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Abstract

Objective: Case reports of severe acute localized reactions (SALR) following intraarticular (IA) hyaluronic acid (HA)
injections for knee osteoarthritis (OA) have been described. We compared surrogate SALR measures between patients
using hylan G-F 20 and specific non-hylan G-F 20 HA products. Design: Knee OA patients were identified from the Optum
Clinformatics dataset (January 2006 to June 2016), stratified into hylan G-F 20 and non-hylan G-F 20 HA users, matched
by single or multiple injection products. Occurrences of surrogate SALR measures including inflammation/infection,
intraarticular corticosteroid (CS) injections, arthrocentesis/aspiration, arthrotomy/incision and drainage, and arthroscopy
were evaluated within 3 days post-HA. Results: Based on 694,404 HA injections, inflammation/infection rate was rare within
3 days of HA (up to 0.03%), with no statistical differences between hylan G-F 20 and non-hylan G-F 20 groups (matched
by single or multiple injection products). The risk of knee arthrotomy/incision and drainage, arthroscopy, or arthrocentesis
for hylan G-F 20 (2 mL) 3 weekly injection patients was lower than Hyalgan/Supartz and Orthovisc patients, but greater
than Euflexxa patients. Overall, we found that Hylan G-F 20 (2 mL) 3 weekly injection had lower SALR rates compared to
Hyalgan/Supartz and Orthovisc. However, Hylan G-F 20 (2 mL) 3 weekly injection had slightly higher rates of SALR when
compared to Euflexxa. Among the single injection products, Hylan G-F 20 (6 mL) single injection had lower rates of SALR
than Monovisc and Gel-One. Conclusions: This study shows no clear correlation between avian-derived or cross-linked
products and SALR and provides evidence against avian-derived products or crosslinking as a source for these reactions.
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Although the safety of intraarticular hyaluronic acid (HA)
has been demonstrated for knee osteoarthritis (OA),' case

reports of subsequent local reactions have been descri
bed.>??> These patients usually demonstrate symptoms
from several hours to 72 hours after the HA injection,
though some occur up to 6 days later.>+68912-1417-19 The
symptoms may include severe pain, hot and/or swollen
joint, effusion, and loss of function.2*8%12-1517.19 The
affected patients may also have similar clinical presenta-
tion as infectious arthritis, with blood test results that
show generally high C-reactive protein and sedimentation
levels.®!” Along with the variation in the clinical presen-
tations of these patients, the reactions have also been
described inconsistently as inflammatory flares,!® septic
arthritis,>!72% acute pseudoseptic arthritis,>%!%!® pseudo-
sepsis or severe acute inflammatory reaction,® acute local
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reaction, inflammatory reaction,'? aseptic acute
arthritis,* pseudogout,”® acute calcium pyrophosphate
dihydrate arthritis,?” and systemic reaction.'> Some of the
reactions are typically mild and resolve without treatment
or with local therapy, but other reactions can include
severe inflammation and significant pain, which require
clinical intervention, such as arthrocentesis, intraarticular
steroid injection, and nonsteroidal anti-inflammatory
drugs (NSAIDs).®

Certain HA products, such as high-molecular-weight,
crosslinked HAs, have been implicated in having greater
risk of acute reactions.! The reactions have also been
speculated to be possibly related to the crosslink of hylan
or an allergic reaction to avian-derived hyaluronan,>® but
this is debatable because similar reactions have been
reported for non-crosslinked, non-animal, and/or natu-
rally derived HA 33101618 Additionally, the published lit-
erature has produced mixed findings for product
comparisons. A meta-analysis reported that hylan patients
had about twice the risk of experiencing flares and joint
effusions compared to patients treated with “standard”
HA.?* The true incidence of local reactions for individual
HA products is unknown because most of the data have
been limited to case reports. In claims database study of
almost 750,000 HA patients, the diagnosis of inflamma-
tion or infection within 3 days of a HA injection was
extremely rare for both hylan G-F 20 (0.001%) and non-
hylan G-F 20 (0.002%) HA patients.?® The study also con-
cluded that the overall risk of surrogate severe acute
localized reaction measures was similar for hylan G-F 20
and non-hylan G-F 20 HA patients. However, the non-
hylan G-F 20 HA group was not stratified based on the
specific HA product that was used, thus not allowing any
further comparisons with hylan G-F 20.

With conflicting reports regarding the incidence of these
reactions, termed herein as severe acute localized reactions
(SALR), after intraarticular hylan and non-hylan HA use,
the objective of the current study was to compare the risk of
surrogate SALR outcomes between knee OA patients who
used hylan G-F 20 and specific non-hylan G-F 20 HA,
based on whether the products were single or multiple
injection therapies, avian or non-avian derived, and cross-
linked or non-crosslinked.

Methods

The Optum Clinformatics (Eden Prairie, MN) database
from January 2006 until the end of the second quarter of
2016 was used as the data source for this study. This US
dataset is compiled from medical claims from all 50
states for approximately 13 million lives annually, who
are covered by UnitedHealth Group (commercial/private
payer). Patient-level anonymized data in the dataset is
integrated from physician, facility, and pharmacy claims,

collected through affiliated health plans, Optum employer
customer health plans, and Optum payer customer health
plans. The dataset provides various data elements, such
as demographics (age, gender), procedure codes, diagno-
ses codes, admission and discharge dates, and payments.
This data are publicly available for purchase and is
exempt from institutional review board approval. The
study was designed to evaluate a 10-year period with
2016 being the most recent data available at the initiation
of the study. Knee OA and nonspecific OA with knee
pain were used to identify the study cohort of knee OA
patients (Suppl. Table S1). To identify the first diagnosis
of knee OA, a look-back period of 6 months with no pre-
vious knee OA diagnosis was used. Consequently, those
without at least 6 months of prior claim history were
excluded. Patients younger than 18 years old, those who
had HA treatment prior to the knee OA diagnosis, and
those without at least 6 months of follow-up following
knee OA diagnosis were also excluded. The patients who
underwent at least 1 treatment of HA were selected from
the knee OA cohort, based on the Healthcare Common
Procedure Coding System (HCPCS) codes for HA
(Suppl. Table S1). The HA patients were then stratified
into hylan G-F 20 and specific non-hylan G-F 20 HA
cohorts. The Hylan G-F 20 cohort was further stratified
into those who only used Hylan G-F 20 (2 mL) 3 weekly
injections and those who only used Hylan G-F 20 (6 mL)
single injection. Because Hylan G-F 20 (2 mL) 3 weekly
injection and Hylan G-F 20 (6 mL) single injection uti-
lize the same HCPCS code, the treatment date, national
drug code, brand name, number of units, number of
injections, and charge difference were used to differenti-
ate between the 2 products. For the remaining patients
who received either multiple types of HAs or only 1 type
of non-hylan G-F 20 HA during the study period, the type
of non-hylan G-F 20 injections was identified based on
their HCPCS codes. Patient data used for this study were
de-identified. The use of such data is considered exempt
from the Institutional Review Board oversight according
to Health Insurance Portability and Accountability Act.
The occurrence of surrogate SALR outcomes or clinical
encounters was evaluated for the HA patients within 3 days
of each HA use. Surrogate outcomes included office visit,
emergency room (ER) visit, urgent care visit, intraarticular
corticosteroid (CS) injection, arthrocentesis/aspiration
(inpatient and outpatient), knee arthrotomy/incision and
drainage (inpatient and outpatient), knee arthroscopy (inpa-
tient and outpatient), and diagnosis of any inflammatory
response/infection (Suppl. Table S1). ER wvisit was
included, along with other facility visits, due to previous
reports of patients who presented to the ER after they had
reactions following HA.'>!7 CS injections>®%!>!% and
arthrocentesis/aspiration®>'%!4 are used in the manage-
ment of HA patients with reactions; thus, these were
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included as outcomes. Because surgical interventions,
such as lavage'® and incision and drainage,?’ are possible
treatment options, arthrotomy/incision and drainage and
arthroscopy were also examined. All of the above outcomes
or clinical encounters were evaluated when considering
claims records that have a corresponding knee OA diagno-
sis (knee OA related) to those that do not. The requisite of a
knee OA diagnosis on the claims records for those outcomes
or clinical encounters was to restrict them to being likely
related to the knee. However, since claims data were used
for this study, a sensitivity analysis was also performed in
which the outcomes or clinical encounters did not require a
knee OA diagnosis on those corresponding claims data (i.e.,
with any diagnosis). Thus, any occurrence of the specified
outcomes or visits was included in the event of miscoding
or lack of knee OA diagnosis coding, even though the out-
come or visit was due to the knee.

The surrogate SALR outcomes were compared between
Hylan G-F 20 (2 mL) 3 weekly injection or Hylan G-F 20
(6 mL) single injection versus non-hylan G-F 20 HA prod-
ucts, based on whether those products were intended for
one injection or multiple injection treatment regimens.
Specifically, the outcomes were compared for Hylan G-F
20 (2 mL) 3 weekly injection to Hyalgan/Supartz, Euflexxa,
and Orthovisc, while Hylan G-F 20 (6 mL) single injection
was compared to Gel-One and Monovisc. A logistic regres-
sion model was used to compare the risk of the surrogate
SALR outcomes, adjusting for various patient demograph-
ics, comorbidities, and other potential confounding clinical
factors (SAS, SAS Institute Inc., Cary, NC). A P value of
less than or equal to 0.05 was used to determine statistical
significance. The patient factors included age, race, census
region, and gender, while comorbidities were assessed
using the composite Charlson score. Potential confounding
clinical factors included (1) use of CS injection during the
HA injection; (2) prior use of CS; (3) prior use of knee
arthroscopy; (4) use of fluoroscopic/ultrasound imaging
during HA injection; (5) physician HA experience/volume
in terms of total number of any HA injections; (6) hylan
G-F 20 physician experience/volume in terms of total num-
ber of hylan G-F 20 injections; (7) use of NSAIDs; (8) use
of opioids; (9) use of physical therapy (PT); and (10) year.
Prior use of CS or knee arthroscopy were considered within
1 week or 12 months before HA, while use of NSAIDs,
opioids, or PT were considered within 12 months before
HA. Same time and prior use of CS injection with HA was
considered as a potential confounder, as it has been reported
that clinicians may inject CS followed by HA 1 week apart
to avoid the risk of pseudoseptic arthritis.”® Moreover,
reactions have also been reported following CS injec-
tions.'7?° The prior use of NSAIDs and opioids (Suppl.
Table S1) required a prescription fill within 7 days follow-
ing a knee-OA-related office visit to be considered as a
knee-OA-related pharmacy claim.

Results

A total of 694,404 HA injections were included in the
study, with Hyalgan/Supartz injections representing
35.8%, followed by Euflexxa (24.1%) and Orthovisc
(17.0%) (Table 1). Hylan G-F 20 (2 mL) 3 weekly injec-
tion and Hylan G-F 20 (6 mL) single injection comprised
15.6% and 6.8% of the HA injections, respectively, while
Gel-One (0.5%) and Monovisc (0.2%) each comprised
less than 1% of the injections. HA use was more frequent
in patients who were 65 to 69 year old, female, white, with
Charlson score of 0, and in the South region. Office visits
within 3 days following the HA injection was the most
common clinical encounter that was examined in the pres-
ent study, with about 10% to 15% of the patients returning
to the physician office (Figs. 1 and 2). When limited to
office visits with a knee OA diagnosis, the frequency
decreased to about 3% to 6%.

When compared to patients who received Hyalgan/
Supartz HA injections, Hylan G-F 20 (2 mL) 3 weekly
injection patients had lower risks of 3-day clinical encoun-
ters in terms of office visits, ER visits, any office/ER/
urgent care visits, and arthrocentesis (Figs. 1 and 3). Hylan
G-F 20 (2 mL) 3 weekly injection patients also had 45%
lower adjusted risk of any corticosteroid injection or
arthrocentesis (95% confidence interval [CI]: 41% to 48%;
P < 0.001) and 47% lower adjusted risk of any arthrocen-
tesis, arthroscopy, or arthrotomy/incision and drainage
(95% CI: 44% to 50%; P < 0.001). The risk of corticoste-
roid injections with a knee OA diagnosis was greater for
Hylan G-F 20 (2 mL) 3 weekly injection than Hyalgan/
Supartz patients (adjusted hazard ratio [HR]: 1.65; P <
0.001), but there was no significant difference when con-
sidering any corticosteroid injections, that is, for any diag-
nosis (P = 0.294). Similarly, the risk of corticosteroid
injections with a knee OA diagnosis was greater for Hylan
G-F 20 (2 mL) 3 weekly injection than Orthovisc patients
(adjusted HR: 1.47; P < 0.001), but there was no signifi-
cant difference when considering corticosteroid injections
for any diagnosis (P = 0.255) (Figs. 1 and 3). When com-
pared to patients who received Orthovisc HA injections,
Hylan G-F 20 (2 mL) 3 weekly injection patients had lower
risks of 3-day clinical encounters in terms of office visits,
any office/ER/urgent care visit, and arthrocentesis.
Compared to Orthovisc patients, Hylan G-F 20 (2 mL) 3
weekly injection patients also had 19% lower adjusted risk
of any corticosteroid injections or arthrocentesis (95% CI:
14% to 24%; P < 0.001) and 19% lower adjusted risk of
any arthrocentesis, arthroscopy, or arthrotomy/incision and
drainage (95% CI: 14% to 25%; P < 0.001).

When compared with patients who received Euflexxa,
patients who received a Hylan G-F 20 (2 mL) 3 weekly
injection generally had either similar or greater risks of
3-day clinical encounters (Figs. 1 and 3). Corticosteroid
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Table I. Patient Characteristics.

Hylan G-F20 (2 mL) 3 Euflexxa Hyalgan/Supartz Orthovisc Hylan G-F 20 Monovisc Gel-One
Weekly Injection (n=167,045) (n =248558) (n = 117,702) (6 mL) Single Injection  (n = 1,661) (n = 3,670)
(n = 108,628) (15.6%) (24.1%) (35.8%) (17.0%) (n = 47,140) (6.8%) (0.2%) (0.5%)

Counts Percent Counts Percent Counts Percent Counts Percent Counts Percent Counts Percent Counts Percent
Age
<40 3,910 3.6% 6,324 3.8% 6,787 2.7% 3,780 32% 1,517 3.2% 57 3.4% 103 2.8%
40-44 4,934 4.5% 7,369 4.4% 7,933  32% 4731 4.0% 1,784 3.8% 59 3.6% 121 3.3%
45-49 8,634 7.9% 13,390 8.0% 14,679 59% 7,870 6.7% 3,239 6.9% 116 7.0% 236 6.4%
50-54 14,095 13.0% 20,124 12.0% 21,954 88% 12,690 10.8% 4,755 10.1% 176  10.6% 354 9.6%
55-59 16,803 15.5% 23,246 13.9% 27,471 11.1% 15019 12.8% 5,937 12.6% 220 13.2% 471 12.8%
60-64 15,624 14.4% 20,944 12.5% 27,453 11.0% 13,929 11.8% 5,580 11.8% 197 11.9% 386 10.5%
65-69 15,292 14.1% 27,490 16.5% 47,113 19.0% 20,355 17.3% 8,261 17.5% 304 183% 637 17.4%
70-74 11,535 10.6% 19,742 11.8% 36,982 149% 15600 13.3% 6,432 13.6% 215 129% 535 14.6%
75-79 8,139 7.5% 13,962 84% 28363 11.4% 11,306 9.6% 4,398 9.3% 140 8.4% 370  10.1%
80+ 9,662 8.9% 14,454 8.7% 29,823 12.0% 12,422 10.6% 5,237 11.1% 177 10.7% 457  12.5%
Gender
Female 67,851 62.5% 107,215 64.2% 156,678 63.0% 74,453 63.3% 28,757 61.0% 1,028 61.9% 2,290 62.4%
Male 40,777 37.5% 59,830 35.8% 91,880 37.0% 43,249 36.7% 18,383 39.0% 633 38.1% 1,380 37.6%
Race
Asian 2,110 1.9% 3,116 1.9% 7,414 3.0% 3,653 3.0% 754 1.6% 30 1.8% 6l 1.7%
Black 8,987 83% 12,219 73% 21,392 86% 8193 7.0% 3,260 6.9% 113 6.8% 243 6.6%
Hispanic 6,469 6.0% 9,577 57% 23,169 93% 8262 7.0% 3,180 6.7% 127 7.6% 243 6.6%
Unknown 8,092 7.4% 14,047 84% 21,957 88% 10,714 9.1% 4,368 9.3% 165 9.9% 360 9.8%
White 82,970 76.4% 128,086 76.7% 174,626 70.3% 86,880 73.8% 35,578 75.5% 1,226 738% 2,763 75.3%
Charlson comorbidity index
0 67,905 62.5% 107,308 64.2% 142,201 57.2% 72,211 61.4% 29,082 61.7% 1,087 65.4% 2,281 62.2%
1-2 31,885 29.4% 46,885 28.1% 80,706 32.5% 35,343 30.0% 13,788 29.2% 445 26.8% 1,044 284%
3-4 6,933 6.4% 9,963 6.0% 19372 78% 7824 6.6% 3,215 6.8% 102 6.1% 264 7.2%
5+ 1,905 1.8% 2,889 1.7% 6,279 2.5% 2,324 2.0% 1,055 2.2% 27 1.6% 8l 2.2%
Census region
Midwest 33,393 30.7% 54,772 32.8% 50,458 20.3% 28,207 24.0% 17,486 37.1% 399 24.0% 1,133 30.9%
Northeast 9,970 9.2% 18812 11.3% 24,130 9.7% 13,963 11.9% 3,584 7.6% 238 14.3% 521 14.2%
South 45,202 41.6% 57,768 34.6% 117,340 47.2% 43,089 36.6% 16,239 34.4% 519 31.2% 1,171 31.9%
West 20,063 18.5% 35,693 21.4% 56,630 22.8% 32,443 27.6% 9,831 20.9% 505 30.4% 845 23.0%

injection or arthrocentesis was provided to 1.6% of the
Hylan G-F 20 (2 mL) 3 weekly injection patients and 1.3%
ofthe Euflexxa patients, representing a 39% greater adjusted
risk (95% CI: 30% to 48%; P < 0.001). Inpatient or outpa-
tient arthrocentesis, arthroscopy, or arthrotomy/incision and
drainage was performed in 1.4% of the Hylan G-F 20 (2
mL) 3 weekly injection patients and 1.2% of the Euflexxa
patients, which corresponded to a 43% greater adjusted risk
(95% CI: 34% to 54%; P < 0.001). Inflammation or infec-
tion diagnoses were extremely rare within 3 days of HA
injections, with knee OA related ones at 0.004% for the
Euflexxa group and none for the Hylan G-F 20 (2 mL) 3
weekly injection group. These frequencies were too low to
allow adjusted comparisons between groups via logistic
regression. Even when expanded to include those with any
diagnosis on the claims, the occurrence rate was 0.03% for
the Euflexxa patients and 0.02% for the Hylan G-F 20 (2
mL) 3 weekly injection group, with no significant differ-
ences between the groups (P = 0.162). The adjusted risk of
the collective occurrence of any of the surrogate SALR

outcomes was found to be similar for Hylan G-F 20 (2 mL)
3 weekly injection and Euflexxa cohorts (P = 0.062), but
lower for Hylan G-F 20 (2 mL) 3 weekly injection patients
compared to Hyalgan/Supartz and Orthovisc patients (both
P <0.001).

Patients who received a Hylan G-F 20 (6 mL) single
injection generally had either similar or lower risks of 3-day
clinical encounters than those who received a Monovisc or
Gel-One injection (Figs. 2 and 4). Adjusted corticosteroid
injections or arthrocentesis risk was 34% lower compared
to both Monovisc (95% CI: 2% to 41%; P = 0.032) and
Gel-One (95% CI: 8% to 37%; P = 0.005) patients.
Although the incidence of arthrocentesis, arthroscopy, or
arthrotomy/incision and drainage was 2.5% for the Hylan
G-F 20 (6 mL) single injection patients compared to 4.5%
and 3.4% for the Monovisc and Gel-One patients, respec-
tively, this was not found to be significantly different in the
regression analyses. Inflammation or infection diagnoses
were extremely rare within 3 days of HA injections for the
l1-injection HA groups. There were no knee OA related
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Figure I.

Surrogate SALR outcomes within 3 days post-injection for the Hylan G-F 20 (2 mL) 3 weekly injection, Euflexxa, Hyalgan/

Supartz, and Orthovisc patient groups (top: outcomes with any diagnosis on the claims; bottom: outcomes with knee OA diagnosis on
the claims). Statistically significant differences are indicated with an asterisk (*P < 0.05; green and red for lower and greater adjusted
risks in the Hylan G-F 20 (2 mL) 3 weekly injection group, respectively). SALR = severe acute localized reaction;

OA = osteoarthritis; ER = emergency room; CS = corticosteroid; I&D =

incidences for all 3 groups. Even when expanded to include
those with any diagnosis on the claims, the occurrence rate
of inflammation or infection diagnoses was 0.02% for the

incision and drainage.

Hylan G-F 20 (6 mL) single injection patients, while none
were diagnosed for the Monovisc and Gel-One groups.
These frequencies were too low to allow adjusted
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Figure 2. Surrogate SALR outcomes within 3 days post-injection for the Hylan G-F 20 (6 mL) single injection, Monovisc, and Gel-
One patient groups (top: outcomes with any diagnosis on the claims; bottom: outcomes with knee OA diagnosis on the claims).
Statistically significant differences are indicated with an asterisk (*P < 0.05; green and red for lower and greater adjusted risks in the
Hylan G-F 20 (6 mL) single injection group, respectively). SALR = severe acute localized reaction; OA = osteoarthritis;

ER = emergency room; CS = corticosteroid.

comparisons between the groups. The adjusted risk of the (6 mL) single injection patients compared to Monovisc
collective occurrence of any of the surrogate SALR out-  patients (adjusted HR: 0.73; P < 0.001) and Gel-One
comes was found to be significantly lower for Hylan G-F 20  patients (adjusted HR: 0.88; P = 0.012).



382S

CARTILAGE 13(Suppl 1)

Office Visits

Office Visits (with KOA diagnosis)

Emergency Department Visits

Emergency Department Visits (with KOA diagnosis)
Urgent Care Visits

Urgent Care Visits (with KOA diagnosis)

Any Office/ER/Urgent Care Visits

Any Office/ER/Urgent Care Visits (with KOA diagnosis)
Corticosteroid Injection

Corticosteroid Injection (with KOA diagnosis)
Arthrocentesis (IP and OP)

Arthrocentesis (IP and OP)(with KOA diagnosis)
Corticosteroid Injection or Arthrocentesis (IP and OP)
Corticosteroid Injection or Arthrocentesis (IP and OP)(with KOA diagnosis)
Knee Arthroscopy (IP and OP)

Knee Arthroscopy (IP and OP)(with KOA diagnosis)

Knee Arthrotomy/Incision and Drainage (IP and OP)
Knee Arthrotomy/Incision and Drainage (IP and OP)(with KOA diagnosis)
Infection or Inflammation

Infection or Inflammation (with KOA diagnosis)

Any of the above Visits or Response

Any of the above Visits or Response (with KOA diagnosis)

Hylan G-F 20 vs.
Euflexxa

Hylan G-F 20 vs.
Hyalgan/Supartz

)

Hylan G-F 20 vs.
Orthovisc

°0*|°°%§°0‘¢°0

e v <
— -

AHR

2
o~

| © lower AHR @ Higher AHR e Statistically Similar AHR |

Figure 3. Adjusted likelihood of clinical encounters within 3 days post-injection for the Hylan G-F 20 (2 mL) 3 weekly injection
group compared to other non-hylan G-F 20 (multiple injection) product groups. The reference group for each comparison is the non-
hylan G-F 20 group. AHR = adjusted hazard ratio; KOA = knee osteoarthritis; ER = emergency room; Urg care = urgent care;

CS = corticosteroid; IP = inpatient; OP = outpatient; I&D =

incision and drainage.

Office Visits

Office Visits (with KOA diagnosis)

Emergency Department Visits

Emergency Department Visits (with KOA diagnosis)
Urgent Care Visits

Urgent Care Visits (with KOA diagnosis)

Any Office/ER/Urgent Care Visits

Any Office/ER/Urgent Care Visits (with KOA diagnosis)
Corticosteroid Injection

Corticosteroid Injection (with KOA diagnosis)
Arthrocentesis (IP and OP)

Arthrocentesis (IP and OP)(with KOA diagnosis)
Corticosteroid Injection or Arthrocentesis (IP and OP)
Corticosteroid Injection or Arthrocentesis (IP and OP)(with KOA diagnosis)
Knee Arthroscopy (IP and OP)

Knee Arthroscopy (IP and OP)(with KOA diagnosis)

Knee Arthrotomy/Incision and Drainage (IP and OP)
Knee Arthrotomy/Incision and Drainage (IP and OP)(with KOA diagnosis)
Infection or Inflammation

Infection or Inflammation (with KOA diagnosis)

Any of the above Visits or Response

Any of the above Visits or Response (with KOA diagnosis)

Hylan G-F 20 vs.

Hylan G-F 20 vs.

Monovisc Gel-One
<> o
o= | -
: —
—_— 4
H —_—
- | -,
— ——
-o-i '°'3
—m ]
S v 9 »v o v o v 9o © v 9 \v 9o v 9o v 9
S o ~ — o & o o < S O ~—~ — & N o o <
AHR AHR

I o Llower AHR e Higher AHR e Statistically Similar AHR |

Figure 4. Adjusted likelihood of clinical encounters within 3 days post-injection for the Hylan G-F 20 (6 mL) single injection group
compared to other non-hylan G-F 20 (single injection) product groups. The reference group for each comparison is the non-hylan G-F
20 group. AHR = adjusted hazard ratio; KOA = knee osteoarthritis; ER = emergency room; Urg care = urgent care;

CS = corticosteroid; IP = inpatient; OP = outpatient; I&D =

incision and drainage.
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Discussion

In the present real-world study of almost 700,000 HA injec-
tions, potential SALR shortly following the HA injections
were found to be exceedingly rare. We found no clear cor-
relation between avian-derived products or crosslinking and
SALR, which provides evidence against avian-derived or
crosslinking products as a source for these reactions and
further supporting the multifactorial nature of these reac-
tions. SALRs was also observed in both single and multiple
injection product groups. Avian-derived Hylan G-F 20
injections were found to have lower risk of SALR than bac-
teria-derived HA (Orthovisc and Monovisc), when matched
by single or multiple injection types, except when com-
pared to Euflexxa.

Injections of HA products have been reported to cause a
rare inflammatory state within the joint. The pathophysiol-
ogy underlying this response is poorly understood, but often
mimics infection, and can place the practitioner in a diffi-
cult situation with highly variable diagnostic and therapeu-
tic options. It has been hypothesized that these reactions are
immune-mediated and that crosslinked HA products and
those from avian origin are more susceptible to these reac-
tions. Previously published findings from the same data-
base as the present study showed that there was no
statistically significant difference in SALRs between hylan
and non-hylan G-F 20 products.? Those findings suggested
that crosslinking or avian-derived HA may not play a role in
SALRs as had been previously hypothesized, but the analy-
sis was not stratified to be able to provide further compari-
sons of different products.

The purpose of this study was to determine if different
commercially available HA products differ in their risk for
developing SALR. Knowing which formulations are pre-
disposed to SALRs may provide insight into the pathophys-
iology behind these reactions and guide decision making
for providers. By comparing the surrogate endpoints for
SALR of different HA products, we explored whether the
SALR was potentially related to chemical properties (i.e.,
crosslinking and avian-derived) of the HA. Given the
exceedingly rare nature of these reactions, a large database
study with surrogate markers for SALR presents an oppor-
tunity to find statistically significant differences that would
otherwise be unable to be detected with clinical trials.

The presentation of a reaction to HA injection is highly
variable and the response of the clinician is even more
variable. Some clinicians may have a higher index of sus-
picion than others for these reactions and elect to treat
with an intraarticular CS injection to combat this likely
immunologic reaction. Others may have a higher index of
suspicion for infection following the injection, this would
prompt the clinician to aspirate the knee and potentially
perform surgery if the results of the aspirate were consis-
tent with infection. Others may simply schedule a clinic

visit and provide reassurance that the inflammation will
subside with time. The present study was designed to cap-
ture these possible occurrences for each type of injection
and determine whether or not there were statistically sig-
nificant differences between different formulations.
These SALRs were collected for both any diagnosis and
knee-related diagnosis.

Our findings confirmed that rate of inflammation or
infection diagnoses associated with HA injections were
extremely rare.*¢ It also demonstrated that Hylan G-F 20 (2
mL) 3 weekly injection has a lower risk of SALR than most
HA multiple injections, with the exception of Euflexxa. The
comparative results with Euflexxa supported the findings of
the 2006 randomized controlled trial by Kirchner and
Marshall that showed a higher risk of effusions in patients
receiving Hylan G-F 20 (2 mL) 3 weekly injection com-
pared to Euflexxa patients.?! Although Hylan G-F 20 is an
avian-derived HA product and Euflexxa is extracted from
bacterial cells, the current evidence could not support an
allergic-type reaction associated with avian-derived prod-
ucts may be playing a role, as the risk of SALR was lower
for Hylan G-F 20 (2 mL) 3 weekly injection than bacteria-
derived Orthovisc?” and for Hylan G-F 20 (6 mL) single
injection than bacteria-derived Monovisc.?” These reactions
have also been documented for products that are not avian
derived,>®101618  fyrther supporting their multifactorial
nature. A randomized controlled trial also reported no dif-
ference in local reactions for hylan GF-20 and a medium
molecular weight HA product, with no reports of pseudo-
septic arthritis in either group.'!

In regard to whether or not crosslinking may play a role,
analyses were performed between Hylan G-F 20 (2 mL) 3
weekly injection and Hyalgan/Supartz, all of which are of
avian origin, but Hylan G-F 20 being crosslinked while the
other two are not.?” Hylan G-F 20 (2 mL) 3 weekly injection
had a lower rate of SALRs when compared to Hyalgan/
Supartz. This finding suggests that crosslinking HA may
not play a role in increasing SALRs, but SALRs occurred in
all HA injection cohorts despite whether or not the products
were cross-linked or avian-derived. Our study provides fur-
ther evidence of the multifactorial nature of these reactions
that is not fully understood. Further basic science and clini-
cal trials are needed to confirm these findings, as using sur-
rogate markers of SALRs via a database study can show
correlation but not necessarily causation.

Some have also speculated that increased frequency of
injections may predispose the patient to greater acute local
reaction risk or an “exposure” event.’ For this reason, we
also analyzed HA products that are marketed as a single
injection: Hylan G-F 20 (6 mL) single injection, Monovisc,
and Gel-One. Hylan G-F 20 (6 mL) single injection was
found to have significantly decreased SALRs compared to
both Monovisc and Gel-One. SALRs was observed in both
single and multiple injection product groups, suggesting



384S

CARTILAGE 13(Suppl 1)

that the exposure theory is not the only factor playing a role
in these reactions.

As far as we know, this is the first study large-scale
real-world study to compare the risk of SALR between
different HA products using surrogate endpoints. The
limitations of this study largely stem from the nature of
data collection from insurance claims database. Although
we identified specific diagnoses or office visits that were
likely to be related to the patient’s HA injection, this can-
not be definitively proven through database claims. An
attempt to make these SALRs more reliable was made by
specifying whether or not the visit or intervention was
knee related, although even those SALRs could have been
unrelated to the patient’s HA injection. Another weakness
of our study was the lack of objective measures such as
laboratory or arthrocentesis results. Knowing the cell
count, differential, and culture results could have allowed
more specific isolation to the patients of interest. It also
could have identified results that are indicative of an
immunologic or allergic reaction, such as elevated eosin-
ophils in the synovial fluid. Unfortunately, these data
were not available through the database. The dataset also
does not contain information about disease progression,
severity of disease, range of motion, severity or duration
of symptoms, or patient pain scores. It is also unclear if
there would be any differences in outcomes associated
with the medical specialty of the physician who delivered
the HA injection. Although our data suggest that some
HAs might have a lower risk of SALR than others, these
are simply correlations. It has been speculated that
repeated HA injections within brief intervals may be
linked to pathogen inoculation.? Some have hypothesized
that proinflammatory cytokines may play a role in the
immunological reactions.>* Inappropriate injection tech-
nique, inexact needle placement, and block of synovial
outflow by the injections have also been considered as
potential causes.® Finding a direct causation would require
basic science or clinical data. Although the dataset was
composed of beneficiaries covered by commercial or pri-
vate payers, patients older than 65 years were still
included in the study cohort. However, the findings from
the present study may not be representative of wholly
Medicare beneficiaries. Despite the limitations of this
study, a dataset with close to 700,000 HA injections pres-
ents a useful way to detect differences between products
with this exceedingly rare complication.

Conclusion

This study shows no clear correlation between avian-
derived or crosslinking products and SALR and provides
evidence against avian-derived or crosslinking products
as a source for these reactions. Overall, among patients
who were treated with the single injection products, we

found that Hylan G-F 20 (6 mL) single injection had
lower rates of SALR than Monovisc and Gel-One. Among
those treated with the multiple injection products, Hylan
G-F 20 (2 mL) 3 weekly injection had lower rates of
SALR when compared to Hyalgan/Supartz and Orthovisc
but slightly higher rates of SALR when compared to
Euflexxa. Further basic science and large clinical data are
needed to validate these findings.
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