reference

group.

Notes: Data are adjusted for severity of OA according to Kellgren—Lawrence score, age at the first HA treatment, sex, body mass index, comorbidity, and OA duration.

Abbreviations: VAS, visual analog scale; HA, hyaline analog; OA, osteoarthritis.
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Pain after 6-minute walk (VAS)

10 9.58
5 9.01
8
7
6
5
4
3
2
1
0
Pretreatment Posttreatment

P<0.001
5.56

m Consecutive hylan G-F 20 treated
(n=1,263)

m Non-HA treated (n=3,318)

Difference

Figure 3 Intergroup comparison of pain when walking (10-point VAS) before and after completion of two cycles of hylan G-F 20 therapy or of non-HA therapy in the

reference group.

Notes: Data are adjusted for severity of OA according to Kellgren—Lawrence score, age at the first HA treatment, sex, body mass index, comorbidity, and OA duration.

Abbreviations: VAS, visual analog scale; HA, hyaline analog; OA, osteoarthritis.

(administered within 6 months) in a contingent of patients
with established knee OA in comparison to patients who did
not receive A therapy in this analysis of a large, longitudinal
Canadian primary-care database.

Compared with reference medications, IA administra-
tions of hylan G-F 20 were consistently associated with a
significantly larger average reduction in patient-assessed
pain both at rest (Figure 2) and aftera 6MWT (Figure 3), and

also with a significantly larger increase in distance travelled
during a 6MWT (Figure 4). The treatment effect was most
marked for the reduction in self-assessed pain after walk-
ing (Figure 3). These findings were obtained using simple,
robust, and validated outcome measures, namely, a VAS for
self-reported pain and a 6MWT for quantification of physi-
cal capacity. These instruments are widely employed in OA
research, and although they do not offer the sophistication

Distance travelled during 6-minute

walk test (m)

450 4245

417.3

400
350
300
250
200
150
100

50

Posttreatment

Pretreatment

B Consecutive hylan G-F 20
treated (n=1,263)

B Non-HA treated (n=3,318)

P<0.001

114.9

90.8

Difference

Figure 4 Intergroup comparison of distance travelled (meters) during the 6MWT before and after completion of two cycles of hylan G-F 20 therapy or of non-HA therapy

in the reference group.

Notes: Data are adjusted for severity of OA according to Kellgren—Lawrence score, age at the first HA treatment, sex, body mass index, comorbidity, and OA duration.

Abbreviations: 6MWT, 6-minute walk test; HA, hyaline analog; OA, osteoarthritis.
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of some indices used in clinical trials, their simplicity,
reliability, and reproducibility make them very suitable for
use in primary care.

This new evidence of a sustained treatment effect from
multiple courses of A HA in patients with OA of the knee
complements findings from other controlled and naturalistic
studies® 1*2!"2 and offers clinical correlates to the structural
and joint-preservation effects documented by Wang et al*
and Li et al.>® Our contribution is notable for originating
from what, to the best of our knowledge, is one of the larg-
est cohorts of patients to receive repeat cycles of A HA and
for being derived from a dataset that is considered broadly
representative of practice in Canada where primary-care
physicians are the first point of care of the health care system
and serve as its gatekeepers. Assessments of the efficacy of [A
HA from meta-analyses vary: our data align with the conclu-
sions of Bannuru et al?¢ rather than those of Rutjes et al.?’

Various authorities have examined the question of what
represents a clinically meaningful difference in the treatment
of OA. For pain, several commentators have identified the
threshold for a relevant clinical effect as a reduction in pain
from baseline of the order of 25%.2%3! This threshold was
exceeded in this investigation, which recorded a 47% reduc-
tion in mean pain score at rest and a 59% reduction after
the 6MWT. These reductions in pain severity also exceed
the target of a 40% reduction in pain suggested by Tubach
et al*? and are compatible with the Osteoarthritis Research
Society International Standing Committee for Clinical Trials
Response Criteria Initiative and the Outcome Measures in
Rheumatology criteria for a moderate response in the context
of a clinical trial.?}

Comparison of our 6MWT results with normative data
derived from healthy individuals®3* reveals the extent of limi-
tation of function that may be associated with OA of the knee.
After adjustment for age and weight, normative estimates for a
6MWT distance are in the region of 550 m for men and 500 m
for women. In our cohort, the average distance travelled before
initiation of A HA therapy was ~310 m, close to or below the
lower limit of normal.** The average increase of 115 m after
completion of treatment is thus a substantial increase; however,
these patients still had a clear limitation of function compared
with healthy age- and weight-matched peers, reflecting the
morbidity imposed by OA of the knee. Reference to Figure 3
leads us to conjecture that at least part of the increase in distance
walked by patients treated with IA HA may be attributed to
patient perceptions of less pain during movement.

Broadly similar results might be expected from repeat use
of other HA formulations, but in the absence of data, no firm

conclusion can be reached on this point and the possibility
of meaningful variation from the present findings cannot be
excluded.

As with any real-world study, there are various limitations
on our insights into patient behavior and the possible opera-
tion of multiple confounding factors has to be acknowledged.
Apart from the issuing of repeat prescriptions, we have no
data on treatment compliance in the control group and we
also have no information about adherence (ie, patients taking
their medication as prescribed throughout the full course of
treatment). Undertreatment of the control group is therefore
possible and may have contributed to the observed intergroup
differences. We have no means of assessing use of over-
the-counter medications in either group, and while it might
be conjectured that rates of usage would be similar in both
groups (and so make no net contribution to the results), we
have no way of confirming this supposition. We also have
no data on either the possible participation of patients in
any physical rehabilitation or mobilization programs or the
use (or changes in use) of physical aids, including walking
canes and joint braces (see Sun et al*® for an important
recent contribution in this area as well as Fernandes et al*).
One of us (RJP) has reported previously on the interaction
between perception of pain, activity-modifying behavior,
and limitation of physical function and knee-related qual-
ity of life.’” The effect of these subtle interactions can be
considerable but was beyond the scope of our investigation.
One possibility to consider is that willingness to complete
a course of IA therapy may be accompanied by greater
willingness to adhere to rehabilitation exercises and similar
measures. More positively, the potential for assignment or
concealment bias appears small: patients and prescribers
were not blinded to treatment assignment but identification
of patients for inclusion was undertaken retrospectively by
personnel unconnected with the process of care and guided
by specific criteria.

Willingness to undergo IA therapy may also be relevant
to the potential for an injection placebo effect. Bannuru
et al®® have recently explored this issue and reported that [A
HA had the largest effect size of any intervention examined
versus oral placebo. These authors posited a contribution of
an injection placebo effect to their findings and suggested
that such an influence might contribute up to 45% of the total
effect size. Even so they identified what they described as
“small but robust differences. .. between active treatments.”?
A contribution from an injection placebo effect cannot be
excluded from our findings, but we are unable to make any
estimate of its size.
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Obesity is the only recognized modifiable risk factor
for OA,! and reference to Table 1 confirms that most of the
patients in both groups of our survey were substantially
overweight or obese. We have no insights into the participa-
tion of patients in formal or informal weight-loss programs
during the period under study.

These considerations notwithstanding, this was sub-
stantially a comparison of IA HA versus oral NSAIDs or
coxibs or analgesics. The differences in outcomes between
the groups are best explained as an enduring effect of TA
hylan G-F 20 therapy and are compatible with a role for
viscosupplementation in response to waning of the effect of
first-line drugs.

The nature of the SWO database precludes the investiga-
tion of treatment-related adverse events, and we can make
no direct comment on this aspect of therapy. In general,
however, although viscosupplementation is not risk free,*® the
recorded side-effect profile of this intervention is in notable
contrast to the risk of systemic side effects that may arise with
prolonged use of both NSAIDs and coxibs.**** Incidences of
such adverse events are detrimental to both the risk-to-benefit
profile of these drugs and their cost-effectiveness.

Conclusion

Repeated treatment at 6-month intervals with IA injections
of hylan G-F 20 with no other prescribed OA medications
improved pain and mobility in a contingent of patients with
OA of the knee identified in a large real-world database;
the degrees of improvement in both pain and mobility
were significantly greater than those achieved in matched
peers treated with prescribed OA medications but not [A
injection.
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