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Background: Knee osteoarthritis (OA) is a painful condition affecting >250 million people
worldwide and is a leading cause of disability. Intra-articular (IA) corticosteroids and/or oral
opioids are often recommended for the management of knee OA pain. There are, however,
concerns regarding their safety and tolerability.

Study Question: Do patients diagnosed with knee OA show a decrease in opioids or A
corticosteroid injections prescribed/administered in hospitals following hylan G-F 20 treatment?
Study Design: This case-crossover, retrospective study using Health Facts®, a de-identified
electronic health records database, enrolled patients >18 years with knee OA treated with
hylan G-F 20 between January 1, 2000 and March 31, 2016, with data within 6 months
before/after treatment.

Measures and Outcomes: Primary endpoints compared days on opioids, amounts of
opioids, and number of IA corticosteroid injections before/after hylan G-F 20 treatment via
paired #-tests.

Results: A total of 513 patients were qualified for analysis. In the opioid cohort, the average
total number of days on opioids (N =50; 5.0 vs 13.5 days; P =0.007) and average total amount of
opioids (N = 44; 165.4 morphine mg equivalents [MME] vs 493.7 MME; P = 0.013) were lower
6 months after hylan G-F 20 treatment than 6 months before treatment. In the IA corticosteroid
cohort, the average number of IA corticosteroid injections decreased after hylan G-F 20 treat-
ment (N = 36; 0.56 in the 6-month follow-up vs 1.39 before treatment; P < 0.0001). Additional
time frames of 1-5 months before and after treatment were examined; similar conclusions were
drawn for patients with >2 months of data.

Conclusion: Patients with knee OA previously treated with opioids or IA corticosteroid
injections who received hylan G-F 20 demonstrated statistically significant decreases in these
medications >2 months following hylan G-F 20 treatment versus >2 months before treatment.
Keywords: corticosteroids, opioids, osteoarthritis, viscosupplementation, hyaluronic acid,
hylan G-F 20

Introduction

Osteoarthritis (OA) of the knee is a painful condition affecting more than
250 million people worldwide and is a leading cause of disability.' In
a systematic analysis of 1160 sequelae of 289 diseases and injuries from 1990 to
2010, musculoskeletal disorders were the second largest contributor to years living
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with disability (YLDs) globally and in nearly all regions,
causing nearly 21.3% of all YLDs. OA specifically con-
tributed to 17.1 million YLDs, with OA of the knee, in
particular, accounting for nearly 83% of total OA burden.'

Viscosupplementation, the intra-articular (IA) injection
of a hyaluronic acid (HA) such as hylan G-F 20, may be
used for the treatment of pain associated with knee OA in
patients with inadequate response to initial therapies,” which
include exercise, weight reduction intervention in overweight
individuals, simple analgesics (eg, acetaminophen), and non-
steroidal anti-inflammatory drugs (NSAIDs).> Hyaluronic
acid has been shown to be safe and effective in managing the
pain of knee OA.® Evidence from surveys and trials shows
that HA reduces pain and increases knee function, with
benefits lasting longer than with IA corticosteroids;™’
repeated injections demonstrated improvement in pain and
function for up to 40 months.® In addition, studies have
shown that HA is associated with a low incidence of mild-
to-moderate adverse events such as pain and swelling at the
injection site™’ and a lower risk of deep knee infections
compared with IA corticosteroid injection.®

In the absence of disease-modifying treatments,’
a multimodal treatment approach, which may include 1A
corticosteroids and/or oral opioids® ™ as well as HA, is
often recommended for the management of the pain asso-
ciated with knee OA.° However, opioids and IA corticos-
teroids are associated with concerns regarding safety and
tolerability. Opioids, for example, are associated with
a wide range of adverse events including nausea, vomiting,
constipation, urinary retention, and respiratory depression,
which can lead to death.'® In addition, opioid use may lead
to dependence.!' Similarly, in addition to the increased
risk for deep knee infections compared with TA HA,® TA
corticosteroids have been associated with gross cartilage
damage and chondrocyte toxicity at higher doses (>3 mg/
dose or 18-24 mg/cumulative total dose in vivo).'?

Growing recognition of the issues with opioids and TA
corticosteroid injections indicates that reducing the use of
these agents might be beneficial to knee OA patients.
Treatment with hylan G-F 20, a high molecular weight,
cross-linked, injectable HA product may help to reduce the
use of other pain medications such as opioids and corti-
costeroids in knee OA."® The current retrospective study
used electronic health records (EHRs) from a large US
database to determine whether the days on opioids, the
amount of opioids, or the number of IA corticosteroid
injections changed following initial treatment with hylan
G-F 20 in adult patients with knee OA.

Materials and Methods

Data Source

Data over a 15-year period (January 1, 2000 to March 31,
2016) were obtained from Health Facts® (Cerner Corp.,
North Kansas City, MO, USA), a Health Insurance
Portability and Accountability Act (HIPAA)-compliant de-
identified EHR database covering >60 million patients that
is sourced from >600 participating facilities throughout the
United States. The EHRs contained coded administrative
records (eg, diagnostic, procedural, demographic, payer,
and billing), data on drug administration while in
a hospital or a clinic setting, as well as parameters from
pharmacy, laboratory, microbiology, and hospital (includ-
ing medical, surgical, and emergency department) systems.
Patient records were linked through time as well as across
facilities, allowing for longitudinal tracking of individual
patients across all of the facilities covered by the database.

Study Population

Patients aged >18 years with data in the Health Facts
database who were diagnosed with knee OA and had
been treated with hylan G-F 20 (SYNVISC®™; Genzyme
Biosurgery, Cambridge, MA, USA) or hylan G-F 20
single (SYNVISC®; Genzyme Biosurgery, Cambridge,
MA, USA) were included. Patients were excluded if
they died within 6 months after the initial hylan
G-F 20 treatment; had no recorded visits in the database
within 6 months before or 6 months after the initial
treatment (to ensure the patient was treated within facil-
ities covered by the database); were treated with
a viscosupplement other than hylan G-F 20; had
a major surgical procedure prior to initial hylan
G-F 20 treatment; had received an antidepressant; or
had a prior or current diagnosis of fibromyalgia, rheu-
matoid arthritis, ankylosing spondylitis, osteonecrosis,
other arthritis or collagen disease, or OA in other
regions of the body. Exclusion of patients with these
potentially confounding painful conditions and OA in
other regions of the body was performed to reduce the
potential of opioid and corticosteroid utilization for the
treatment of conditions outside of knee OA.

Study Design

Patients’ index dates were determined at the initial hylan
G-F 20 treatment, defined as either 1-3 injections of hylan
G-F 20 (2 mL) over the course of 21 days or a single
injection of hylan G-F 20 (6 mL). Availability of patient
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data was calculated as the period between the earliest
patient visit in the 6 months before hylan G-F 20 injection
and the first injection of hylan G-F 20 for the before-
treatment period, and as the period from the third (or last
if <3 injections of hylan G-F 20) injection within a 21-day
period following the initial injection (hylan G-F 20), or the
time between the initial treatment (hylan G-F 20 single)
and either up to 6 months after, or patient dropout due to
a major procedure, during the after-treatment period
(Supplementary Figure 1).

Assessments

Primary endpoints measured the days on opioids (count of
days that opioids were recorded as received, or covered by
supply [outpatient] in the baseline or follow-up period),
total amount of opioids used (in morphine mg equivalents
[MME)), and total number of IA corticosteroid injections
during the baseline (6 months before hylan G-F 20) and
follow-up periods (6 months after hylan G-F 20). Six
months’ time was considered since hylan G-F 20 is effec-
tive for at least 6 months. Opioid formulations with intra-
venous and oral routes of administration were included.
There was no restriction on the amount of opioids;
amounts for any given day were converted to MME and
summed over each of the baseline and follow-up periods.
Comparisons were also made for patients with data for =1
through £5 months before and after hylan G-F 20 treat-
ment (Supplementary Figure 2). For each time frame,

patients with records covering the specified time frame
(eg, £ 1 month, = 2 months, etc.) on either side of the
index treatment date were analyzed.

Statistical Analysis

Primary endpoints included days on opioids, MME, and
the number of IA corticosteroid injections during baseline
(6 months prior) and following (6 months after) hylan
G-F 20 treatment. Endpoints were compared via paired
t-tests for 6 months pre- and post-treatment, as well as
for other equivalent time periods pre- and post-treatment
(eg, comparing 3 months before hylan G-F 20 with 3
months after), based on data availability (Supplementary
Figure 2). A two-tailed P value < 0.05 was considered
statistically significant. The paired ¢-tests were used for the
differences in days on opioids, amount of opioids (MME),
and the number of corticosteroid injections before and
after index hylan G-F 20 treatment. The distribution of
the differences between baseline and follow-up values was

plotted to verify the assumptions of the paired #-test, and
were found to be relatively symmetric.

Results

Disposition

The initial database analysis identified 2644 patients who
had received either hylan G-F 20 or hylan G-F 20 single
between January 1, 2000 and March 31, 2016; N = 1659 of
these patients were diagnosed with knee OA. After apply-
ing inclusion and exclusion criteria, 513 patients were
available for analysis (Patient attrition, Supplementary
Figure 3; Patient demographics, Table 1). Of these 513
patients, 395 (77.0%) patients had >2 months of baseline
data available and, on average, had between 5 and 6
hospital/clinic visits within 6 months prior to hylan
G-F 20 treatment.

Patient Demographics and

Characteristics

The majority of patients were female (64.7%) and white
(72.3%); average age was 61.7 years. The most common
comorbid conditions were hypertension, diabetes, and obe-
sity (Table 1). Of the 513 patients in the cohort, 72
(14.0%) had received opioids and 169 (32.9%) had
received >1 TA corticosteroid injection within the 6
months before treatment with hylan G-F 20.

Opioid Use Following Hylan G-F 20

Treatment

Among the 72 patients who received opioids within the
6 months before treatment with hylan G-F 20, 50
patients had 6 months each of baseline and follow-up
data available. Among these patients, the mean total
number of days on opioids 6 months after hylan
G-F 20 treatment was statistically significantly lower
than 6 months prior to hylan G-F 20 treatment (N =
50; 5.0 vs 13.5; P = 0.007). Forty-four of the 50
patients’ records included opioid amounts. Of these
patients, the total amount of opioids per patient during
the 6 months after index treatment with hylan G-F 20
was significantly lower than the 6 months prior to treat-
ment (N = 44; 165.4 vs 493.7 MME; P = 0.013). Data
for patients with <6 months of data before and after
index treatment also showed significantly fewer days
on opioids per patient after treatment with hylan
G-F 20, with the exception of the group with data for
1 month before and after treatment with hylan G-F 20

Open Access Rheumatology: Research and Reviews 2020:12

submit your manuscript 81

Dove


https://www.dovepress.com/get_supplementary_file.php?f=245766.pdf
https://www.dovepress.com/get_supplementary_file.php?f=245766.pdf
https://www.dovepress.com/get_supplementary_file.php?f=245766.pdf
https://www.dovepress.com/get_supplementary_file.php?f=245766.pdf
https://www.dovepress.com/get_supplementary_file.php?f=245766.pdf
https://www.dovepress.com/get_supplementary_file.php?f=245766.pdf
http://www.dovepress.com
http://www.dovepress.com

Khangulov et al

Dove

Table | Patient Demographics, Comorbidities, and Concomitant Medication Use at Baseline

Any Hylan G-F 20 Hylan G-F 20 Hylan G-F Single
N =513 N = 152 N =361
Demographics
Age, mean * SD (years) 61.7 £ 126 605+ 11.8 62.1 £12.8
Sex
Male 181 (35.3) 48 (31.6) 133 (36.8)
Female 332 (64.7) 104 (68.4) 228 (63.2)
Race
African American 51 (9.9) 29 (19.1) 22 (6.1)
Asian 7 (1.4) | (0.7) 6 (1.7)
White 371 (72.3) 105 (69.1) 266 (73.7)
Hispanic @1 5@3.3) 6 (1.7)
Native American 20 (3.9) I (0.7) 19 (5.3)
Other 26 (5.1) 9 (5.9) 17 (4.7)
Not mapped/unknown 27 (5.3) 2 (1.3) 25 (6.9)
Comorbidities in >5% of patients
Hypertension 171 (33.3) 46 (30.3) 125 (34.6)
Obesity 73 (14.2) 34 (224) 39 (10.8)
Diabetes without chronic complications 64 (12.5) 22 (14.5) 42 (11.6)
Hypothyroidism 44 (8.6) 9 (5.9) 35(9.7)
Chronic pulmonary disease 42 (8.2) 16 (10.5) 26 (7.2)
Deficiency anemias 35 (6.8) 14 (9.2) 21 (5.8)
Depression 35 (6.8) 11(7.2) 24 (6.6)
Patients with records for medication in baseline period®
Opioids 99 (29.9)* 29 (26.4)° 70 (31.1)°
IA corticosteroid injections 197 (59.5)* 65 (59.1)° 132 (58.7)°
Top baseline medications, n
Lidocaine 148 35 113
Triamcinolone 115 29 86
Bupivacaine 68 14 54
Fentanyl 6l 12 49
Methylprednisolone 60 26 34
Large-volume parenteral solution 56 14 42
Midazolam 51 8 43
Ondansetron 40 12 28
Propofol 28 7 21
Sodium chloride 26 5 21
Acetaminophen 26 9 17
Morphine 21 6 15
Ketorolac 20 10 10
Albuterol 19 6 13
Acetaminophen—hydrocodone 17 5 12

Notes: Data are presented as n (%) unless otherwise indicated. *N = 331. N = 220. °N = 225.

Abbreviations: |A, intra-articular; SD, standard deviation.

(Figure 1A; subgroups are labeled based on the number
of months of data available for analysis during each of
the baseline and follow-up periods). Similar to the num-

ber of days on opioids per patient, significant

differences were seen for reduced total amounts of
opioids after versus before hylan G-F 20 treatment for
patients with data for >2 months before and after treat-
ment (Figure 1B).
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Figure | (A, B) Opioid use before and after the first treatment with hylan G-F 20 among
patients who received opioids before hylan G-F 20 treatment.

Notes: (A) Mean (standard error) number of days on opioids per patient before
and after hylan G-F 20 treatment. (B) Mean (standard error) total amount of
opioids per patient before and after hylan G-F 20 treatment. For both (A) and
(B), subgroups are labeled based on the amount of data available for analysis during
each of the baseline and follow-up periods (eg, “+ | month” indicates the availability
of | month of data both before and after index treatment). *Difference was not
significant.

Abbreviation: MME, morphine mg equivalents.

IA Corticosteroid Injections Following
Hylan G-F 20 Treatment

Among the 169 patients who received a corticosteroid
injection prior to treatment with hylan G-F 20, 36 patients
had 6 months of data both prior to and following index
treatment. The mean number of A corticosteroid injec-
tions per patient was significantly lower 6 months after
hylan G-F 20 treatment than 6 months before among

patients who received IA corticosteroid injections prior

+ 1 month (N = 169, P < 0.0001)
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. —@— +3months (N =49, P <0.0001)
[ 1.4 —@— +4 months (N = 42, P <0.0001)
2 —@— +5months (N = 38, P <0.0001)
8 1.2 —@— +6 months (N = 36, P < 0.0001)
£ E
0.2
0% 1.0
<3
58 o8-
[T’}
£ES 0.6
25
§E  04-
£
s 0.2
o
0

Prior to hylan G-F 20
administration

After hylan G-F 20
administration

Figure 2 Mean (standard error) IA corticosteroid injections before and after the
first treatment with hylan G-F 20 among patients who received corticosteroid
injections prior to treatment.

Notes: Subgroups are labeled based on the amount of data available for analysis
during the baseline and follow-up periods (eg, “+ | month” indicates the availability
of | month of data both before and after index treatment).

Abbreviation: |A, intra-articular.

to hylan G-F 20 treatment (N = 36; 0.56 vs 1.39; P <
0.0001). Similar statistically significant results were found
for all patient groups with data <6 months before and after
treatment (Figure 2; subgroups are labeled based on the
number of months of data available for analysis during
each of the baseline and follow-up periods).

Discussion

In this analysis, adult patients with knee OA who were
treated with opioids or IA corticosteroid injections before
receiving hylan G-F 20 demonstrated significant decreases
in the use of these medications after hylan G-F 20 treat-
ment. These results are consistent with those of
a retrospective review that found a reduction in oral pain
medication for up to 6 months following treatment with
hylan G-F 20.'"* A recent study comparing the efficacy of
HA with glucocorticoid injection in knee OA also demon-
strated a significant reduction in Western Ontario and
McMaster Universities Arthritis Index (WOMAC) pain
scores and in concomitant therapy with analgesics/anti-
inflammatory drug use, compared with baseline.'> In addi-
tion, a systematic review of 34 studies on long-term safety
implications of common treatments for osteoarthritis of the
knee has concluded that intra-articular HA and platelet-
rich-plasma injections may provide additional relief of

symptoms in these patients with no safety issues.'®
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Given that opioids and IA corticosteroids are often pre-
scribed for patients with knee OA when initial therapies such as
exercise and NSAIDs do not adequately alleviate pain, these
results are particularly relevant. Opioids, for example, are not
only associated with adverse events such as respiratory
depression,'” but can lead to dependence,'' which is of parti-
cular concern given arecent report of an upward trend in opioid
prescriptions for knee OA.'> Specifically, an analysis of
Medicare Beneficiary Service data demonstrated a trend
toward an increase in opioid prescriptions for knee OA from
2003 to 2009,'” suggesting that as the population ages and the
number of people affected by symptomatic OA increases, the
number of opioid prescriptions and the issues associated with
them will continue to grow. Reducing the use of corticosteroids
may also be advantageous. Some corticosteroids can elevate
glucose levels in patients with diabetes,'® which is particularly
relevant for this analysis because >12% of the patients included
had comorbid diabetes. Furthermore, IA corticosteroids are
less effective than IA HA in the long term (426 weeks),’
potentially increasing the risk of developing injection site
infections® and cartilage toxicity'* because of the need for
more frequent injections.

Limitations

The limitations of this study include the fact that the database
used for this analysis captures only prescriptions filled at
hospital pharmacies, thus the amount of medication received
may be underestimated. However, we believe that patients
likely did not change the pharmacy locations where they filled
prescriptions before and after hylan G-F 20 treatment. In
addition, patient visits that took place outside the set of institu-
tions serviced by Cerner were not captured in the analysis.

Conclusion

Data from this retrospective analysis showed that the use
of opioids and IA corticosteroid injections decreased in the
months following injection of hylan G-F 20 for the man-
agement of pain for knee OA among those who utilized
these pain medications prior to treatment.

Data Sharing Statement

The data that support the findings of this study are available
from the Cerner Health Facts® database (https:/sc-ctsi.org/
resources/cerner-health-facts), although institutional restric-

tions apply to the availability of these data, and so are not
publicly available. Data are, however, available from the
authors upon reasonable request and with permission of
Cerner Corp.
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