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Objective: The desired therapeutic effect of ArthrokinexTM autologous conditioned serum (ACS) is

facilitated by the ability of IL-1-Ra to limit the destructive inflammatory intra-articular (IA) actions of IL-

1b. Previous studies have proven the capacity of ArthrokinexTM (ACS) to induce the anti-inflammatory

cytokine, IL-1-Ra. The primary purpose of this retrospective study was to investigate the effect of

ArthrokinexTM (ACS) to reduce pain, improve joint function and enhance quality of life in patients with

knee osteoarthritis.

Methods: Venous blood from 100 patients with symptomatic knee osteoarthritis (KOA) was conditioned

and injected into the affected joint in this treatment protocol. Each patient received a total of six

ultrasound-guided IA injections at day 0, 7, 14, 90, 180, and 270 and followed for up to one year.

Treatment outcome measures were assessed by three different patient-administered surveys at each

visit. Using the Visual Analog Pain Scale (VAS), participants were asked to classify pain in the previous

24 h. The Extra Short Musculoskeletal Functional Assessment (XSMFA-D) survey is a series of

16 questions designed to determine the functionality of the OA-affected joint. Finally, the patient

completed a patient global impression of change (PGIC) survey to assess their individual level of

satisfaction with the treatment regimen.

Results: Compared to baseline, a total of 84% of patients reported better pain control at 6 months with

91% reporting improvement at 12 months. A robust and statistically significant improvement in each

XSMFA-D subscale was observed in KOA patients over 12 months. The overall reduction of pain and

enhanced joint function was observed within 1 week and sustained 3, 6 and even 12 months after the

initial injection. In addition to symptomatic control of OA, 92% of patients reported satisfaction with the

treatment regimen 12 months after the initial injection.

Conclusion: Given the favorable safety profile, reduction in pain and enhanced quality of life experienced

by patients enrolled in this joint health program, ArthrokinexTM (ACS) has the potential to offer an

alternative, chondroprotective, natural, molecular approach to treating pain and functionality in patients

with mild, moderate or severe knee osteoarthritis.

� 2016 Published by Elsevier, a division of RELX India, Pvt. Ltd on behalf of Prof. PK Surendran Memorial

Education Foundation.
1. Introduction

Osteoarthritis (OA) of the knee is a painful, progressively
debilitating disease that affects 15.1 million individuals in the
United States.1 Traditionally considered a disorder of the aging, one
in eight (1.7 million) of those individuals are less than 45 years of
age. Unfortunately, many of these individuals will develop
advanced disease and require surgery since the current spectrum
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of treatment options do not address the underlying disease
pathology. The incidence of total knee replacement (TKR) surgeries
in the United States has increased each year from 1991 to 2008 and
is expecting to continue to increase. In 2005, almost 500,000 TKR
were performed in the United States at an estimated cost of $11
billion.2 By the year 2030, it is estimated that 3.48 million
operations will be performed.3 After adjusting for comorbidities, a
recently diagnosed 45 year old non-Hispanic white woman has a
61% lifetime risk of undergoing a TKR and a 7% lifetime risk of
needing a revision TKR.1

OA was previously characterized as a mechanical, non-
inflammatory disease associated with overuse and often described
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as ‘‘degenerative arthritis’’. Heightened interest has led to a
broader understanding of the inflammatory process that causes
synovitis, subchondral bone remodeling and hyaline cartilage
destruction, the central pathobiologic feature of OA. Interleukin 1
(IL-1) has been implicated in many human pathological condi-
tions4 and is the chief mediator of OA-associated inflammation.
Under non-disease conditions, IL-1 is regulated by Interleukin
1 receptor antagonist (IL-1-Ra or IRAP). IL-1-Ra is a soluble,
naturally occurring 22 kd glycosylated protein that inhibits IL-1.5–8

IA injections of IL-1-Ra or transfection of IL-1-Ra gene has been
shown to reduce the progression of experimental OA in animal
models9 as well as provide clinical benefits in horses10 and
humans.11–14

The American College of Rheumatology (ACR) recommends
several non-pharmalogic and pharmalogic options to treat KOA.
The goal of treatment is to provide analgesic relief and decrease
inflammation. While acetaminophen is the most cost effective and
continues to be the first line analgesic agent recommended to treat
KOA, many providers choose non-steroidal anti-inflammatory
drugs (NSAIDs) in lieu of acetaminophen because of the superior
pain relief.15 However, these medications have serious gastroin-
testinal and cardiovascular side effects and are often associated
with low compliance. The addictive and often abused opioid
analgesics are commonly prescribed. Treatment of KOA with
opioids represents a dangerous option as the death toll associated
with opioid overdose continues to increase despite a marked effort
to reduce the number of opioids prescribed. Intra-articular (IA)
injections of corticosteroids are also recommended. However,
while effective at reducing inflammation, IA corticosteroid
injections are short acting, prone to adverse effects and unable
to modify hyaline cartilage destruction. Another therapy that failed
to provide significant clinical benefit was the use of hyaluronic acid
(HA).16,17 ACR currently offers no recommendations for the use of
HA to treat OA. Thus, conventional management options that are
short term and largely ineffective, coupled with the increased
burden of KOA, illustrate the need for innovative disease modifying
treatment strategies.

Regenerative therapies have emerged as alternative strategies
to treat OA. Platelet rich plasma (PRP) has garnered much attention
lately and gained a significant share of the market.18 PRP is very
similar to ArthrokinexTM and other ACS products with one notable
difference, the PRP manufacturing process does not include
the final steps to induce IL-1-Ra. Initially, PRP was portrayed as
the ‘‘wonder drug,’’ but recent trials have failed to provide evidence
for the efficacy of PRP to treat KOA.19 Furthermore, PRP injections
are being produced without a standardized protocol creating
heterogeneous blood products, inconsistent platelet concentra-
tions and trials that provide varying numbers of injections.19

Another option that is being explored to treat OA is the harvesting
of adult mesenchymal stem cells (MSC). MSCs can be isolated from
a variety of human tissues for the purpose of chondrocyte
differentiation. This technology, while promising, is relatively
new and can be affected by age20 and smoking.21 Currently, the
capacity of MSCs to provide clinical benefits is unclear.22

Our novel autologous conditioning processing, ArthrokinexTM

(ACS), and subsequent standardized protocol, was developed
following the success of treatment strategies such as Orthokine
and Arthrex that induced IL-1-Ra from whole blood.10,11 Arthro-
kinexTM (ACS) offers an interventional orthopedic treatment plan
at the molecular level and it incorporates the inhibition of IL-1b
through the rapid induction of IL-1-Ra. We have previously
demonstrated that our novel formulation produces IL-1-Ra levels
that are consistently adequate to block the IA destructive effects of
IL-b.23 After a brief interaction with medical grade concentrator
beads, post-conditioned serum IL-1-Ra level are, on average,
999 times greater than serum IL-b concentration.23 This ratio is
dramatically higher than the 10–100 IL-1-Ra to IL-1b ratio
necessary to reverse the equilibrium imbalance of OA-affected
joints.24 In addition to IL-1-Ra, the biochemical architecture of ACS
contains a mixture of PRP and several growth factors present in the
a granules of platelets.25 These growth factors, which include
transforming growth factor beta 1 (TGF-b1), platelet-derived GF
(PDGF), insulin-like GF-I (IGF-I), basic fibroblast GF (bFGF) and
vascular endothelial GF (VEGF),26,27 have been shown to stimulate
chondrocyte proliferation and augment articular cartilage metab-
olism.27–29 The purpose of this retrospective chart review analysis
is to determine if ArthrokinexTM (ACS) significantly reduced pain
and increased function in patients with symptomatic KOA.

2. Methods

2.1. Study design

Treatment and data collection was conducted in two separate
locations in Oklahoma City, OK, USA and one location in Austin, TX,
USA. Each participant agreed to receive IA joint injections of
ArthrokinexTM (ACS) conditioned serum and be followed for a
period of one year. The first patient was recruited in March
2014 and the final patient completed the trial in July 2016. All
aspects of this retrospective chart review were extensively
reviewed and approved by IntegReview Institutional Review Board
(IRB) as being considered exempt from requiring IRB approval as it
met all requirements outlined in 45 CFR 46.101(b)(4), specifically
(1) the research involved only the collection or study of pre-existing
data, documents, records, pathologic specimens or diagnostic
specimens and (2) the information was recorded in such a manner
that the subjects could not be identified directly or through
identifiers linked to the subjects.

2.2. Participants

A total of 100 patients with symptomatic KOA met the
American College of Rheumatolgy (ACR) inclusion criteria for
analysis. According to the ACR criteria, patients with at least three
of the six primary clinical features were diagnosed with KOA. These
symptoms include age >50, morning stiffness <30 min duration,
crepitus on active range of motion, tenderness of the bony margins
of the joint, bony enlargement noted on examination and a lack of
palpable warmth of the synovium. Exclusion criteria included:
patient charts of those in generally poor health; drug dependent
(chronic opioid use, alcohol, etc.); undergone surgery or treatment
of the affected joint within the last 3 months; systemic disease of
the musculoskeletal system; bone cancer; metastasis or tumor-like
lesions in the immediate proximity to the treated joint; fracture in
the last 3 months; acute bacterial infection; blood clotting
disorders; continuous corticoid or NSAID therapy due to other
diseases. Informed consent was obtained from each participant
and all work was performed in accordance with The Code of Ethics
of the World Medical Association (Declaration of Helsinki,
1975 revised 2008).

2.3. Intervention

Venous blood was extracted from all patients currently enrolled
in the ArthrokinexTM (ACS) joint health program. Each blood
sample was conditioned to induce IL-1-Ra using the ArthrokinexTM

(ACS) procedure. Using aseptic techniques, 60 mL of whole blood
from the median cubital vein was harvested into a sterile 60 mL
syringe containing 3 mL of anticoagulant citrate dextrose (ACD)
solution and centrifuged (3200 rpm, 15 min). The resultant Platelet
Rich Plasma (PRP) and Platelet Poor Plasma (PPP) were then
extracted and the remaining layer, containing erythrocytes, was



Table 1
Participant demographics and baseline clinical disease scores.

n 100

Age (years) 61.2�1.2

Male/female 32/68

Weight (kg) 96.9�2.1

BMI (kg/cm2) 33.8�1.4

BMI classification

Normal weight (<25 kg/cm2) 13/100 (13%)

Overweight (25–29.9 kg/cm2) 15/100 (15%)

Obese class I (30–34.9 kg/cm2) 31/100 (31%)

Obese class II (35–39.9 kg/cm2) 24/100 (24%)

Obese class III (�40 kg/cm2) 17/100 (17%)

VAS pain 5.8�0.6

XSFMA-D dysfunction score 29.3�1.1

XSFMA-D activity score 12.4� 0.9

XSFMA-D mobility score 12.3�1.2

XSFMA-D bothersome index 10.6�1.1

[(Fig._1)TD$FIG]

Fig. 1. VAS Pain Scales illustrating pain reported by patients and the % improvement

from baseline. *Nonparametric Wilcoxon Sign Rank Test comparing baseline vs

values reported at one year.
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discarded. Both the PRP and PPP were transferred to a specialized,
closed-system, centrifuge tube containing medical grade concen-
trator beads, mixed and allowed to incubate for 30 min at ambient
temperature. After the short incubation period, centrifuge filtra-
tion (2000 rpm, 3 1/2 min) through a sterile 0.45 mm filter was
completed and the resulting sterile filtrate was slowly drawn into
1 mL syringes. The 1 mL syringes could be used immediately for IA
injections or stored at �20 8C for future use.

Each patient received a total of six IA injections (day 0, 7, 14, 90,
180, 270) containing 1 cc of autologous conditioned serum each.
Injections were prepared in a 3 cc syringe with a 23 gauge, 1.5 in.
needle attached. Using aseptic techniques, an ultrasound guided
injection of conditioned serum was administered in the supra-
patellar pouch of the affected knee using a superolateral approach.
Before each injection, the participants were asked to rate their level
of pain (on a scale of 0–10) and to complete the other treatment
outcome measures. Participants were instructed to contact the
clinical coordinator immediately if any adverse events occurred
following the injection. Similar to any joint injection, potential
adverse events include but may not be limited to joint swelling,
redness, warmth and fever. Each participant agreed to complete all
outcome measures in an office visit or phone interview at day 0, 7,
14, 90, 180, 270 and 365.

2.4. Outcome measures

Treatment outcome measures were assessed by three different
patient-administered surveys at each visit. Using the Visual Analog
Pain Scale (VAS), participants were asked to classify pain in the
previous 24 h. A score of zero would indicate no pain and a score of
ten would indicate the most severe pain. The Extra Short
Musculoskeletal Functional Assessment (XSMFA-D) survey is a
series of 16 questions designed to determine the functionality of
the OA-affected knee. The XSMFA-D has four subscales designed to
assess (1) knee function, (2) knee activity, (3) bothersome index
and (4) knee mobility. A higher score represents a poorer outcome.
Finally, the patients completed a patient global impression of
change (PGIC) survey to assess their individual level of satisfaction
with the treatment regimen.

2.5. Statistical analysis

Statistical Packages for the Social Sciences (SPSS) 12.0 for
Windows (SPSS Inc., Chicago, IL, USA) was used for statistical
analysis. The non-parametric Wilcoxon Signed Rank test was
performed to analyze the statistical difference between baseline
outcome measures versus early (0 vs 3 months), middle (0 vs 6 and
0 vs 9 months) and late (0 vs 12 months) treatment effects. Since
our main clinical outcome was to determine the clinical benefit of
ArthrokinexTM (ACS) after one year, p values are only reported at
this time point. Statistical analysis at each time point was
performed and followed the same trend as the data presents at
one year. All results shown are the mean � standard error of
the mean (SEM) of two or more experiments. P values less than or
equal to 0.05 were considered significant.

3. Results

Table 1 summarizes patient demographics and arthritis scores
of participants in this trial. The average participant in this trial
was greater than 60 years old and had an obese body mass index.
In fact, only 13 patients were classified as normal weight
(BMI < 25 kg/cm2) and 15 were classified as overweight (BMI
25–29.9 kg/cm2). Of those remaining, 31 patients had a BMI that is
described as class I obese (30–34.9 kg/cm2), 24 as class II obese
(35–39.9 kg/cm2) and 17 as class III obese (�40 kg/cm2). Overall,
the vast majority of patients (75%) in this trial were obese.
Participants reported high pain scores (81% reported a baseline
pain score of 5 or greater), significant dysfunction, decreased
activity, decreased mobility and a high bothersome index. In short,
patients were severely affected by the disease and had to modify
daily activities of living (ADL).

The series of ArthrokinexTM (ACS) injections significantly
reduced pain at each time point and sustained for at least one
year (p < 0.0001) (Fig. 1). Participants reported pain relief after the
first injection. A total of 65 (65%) patients had a reduction in pain at
their second office visit, one week after the initial injection.
Participants had a 47% reduction in pain at 3 months, 46%
reduction at 6 months and a 61% reduction in pain at 1 year. One
participant reported a 10/10 for pain at baseline. Following the
ArthrokinexTM treatment, pain was significantly reduced in this
individual to a 3/10 after the first injection and the reduced pain
was maintained for the entire year. In addition to decreased pain,
patients reported a significantly enhanced quality of life in all
XSFMA-D criteria. On average, patients reported a 33% increase in
knee function, 36% increase in knee activity, 36% increase in knee
mobility and 38% improvement in the amount of time bothered by
the disease over a one year period (Fig. 2). Each participant was
asked to complete the patient global impression of change survey
at the conclusion of this trial. Patients in this trial reported their
overall satisfaction with the treatment regimen. Of the 100 parti-
cipants, 92 (92%) reported an improvement in symptoms following
the IA injections of ArthrokinexTM at the one year time point
(Fig. 3).
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Fig. 2. Extra Short Musculoskeletal Functional Assessment (XSMFA-D) values reported and % improvement from baseline. *Nonparametric Wilcoxon Sign Rank Test

comparing baseline vs values reported at one year.
[(Fig._3)TD$FIG]

Fig. 3. Patient global impression of change after completing 12 months of the ArthrokinexTM (ACS) protocol.
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4. Discussion

Our analysis indicates that inhibition of IL-1b through a series
of ArthrokinexTM (ACS) injections can ameliorate pain and enhance
joint function in OA-affected knees. Pain, one of the most
bothersome symptoms associated with KOA, was decreased at
each time point. A clinically significant reduction in pain was
characterized as a 50% decrease from baseline to one year. Some
patients (26%) reported a 50% reduction in pain after the first
injection (t = one week). A greater number of individuals (48%)
reported the same clinically significant reduction in pain after two
injections (t = two weeks) and an even greater number of patients
(54%) reported a 50% reduction in pain after the third injection
(t = three weeks). A total of 66% of patients achieved this 50%
reduction in pain at the one year mark. Of all 100 patients, a mean
reduction in pain of 61% was reported at the one year mark when
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compared to baseline. Additionally, patients reported improved
knee function, activity, mobility and were less bothered by
their knee symptoms. Since the XSFMA-D scale has a strong
correlation with the Functional Western Ontario and McMaster
University (WOMAC) Osteoarthritis Index,30 the WOMAC metric
for clinically meaningful difference in patient reported outcomes
can be directly applied to activities of daily living (ADL) assessed by
the XSFMA-D scale. A minimum of 9–12 mm difference in WOMAC
reported values is considered clinically meaningful.31 We observed
a mean improvement of 22.5 points in XSMFA-D scores at the one
year time point which is well above the minimum change needed
to determine clinical benefit. Another important parameter
assessed was the patient’s perception of symptomatic improve-
ment following the series of injections. Patients had an over-
whelmingly positive response to therapy with a 92% rate of
satisfaction reported. Overall, IA injections of ArthrokinexTM (ACS)
have the capacity to quickly alleviate pain (even after one week)
and restore loss of function to OA-affected joints.

Previously, Baltzer et al.11 reported the effectiveness of
Orthokine to treat mild to moderate knee pain. One of the clinical
outcome benchmarks assessed by the authors was also a >50%
reduction in VAS pain scores. At the 3 month time point, 71% of
the participants had met this benchmark and 67% at the 6 month
time point. WOMAC scores were also significantly improved in the
treatment arm versus hyaluronate and the treatment arm versus
placebo. Interestingly, these clinical effects persisted for at least
2 years. We cannot accurately state the duration of our treatment
effect beyond one year but it seems reasonable to conclude that the
effects of our formulation could persist 2 years as well. Another
trial involving 167 patients, demonstrated the superiority of
Orthokine to treat KOA.12 Orthokine significantly reduced KOOS
symptoms and KOSS sports parameters versus participants only
receiving placebo. Orthokine clinically improved WOMAC scores
but the difference did not reach statistical significance.

Chevalier et al. conducted two trials to address the safety and
efficacy of IL-1-Ra (Anakinra). The first pilot trial reported a
significant reduction in pain in 7 of 13 participants and improved
ADLs in 10 of 13 individuals. With the exception of one joint
effusion that the authors declared was most likely unrelated to the
drug, no acute reactions or injection site reactions occurred.32 The
second randomized controlled trial (n = 170) had no adverse
reactions but the authors were unable to replicate the same clinical
benefit observed in the pilot study. The authors concluded that the
inability to reach a clinical significant benefit was due to the
relatively short half-life of IL-1-Ra. Peak plasma concentrations of
IL-1-Ra (t1/2 = 4–6 h) are reached after 3–7 h following a subcuta-
neous injection but quickly trend down.33 Given the short half-life,
repeated injection (weekly) may be beneficial since the IL-1-Ra
concentrations reach a suboptimal level after approximately
3 days. The ArthrokinexTM (ACS) protocol institutes a series of
injections (6) to maintain supranormal IL-1-Ra levels to competi-
tively inhibit IL-1. Furthermore, the subcutaneous mode of
transmission may not be ideal to treat OA. Local IA joint injections
are likely to decrease local inflammation of KOA and elicit a greater
clinical response when compared to systemic drug delivery.
Materials injected directly into the synovium have increased
bioavailability, fewer systemic effects, fewer off target cell
interactions and lower total drug costs.34 The ArthrokinexTM

(ACS) protocol utilizes ultrasound guidance to ensure accuracy of
the injection. As many as 50% of blind knee injections performed by
experienced physicians do not reach the intended site but end up
in extra-articular locations.35,36 As a local biotherapeutic agent,
injections of ArthrokinexTM have an excellent risk to benefit
treatment ratio.

The current landscape of available treatment options forces
many practitioners to endorse surgery to patients after
recommended therapies have inevitably failed. All surgical
procedures have inherent risks but many factors compound the
risks associated with TKR. New data has revealed an alarming
increase in joint infection for individuals that have been
administered steroid injections prior to surgery. The infection
rate of patients receiving steroid injections was significantly higher
(4.4% vs 3.6%) compared to those that were not injected. A
significantly higher percent of patients with previous steroid
injections had to return to the operating room due to infection
(1.5% vs 1.0%). The authors evaluated the duration from injection to
TKR and found the increased rate of infection was significant up to
seven months. An odds ratio of 1.8 (1.3–2.6, p = 0.0007) was
reported in patients receiving the injection the month prior to
surgery and 1.4 (p = 0.048) six to seven months prior to surgery.37

Conversely, animal data suggests pre-operative administration of
IL-1-Ra to arthritic joints not only halted synovial fibrosis but
reversed it.38 The peri-operative role of IL-1-Ra in humans is not
fully elucidated but this finding represents an exciting opportunity
to improve patient care. Another confounding factor that could
complicate surgery is obesity. A well-established body of evidence
recognizes obesity as a risk factor for developing KOA.39 One meta-
analysis reported an obese or overweight body type conferred a
threefold increased risk in developing KOA.40 While not all studies
agree,41 data has demonstrated an increased rate of peri-operative
complication in obese patients and an increased risk of premature
joint failure and revision.42 The majority of patients in our study
were classified as obese. ArthokinexTM (ACS) effectively alleviated
symptoms in obese patients and could facilitate cartilage repair as
well as potentially provide peri-operative benefits if surgery is
indicated.

This study has several limitations including a relatively small
sample size and lack of a control arm. Despite these limitations,
this retrospective chart review serves as a proof of concept for the
application of biologic IA injections to reduce joint pain and
increase ADLs in people afflicted with KOA. The need for a cost
effective medical approach that will provide symptomatic relief as
well as alter the course of OA disease progression to delay or
prevent surgical intervention is indisputable. ArthrokinexTM (ACS)
provides an alternate option and addresses many of the short-
comings faced by current treatment regimens. First, our formula-
tion to induce IL-1-Ra is safe and provides excellent clinical
benefits for at least one year. Second, it is cost effective especially
when compared to the average cost of a TKR ($22,000), PRP per
shot ($1600) and for stem cell treatment ($5500). Third, the
protocol is designed to achieve high patient compliance. Patients
can schedule a routine office visit, have blood drawn and receive
the injection in less than one hour. After the initial blood draw, the
IL-1-Ra rich serum is frozen until the patient returns the following
week. Finally, serum rich in IL-1-Ra, platelets and growth factors
has the potential to repair damaged cartilage to slow or reverse the
disease process.

5. Conclusion

ArthrokinexTM (ACS) is a molecular approach that offers a safe,
point of care alternative to provide significant clinical benefit. The
data from this trial demonstrate the ability of ACS to quickly
alleviate pain and significantly improve quality of life in patients
with symptomatic KOA. Further research is needed to assess the
disease modifying ability of ACS and to compare the clinical effects
of ACS to currently recommended therapies.
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