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Abstract

Objective. Assess how treatment with the viscosupplement hylan G-F 20 relates to opioid prescriptions and intraarticular
corticosteroid injections (IACS) in patients with osteoarthritis of the knee (OAK). Design. Case-crossover; adult patients
with OAK identified in a claims database were treated with hylan G-F 20 from July 1, 2007, to June 29, 2017. Opioid or IACS
prescriptions in the 6 months before treatment were compared to the 6 months after. Patients with comorbid conditions
requiring pain medications were excluded, resulting in a 29,395-patient cohort. Four subgroups were investigated: patients
with (1) opioids before hylan G-F 20 (OB; n = 6,609); (2) opioids before and after hylan G-F 20 (OBF; n = 3,320);
(3) IACS before hylan G-F 20 (CB; n = 11,162); and (4) IACS before and after hylan G-F 20 (CBF; n = 2,810). All
opioids were converted to morphine milligram equivalents (MME). Results. OB subgroup patients had a significant decrease
(P < 0.01) in total MME (-14.0%), MME per day (—14.2%) and opioid prescription days (—12.6%) after treatment versus
before. Only 50.2% of patients prescribed opioids before hylan G-F 20 were prescribed an opioid after treatment. OBF
subgroup patients had a significant increase (P < 0.01) in opioid prescription days (7.8%) before versus after treatment.
There was a significant decrease (P < 0.01) in the number of IACS after versus before treatment for the Total Cohort
(—56.1%), and subgroups CB (—72.6%) and CBF (—4.1%). A total of 74.8% of patients receiving an IACS before treatment
did not receive an IACS after treatment. Conclusions. Hylan G-F 20 is associated with a reduction in opioid prescriptions
and IACS in OAK patients.
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trials involving a total of more than 500 patients have dem-
onstrated that Hylan G-F 20 is more efficacious than pla-
cebo in relieving knee OA pain.!""!* Other pharmacologic
therapeutic options for treating pain associated with OAK
include acetaminophen, nonsteroidal anti-inflammatory

Introduction

The global leading cause of disability from 1990 to 2010
was osteoarthritis (OA), contributing 17.1 million patient
years with disability over this time. Osteoarthritis of the
knee (OAK) accounted for 83% of this OA burden.! It is
estimated that in the United States over 10% of men and

13% of women aged 60 years or older have symptomatic
OAK.? Hylan G-F 20 is a hyaluronic acid (HA) viscosup-
plement used to reduce pain in patients with mild to moder-
ate OAK. The aim of intraarticular HA is to increase the
viscoelastic properties of synovial fluid, to maintain intraar-
ticular lubrication, thus reducing joint pain and structural
damage,*® although recent evidence suggests that anti-
inflammatory’® and chondroprotective”!? effects may also
play a role. Indeed, results from a number of prospective
multicenter, randomized, double-blind, controlled clinical
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medications (NSAIDs), intraarticular corticosteroid injec-
tions (IACS), and/or opioid prescriptions. These alternative
treatment options, however, are not suitable for long-term
use. Opioids are known to have addictive properties'> with
up to 1 in 4 patients with long-term opioid use for noncancer
pain struggling with addiction.'® There are also adverse
events associated with opioids which include nausea,
vomiting, constipation, urinary retention, and respiratory
depression, which may result in death.!” Long-term use of
IACS has side effects that include nerve damage, thinning
of nearby bone,® and gross cartilage damage.'® Chronic
acetaminophen use has been associated with a risk of gas-
trointestinal bleeding, hypertension, and hepatotoxicity in
certain patient populations.'® Long-term use of NSAIDs
is associated with cardiovascular?*-?? and gastrointesti-
nal risk.”> Adverse events associated with HA include
local injection site reactions such as pain, swelling, and
arthralgia.?*

Although there are several different nonoperative treat-
ment options for OAK, 2 recent meta-analyses concluded
that HA (along with platelet-rich plasma) is one of the most
efficacious treatments for OAK-related pain,?>2® and a third
found that patients treated with hylan G-F 20 had improved
Western Ontario and McMaster Universities Osteoarthritis
Index physical function compared to patients with appro-
priate care or corticosteroids?’; however, another meta-
analysis revealed large uncertainty around the effect sizes
for change in pain with various OAK treatments, including
HA, and concluded that larger prospective randomized
controlled trials were needed.?® A recent study from a
large claims database investigated the number of NSAID
prescriptions, corticosteroid injections, and opioid pre-
scriptions in OAK patients treated with a nonavian high-
molecular-weight (MW) hyaluronan.?® This study found a
significant decrease in the utilization of NSAIDs, cortico-
steroid injections, and opioids,? but did not include patients
over 65 years of age or with Medicare.?” The current study
utilizes a national claims database to examine the relation-
ship between treatment with hylan G-F 20 and opioid
prescriptions/days on opioids, and the number of IACS
received among patients diagnosed with OAK. This study
includes patients >65 years of age and with Medicare
Supplement, and compared prescribed opioid amounts and
IACS received in the 6 months before versus the 6 months
after initiating hylan G-F 20 treatment.

Methods

Data Source

This retrospective study utilized the Health Insurance
Portability and Accountability Act (HIPAA)-compliant US
Truven Marketscan claims database, which contains 170
million de-identified patients and is eligible for exemption

from institutional review board approval.’® This database
captures the full continuum of care in all health care settings
and provides the amount of opioids prescribed and the num-
ber of IACS administered, key metrics for this study.

Exposure and Time Frame

Exposure to hylan G-F 20 was determined through
Healthcare Common Procedure Coding System (HCPCS)
J-codes. Opioid prescriptions were identified through
National Drug Codes (NDC; see Supplemental Table 1 for
list of opioid generic names) for opioid medications as per
recommended milligram morphine equivalent (MME) by
the Centers for Medicare and Medicaid Services (CMS)*! or
the Centers for Disease Control and Prevention (CDC).3
IACS administration was identified by HCPCS J-codes (see
Supplemental Table 2). The index date was defined as the
date of initial hylan G-F 20 treatment, as either a single
injection or 1 to 3 injections over the course of 21 days. The
baseline period was defined as the 6 months prior to the
index date. The start of the 6-month follow-up period was
defined either as the date of the third injection or the last
injection (if <3 injections) within a 21-day period after the
initial injection.

Study Population

Adult patients with an OAK diagnosis who received hylan
G-F 20 treatment between July 1, 2007, and June 29, 2017,
were included in the study. Patients were included if they
had at least one medical claim with an OAK diagnosis
(based on International Classification of Diseases [ICD]-9
and ICD-10 codes; see Supplemental Table 3) prior to hylan
G-F 20 treatment, at least one claim for hylan G-F 20 using
injectable HCPCS J-codes (see Supplemental Table 4), and
had 6 months of continuous enrollment in the baseline
period. Patients were excluded from this study if they were
diagnosed with fibromyalgia, rheumatoid arthritis, spondy-
loarthropathy, avascular necrosis, other arthritis, or collagen
disease (determined via presence of relevant medical codes
within the record; see Supplemental Table 5) to reduce the
likelihood that pain medications were prescribed related to
these conditions and not OAK. Patients were excluded if
they received a non-hylan G-F 20 viscosupplement, under-
went a major surgical procedure®® within the baseline or
follow-up periods, were prescribed an antidepressant, or did
not have 6 months of data in the follow-up period.

Hylan G-F 20 was chosen due to its high molecular
weight (MW, 6,000 kDa),** which is similar to the MW of
hyaluronate in synovial fluid (7,000 kDa).> HA products
with an average MW =3,000 kDa also have improved effi-
cacy over HA products with an average MW <3,000 kDa,
while having better safety than HA products with an aver-
age MW =1,500 kDa.3¢
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After applying selection criteria, several patient sub-
groups were created who received prescriptions or were
administered the medications of interest for further analy-
ses: (1) patients prescribed opioid(s) in the baseline period,
regardless of opioid prescriptions in the follow-up period
(OB); (2) patients prescribed opioid(s) in both baseline and
follow-up periods (OBF); (3) patients who received IACS
in the baseline period, regardless of IACS receipt in the
follow-up period (CB); (4) patients who received IACS in
both baseline and follow-up periods (CBF). All patients in
the OBF subgroup were included in the OB subgroup, and
all patients in the CBF subgroup were included in the CB
subgroup. Analyses of the total cohort were conducted to
present the overall opioid prescriptions and IACS usage for
patients, after versus before treatment with hylan G-F 20.
Patients in the total cohort may have received opioids,
TACS, other medications, any combination of treatments, or
no medication. The OB and CB subgroups were investi-
gated to determine how many patients who received =1
opioid prescription or IACS before hylan G-F 20, still
needed an opioid prescription (and average MME) or IACS
after hylan G-F 20 treatment. The OBF and CBF subgroups
were investigated to determine if there was a change in opi-
oids or ITACS for those who did require opioid prescription(s)
or IACS at baseline and after hylan G-F 20 treatment.

Outcomes

Opioid prescription amounts were converted to MME,3!3?
which allowed for comparison of different prescribed opi-
oid medication types in the baseline and follow-up periods.
This study incorporated a 400 MME per day threshold to
guard against data errors, above which values were trun-
cated to this value (affected <0.5% of patients). This
threshold is double the CMS recommended hard threshold
of 200 MME per day?®’ that is corroborated by the CDC3®
since some physicians may prescribe higher opioid amounts
based on individual patient history. Primary outcomes were
total average MME (average of total opioid amounts pre-
scribed for the same patient within each study time period,
pre- and post-hylan G-F 20 treatment); MME per day (total
MME divided by 180 days [6 months]) covered in each the
baseline or follow-up periods; and number of IACS (count
of TACS) received in the baseline or follow-up periods. The
secondary outcome was the total number of days covered
by opioid prescriptions.

Statistical Analyses

The analysis compared opioid prescriptions and IACS over
the baseline versus the follow-up period after hylan G-F 20
treatment. For both the primary and secondary outcomes, a
paired ¢ test with a P value <0.05 between the baseline and
follow-up periods was utilized to determine significance of

results. For all outcomes (total MME, MME per day, num-
ber of IACS, and number of opioid prescription days), the
mean and standard error of the mean were reported for
baseline and follow-up periods. Percent change of the mean
for the primary and secondary outcomes, between the base-
line and follow-up periods, was calculated as [mean
— mean /mean X 100.

(Follow-up)

(Baseline)] (Baseline)

Results

Patient Selection

There were 3,954,980 patients diagnosed with OAK in the
database. After applying all inclusion and exclusion criteria,
29,395 patients were included in the study cohort (Fig. 1).

The total cohort included patients who received hylan
G-F 20. A total of 19,113 patients (65%) received a course
of a single hylan G-F 20 injection, while the remaining
10,282 patients (35%) received a course of 3 weekly hylan
G-F 20 injections. These patients may have been treated
with opioids, IACS, other medications, any combination of
treatments, or no medication. From the study cohort, 4 sub-
groups were analyzed: (1) OB—patients prescribed
opioid(s) in the baseline period, n = 6,609; (2) OBF—
patients prescribed opioid(s) in the baseline period and pre-
scribed opioid(s) in the follow-up period, n = 3,320; (3)
CB—ypatients who received at least one IACS in the base-
line period, n = 11,162; (4) CBF—patients who received at
least one IACS in the baseline period and at least one IACS
in the follow-up period, n = 2,810.

Patient Characteristics

Patients with female gender comprised 52.9% of the study
cohort and the average (standard deviation [SD]) age was
57.7 (11.9) years. Approximately 36% of the patients in the
current study were <55 years of age. This is similar to the
median age of 55 years that was reported by Losina ef al.
from their US study of OAK patients utilizing data from the
National Health Interview Survey.* Subgroup population
characteristics appear similar, with the exception that the
OBF subgroup had a slightly earlier most prevalent index
year (2010). See Table 1 for detailed patient characteristics
for the study cohort and subgroup.

Opioid Prescriptions

There were no significant differences observed for the total
cohort after versus before hylan G-F 20 treatment with
regard to prescribed opioids (total MME, MME per day) or
opioid prescription days (Table 2; Fig. 2A-C); however,
only 50.2% of patients who were prescribed opioids prior
to hylan G-F 20 treatment (OB subgroup), received an opi-
oid prescription post-hylan G-F 20 treatment (Table 2). It
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No Hylan G-F 20 initiated between 07/01/2007 - 06/29/2017 (n = 3,655,875) |

n=299,105

Non-adult patients; No continuous enrollment in baseline or follow-up (n = 53,002) |

n=246,103

Diagnosis of:
Fibromyalgia (n = 51,277)

Avascular necrosis (n = 1,590)

Rheumatoid arthritis (n = 13,074)
————————— Spondyloarthropathy (n = 7,073)

Other arthritis or collagen disease (n =4,682)
Osteoarthritis in other region(s) (n = 87,951)

————————— Received non-hylan G-F 20 viscosupplement (n = 10,033)

———————— ~| Prescribed antidepressants (n = 9,295) |

~| Underwent major surgical procedure (n = 21,348) |

————————— Lacked 6 months of data in the follow-up period (n = 10,385)

Figure |. Patient attrition table.

is also important to note that 8.1% of patients who did not
receive opioids prior to hylan G-F 20 injection received
opioid prescription(s) afterwards (data not shown). Among
the OB subgroup, there was a significant difference in opi-
oids prescribed before hylan G-F 20 treatment versus after
hylan G-F 20 treatment (mean value baseline; mean value
follow-up; percentage change; P < 0.01): total MME
(2272.83; 1955.54; —13.96%; P < 0.01), MME per day
(12.56; 10.78; —14.18%; P < 0.01), and opioid prescrip-
tion days (45.92; 40.13; —12.61%; P < 0.01; Table 2;
Fig. 2A-C). Among patients prescribed opioids both
before and after hylan G-F 20 treatment (OBF subgroup),
there was no significant difference in the amounts of opi-
oids prescribed before versus after hylan G-F 20 treatment
(total MME or MME per day); however, there was a sig-
nificant increase in the number of opioid prescription days
(mean 74.08, baseline; mean 79.85, follow-up; percent
change, 7.79%; P < 0.01; Table 2; Fig. 2A-C).

Intraarticular Corticosteroid Injections

There was a significant difference in the number of 1A
corticosteroid injections received before versus after hylan
G-F 20 treatment (mean value baseline; mean value

follow-up; percent change; P value): total cohort (0.50;
0.22; =56.11%; P < 0.01); among patients who received at
least one IACS prior to hylan G-F 20 treatment (CB sub-
group; 1.33;0.36; =72.62%; P < 0.01); and among patients
who received at least one IACS both before and after hylan
G-F 20 treatment (CBF subgroup; 1.50; 1.44; —4.10%; P <
0.01; Table 3; Fig. 3). Only 2% of patients who did not
receive IACS prior to hylan G-F 20 received at least one
injection afterwards; 74.8% of patients who received an
IACS prior to hylan G-F 20 treatment did not receive an
IACS after hylan G-F 20 treatment (Table 3).

Discussion

In light of the US opioid epidemic caused by opioid addiction
that can lead to death due to overdose*’ and that 16% of OAK
patients were prescribed an opioid from 2007 to 2014,* we
examined prescription of opioids and corticosteroid injections
before and after viscosupplement treatment among patients
diagnosed with OAK. Opioids may be prescribed to manage
pain associated with OAK, particularly prior to 2010. In 2010,
national recommendation(s) to limit opioid prescriptions
emerged which were supported by CMS and CDC.373%
Similarly, the American Association of Hip and Knee
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Table 2. Opioid Prescription Outcomes Before versus After Hylan G-F 20 Treatment®.

Primary Outcomes Secondary Outcome
Average Total MME Average MME Average Number of Opioid
per Patient per Day Prescription Days

Patient Population: Percent Percent Percent
Cohort Description Patients, n  Baseline  Follow-up ~ Change  Baseline  Follow-up Change Baseline Follow-up  Change
Total cohort®: Overall 29,395 511.01 511.76 0.15% 2.82 2.82 0.01% 10.42 10.60 1.74%

medication use
Subgroups analyzed

OB¢: Opioids prescribed 6,609 2272.83 1955.54  -13.96%*  12.56 10.78 -14.18%*  45.92 40.13 —-12.61%*

in baseline
OBF¢: Opioids 3,320 3760.68 3892.82 351% 20.76 21.46 3.37% 74.08 79.83 7.79%*

prescribed in both
baseline and follow-up

MME = morphine milligram equivalents; Patient subgroups analyzed: OB = patients with opioid prescription(s) before hylan G-F 20 treatment; OBF = patients with opioid
prescription(s) both before and after hylan G-F 20 treatment.

20Of the 6,609 patients prescribed an opioid before hylan G-F 20 treatment, 3,320 patients were prescribed an opioid after hylan G-F 20 treatment (50.2%).

bTotal cohort included all patients that received hylan G-F 20, regardless of medications received. Patients may have been treated with opioids, IACS, other medications, any
combination of treatments, or no medication.

OB subgroup is a subset of patients from the total cohort.

JOBF subgroup is a subset of patients from the OB subgroup.

*P value <0.05.

25
Ao 3760.68 3892.82 B 20.76 2146
4000 - p T
= : 20 r -
3500
3000 g
= =
2500 2272.83 * g 15 12.56 10*78
= B 1955.54 5 —_— -
= 2000 — S 10 —
i=]
= 1500 =
1000 511.01 511.76 5 282 2.82
500 F 1
0 0
Pre-hylan G-F 20 Post-hylan G-F 20 Pre-hylan G-F 20 Post-hylan G-F 20
*p-value < 0.01 ——Total Cohort ===OB OBF *p-value < 0.01 Total Cohort OB OBF
C .
%0 79.85
80 74.08
= E—
£
&0
£ 45.92 *
£ 50 40.13
g 40
< 30
3
‘220 10.42 10.60
© o
0
Pre-hylan G-F 20 Post-hylan G-F 20
*p-value < 0.01 Total Cohort OB =——OBF

Figure 2. (A) Total MME for opioids prescribed pre-hylan G-F 20 versus post-hylan G-F 20 treatment. (B) Opioids prescribed, MME
per day, pre-hylan G-F 20 versus post-hylan G-F 20 treatment. (C) Opioid prescription days pre-hylan G-F 20 versus post-hylan G-F
20 treatment. MME = morphine milligram equivalents; Patient subgroups: OB, patients with opioid prescription(s) before hylan G-F
20 treatment; OBF, patients with opioid prescription(s) both before and after hylan G-F 20 treatment.

Surgeons and the American College of Rheumatology recom- Society International does not provide a recommendation for
mend only prescribing opioids for OAK patients that did not ~ the use of opioids.* IACS are commonly administered to treat
respond to initial therapy*>*? while the Osteoarthritis Research ~ inflammation associated with OAK.
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Table 3. Change in the Number of Intraarticular Corticosteroid Injections Before versus After Hylan G-F 20 Treatment®

Primary Outcome

Average Number of IACS Injections per Patient

Patient Population: Cohort Description Patients, n Baseline Follow-up Percent Change
Total cohort®: Overall medication use 29,395 0.50 0.22 =56.11%*
Subgroups analyzed
CB*: IACS in the baseline 11,162 1.33 0.36 -72.62%*
CBF: IACS in both baseline and follow-up 2,810 1.50 .44 -4.10%*

IACS = intraarticular corticosteroids; Patient subgroups analyzed: CB = patients at least one intraarticular corticosteroid injection before hylan G-F
20 treatment; CBF = patients with at least one intraarticular corticosteroid injection both before and after hylan G-F 20 treatment.

20f the 11,162 patients who received an IACS before hylan G-F 20, 2,810 received an IACS after hylan G-F 20 (25.2%).

bTotal cohort included all patients who received hylan G-F 20, regardless of medications. These patients may have been treated with opioids, IACS,

other medications, any combination of treatments, or no medication.
°CB subgroup is a subset of patients from the total cohort.

dCBF subgroup is a subset of patients from the CB subgroup.

*P value <0.05.

Number of IACS
3
1.60 1.50 1.44
1.40 133
v 1.20
Q
=< 1.00
=
©0.80
5
2 060 0.50 *

g 036
Z 040 \ %
022

0.20

Pre-hylan G-F 20 Post-hylan G-F 20

Total Cohort

#p-value < 0.01 CB =———CBF

Figure 3. Number of intraarticular corticosteroid

injections administered pre-hylan G-F 20 versus post-hylan
G-F 20 treatment. IACS = intraarticular corticosteroids;
patient subgroups: CB = patients at least one intraarticular
corticosteroid injection before hylan G-F 20 treatment;

CBF = patients with at least one intraarticular corticosteroid
injection both before and after hylan G-F 20 treatment.

Opioid Prescriptions

This study demonstrated that only half (50.2%) of patients
prescribed an opioid prior to hylan G-F 20 treatment were
prescribed an opioid in the posttreatment follow-up period.
However, since physician notes are not available within the
Truven database, we cannot rule out the possibility that
some patients may have presented with adverse effects from
opioid use. Our findings are similar to those from a previous
study that demonstrated a significant decrease (P < 0.01) in
percentage of patents filling an opioid prescription before
HA treatment (34.3%) versus after HA treatment (29.2%)
among patients lacking a total knee replacement (TKR) in
the posttreatment period.*

Opioid Prescribed Amounts

The total patient cohort in the present study did not show a
significant difference in the amount of opioids prescribed
after versus before HA treatment. McIntyre ef al., however,
in a retrospective study examining opioid prescriptions
among patients with OAK treated with HA (regardless of
eventual TKR status), found that the number of opioid pre-
scriptions per patient increased (P < 0.01) following HA
treatment (1.25) versus before treatment (1.12) for all OAK
patients.*> However, when a subgroup of patients who did
not go on to receive a TKR in the 6 months following HA
treatment were analyzed, there was a significant decrease
(P < 0.01) in the number of opioid prescriptions per patient
after HA treatment (1.02) versus before HA treatment
(1.09).%

The current study demonstrated a reduction in the
amount of opioids prescribed after versus before hylan
G-F 20 treatment in terms of total MME and MME per day
for patients who were prescribed opioids prior to hylan
G-F 20 treatment. As the radiological severity of OAK is
not available within the database, it is not possible to
determine if the observed decrease in opioid prescriptions
is due to improvements in knee function. The reduction in
the amount of opioids prescribed after versus before hylan
G-F 20 is similar to the trend seen in a smaller US obser-
vational study, which demonstrated a reduction in the
amount of opioids per patient in the 6 months following
hylan G-F 20 treatment compared to before treatment
among those taking opioids prior to treatment.*® Waddell
and Bricker also found that patients with OAK reported a
reduction in the use of oral pain medications over the 6
months following hylan G-F 20 treatment versus before
treatment.*’
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Opioid Prescription Days

Patients who were prescribed opioids at baseline (the OB
subgroup), exhibited a significant decrease (P < 0.01) in
opioid prescription days following hylan G-F 20 treatment
compared to before treatment. It is possible that patients did
not respond well to opioids and therefore discontinued use
following hylan G-F 20 treatment. The reduction in opioid
prescription days following hylan G-F 20 treatment com-
pared to before treatment is consistent with the results from
a recent retrospective study using the Cerner HealthFacts
database.*® In the subgroup of patients who were prescribed
with opioids at baseline and after hylan G-F 20 (OBF sub-
group) there was an increase in opioid prescription days by
an average 5 days (of 180 days); however, further investiga-
tion revealed an increase in opioid prescriptions at the time
of hylan G-F 20 treatment (Supplemental Fig. 1). While it is
possible that this increase is due to a continuation of care,
the Truven database does not provide access to doctor’s
notes, disease severity or patient pain scores to contribute to
this analysis. Through analysis of opioids prescribed by
index treatment year, our cohort demonstrated that the per-
centage of patients with OAK prescribed opioids (in base-
line and/or follow-up periods) significantly decreased over
the study period (36% in 2007 vs. 29% in 2016; P < 0.01,
Cochrane-Armitage Trend Test; Supplemental Fig. 2).

Intraarticular Corticosteroid Injection Utilization

Long-term repeated use of IACS can lead to nearby bone
thinning,*® nerve damage,*® and gross cartilage damage,'®
while studies have shown that viscosupplements rarely
have systemic effects and adverse events are typically eas-
ily treatable. >

We found that 74.8% of patients who received an IACS
in the baseline period did not receive an IACS in the follow-
up period. Mclntyre et al. also found a significant decrease
(P < 0.01) in the proportion of patients receiving a steroid
injection before (42.4%) versus after (18.5%) HA treatment
within a subgroup of patients that did not receive a TKR in
the 6 months following HA treatment.* The observed
decreases in steroid injections may be related to the fact that
HA may be used due to lack of response in some patients to
TACS, leading to discontinuation of use of IACS.

The current study revealed that for all patient groups
examined (total cohort, patients who received IACS before
hylan G-F 20 treatment, and patients who received IACS
both before and after hylan G-F 20 treatment), a significant
reduction in IACS administered after versus before HA
treatment. It is possible that IACS received post-hylan G-F
20 treatment are administered as bridging treatments until
the next hyaluronic acid treatment is covered by insurance.
We also cannot rule out that some patients may have had
poor response to IACS. Two recent retrospective studies

also demonstrated a significant decrease in the number of
IACS following hylan G-F 20 or HA treatment compared to
before treatment.**® A prospective study found that fewer
OAK patients received steroid injections when treated with
appropriate care and hylan G-F 20 versus patients treated
with appropriate care alone.’’ Another study found that
IACS are more effective than HA in the 4 weeks following
treatment, that they have the same efficacy between 5 and 7
weeks, but that HA is more effective from 8 to 26 weeks
after treatment.>? These findings are corroborated by a study
that found HA was more effective in treating OAK pain
than IACS, 1 month following treatment up until 6 months
after treatment.® Hylan G-F 20 appears to be associated
with a reduction in the use of IACS, which may be due to
hylan G-F 20 having better long-term efficacy than IACS in
OAK patients.

Limitations

ICD-9 and ICD-10 diagnosis codes were used to identify
OAK; however, since ICD-9 diagnosis codes do not contain
information about the bilateral nature of OAK, bilateral
information from ICD-10 codes was not included to main-
tain consistency. The Truven database captures patient med-
ication prescriptions filled and disease details, but does not
contain information about disease progression, severity of
disease, range of motion, duration of symptoms, or patient
pain scores. Therefore, it was not possible to determine the
severity of OAK or if the decrease in IACS or opioids was
related to improvement in pain. The Truven database also
did not capture clinician’s notes or information regarding
the reasons for using a particular drug or device (e.g., intol-
erance to opioids or IACS, patients contraindicated for opi-
oids prescription, patients waiting for TKR). Thus, it is not
possible to determine whether the reduction in the use of
opioids or corticosteroids may be related to intolerance of
these agents in some patients, the reluctance of some physi-
cians to continue prescribing opioids or the lack of IACS
effect. Reduction in monitored medications may also be
related to natural healing of the body and may not be related
to hylan G-F 20, but this could not be determined from the
data. Patient compliance is not captured within the Truven
database; this study quantified medication prescriptions that
were filled, or a claim filed, as it was not possible to quan-
tify medication amounts taken by patients. Therefore, it is
possible that patients may take fewer medications than pre-
scribed. The Truven database with Medicare supplement
coverage was utilized to capture patients using private
insurance and Medicare; however, if a patient used 2 private
insurance policies and only one was captured within Truven,
the pain medication would be underreported. Also, since the
reason for an opioid prescription is not available within the
database, therefore, while we attempted to exclude con-
founding conditions that may require pain/inflammatory
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medications via study selection criteria, it is possible that
opioid prescriptions may not be attributable to OAK. Any
over-the-counter pain medications, such as NSAIDs, that
may have been used by patients in addition to opioids or
IACS injections were not captured in this study.

Conclusions

Physicians typically treat pain and inflammation associated
with OAK with acetaminophen, NSAIDs, viscosupple-
ments, IACS, or opioids. This study demonstrated a reduc-
tion in opioid prescriptions post-hylan G-F 20 treatment
among patients prescribed opioids prior to treatment, and a
reduction in IACS utilization after HA treatment among all
patients treated. It is known that long-term repeated use of
opioids and IACS have harmful effects,'>!”!848 therefore,
hylan G-F 20 may be one of the effective means for decreas-
ing utilization of opioids and IACS for individual patients
with OAK. However, this study cannot rule out the fact that
some patients may have discontinued IACS due to a lack of
response and some may have discontinued opioids due to
adverse reactions. Future studies to examine pain and anti-
inflammatory medication use surrounding hylan G-F 20
treatment should be conducted in a large population to
understand how OAK severity impacts medication utiliza-
tion, and to understand the true rate of opioid utilization for
treatment of OAK in 2019.
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