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Purpose: The purpose of this study is to determine the efficacy of amniotic suspension allograft (ASA) compared to
hyaluronic acid (HA) and saline at up to 12 months of follow-up through the use of patient-reported outcomes,
immunoglobulin levels, and anti-human leukocyte antigen (HLA) levels. Methods: Within this multicenter study, 200
patients were randomized 1:1:1 to a single intra-articular injection of saline, HA, or ASA. Patient-reported outcomes,
including Knee Injury and Osteoarthritis Outcome Score (KOOS) and visual analog scale (VAS) score, were collected at
multiple time points (baseline, 1 week, 6 weeks, 3 months, 6 months) out to 12 months to assess improvements in pain
and function. Radiographs at baseline and 12 months were taken to determine radiographic changes, while blood was
collected at baseline, 6 weeks, and 6 months to determine changes in immunoglobulins and anti-HLA levels. Statistical
analyses were performed using last observation carried forward and mixed effects model for repeated measures.
Results: Treatment with ASA resulted in significant improvements in KOOS and VAS scores that were maintained
through 12 months (P < .05). Treatment with ASA resulted in a 63.2% responder rate at 12 months using the Outcome
Measures in Arthritis Clinical TrialseOsteoarthritis Research Society International simplified definition. There were no
significant differences between groups for radiographic measures in the index knee, immunoglobulins, C-reactive protein,
or anti-HLA serum levels (P > .05). The number and type of adverse events (AEs) reported for ASA were comparable to
the HA injection group, while no treatment-emergent AEs were reported for the saline group. Conclusions: This ran-
domized controlled trial of ASA vs HA and saline for the treatment of symptomatic knee osteoarthritis demonstrated
clinically meaningful improved outcomes with ASA over the controls out to 12 months postinjection. No concerning
immunologic or adverse reactions to the ASA injection were identified with regards to severe AEs, immunoglobulin, or
anti-HLA levels. Level of Evidence: Level I, randomized controlled multicenter trial.
ore than 30.8 million people are estimated to be
Maffected by osteoarthritis (OA) in the United
States,1 with a lifetime risk of 45% for its develop-
ment,2 thus constituting one of the leading causes of
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Arthroscopy: The Journal of Arthroscopic and Related
disability in adults.3 While OA of the knee accounts for
approximately 14 million of these patients,4 there
remain significant limitations to the currently available
treatment options for knee OA. Surgical intervention in
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the form of knee replacement surgery is increasingly
common; the number of patients with OA undergoing
knee replacement surgery is expected to rise from
680,150 Americans in 2010 to 1.28 million Americans
in 2030.5 However, concerns regarding the morbidity of
the procedure and the increasing burden of potential
revision procedures6 suggest that it should be reserved
for those with end-stage OA who have exhausted all
other attempts at conservative management.
Therapy, bracing,weight loss, activitymodification, oral

medication, and intra-articular injections all play a sig-
nificant role in the nonsurgical management of OA. Due
to perceived and demonstrated limitations with the
traditional injections of corticosteroids and hyaluronic
acid, the field of orthobiologics has gained considerable
attention in both the research community and the public.
While an increasing number of studies have investigated
the effectiveness of platelet-rich plasma for the treatment
of OA,7-9 the use of other orthobiologic treatments lacks
high-quality supportive data on efficacy and safety.
One potential orthobiologic option for thenonoperative

management of OA is the use of placental-derived tissues,
which were first introduced in the early 1900s to treat
burns, ulcers, and other nonhealing wounds,10 such as
corneal ulcers.11 In fact, a weekly intradermal injection of
placental-derived autolysate was evaluated in the late
1960s as a treatment for arthritis but did not result in a
therapeutic use.12,13 Recently, the use of placental-
derived tissues has raised substantial interest again for
the use in orthopaedic applications.14-16 These products
exist in several different formulations, with some con-
taining morselized tissues (amnion, chorion, or both),
cells from the amniotic fluid, amniotic fluid, or some
combination of these components.17 Placental tissues
have been shown to contain several anti-inflammatory
cytokines, growth factors, and inhibitors18 that are hy-
pothesized to reduce the inflammatory burden associated
with OA.19,20 One specific placental tissue product has
been investigated in 2 prior studies. A 6-patient open-
label, single-arm pilot study supported the safety of an
amniotic suspension allograft (ASA), which contains
amnioticmembrane particulate and amnioticfluid cells,21

but the studywas not powered to demonstrate efficacy. A
subsequent 200-patient multicenter randomized clinical
trial reported greater improvements in patient-reported
outcomes for ASA when compared to both hyaluronic
acid (HA) and saline at 3 and 6 months.22

The current randomized controlled multicenter study
investigated safety and efficacy of the use of ASA vs HA
or saline for the treatment of symptomatic knee OA
over a course of 12 months. The purpose of this study is
to determine the efficacy of ASA compared to HA and
saline at up to 12 months of follow-up through the use
of patient-reported outcomes, immunoglobulin levels,
and anti-human leukocyte antigen (HLA) levels. The
hypothesis of this study was that there would be no
significant differences in patient-reported outcomes
(PROs), immunoglobulin levels, or anti-HLA levels be-
tween injections of ASA, HA, or saline at up to 12
months of follow-up.

Methods
This article is reporting the results from a prospective,

multicenter, single-blinded, Good Clinical Practices ran-
domized controlled trial (NCT number NCT02318511)
that enrolled 200 adult patientswithOAwhomet defined
inclusion/exclusion criteria at 12 study sites in the United
States. These patients were enrolled from June 2015
through July 2017 under a Western Institutional Review
Boardeapproved protocol (20142125) after signing an
informed consent form. Eligible patients included adults
aged18years and olderwith a bodymass index (BMI) less
than 40 kg/m2, a diagnosis of moderate knee OA defined
by a Kellgren-Lawrence (KL) grade of 2 or 3, and a 7-day
average pain score of 4 or greater on a scale of 1 to 10. All
eligible female patients were abstinent, surgically steril-
ized, actively practicing an accepted contraceptive
method, or postmenopausal. Exclusion criteria included
regular use of anticoagulants, use of pain medication
other than acetaminophen for conditionsunrelated toOA
of the index knee, use of pain medications less than 15
days prior to the injection, patients with a history of
substance abuse, or patients who failed to agree not to
take additional knee symptomemodifying drugs during
the course of the study without reporting the medication
use to the study team. Physical or knee-related treatment
exclusion criteria included intra-articular injections with
either corticosteroid or viscosupplementation in the index
knee within 3 months, knee surgery on the index knee
within 12 months or on the contralateral knee within 6
months, acute injury to the index knee within 3 months,
or confirmed mechanical symptoms such as locking,
intermittent block to range of motion, or loose body
sensations (meniscal displacement or intra-articular loose
body). Additional exclusion criteria included history of
solid organ or hematologic transplantation, rheumatoid
arthritis and other autoimmune disorders, current
immunosuppressive treatment, infection requiring anti-
biotic treatment within 3 months, diagnosis of malig-
nancy apart from treated basal cell cancer of the skin
within the last 5 years, or workers’ compensation pa-
tients. Female patients were excluded if they were preg-
nant orhad adesire to becomepregnant during the course
of the study. The Consolidated Standards of Reporting
Trials diagram illustrating the enrollment, allocation, and
disposition of patients in the study is shown in Fig 1. Pa-
tients were randomly allocated 1:1:1 to 1 of 3 treatment
groups: ASA, HA, or saline using block randomization
across sites to treatment groups using sealed, opaque
envelopes coded with an alpha-numeric identifier.
After enrollment, all patients had a baseline evalua-

tion, which included standard baseline radiographs
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(standing anteroposterior and flexion posteroanterior,
lateral, and Merchant views) to confirm moderate knee
OA (KL 2 or 3), medical and knee history, physical ex-
amination, and blood draws for laboratory analyses, and
completed the following PROs: EQ-5D-5L (global
health), Knee Injury and Osteoarthritis Outcome Score
(KOOS), Single Assessment Numerical Evaluation
(SANE), visual analog scale (VAS) using a 150-mm scale,
and the Tegner Activity Scale. Patients were blinded to
their randomized treatment allocation, and all intra-
articular (IA) injections were administered using un-
marked syringes and vials. For this study, all patients
received IA injections with 1 of 3 agents: ASA (2.0 mL
ReNu diluted 1:1 with sterile normal saline; Organo-
genesis, Canton, MA), HA (Monovisc High Molecular
Weight Hyaluronan; Anika Therapeutics, Boston, MA),
or sterile normal saline. The final injection volume for all
injections was 4 mL; injections were all prepared ac-
cording to manufacturer’s instructions. Patients’ visits
included baseline, treatment, and follow-up visits at 1
week, 6 weeks, 3 months, 6 months, and 12 months
postinjection. If patients reported unacceptable pain at 3
months, they were considered treatment failures and
withdrawn from the current study (Fig 1).
Radiographs were collected at baseline and 12 months.

Blood draws were completed at baseline, 6 weeks, and 6
months for complete blood count, basic metabolic profile,
C-reactive protein (CRP), immunoglobulin levels and
anti-HLA responses. One vial from each blood draw was
shipped to a central lab (Brigham and Women’s Hospital
Transplantation Research Center) directly from the study
sites. Serum was isolated and stored from blood samples;
at each time point (baseline, 6 weeks, and 6 months), the
patients’ serum samples were examined for the presence
of anti-HLA antibodies using theOne Lambda (West Hills,
CA) LABScreen Mixed Class I and II (LSM12). Any pos-
itive or undefined samples were then further tested for
Class I anti-HLA antibodies using the LABScreen Single
Antigen HLA Class I assay (LS1A04). In brief, human
serumwasmixedwith LABScreen-coated beads; each set
of beads was read and a ratio calculated. This value was
compared back to values obtained by the positive and
negative controls supplied with the kit, and the samples
were classified as positive, negative, or undefined.
In total, 296 patients were assessed for eligibility with

n ¼ 200 patients enrolled and randomized into the
study; ASA, HA, and saline groups consisted of n ¼ 68,
64, and 68 patients, respectively (Fig 1). Questionnaires
were collected by research assistants or study staff,
while the physical examination and assessments were
performed by the site principal investigators. A single-
blind (subject blind only) was in place and treatment
efficacy was assessed using independently answered
PROs to ensure nonprovider blinding did not introduce
additional bias. If at 3 months the blinded patient re-
ported inadequate pain relief from their treatment, they
were considered a treatment failure and withdrawn
from the study. Patients self-reported inadequate pain
relief; this decision was made without the investigator.
Patients’ response to initial treatment was assessed out
to 12 months, which is a follow-up from the data pre-
sented out to 6 months in Farr et al.22

All data analysis and statistics were structured and
performed by an independent statistician, including all
laboratory data, anti-HLA antibodies, PROs, and
responder analysis. Two methods were used to address
missing data: (1) last observation carried forward (LOCF)
and (2) mixed effects model for repeated measures
(MMRM)as sensitivity analyses.Using theLOCFmodel, if
a patient dropped out of the study, the patient’s last visit
data were carried forward for analysis at 12 months
(Table 1). The primary efficacy analysis using LOCF
consisted of analysis of covariance in SAS PROC GLM of
the change from baseline, which was accompanied by
unadjusted contrasts between treatment group means,
where the baseline values were included as the covariate.
In addition, using LOCF, a responder analysis was

completed using the Outcome Measures in Arthritis
Clinical TrialseOsteoarthritis Research Society Interna-
tional defined criteria. Briefly, patients were considered
an OMERACT-OARSI simplified responder if they met
the requirement for either high improvement or
improvement.23 A c2 test was run to determine signifi-
cance between treatment groups, and P values <.05
were considered statistically significant. In addition, as a
measure to address the missing data challenge, MMRM
was employed in SAS PROCMIXED, where the baseline
values were included as a covariate and treatment and
visit were included as fixed factors. Interaction terms
included baseline by visit and treatment by visit. Visit was
the repeated factor within subject and an unstructured
covariance was used. The MMRM estimate values and
standard error were plotted (Figs 2, 3). MMRM analysis
included all data for all patients until patient dropout,
which included through month 3 for any patients who
self-reported inadequate pain relief. Furthermore, the
MMRM analysis did not incorporate LOCF.
To determine the proper sample size for this study, a

power analysis was conducted using data from Roos and
Lohmander.24 based on detecting theminimal important
difference of 8 to 10 points using the KOOS; difference¼
8, standard deviation¼ 10, power¼ 0.9, and an a¼ 0.05
was used, resulting in a minimum requirement of 34
patients per group.Assuming equal dropout rates in each
group of 50%over the 1-year study results in 68 patients
per group. A normality assumption ismade for all groups
along with the assumption that each group has the same
common variance.

Results
The patient population for this study in the ASA group

consisted of 68 patients (33 females, 35 males) with a



Fig 1. Consolidated Standards of Reporting Trials flow diagram used to describe the grouping and flow of patients throughout
the clinical trial. ^ denotes protocol deviation at 6 months. (ASA, amniotic suspension allograft; HA, hyaluronic acid; KL,
Kellgren-Lawrence; NSAID, nonsteroidal anti-inflammatory drug.)
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mean age of 55.9� 12.3 years and a mean BMI of 27.3�
5.0 kg/m2. The HA group consisted of 64 patients (31 fe-
males, 33males)with amean age of 55.4� 11.0 years and
a mean BMI of 28.2 � 4.7 kg/m2. The saline group
consisted of 68 patients (31 females, 37 males) with a
meanageof 54.9� 9.8years andameanBMIof28.5�4.2
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kg/m2. All patients in this study had either KL grade 2 or 3
OA based on the inclusion criteria, with KL grade 3 rep-
resenting 54.4% of patients in the ASA group, 54.7% of
patients in the HA group, and 61.8% of patients in the
saline group.
Changes from baseline at 12 months post-treatment

using LOCF for KOOS and VAS questionnaires are
provided in Table 1. At 12 months, ASA-treated patients’
KOOS scores improved 14.7 � 21.1 points for pain, 10.0
� 14.4 for symptoms, 12.6 � 19.9 for activities of daily
living (ADL), 19.6 � 27.6 for sports and recreation, and
20.9 � 24.2 for quality of life (QoL) (mean � SD). VAS
changes at 12 months from baseline are reported for
overall pain, pain during strenuous work, pain during
sedentary work, and pain during normal daily living
(Table 1). The OMERACT-OARSI responder criteria
were used to determine responders at 12 months. Using
the OMERACT-OARSI simplified responder criteria,
63.2%, 35.9%, and 42.6% of patients in the ASA, HA,
and saline treatment groups were considered re-
sponders, respectively (P ¼ .0045). Using the high
improvement criteria, 50.0%, 25.0%, and 25.0% of
patients in the ASA, HA, and saline treatment groups
were classified as high improvement (P ¼ .0018).
Changes at 12 months from baseline following treat-

ment using the MMRM are shown for KOOS subscales
(Fig 2) and VAS subscales (Fig 3). At 12 months, KOOS
pain improvement in the ASA group was 17.7 � 2.5,
while the KOOS ADL subscores improved by 14.6 � 2.5
(mean � standard error). ASA-treated patients also
showed significant improvement in both the KOOS
symptoms (11.2 � 1.8) and KOOS QoL (25.1 � 2.8)
subscales (P < .05 for both). At 12 months, patients
receiving ASA had significantly improved VAS scores in
overall pain, strenuous pain, sedentary pain, and normal
daily living subscales compared to both HA and saline
groups. VAS overall pain improved e39.7 � 4.2 from
baseline, while VAS strenuous pain improved e47.0 �
5.4 from baseline (P < .05 for both). Interestingly, when
considering the duration of effect of ASA treatment,
both KOOS and VAS scores are either comparable to
scores at 3 or 6 months or continue to improve out to 12
months compared to HA and saline (Figs 2, 3).
The total number of patients who reported at least 1

treatment-emergent adverse event (TEAE) that met
serious criteria was similar between the ASA (2.9%)
and HA groups (3.1%), while the saline group had no
reported TEAEs. Only 1 TEAE was considered to be
related to the study treatment/procedure, and this
occurred at week 1 in the HA arm. The event was knee
stiffness (limited range of motion) and pain in the index
knee with onset the day after treatment. The findings
were consistent with “pseudo septic reaction,” which is
a known associated risk with HA. The event involved
hospitalization for aspirations, knee arthroscopy, and
synovectomy.
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Fig 2. Knee Injury and Osteoarthritis Outcome Scores (KOOS) using Mixed effects model for repeated measures (MMRM).
Average � standard error reported for (A) KOOS pain, (B) KOOS sports and recreation, (C) KOOS symptoms, (D) KOOS quality
of life (QoL), and (E) KOOS activities of daily living (ADL). P values were determined using PROC MIXED. *P < .05, **P < .01 for
hyaluronic acid (HA) compared to amniotic suspension allograft (ASA); #P < .05, ##P < .01 for saline compared to ASA.
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There were no statistical differences in baseline
radiologic parameters, including KL grade (P ¼ .6202),
worst compartment (P ¼ .2863), and joint space
narrowing (P ¼ .3065) between treatment groups. The
medial compartment demonstrated the highest pro-
portions of worst compartment assessments across all
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Fig 3. Visual analog scale (VAS) scores using mixed effects model for repeated measures (MMRM). Average � standard error
reported for (A) VAS overall pain, (B) VAS sedentary work pain, (C) VAS strenuous work pain, and (D) VAS normal daily living
pain. P values were determined using PROC MIXED. *P < .05, **P < .01 for hyaluronic acid (HA) compared to amniotic
suspension allograft (ASA); #P < .05 for saline compared to ASA.

ASA FOR SYMPTOMATIC KNEE OA 7
treatment groups: ASA (64.7%), HA (65.6%), and sa-
line (73.5%). Radiographs showed no significant
changes between treatment groups with absolute joint
space narrowing at 12 months (P ¼ .9031) or change in
joint space narrowing from baseline (P ¼ .9297).
Testing of immunoglobulin (IgA, IgE, IgG, and IgM)

levels was performed at baseline, 6 weeks, and 6
months. At baseline, no significant differences between
cohorts were demonstrated. There were no significant
differences between the HA or ASA groups at 6 weeks
and 6 months. There was a small but statistically sig-
nificant increase in IgE levels in the saline group
compared to ASA at 6 months (Table 2, P ¼ .0014).
There were no significant differences in the CRP levels
at any time point tested from baseline within or be-
tween treatment groups.
Furthermore, anti-HLA testing was conducted to

determine whether IA injection with ASA, HA, or saline
modified the presence of class I anti-HLA antibodies
present in patients’ serum at baseline, 6 weeks, and 6
months (Table 3). There were no significant differences
between the proportion of patients with positive results
at baseline between cohorts, but the highest frequency of
patients demonstratingHLAantibodies at baselinewas in
the saline group (22.4%, P ¼ .3923). At baseline, 6
weeks, and 6 months, the ASA group tested positive in
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14.7% (10), 18.2% (12), and 25.0% (13) patients,
respectively. Patients in the HA group had 14.5% (9,
baseline), 26.2% (16, 6weeks), and 28.0%(7, 6months)
positive responses, while the saline group had 22.4%
(15, baseline), 30.3% (20, 6 weeks), and 19.0% (4, 6
months) positive patients. For all groups, there were
small increases in the number of patients positive at 6
weeks relative to baseline, but these differenceswere not
significantly different between treatment groups (P ¼
.2615). The highest percentage of positives at 6 months
was in the HA group (28.0%), followed by the ASA
group (25.0%) and the saline group (19.0%); however,
these differences were not significant. There was no
apparent relationship between adverse events and
development of anti-HLA antibodies.

Discussion
This systematic, multicenter, single-blinded study has

shown efficacy using an IA injection with an amniotic
product out to 12 months. Treatment of symptomatic
knee OA with an ASA resulted in significant improve-
ments out to 12 months in the KOOS subscales and
VAS scores compared to HA and saline, highlighting the
durability of the response of ASA treatment. In addi-
tion, within this study, we have extensively evaluated
the safety profile of an IA injection of ASA. The number
of adverse events reported for ASA was comparable to
HA. Furthermore, there were no meaningful differ-
ences between groups for immunoglobulins, CRP, or
anti-HLA serum levels. In addition, there were no dif-
ferences between groups for radiographic measures in
the index knee; however, 12-month follow-up may not
be sufficient to draw robust conclusions about radio-
graphic changes in OA.
Nonsurgical management for OA includes weight

loss, exercise, physical therapy, and bracing to in-
jections.25-27 Current IA injection therapies include
steroids,26,28,29 HA,30-32 platelet-rich plasma,8,26,32

bone marrow aspirate concentrate,8,26,33 adipose-
derived mesenchymal stem cells,26,34,35 autologous
protein solution,36 and saline.37,38 Despite several pre-
clinical and clinical trials utilizing injectable orthobio-
logic therapies, there remains debate about the efficacy
of these treatments for knee OA. In this study, the focus
was on the efficacy and safety outcomes of ASA out to
12 months post-treatment in comparison with an
established modality (HA) and a control (saline).
Limited preclinical and clinical evidence supporting

the use of placental-derived tissues is available,39 with
only 2 preclinical40,41 and 3 clinical21,22,42 studies
published to date. Both preclinical studies used the rat
medial meniscus transection model; Willett et al.40

delivered micronized dehydrated human amnion/
chorion membrane 24 hours following surgical induc-
tion, while Raines et al.41 delivered particulated amni-
otic membrane/umbilical cord tissues 2 weeks



Table 3. Serum Anti-HLA Antibody Screening

ASA, n (%) HA, n (%) Saline, n (%)

P ValueNegative Positive Negative Positive Nega/tive Positive

Baseline 58 (85.3) 10 (14.7) 53 (85.5) 9 (14.5) 52 (77.6) 15 (22.4) .3923
6 Weeks 54 (81.8) 12 (18.2) 45 (73.8) 16 (26.2) 46 (69.7) 20 (30.3) .2615
6 Months 39 (75.0) 13 (25.0) 18 (72.0) 7 (28.0) 17 (81.0) 4 (19.0) .7748

Number of patients for each category (positive/negative) and percentage of total patients tested reported for each treatment group at baseline, 6
weeks, and 6 months postinjection. P values determined using c2 test.
ASA, amniotic suspension allograft; HA, hyaluronic acid.
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following surgery. Study end points varied from 3 days
to 28 days post-treatment, and the placental-derived
tissues were shown to decrease cartilage degeneration
compared to saline as demonstrated using histology and
microecomputed tomography.40,41 Clinically, Vines
et al.21 published a 6-patient pilot study in 2015 in
patients with KL grade 3, which showed trends toward
improvements in pain and function out to 12 months
following a single IA injection of ASA.21 This study was
not powered for significance but led to the design of a
multicenter, randomized, controlled trial with 200 pa-
tients comparing a single injection of ASA to HA and
saline,22 demonstrating improved efficacy of ASA
compared to HA and saline at 3 and 6 months post-
treatment using KOOS and VAS patient-reported out-
comes.2 In addition, a single-arm 20-patient clinical
trial evaluating an amniotic membrane/umbilical cord
particulate out to 24 weeks was recently published.42 In
this study, 11 patients failed to show a greater than
30% reduction in pain at 6 weeks and were provided
with a second injection. Overall, Western Ontario and
McMaster Universities Osteoarthritis Index pain and
function scores significantly improved at all time points
compared to baseline.42

In the present study, at 12 months, ASA patients re-
ported an average change from baseline in the KOOS
pain subscale of 14.3 using LOCF and 17.7 using
MMRM. For KOOS ADL, changes from baseline were
12.61 using LOCF and 14.6 using MMRM. For VAS
overall pain, the average change from baseline to 12
months for ASA was 32.9 mm using LOCF and 39.7
mm using MMRM (on recorded 150-mm scale).
The OMERACT-OARSI responder criteria were used as

away to assess how individual patients responded to their
respective treatments. For patients to be a high
improvement responder, they must have �50%
improvement and absolute change of �20 points in pain
or function, while improvement responders need �20%
improvement and absolute change of �10 points in 2 of
the 3 (pain, function, or QoL). The OMERACT-OARSI
simplified criteria include anyone who is a high
improvement or improvement responder. Of note, the
absolute change mentioned above is consistent with
the minimal important difference (MID) reported for the
KOOS and VAS scales. Previous studies show that the
MID for KOOS is 8 to 10 points,24,43,44 while the MID for
VAS is between 8 and 13mm.45,46 Using the OMERACT-
OARSI responder analysis, individual responders were
assessed using the MID of a 10-point change and 20%
improvement for 2of3of thedefinedvariables (VASpain,
KOOS function, and KOOS QoL) or a high improvement
responder with a minimum of 20 points and 50%
improvement in pain or function.
While these results demonstrated improved patient

responses to ASA, dropout from the study and uneven
groups pose significant challenges in data analysis. To
address this challenge, 2 different methods for dealing
with missing data were employed: LOCF and MMRM.
While imputation using LOCF may overestimate the
effect of ASA due to carrying forward patients’ last
observation, because this study was focused on patients
with mild to moderate OA with continued pain at 3
months, it is reasonable to assume that spontaneous
recovery of pain and function to the point of washing
out the findings presented is unlikely.47 MMRM is
based on the assumption that missing patients are
random and that they would behave similarly to other
patients in the same treatment group. Both LOCF and
MMRM demonstrated robust durability of positive
patient-reported outcomes in the ASA-treated patient
group. Specifically, KOOS pain, symptoms, ADL, sports
and recreation, and QoL scores improved within the
ASA group not only from day 1 (initiation of ASA
treatment) to 3 months but also from 3 months post-
treatment to 12 months. In addition, at 12 months us-
ing the MMRM analysis, KOOS symptoms scores
showed statistically significant differences between the
ASA group and the HA group, while the KOOS QoL
scores showed statistically significant differences be-
tween the ASA group and the HA and saline groups. At
12 months, using MMRM, there were significant dif-
ferences between the ASA group and the HA and saline
groups for the VAS scores (overall pain, strenuous work
pain, sedentary work pain, and normal daily living
pain). ASA-treated patients did not show worsening at
12 months from baseline in any of the clinical outcomes
evaluated. In fact, efficacy end points attained at 3
months (the timepoint for assessment of the primary
efficacy end point, KOOS pain) persisted out to both 6
and 12 months.
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Limitations
This study had limitations: a single (patient-blinded)

rather than double-blinded design since injector blind-
ing was not possible due to obvious differences in the
viscosity of the injections (HA vs saline/ASA). However,
the risk of investigator bias due to single blinding
was mitigated using patient-reported rather than
investigator-reported outcomes for efficacy measures.
In addition, ethical concerns over prolonged treatment
with a placebo led to a study design allowing dropout at
3 months for those patients who reported unacceptable
pain relief. This study design naturally resulted in more
limited data sets for analysis at 6- and 12-month follow-
up visits (Fig 1) due to dropout of patients at 3 months.
Furthermore, the study inclusion and exclusion criteria
are somewhat restrictive and may not accurately reflect
the entire patient population that may receive the
product. No hip to ankle alignment was recorded, and
thus malignment may have been distributed unevenly
across the 3 arms. However, the randomization and
moderated numbers of enrollment should have
decreased this effect. Standard of care for nonoperative
OA management, including bracing, physical therapy,
weight loss programs, and so on, was used per the
physician’s normal practice but was not globally
harmonized throughout the study.

Conclusions
This randomized controlled trial of ASA vs HA and

saline for the treatment of symptomatic knee OA
demonstrated clinically meaningful improved outcomes
with ASA over the control treatments out to 12 months
post-injection. No concerning immunologic or adverse
reaction to the ASA injection was identified with
regards to severe adverse events, immunoglobulin, or
anti-HLA levels.
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