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Abstract 

Purpose: to conduct a review of active U.S. based clinical trials investigating prevention, 

symptom resolution, and disease-modifying therapies for osteoarthritis.  

Methods: A review of currently active clinical trials for OA using data obtained from 

ClinicalTrials.gov database as of August 2020 was conducted. Inclusion criteria were active 

studies registered in the U.S. that involved the prevention, symptomatic resolution, or disease-

modification of OA. Descriptive statistics were recorded and summarized. 

Results: 3859 clinical trials were identified and 311 were included in final analysis. Of the 

currently active trials, 89% (n=275) targeted symptom resolution in patients with existing OA, 

6% (n=19) targeted OA disease-modifying therapeutics, and 5% (n=16) targeted the prevention 

of OA in high-risk patients (P < .001). Primary interventions included medical devices (44%, 

n=137), pharmaceutical drugs (14%, n=42), surgical procedures (14%, n=42), cellular biologics 

(13%, n=41), and behavioral therapies (13%, n=41). There was a significantly higher number of 

disease-modifying therapeutics for cellular biologics than pharmaceutical trials (30% vs.14%, 

respectively) (P = .015). The majority of trials targeted the knee joint (63%, P = .042) with 38% 

of all trials evaluating joint arthroplasty. There were no significant differences between private 

sector and government funding sources (43% and 49%, respectively) (P = .288), yet there was a 

significantly lower rate of funding from industry (8%) (P = .026). 

Conclusion: There was a significantly higher number of clinical trials investigating symptomatic 

resolution therapy (89%) for existing OA in comparison to prevention (5%) and disease-

modifying (6%) therapies. The most common interventions involved medical devices and joint 

replacement surgery with the knee joint accounting for > 60% of the current clinical trials for 

OA. There was a significantly higher number of disease-modifying therapeutics for cellular 

biologics than pharmaceutical drugs. Funding of clinical trials was split between private sector 

and government, with a low rate of reported funding from industry partners.  

Clinical Relevance: Identifying existing needs in the current market may help increase rates of 

research funding or optimize current funding pathways, in this study, specifically for targeting 

unaddressed focus areas in OA research. Our systematic review highlights the potential need for 
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additional research and development regarding OA preventative and disease-modifying 

therapies. 
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Introduction 

Affecting approximately 250 million individuals worldwide and accounting for 18% of all 

healthcare visits in the United States (U.S.), osteoarthritis (OA) is a significant source of 

increasing healthcare costs and patient morbidity.1, 2 Current nonoperative treatments for 

noninflammatory arthritis aim to target symptom resolution through a diverse spectrum of 

therapies from physical exercise to injectable medications.3, 4 While recent advances in joint-

replacement techniques have resulted in improved patient satisfaction and functionality for the 

management of end-stage osteoarthritis, there remains a lack of approved disease-modifying 

therapies focusing on the delay or reversal of the structural progression of OA.5, 6  

Current treatment for OA consists of nonoperative and operative management, including 

non-steroidal anti-inflammatory drugs (NSAIDs), physical therapy and bracing, therapeutic 

injections, activity/lifestyle modifications, and joint replacement surgery.3, 4, 7 Although curative 

medicines are currently limited in the literature, recent advances in the understanding of OA 

pathophysiology have provided new avenues for targeted therapeutics for pain relief, disease 

progression, and even disease regression.8-10 However, due to the innately slow progression of 

primary OA, timeline of prospective studies from inception to publication, and inherent 

limitations in research funding for non-urgent medical diseases11-13, the rate of transforming the 

approach to OA management poses a challenge for treating clinicians at a time where the 

prevalence of OA is steadily increasing1, 14. Therefore, information regarding ongoing clinical 

trials is essential to better understand future directions of clinical research for OA and optimize 

the use of research funding. Thus, the purpose of this study was to conduct a review of active 

U.S. based clinical trials investigating prevention, symptom resolution, and disease-modifying 

therapies for osteoarthritis. It was hypothesized that there would be a significantly higher number 
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of clinical trials targeting symptomatic resolution of OA in comparison to prevention and 

disease-modification. 

 

Methods 

Study Identification and Selection Criteria 

A review was conducted of currently active clinical trials for OA utilizing publicly 

available records. The PRISMA guidelines were followed during the study identification process 

to ensure a systematic and transparent method of collecting and reporting included clinical 

trials.15 Data on clinical trials of OA were obtained from ClinicalTrials.gov. This database is 

made accessible through the U.S. National Library of Medicine of the National Institute of 

Health. ClinicalTrials.gov provides information on publicly and privately supported clinical 

studies and is the world’s most comprehensive clinical trial registry. This database has been 

active since the year 2000 and data on the registry is maintained directly by trial sponsors. The 

registry includes detailed study information such as: name of trial, study description, study 

design, arms and interventions, outcome measures, eligibility criteria for study participants, 

contacts and locations, enrollment targets, recruiting status, expected start/end dates, funding 

type, and study results (when applicable).  

The search query for active clinical trials was performed in August 2020 using a 

previously established systematic selection method.16 Search engine MeSH terms of 

‘osteoarthritis’ condition and ‘United States’ location were used. Data were screened and 

extracted by two investigators (initials blinded for review) independently, and any disputes on 

inclusion of clinical trials were reconciled by a third investigator (initials blinded for review). 

Inclusion criteria were studies registered on ClinicalTrials.gov in the U.S. that involved the 
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prevention, symptomatic resolution, or disease-modification of OA. All subtypes of 

noninflammatory OA were included. Clinical trial protocols were evaluated and screened for 

inclusion criterion of study participants with a current diagnosis of OA or prevention of the 

development of OA (e.g. posttraumatic OA). All study phases were included, consisting of early 

phase I, phase I, phase II, phase III, and phase IV. The status parameters of included study trials 

were: “Recruiting”, “Not yet recruiting”, “Active, not recruiting”, or “Enrolling by invitation”. 

All funder types were included: “NIH”, “Other U.S. Federal agency”, “Industry”, and “All others 

(individuals, universities, organizations).”  

Exclusion criteria included studies registered outside of the U.S., studies that evaluated 

outcome parameters as the primary endpoint that were unrelated to OA, study participants with 

nonosteoarthritis inflammatory joint disease (e.g. rheumatoid arthritis, lupus erythematosus, 

psoriatic arthritis, pseudo-gout, gout, spondyloarthropathy, polymyalgia rheumatica); recruitment 

classified as “suspended”, “terminated”, “completed”, “withdrawn”, or “unknown status”; use of 

cadaveric specimens or in vitro investigations. Clinical trials evaluating the effects of analgesics 

on opioid consumption or evaluations of postoperative pain management following joint 

replacement surgery were also excluded.  

Clinical trials were grouped according to study focus, including OA prevention, symptom 

resolution, and disease-modifying therapeutics. Clinical trials regarding the prevention of OA 

were defined as any intervention designed to avert or avoid OA development in high-risk patient 

populations. Symptom resolution trials were defined as any therapy focused on reducing the 

symptomatology of patients with existing OA, including pain, stiffness, swelling, joint range-of-

motion, muscle weakness, fatigue, joint instability, and pain-related psychological distress. 

Disease-modifying trials were defined as any treatment that focused on retardation of OA 



 7 

(slowing the speed of progression), a complete halt in disease progression, or a reversal in 

disease progression (regeneration of targeted tissue).1 Patients considered high-risk for the 

development of osteoarthritis are individuals who sustain a joint injury and/or repetitive joint 

trauma associated with recurrent instability.17 There was no funding received for this study. 

 

Statistical Analysis 

Data from only active clinical trials were collected, including study title, study 

description, study design, arms and interventions, outcome measures, eligibility criteria for study 

participants, contacts and locations, enrollment targets, recruitment status, expected start/end 

dates, and funding type. Descriptive data were recorded and summarized from each trial 

including disease conditions, body part, intervention type, therapeutic agent, sample size, number 

of outcome variables, follow-up time, and phase of study. Furthermore, the main binary variables 

of interest were analyzed for statistical significance based on frequency distributions with an 

alpha level set at P < .05. Nonparametric testing including the Kruskal-Wallis and chi-squared 

tests were used for comparing differences in frequencies and included clinical trial focus area, 

body part, and funding sponsor type. Subanalysis was performed on cellular biologics and 

biopharmaceutical drugs using descriptive statistics and nonparametric one-way ANOVA 

testing. In addition, treatment protocol variables including the route of administration, dosage, 

frequency of application, and duration were recorded. When applicable, continuous numerical 

data were grouped for analysis and reported as mean ± standard deviation and included sample 

size and length of follow-up time.  

 

Results 
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Clinical Trial Characteristics  

There were 3859 clinical trials identified in the database search. After applying exclusion 

criteria, 310 were included in final analysis (Figure 1). The majority of clinical trials involved 

the knee joint (63%, n=195) followed by hip (14%, n=42), shoulder (8%, n=25), multiple joints 

(6%, n=20), foot/ankle (4%, n=13), hand/wrist (3%, n=11), spine (1%, n=3), and elbow (1%, 

n=1). There were significantly more clinical trials studying the knee joint than any other body 

part (𝜒2 (7, n=195), = 6.0, P = .042). Interventional study designs accounted for 73% (n=226) of 

all active clinical trials while 27% (n=84) of clinical trials were observational study designs. The 

average sample size was 320.7 ± 994.2 patients (range, 5-10500 patients) with an average length 

of follow-up of 2.9 ± 3.8 years (range, 0.01-25 years).  

The majority of clinical trials were reported as nonrandomized controlled trials (54%, 

n=167) while the remaining trials were randomized controlled trials (46%, n=143). The majority 

of trials involved multi-center research designs (61%, n=188), while the remaining trials were 

performed at a single research center (39%, n=122). Of those reporting clinical trial phases 

(n=93), 2% were in early phase I, 18% were in phase I, 41% were in phase II, 22% were in phase 

III, and 17% were in phase IV. Seventy percent (n=217) of the clinical trials were reported as 

‘phase not applicable’. Forty-three percent (n=133) of clinical trials were reported as privately 

funded (individuals, universities, organizations), 42% (n=130) were reported as funded by other 

U.S. federal agencies, 8% (n=24) funded by industry sponsors, and 7% (n=23) were funded by 

the NIH directly. No significant differences were found between the incidence of government 

and private funding sources (P = .288); however, the incidence of industry funding was 

significantly lower in comparison to government and private funding ((𝜒2 (2, n=24) = 4.2, P = 

.026)). 
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Of the currently active U.S. clinical trials, 89% (n=275) targeted symptom resolution in 

patients with existing OA, 6% (n=19) targeted OA disease-modifying therapeutics, and 5% 

(n=16) targeted the prevention of OA in high-risk patient populations. There were significantly 

more clinical trial interventions targeting symptomatic resolution ((𝜒2 (2, n=275) = 35.0, P < 

.001)), with no significant differences between prevention and disease-modifying interventions 

((𝜒2 (1, n=19) = 1.1, P = .610)). Primary interventions for clinical trials involved the study of 

medical devices (44%, n=137), pharmaceutical drugs (14%, n=42), surgical procedures (14%, 

n=42), cellular biologics (13%, n=41), behavioral therapies (13%, n=41), other (1%, n=5), and 

dietary supplements (1%, n=2). The majority of medical device and surgical procedural trials 

involved unicompartmental or total joint arthroplasty (38%, n=118). Behavioral therapies 

included exercise prescription, activity modification, diet and weight loss, mindfulness and 

meditation, and psychosocial interventions.  

 

Cellular Biologics 

Cellular biologic treatments were defined as therapeutics derived from host or donor 

tissues, including adipose-derived cells, autologous blood, bone marrow aspirate, amniotic fluid, 

and umbilical cord tissue. Of the 41 trials utilizing a total of 49 cellular biologic products, 76% 

(n=31) reported the use of single biologic products, 17% (n=7) reported a combination of 

biologic products, and 8% (n=3) reported comparisons of one or more different biologic 

products. The majority of cellular biologic studies evaluated adipose-derived cells (41%, n=20), 

followed by autologous blood (31%, n=15), bone marrow aspirate (16%, n=8), amniotic fluid 

(10%, n=5), and umbilical cord tissue (2%, n=1). Subanalysis of adipose-derived cells revealed 

the use of autologous adipose-derived cells in 80% (n=16) and allograft adipose-derived cells in 
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20% (n=5) of trials. Subanalysis of autologous blood cells revealed the use of leukocyte-rich 

platelet-rich plasma (LR-PRP) in 73% (n=11) of trials and leukocyte-poor platelet-rich plasma 

(LP-PRP) in 27% (n=4) of trials (Table 1). 

 

Table 1. Cellular biologics in currently active U.S. based clinical trials for the prevention, 

symptomatic resolution, and disease-modification of osteoarthritis.  
ClinicalTrials.g

ov Identifier Biologic  Trial Sponsor 

OA Focus 

Area 

Development 

Phase 

Sampl

e Size Frequency / Dosage 

NCT04201743 Amniotic Allograft 

Illinois Center for 

Orthopaedic Research 

and Education Knee IV 60 Single / 1-2 mL 

NCT03441607 Amniotic Allograft 

Applied Biologics, 

LLC Knee II 320 Single / 40 mg 

NCT03408145 Amniotic Allograft 

The Stone Research 

Foundation for Sports 

Medicine and Arthritis Knee N/A 88 Single / 1 mL 

NCT03770546 Amniotic Allograft 

University of Alabama 

at Birmingham Shoulder N/A 80 Single / NR 

NCT03710005 Amniotic Allograft StimLabs Knee N/A 140 Single / NR 

NCT03485157 Amniotic Allograft MiMedx Group, Inc. Knee II 466 Single / 40 mg 

NCT03390920 Amniotic Allograft R3 Stem Cell Knee III 200 Single / 0.5-1.0 mL 

NCT03242707 

Autologous Adipose 

Tissue 

University of Southern 

California Knee N/A 54 Single / 5 mL 

NCT02805855 

Autologous Adipose 

Tissue Mayo Clinic, Rochester Knee I 24 

4 groups: 

-1 injection x50 million AMSCs 

-1 injection x100 million AMSCs 

-3 injections x50 million AMSCs 
-3 injections x100 million 

AMSCs 

NCT02844738 

Autologous Adipose 

Tissue + Leukocyte-

Rich PRP 

VivaTech International 

Inc. Shoulder II 50 

Day 0: single ADSC injection + 

PRP 

Days 7 + 14: PRP injection only 

NCT02844764 

Autologous Adipose 

Tissue + Leukocyte-

Rich PRP 

VivaTech International 

Inc. Hip II 50 

Day 0: single ADSC injection + 

PRP 

Days 7,14,30: PRP injection only 

NCT02844751 

Autologous Adipose 

Tissue + Leukocyte-
Rich PRP 

VivaTech International 
Inc. Knee II 50 

Day 0: single ADSC injection + 

PRP 
Days 7,14,30: PRP injection only 

NCT03014401 

Autologous Adipose 

Tissue 

University of Colorado, 

Denver Knee N/A 29 Single / NR 

NCT03467919 

Autologous Adipose 

Tissue Stanford University Knee  III 40 Single / NR 

NCT03166410 

Autologous Adipose 

Tissue Texas Plastic Surgery 

Hip, knee, 

ankle, 

thumb N/A 500 Single / NR 

NCT03513731 

Autologous Adipose 

Tissue InGeneron, Inc. 

Lumbar 

spine N/A 40 Single / 5 mL 

NCT03940950 

Autologous Adipose 

Tissue Mayo Clinic, Rochester Knee I 30 Single / 6 mL 

NCT04405297 
Autologous Adipose 
Tissue Sanford Health 

Knee, hip, 

ankle, 

shoulder, 
wrist N/A 250 Single / NR 

NCT03503305 

Autologous Adipose 

Tissue InGeneron, Inc. Wrist N/A 40 Single / 5 mL 

NCT03608579 

Autologous Adipose 

Tissue Mayo Clinic, Rochester Hip I 24 

Twice 1-month intervals / 30 

million AMSCs 

NCT04043819 

Autologous Adipose 

Tissue 

Personalized Stem 

Cells, Inc. Knee I 125 Single / NR 
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NCT04440189 
Autologous Adipose 

Tissue GID BIO, Inc. Knee N/A 124 Single / NR 

NCT04238143 

Autologous Adipose 

Tissue + Leukocyte-

Rich PRP Healeon Medical Inc. 

Knee, hip, 

shoulder, 

foot/ankle N/A 100 Single / NR 

NCT03579407 BMAC 

Advanced Orthopaedic 

Specialists Knee N/A 30 Single / 5-6 mL 

NCT03477942 BMAC 

University Hospitals 

Cleveland Medical 

Center Knee I 16 Single / 6 mL 

NCT04001361 BMAC Endocellutions Knee N/A 45 Single / 1 mL 

NCT03898388 BMAC Regenexx, LLC Knee N/A 600 Single / NR 

NCT03909139 BMAC 

Massachusetts General 

Hospital Hip N/A 40 Single / NR 

NCT02981394 BMAC 

RUSH University 

Medical Center 

Multiple 

joints N/A 300 Single / NR 

 NCT04222140 BMAC 
Affinity Health 
Research Institute Knee N/A 40 Single / NR 

NCT03818737 

1.BMAC  

2.Autologous Adipose 

Tissue 

3.Umbilical Cord 
Tissue Emory University Knee III 480 Single / 4-6 mL 

NCT04241354 Leukocyte-Poor PRP 

Regenerative 

Orthopedics and Sports 

Medicine Hip I 84 Single / 5 mL 

NCT03889925 
Leukocyte-Poor PRP + 
Hyaluronic Acid 

Andrews Research & 
Education Foundation Knee III 60 

Once per week x 3 consecutive 
weeks / NR 

NCT03201614 

Leukocyte-Poor PRP + 

Hyaluronic Acid Regen Lab SA Knee N/A 290 Twice / NR 

NCT04205656 

Leukocyte-Poor PRP + 

BMAC 

Steadman Philippon 

Research Institute Knee II 99 Single / NR 

NCT03491761 Leukocyte-Rich PRP 

NorthShore University 

HealthSystem Knee II 100 Single / 4-6 mL 

NCT03491761 Leukocyte-Rich PRP 

NorthShore University 

HealthSystem Knee II 100 Single / 4-6 mL 

NCT03196310 Leukocyte-Rich PRP  

Kettering Health 

Network Hand N/A 150 Single / NR 

NCT02984228 Leukocyte-Rich PRP 

Hospital for Special 

Surgery, New York Shoulder IV 70 Single / NR 

NCT03460236 Leukocyte-Rich PRP 
VA Office of Research 
and Development Knee N/A 130 Single / NR 

NCT02905240 Leukocyte-Rich PRP Zimmer Biomet Knee N/A 332 Single / NR 

NCT04351087 

1. Leukocyte-Rich PRP  

2.Autologous Adipose 

Tissue Ohio State University Knee N/A 88 

Single / 6 mL PRP or 5-7 mL 

MFAT 

BMAC: bone marrow aspirate concentrate. PRP: platelet-rich plasma. LP: leukocyte-poor. LR: leukocyte-rich. ADSC: adipose-derived stromal 

cell. AMSC: adipose-derived mesenchymal stem cell. MFAT: microfragmented adipose tissue. NR: not reported. N/A: not applicable.  

 

Sixty-three percent (n=26) of clinical trials utilizing biologics targeted symptom 

resolution in existing OA patients, 30% (n=12) targeted OA disease-modifying therapeutics, and 

7% (n=3) targeted prevention of OA in high-risk patients. All 41 clinical trials reported the use 

of intra-articular injections for delivery of each cellular biologic product. Eighty-three percent 

(n=34) of interventions reported a single dose and 17% (n=7) of interventions reported ≥ 2 doses 
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for clinical trials evaluating cellular biologics. Less than half (43%, n=18) of the clinical trials 

reported specific dosage concentrations for the biologics being administered. The majority of 

biologic clinical trials (54%, n=22) were classified as ‘phase not applicable’. Of the remaining 

clinical trials reporting development phases, 32% (n=6) were in phase I, 37% (n=7) were in 

phase II, 21% (n=4) were in phase III, and 10% (n=2) were in phase IV. Of the biologic trials 

targeting disease-modification, only one (8%) was reported in later phase development (phases 

III or IV). For clinical trials targeting disease-modifying therapies, there was a significantly 

higher number of cellular biologics in comparison to pharmaceutical drugs ((𝜒2 (1, n=12) = 2.0, 

P = .015)). 

 

 

Pharmaceutical Drugs  

Pharmaceutical drug treatments were defined as therapeutics utilizing recombinant 

proteins, small molecules, monoclonal antibodies, and gene therapies which modify host protein 

expression, including adenovirus vectors. Of the 42 trials utilizing pharmaceutical drugs, 79% 

(n=33) targeted symptom resolution in existing OA patients, 14% (n=6) targeted OA disease-

modifying therapeutics, and 7% (n=3) targeted prevention of OA in high-risk patients. There 

were 27 different pharmaceutical products identified from the currently active 42 clinical trials. 

The majority of clinical trials reported unique pharmaceuticals derived from small molecule 

drugs (21.5%, n=9), followed by monoclonal antibodies (19.5%, n=8), recombinant proteins 

(7%, n=3), and gene therapy drugs (7%, n=3). Remaining trials reported the use of existing 

pharmaceutical agents for the treatment of OA, including corticosteroids (17%, n=7), hormone 
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drugs (7%, n=3), synthetic capsaicin (7%, n=3), cannabinoids (5%, n=2), NSAIDs (2%, n=1), 

anti-gout (2%, n=1), anti-hypertension (2%, n=1), and bisphosphonates (2%, n=1) (Table 2). 

 

Table 2. Pharmaceutical drugs in currently active U.S. based clinical trials for the prevention, 

symptomatic resolution, and disease-modification of osteoarthritis. 

ClinicalTrials.g

ov Identifier Drug  Drug Type/Mechanism Trial Sponsor(s) 

OA 

Focus 

Area Phase 

Sampl

e Size 

Route of 

Administratio

n Frequency/Dosage 

NCT03968913 
Anakinra 
(Kineret®) 

Recombinant protein / 
IL-1Ra 

University of 

California, Los 
Angeles Knee 0* 48 IA Injection Two / 150 mg 

NCT04412837 CBD 

Cannabinoid / anti-

inflammatory 

Solace Brands, 

Inc. Knee II 74 Topical 

24 hours x 4 weeks 

/ 35mg 

NCT04195269 CBD / THC 
Cannabinoid / anti-
inflammatory Pure Green, LLC Knee II 30 Sublingual 

2 tablets daily x 30 

days / 10mg THC, 
10mg CBD 

NCT03660943 CNTX-4975-05 

Synthetic capsaicin / 

TRVP-1Ra 

Centrexion 

Therapeutics Knee III 332 IA Injection Twice / 1.0 mg 

NCT03661996 CNTX-4975-05 

Synthetic capsaicin / 

TRVP-1Ra 

Centrexion 

Therapeutics Knee III 857 IA Injection Single / 1.0 mg 

NCT03913442 Colchicine 

Anti-Gout / anti-

inflammatory 

NYU Langone 

Health Knee IV 120 Oral 

Once daily x 3 

months / 0.8 mg 

NCT04123561 

Dexamethasone 

(BioSeizer®) 

Corticosteroid / anti-

inflammatory 

Taiwan 

Liposome 

Company Knee III 500 IA Injection Single / 1 mL 

NCT03754049 

Dexamethasone 

(BioSeizer®) 

Corticosteroid / anti-

inflammatory 

Taiwan 

Liposome 

Company Knee  II 90 IA Injection Single / 6mg-12 mg 

NCT02746068 

Disodium 
zoledronate 

tetrahydrate 

(AXS-02) 

Bisphosphonate / 

antiresorptive 

Axsome 

Therapeutics, 

Inc. Knee III 346 Oral 

Once per day x6 

weeks / NR 

NCT03491904 Fasinumab 

Monoclonal antibody / 

NGF inhibitor 

Regeneron 

Pharmaceuticals 

Knee / 

Hip I 100 SubQ Injection Multiple / NR 

NCT03161093 Fasinumab 

Monoclonal antibody / 

NGF inhibitor 

Regeneron 

Pharmaceuticals 

Knee / 

Hip III 3307 SubQ Injection Multiple / NR 

NCT03304379 Fasinumab 

Monoclonal antibody / 

NGF inhibitor 

Regeneron 

Pharmaceuticals 

Knee / 

Hip III 1650 SubQ Injection Multiple / NR 

NCT02683239 Fasinumab 
Monoclonal antibody / 
NGF inhibitor 

Regeneron 
Pharmaceuticals 

Knee / 
Hip III 5331 SubQ Injection Multiple / NR 

NCT03691974 Fasinumab 

Monoclonal antibody / 

NGF inhibitor 

Regeneron 

Pharmaceuticals 

Knee / 

Hip II 180 SubQ Injection 

Repeat every 4 

weeks / NR 

NCT03949673 Fasinumab 

Monoclonal antibody / 

NGF inhibitor 

Regeneron 

Pharmaceuticals 

Knee / 

Hip II 50 SubQ Injection Multiple / NR 

NCT03988023 

Human Serum 

Albumin 

(Ampion™) 

Small molecule / anti-

inflammatory 

Ampio 

Pharmaceuticals 

Inc. Knee III 1034 IA Injection Single / 4 mL 

NCT04119687 

Humantakinogen

e hadenovec 
(FX201) Gene therapy / IL-1Ra 

Flexion 

Therapeutics, 
Inc. Knee I 24 IA Injection Single / NR 

NCT04082533 Hydrocortisone 

Corticosteroid / anti-

inflammatory 

Hospital for 

Special Surgery, 

New York Knee IV 132 Intravenous Single / 100 mg 

NCT03275064 LNA043 
Recombinant protein / 
ANGPTL3 agonist 

Novartis 
Pharmaceuticals Knee II 60 IA Injection 

Once weekly x 4 
weeks / 20 mg 

NCT03706521 

Lorecivivint 

(SM04690) 

Small molecule/ anti-

inflammatory Samumed LLC Knee II 15 

 

IA Injection Single / 0.07 mg 

NCT03727022 

Lorecivivint 

(SM04690) 

Small molecule / anti-

inflammatory Samumed LLC Knee II 100 

 

IA Injection Single / 0.07 mg 

 NCT04385303 

Lorecivivint 

(SM04690) 

Small molecule / anti-

inflammatory Samumed LLC Knee III 726 

 

IA Injection Single / 0.07 mg 
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NCT03928184 

Lorecivivint 

(SM04690) 

Small molecule / anti-

inflammatory Samumed LLC Knee III 725 

 

IA Injection Single / 0.07 mg 

NCT04212650 Losartan® 

Angiotensin receptor 

blocker / TGF-B1 

Steadman 

Philippon 

Research 

Institute Hip II 60 Oral 

Twice daily x 30 

days / 12.5 mg 

NCT04456686 LY3016859 
Monoclonal antibody / 
TGFA inhibitor 

Eli Lilly and 
Company 

Multipl
e Joints II 125 Intravenous Single / NR 

NCT03878589 Pitocin® 

Hormone / oxytocin 

receptor 

National Institute 

of Aging Knee II 210 Intranasal 

Twice daily x 4 

weeks / 24 IUs 

NCT04493229 Pitocin® 
Hormone / oxytocin 
receptor 

Wake Forest 

University 
Health Sciences Knee II 50 IM Injection Single / NR 

NCT03956550 REGN5069 

Monoclonal antibody / 

GRFa3 agonist 

Regeneron 

Pharmaceuticals Knee II 259 Intravenous 

Every 4 weeks x 12 

weeks / NR 

NCT03542838 Resiniferatoxin  
Synthetic capsaicin / 
TRVP-1Ra 

Sorrento 

Therapeutics, 
Inc. Knee I 94 IA Injection Single / 5-30 ug 

NCT02790723 

sc-rAAV2.5IL-

1Ra Gene therapy / IL-1Ra 

Mayo Clinic, 

Rochester Knee I 9 IA Injection Single / 10 mL 

NCT03072147 

Teriparatide 

(Forteo®) 

Hormone / 

antiresorptive 

Eli Lilly and 

Company; 
University of 

Rochester Knee II 76 SubQ Injection 

Once per day x 24 

weeks / 20 mcg  

NCT03203330 

TissueGene-C 

(INVOSSA™) 

Gene therapy / TGF-B1 

agonist 

Kolon 

TissueGene, Inc. Knee III 510 IA Injection Single / 2 mL 

NCT03552705 Tranexamic Acid 
Small molecule / 
antifibrinolytic 

Stanford 
University Knee II 50 Oral 

3 tablets per day x5 
days / 3900 mg/day 

NCT04278833 Triamcinolone 

Corticosteroid / anti-

inflammatory 

Stanford 

University 

Multipl

e Joints IV 198 IA Injection 

Max 3 times in 6 

months / 10-80 mg 

NCT03586687 Triamcinolone 
Corticosteroid/ anti-
inflammatory 

Milton S. 

Hershey Medical 
Center 

Should
er IV 171 IA Injection Single / 20-80mg 

NCT03895840 

Triamcinolone 

(Zilretta®) 

Corticosteroid / anti-

inflammatory 

University of 

Kansas Medical 

Center Knee IV 70 IA Injection Single / 32mg 

NCT04261049 

Triamcinolone 

(Zilretta®) 

Corticosteroid / anti-

inflammatory 

Flexion 

Therapeutics, 

Inc. Knee I 35 IA Injection Single / 32mg 

NCT02700451 Toradol 
NSAID / anti-
inflammatory 

Hospital for 

Special Surgery, 
New York 

Lumba
r Spine N/A 300 Intravenous Single / 15-30 mg 

NCT04349956 UBX0101 

Small molecule / 

senolytic inhibitor 

Unity 

Biotechnology, 

Inc. Knee N/A 180 IA Injection Single / NR 

NCT04229225 UBX0101 

Small molecule / 

senolytic inhibitor 

Unity 
Biotechnology, 

Inc. Knee I 35 IA Injection Twice / 4.0 mg 

NCT04129944 UBX0101 

Small molecule / 

senolytic inhibitor 

Unity 

Biotechnology, 

Inc. Knee II 183 IA Injection Single / 0.5-4.0 mg 

NCT04124042 XT-150 

Recombinant protein / 

IL-10 

Xalud 

Therapeutics, 

Inc. Knee II 270 IA Injection Single / 1 mL 

IL-1Ra: interleukin-1 receptor antagonist. IL-10: interleukin-10. TRVP-1Ra: transient receptor potential cation channel subfamily V member 1 

receptor antagonist. THC: tetrahydrocannabinol. CBD: cannabidiol. NSAID: non-steroidal anti-inflammatory drug. TGFA: transforming growth 
factor alpha. NGF: nerve growth factor. TGF-B1: transforming growth factor beta-1. GRFa3: GDNF family receptor alpha-3. ANGPTL3: 

angiopoietin-like 3. IA: intra-articular. IM: intra-muscular. SubQ: subcutaneous. NR: not reported. N/A: not applicable.  
 

The majority of pharmaceutical trials reported the use of intra-articular injections (55%, 

n=24) as the delivery method; 17% (n=7) reported subcutaneous injection delivery, 10% (n=4) 

reported intravenous delivery, 10% (n=4) reported oral delivery, 2% (n=1) intranasal delivery, 
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2% (n=1) sublingual delivery, 2% (n=1) topical delivery, and 2% (n=1) intramuscular injection 

delivery. Fifty-two percent (n=22) of interventions reported a single dose and 48% (n=20) of 

interventions reported ≥ 2 doses for clinical trials evaluating pharmaceuticals. The majority 

(71%, n=30) of the clinical trials reported specific dosage concentrations for the pharmaceuticals 

being administered. Only 5% (n=2) of clinical trials were classified as ‘phase not applicable’. Of 

the remaining clinical trials reporting development phases, 2% (n=1) were in early phase I, 15% 

(n=6) were in phase I, 42% (n=17) were in phase II, 28% (n=11) were in phase III, and 13% 

(n=5) were in phase IV. Of the pharmaceutical trials targeting disease-modification, 50% (n=3) 

were reported in later phase development (phases III or IV) (Figure 2).  

 

Discussion 

The most important findings of this review were that there was a high number of clinical 

trials investigating symptom resolution therapy for existing OA with a low number of clinical 

trials investigating OA disease-modifying therapies. The most common interventions involved 

medical devices and joint replacement surgery, both largely focused on the knee joint. There was 

a higher number of disease-modifying therapeutics for cellular biologics than pharmaceutical 

drugs. Funding of clinical trials was split between private sector and government, with a low rate 

of reported funding from industry partners.  

Primary OA is characterized as a chronic, degenerative disease affecting the cartilage, 

bone, and related synovium and soft tissues.1, 18, 19  Clinically, patients with OA typically present 

with significant pain, joint stiffness, or feelings of instability and often have a history of 

increased age, obesity, malalignment, and/or previous joint injury.20 Coinciding with an aging 

population, increasing obesity rates21, and increased early participation and specialization in 

competitive sports22-24, the global prevalence of OA in the U.S. is projected to reach 25% by 
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203025.  Inevitably, the projected increase in OA prevalence has pertinent implications on rates 

of future disability26, 27, national healthcare costs2, and personal loss of income28. Furthermore, 

progressive and debilitating OA has been reported to be associated with significant co-

morbidities such as higher rates of cardiovascular disease, diabetes, and depression.29-33 

Therefore, studies focused on early recognition and implementation of preventative and disease-

modifying therapies are essential to reduce the burden of OA on both the healthcare system and 

patient quality of life.34 

Based on this review, the clinical trial pipeline for OA therapies are concentrated on 

medical devices and joint arthroplasty procedures focused on the symptomatic treatment of 

existing knee OA. Knee OA has been reported to account for approximately 85% of the burden 

of OA worldwide.35 Current research and drug development initiatives are aligned with this 

predominance, with 63% of current clinical trials for OA targeting the knee joint. However, there 

are currently a low number of clinical trials evaluating therapies to implement for the prevention 

of posttraumatic OA. Posttraumatic OA comprises a large burden of younger patients living with 

this disease, responsible for approximately 12% of all patients with symptomatic OA in the 

U.S.36 Posttraumatic OA is extremely prevalent following anterior cruciate ligament (ACL) 

injuries.37 With an average age of 17 years old for ACL tears and estimated 50% prevalence of 

knee joint OA within 10 to 20 years from injury38-40, this depicts the proverbial ‘young patient, 

with old knee’ clinical scenario. Since joint arthroplasty is reserved for older patients with end-

stage OA, there is currently a gap in the available treatment options for younger patients with 

posttraumatic OA. Thus, there is a dire need for the development of posttraumatic OA therapies 

to treat this high-risk patient population. However, due to the complex pathogenesis of OA and 
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varying causes of posttraumatic OA41, 42, further basic science research is needed in the area of 

posttraumatic OA disease prevention prior to clinical implementation14. 

The use of cellular biologics is currently more prevalent than the use of pharmaceutical 

drugs for the development of disease-modifying OA therapies in the clinical trial pipeline. 

Cellular biologics may be more popular based on their proposed advantages for reversing or 

halting OA structural damage that occurs following a traumatic injury.43, 44 It has been well 

described that the presence of blood in the joint and the resultant inflammatory process that 

occur after a traumatic joint injury can be deleterious to chondrocyte regeneration and survival.45, 

46 There are numerous inflammatory degenerative cytokines, activated macrophages, and other 

degenerative products which can lead to early chondrocyte death, chondrocyte loss over time, 

and ultimately OA progression.9, 41, 47 Being able to target symptom resolution by neutralizing 

inflammatory cytokines while also promoting chondrocyte repair makes cellular biologics a 

promising area for future clinical therapy.8, 48 

Combined government funding (i.e., NIH and other federal agencies) represented 48% of 

current funding sources for active U.S. clinical trials for OA, with the other majority (44%) of 

sourced funding reported was from the private sector (i.e., individuals, universities, 

organizations). The medical cost of OA has been estimated to account for 1% of the gross 

domestic product in the U.S., with knee and hip replacements representing the major proportion 

of these healthcare related costs.26 In an effort to reduce costs associated with treating OA, 

increased government funding for developing OA disease therapies is essential. Prior investment 

models regarding drug discovery for Alzheimer’s disease suggest a governmental funding 

‘portfolio approach’ to increase the efficiency of parallel drug discovery and reduce overall 

investment risk in unsuccessful disease-modifying therapeutics.49, 50 Similarly, prediction models 
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have been proposed to reduce investment risk throughout varying stages of drug development. 

The ability to predict clinical outcomes for patients with OA using big data is central to the 

future of precision medicine and the future design of successful clinical trials.51 Developing 

predictive models may allow for targeted research designs towards therapeutics that have a 

higher likelihood of success and thus FDA approval, effectively reducing the time and expenses 

towards unsuccessful trials and thereby reducing financial risk and improving research funding 

allocation.52, 53 Additional research is recommended to evaluate the potential future cost-savings 

of effective OA therapies using a similar financial government funding model.49 

 

Limitations 

This study is not without limitations. First, not all currently active clinical trials being 

conducted in the U.S. are registered on ClinicalTrials.gov and thus missing data on currently 

active clinical trials for OA is unknown. Second, this review attempted to summarize the clinical 

trial pipeline in the U.S. and provide a snapshot of pending clinical investigations; thus, this 

review is limited by the exclusion of international research initiatives which may limit the global 

perspective of existing disease-modifying therapies for OA. Third, this review does not 

encompass prior completed clinical trials or inactive clinical trials which limit the scope of 

evaluating all pre-existing devices and therapeutics for prevention and management of OA.  

 

Conclusions 

There was a significantly higher number of clinical trials investigating symptomatic resolution 

therapy (89%) for existing OA in comparison to prevention (5%) and disease-modifying (6%) 

therapies. The most common interventions involved medical devices and joint replacement 
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surgery with the knee joint accounting for > 60% of the current clinical trials for OA. There was 

a significantly higher number of disease-modifying therapeutics for cellular biologics than 

pharmaceutical drugs. Funding of clinical trials was split between private sector and government, 

with a low rate of reported funding from industry partners.   
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Figure 1. Flowchart for the systematic selection of currently active U.S. based clinical trials for 

the treatment and prevention of osteoarthritis (as of August 2020). All studies were identified 

using publicly available database (ClinicalTrials.gov) with search terms of ‘osteoarthritis’ and 

‘United States’ location. 

 

Figure 2. Clustered bar chart demonstrating the number of pharmaceuticals in corresponding 

phases of development for prevention, symptom resolution, and disease-modifying osteoarthritis 

drugs (n=42). 
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