
The Road to Osteoarthritis Drug Approval:
Lessons from Successes and Failures



Introduction

This whitepaper explores the complex interplay of mechanical, biological, and genetic
factors underlying OA, emphasizing the multifaceted nature of the disease. It delves
into current trends, including the rising prevalence driven by aging populations and
lifestyle shifts, while highlighting advancements in diagnostics, treatment strategies,
and emerging therapies.

We examine the pathophysiology of OA, epidemiological trends, diagnostic criteria,
and pivotal clinical endpoints. The report also evaluates current standard-of-care
treatments, market dynamics, and novel therapeutic approaches, such as disease-
modifying osteoarthritis drugs (DMOADs) and regenerative medicine. Furthermore, it
discusses challenges in clinical trial design and offers insights into protocol
enhancement strategies aimed at advancing therapeutic innovation and improving
patient outcomes.

Osteoarthritis (OA) is a chronic, 
degenerative joint disease and a 
leading cause of disability 
worldwide, impacting over 500 
million people globally. 
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Overview

Overview of Osteoarthritis
Osteoarthritis (OA) is a chronic degenerative joint disorder 
characterized by the gradual deterioration of articular cartilage, 
subchondral bone remodeling, and inflammation of the synovium. 
The disease primarily affects weight-bearing joints such as the 
knees, hips, and spine, leading to pain, stiffness, decreased joint 
function, and reduced quality of life. Osteoarthritis is a leading cause 
of disability worldwide, with its incidence increasing with age. 

Key Characteristics of Osteoarthritis 
• Progressive Cartilage Loss:

Gradual breakdown of articular cartilage. 

• Joint Space Narrowing:
Observable via imaging due to cartilage loss. 

• Osteophyte Formation:
Bone spur development at the joint margins. 

• Inflammation:
Chronic, low-grade synovitis exacerbating symptoms. 

Historical Perspectives and Evolution of 
Understanding
Osteoarthritis has been recognized since ancient times, with early 
descriptions found in Egyptian mummies and Hippocratic texts. In the 
20th century, advancements in radiography enabled improved 
diagnosis. More recently, molecular biology and imaging have 
transformed understanding, revealing its multifactorial etiology 
involving biomechanics, biochemistry, and systemic inflammation. 



Contributing Factors 
Biological Factors: 
• Aging accelerates cartilage wear due to diminished regenerative 

capacity. 
• Hormonal changes, particularly post-menopause, increase 

susceptibility in women. 
• Genetic predisposition plays a role in joint morphology and 

cartilage quality. 

Psychological Factors: 
• Chronic pain contributes to anxiety and depression, worsening 

the perception of disability. 
• Cognitive behavioral interventions target maladaptive pain-

coping strategies. 

Environmental Factors:
• Obesity increases mechanical stress on joints and promotes 

systemic inflammation.
• Occupational and recreational activities that involve repetitive 

joint use predispose individuals to OA.
• Geographic disparities highlight differences in healthcare access 

and physical activity.

Prevalence and Future Trends 
• Current prevalence: ~32.5mil adults in the U.S. (~10% of the population). 

• Trend analysis (2013–2023): Steady increase due to aging populations 
and rising obesity rates. 

• Future projection: Estimated 49 million by 2033 in the U.S., driven by 
demographic shifts and urbanization. 

Market Overview
• Market size (2023): ~$11.2 billion globally.

• Projected growth: CAGR of 8.1%, driven by demand for biologics and 
non-opioid therapies.

Key Drugs by Earning Potential

Insights

Drug Name Manufacturer Market Share Earning Potential

Celebrex (Celecoxib) Pfizer 20% $2.24 bil USD

Hyalgan (Hyaluronic Acid) Fidia Pharma 15% $1.68 bil USD

Orthovisc Anika Therapeutics 12% $1.34 bil USD

Synvisc Sanofi 10% $1.12 bil USD



Diagnostic Criteria 

ICD-11 Code for Osteoarthritis: FA0Z
Diagnostic Criteria
1. Persistent Joint Pain: Continuous or recurring pain in one or more 

joints, typically exacerbated by movement and alleviated by rest.

2. Stiffness: Notable joint stiffness, especially after periods of inactivity 
or upon waking, usually lasting less than 30 minutes.

3. Functional Limitation: Reduced ability to perform daily activities 
due to joint discomfort or restricted movement.

4. Radiographic Evidence: Imaging studies revealing characteristic 
changes such as joint space narrowing, osteophyte formation, 
subchondral sclerosis, or cysts.

Evolution Over Time
Historically, osteoarthritis (OA) was perceived as a natural 
consequence of aging, with limited treatment options beyond pain 
management. Advancements in medical imaging and a deeper 
understanding of joint biomechanics have redefined OA as a 
complex interplay of mechanical, biological, and genetic factors. 
The ICD-11 reflects this evolved understanding by providing more 
detailed classifications, allowing for precise diagnosis and tailored 
treatment strategies.

Impact on Clinical & Research Perspectives
The enhanced specificity in ICD-11's classification of osteoarthritis 
facilitates improved patient care by enabling clinicians to identify 
the exact type and severity of OA, leading to more effective and 
individualized treatment plans.

For researchers, this granularity supports more accurate data 
collection and analysis, fostering a better understanding of OA's 
etiology and progression. Consequently, this can accelerate the 
development of targeted therapies and interventions, ultimately 
improving patient outcomes.



Epidemiology of Osteoarthritis

Global Prevalence
Osteoarthritis (OA) affects approximately 7% of the global population, 
equivalent to over 500 million people. Its prevalence is rising due to 
aging populations and increasing obesity rates, particularly in 
developed nations. The burden of OA is highest in regions with 
advanced healthcare systems where longevity contributes to 
prolonged joint stress. Developing nations are also seeing a surge in 
cases due to urbanization and lifestyle changes, including reduced 
physical activity and poor diet. 

Prevalence by Age 
OA is primarily an age-related condition, with a significant increase in 
prevalence after the age of 45. Among individuals over 60 years old, 
the prevalence can reach up to 50%, with many experiencing 
symptomatic forms of the disease. Younger individuals, though less 
commonly affected, may develop OA secondary to joint injuries, 
congenital abnormalities, or obesity, highlighting the multifactorial 
nature of its onset. 

Prevalence by Gender
Gender differences in OA prevalence are well-documented, with 
women being disproportionately affected, particularly after 
menopause. Hormonal changes, such as decreased estrogen levels, 
contribute to accelerated cartilage loss in women. Men are more likely 
to experience OA of the hips, often linked to occupational and sports-
related activities, whereas women show higher rates of knee and hand 
OA. 

Prevalence by Race and Ethnicity
Racial and ethnic disparities in OA prevalence highlight both genetic 
and environmental influences. African American people have higher 
rates of knee OA compared to non-Hispanic white populations, likely 
due to biomechanical and metabolic factors. Asian populations have 
historically shown lower OA prevalence; however, this is changing in 
urbanized areas with increasing obesity and sedentary lifestyles. 
Native populations in specific regions exhibit unique patterns, 
suggesting a combination of genetic predisposition and lifestyle 
factors. 



Pivotal Endpoints for Osteoarthritis Clinical Trials

2.  Joint Function (WOMAC) 
Correlation to Patient Outcome: Measures mobility and ability to perform daily 
activities. 

Challenge: Individual differences in baseline activity levels and co-existing 
conditions such as obesity or other musculoskeletal disorders can confound 
results, making it difficult to isolate OA-specific outcomes. 

Solution: Stratifying patients into subgroups based on activity levels, BMI, and 
comorbidities allows for more accurate analysis. Use of wearable devices to 
monitor movement and mobility provides objective real-time data to 
supplement self-reported outcomes. 

3.  Structural Progression 
Correlation to Patient Outcome: Indicates disease severity and need for 
advanced interventions.

Challenge: Radiographic changes can take years to manifest, requiring long 
study durations. Furthermore, imaging findings may not always correlate with 
symptomatic changes, complicating endpoint interpretation. 

Solution: Leveraging advanced imaging techniques such as MRI, which can 
detect early cartilage changes and subchondral bone alterations, allows for 
earlier and more accurate assessment. Longitudinal cohort studies can also 
help identify consistent patterns in disease progression.

1.  Pain reduction (VAS score) 
Correlation to Patient Outcome: Directly linked to patient quality of life. 

Challenge: Pain is subjective, varying widely between individuals. Patient-
reported pain scores are influenced by psychological and cultural factors, 
leading to inconsistent data. 

Solution: Standardized pain assessment protocols, including training 
healthcare professionals to explain scales uniformly to patients, can reduce 
variability. Additionally, incorporating objective measures like functional MRI 
can help validate subjective reports. 

4.  Inflammatory Biomarkers 
Correlation to Patient Outcome: Potentially predicts disease progression and 
response to therapy. 

Challenge: Lack of universally validated biomarkers for OA makes it difficult to 
standardize this endpoint. Biomarker levels can also vary significantly due to 
individual and environmental factors. 

Solution: Large-scale studies to validate specific biomarkers are essential, 
combined with the development of biomarker panels that reflect the 
multifactorial nature of OA. Collaborative efforts across institutions and 
biobanks can accelerate standardization and validation.

https://microcosmdesign-my.sharepoint.com/personal/suzie_microcosmdesign_onmicrosoft_com/Documents/CSBS%20Haire%20Green%20QHIC%20LC!%20577578447%20v03.docx?web=1


Five Most Commonly Prescribed Drugs for Osteoarthritis

Drug Name Year of 
Approval Sponsor Mechanism of Action Therapeutic Effects

Celebrex 
(Celecoxib) 1998 Pfizer

Selective cyclooxygenase-2 (COX-2) inhibitor. By 
specifically targeting COX-2 enzymes, it reduces 
the production of prostaglandins that cause pain 
and inflammation while sparing COX-1, which helps 
protect the gastrointestinal lining.

Provides significant relief from osteoarthritis pain 
and inflammation with a lower risk of 
gastrointestinal side effects compared to non-
selective NSAIDs. Improves joint mobility and overall 
quality of life.

Hyalgan 
(Hyaluronic Acid) 1997 Fidia Pharma

Functions as a viscosupplement by mimicking the 
natural hyaluronic acid found in synovial fluid. It 
improves joint lubrication and acts as a shock 
absorber, reducing friction and wear within the 
joint.

Improves joint mobility and reduces pain, 
particularly in the knee. Provides temporary 
symptom relief for patients with moderate to severe 
osteoarthritis who do not respond adequately to 
first-line treatments.

Orthovisc 2004 Anika 
Therapeutics

High molecular weight hyaluronic acid. It 
supplements the depleted synovial fluid in 
osteoarthritic joints, enhancing viscosity and 
providing a cushioning effect.

Offers longer-lasting relief from joint pain compared 
to some other viscosupplements. Often used in 
patients with knee osteoarthritis to delay surgical 
interventions.

Synvisc 1997 Sanofi

Made of hylan polymers derived from chicken 
combs. It enhances the viscoelastic properties of 
synovial fluid, improving its ability to lubricate and 
protect joints.

Provides sustained relief from pain and improves 
joint function. Commonly used in knee OA, it is often 
repeated as part of ongoing therapy to delay more 
invasive treatments.

Voltaren Gel 
(Diclofenac) 2007 Novartis

Topical NSAID that inhibits both COX-1 and COX-2 
enzymes, reducing the synthesis of prostaglandins 
locally at the site of application. This minimizes 
systemic absorption and associated risks.

Effective for localized pain relief in osteoarthritic 
joints. Reduces swelling and stiffness while posing 
fewer gastrointestinal and systemic risks compared 
to oral NSAIDs. Suitable for patients who cannot 
tolerate systemic NSAID therapy.



Pivotal Clinical Trials Leading to FDA Approval

Drug Name Clinical Trial Identifier Sample Size Key Findings and  Statistical Data

Celebrex 
(Celecoxib) NCT00630927 8,500

Demonstrated a statistically significant reduction in pain scores (p<0.001) compared to 
placebo. The study also showed a lower incidence of gastrointestinal adverse events 
compared to non-selective NSAIDs, confirming its safety profile in long-term OA 
management.

Hyalgan 
(Hyaluronic Acid) NCT00212504 3,200

Showed a 20% improvement in WOMAC pain scores over saline (p=0.002). The trial confirmed 
the benefit of viscosupplementation in improving joint function and reducing pain for patients 
with moderate to severe knee OA over a 6-month period.

Orthovisc NCT00736317 1,200

Patients treated with Orthovisc reported a 40% reduction in knee pain compared to baseline 
over 26 weeks. Statistically significant improvement in joint stiffness and physical function 
scores was also observed (p<0.05), supporting its efficacy as a long-term 
viscosupplementation therapy.

Synvisc NCT00424751 2,000
Demonstrated a 35% reduction in knee pain over 24 weeks compared to placebo (p<0.01). 
Additionally, Synvisc treatment was associated with a two-year delay in surgical intervention 
for knee OA in a subset of patients.

Voltaren Gel NCT00755004 1,000
Achieved a 30% reduction in localized knee pain over placebo at 12 weeks (p<0.01). Patients 
also reported improved mobility, and topical application minimized systemic side effects, 
highlighting its suitability for elderly or comorbid populations.



Population Endpoint Scales Used Time Point Sample Size Magnitude of Improvement

Patients with 
osteoarthritis of the 
knee and hip

Treatment of OA 
signs and 
symptoms

WOMAC (Western 
Ontario and McMaster 
Universities 
Osteoarthritis Index)

Up to 12 weeks Not specified
Significant reduction in joint pain compared to 
placebo with Celebrex 100 mg twice daily or 200 mg 
once daily.

Patients with OA 
experiencing pain 
flares

Pain reduction 
within 24–48 
hours

WOMAC 24–48 hours of 
dosing Not specified Celebrex 100 mg twice daily and 200 mg twice daily 

provided significant pain reduction.

Patients with OA
Long-term 
comparison of 
effectiveness

WOMAC Up to 12 weeks Not specified

Celebrex 100 mg twice daily was as effective as 
naproxen 500 mg twice daily. 200 mg twice daily 
provided no additional benefit over 100 mg twice 
daily.

Approved Product Analysis: Celebrex (Celecoxib)  

14.1 Osteoarthritis 

Note:
• A total daily dose of 200 mg was shown to be equally effective whether administered as 100 mg twice daily or 200 mg once daily. 



Population Endpoint Scales Used Time Point Sample Size Magnitude of Improvement

Patients with 
osteoarthritis of the 
knee

Safety and 
effectiveness of intra-
articular injections of 
Hyalgan®

VAS for Pain, WOMAC 
A, B, C

26 weeks 
(evaluations at 
weeks 5, 9, 12, 16, 
21, and 26)

N=495
(Hyalgan® = 105, 
placebo = 115, 
naproxen = 113)

Statistically significant improvement in VAS for Pain at 50-
Foot Walk Test (Hyalgan® vs. placebo: p=0.03). WOMAC A 
(pain, p=0.005) and C (function, p=0.03) also improved 
significantly compared to placebo.

Patients with 
moderate to severe 
OA pain

Sustained 
improvement over 
time

VAS for Pain, Patient 
Categorical 
Assessment, WOMAC 
A

Week 5 through 
Week 26

N=333 
(completers)

56% of Hyalgan®-treated subjects had ≥20 mm VAS 
improvement vs. 41% for placebo (p=0.03). Sustained 
success was observed in 39% for WOMAC A and 52% for 
Patient Categorical Assessment vs. placebo.

Patients with 
moderate to severe 
OA pain

Clinical improvement 
(VAS ≥20 mm 
reduction, categorical 
scale success)

VAS, WOMAC A, 
Patient Categorical 
Assessment

Week 26 N=333

Hyalgan®-treated subjects showed greater success than 
placebo in VAS (56% vs. 41%, p=0.03) and Patient 
Categorical Assessment (52% vs. 37%, p=0.03). WOMAC A 
success rates were 39% vs. 21% (p=0.005).

Patients with 
moderate to severe 
OA pain

Longitudinal 
effectiveness 
(repeated measures 
analysis)

VAS for Pain, WOMAC 
A, B, C 26 weeks N=333

Significant reduction in VAS for Pain on 50-Foot Walk Test 
(-5.9 mm, p=0.01) and WOMAC A (-4.7 mm, p=0.02) 
compared to placebo. Other measures (WOMAC B/C) 
showed trends but were not statistically significant.

Patients with OA Safety Incidence of adverse 
events 26 weeks N=495

Pain at injection site was higher in Hyalgan® (23%) vs. 
placebo (13%, p=0.0003) or naproxen (9%, p=0.02). Severe 
swelling/pain occurred in 2/164 (1.2%) Hyalgan® subjects. 
No serious infections observed.

Approved Product Analysis: Hyalgan (Hyaluronic Acid) 

Summary Table of Clinical Investigation for Hyalgan® 



Key Updates: Hyalgan (Hyaluronic Acid) 

Effectiveness:
1. VAS Improvement:

• 56% of Hyalgan®-treated subjects achieved ≥20 mm improvement in VAS scores, significantly higher than placebo (41%, p=0.03).
• Sustained success (≥20 mm VAS improvement maintained through Week 26) was significantly greater for Hyalgan® vs. placebo (p=0.03).

2. WOMAC Scores:
• Statistically significant improvement in WOMAC A (pain, p=0.005) and WOMAC C (function, p=0.03).
• No significant differences in WOMAC B (stiffness, p>0.05).

3. Patient and Categorical Assessments:
• Patient Categorical Assessment: 52% of Hyalgan® subjects showed ≥1-grade improvement vs. 37% for placebo (p=0.03).
• Masked Observer Categorical Assessment: Similar trends, with 49.5% success for Hyalgan® vs. 40% for placebo.

4. Longitudinal Analysis:
• Significant reduction in VAS for Pain on 50-Foot Walk Test (-5.9 mm, p=0.01) and WOMAC A (-4.7 mm, p=0.02) compared to placebo.
• Improvements in WOMAC B (stiffness) and C (function) showed trends but were not statistically significant.

Safety:
1. Adverse Events:

• Injection site pain was higher in the Hyalgan® group (23%) compared to placebo (13%, p=0.0003).
• Severe adverse events were rare and comparable across groups (1.2% for Hyalgan®).
• No clinically significant infections or laboratory abnormalities were reported.

2. Discontinuations:
• Injection site pain led to discontinuation in 6 Hyalgan® subjects vs. 1 placebo subject, though the difference was not statistically significant 

(p=0.06).
3. Severe Swelling and Pain:

• Occurred in only 2/164 (1.2%) Hyalgan® subjects.



Population Endpoint Scales Used Time Point Sample Size Magnitude of Improvement

Patients with 
osteoarthritis of the 
knee

Effectiveness of 
ORTHOVISC® injections 
for joint pain

WOMAC Pain 
Score Weeks 8 to 22

N=758 (across 
two studies: 
OAK9501 and 
OAK2001)

Statistically significant improvements in WOMAC 
Pain Score were observed for O4 (4 weekly 
injections) and O3 (3 weekly injections) groups 
compared to saline and A4 (arthrocentesis only).

Patients with 
osteoarthritis of the 
knee

Proportion achieving 
≥20%, ≥40%, and ≥50% 
improvement in WOMAC 
Pain Score

WOMAC Pain 
Score Weeks 8 to 22

N=104 (O4), 
N=90 (O3A1), 
N=100 (A4), 
N=83 (O3), 
N=81 (Saline)

- ≥40% improvement: O4 (65.4%) > O3A1 (52.2%) > A4 
(48.8%) > O3 (55.1%) > Saline (42.3%).
- ≥50% improvement: O4 (57%) > A4 (43.5%) > O3A1 
(45%) > O3 (46.4%) > Saline (34.9%).

Patients with 
osteoarthritis of the 
knee

Effectiveness of 
combined ORTHOVISC® 
treatment

WOMAC Pain 
Score Weeks 8 to 22

Subgroup from 
both studies

Combined analysis indicated significantly larger 
proportions of O3 and O4 patients achieving ≥40% 
and ≥50% improvements compared to saline-
treated patients.

Patients with 
osteoarthritis of the 
knee

Comparison of 
treatment groups (O4, 
O3A1, A4, O3, Saline)

WOMAC Pain 
Score Weeks 8 to 22 N=758

Improvements in WOMAC Pain Score were greater in 
O4 and O3 groups compared to saline. p-values for 
≥40% improvement: O4 vs. saline (p=0.0015), O3 vs. 
saline (p=0.0166).

Approved Product Analysis: Orthovisc 

Summary Table of Clinical Study Data for ORTHOVISC® 



Key Findings: ORTHOVISC®

Effectiveness:
1. Proportional Improvement:

• ≥20% improvement in WOMAC Pain Score: Achieved by 74.5% (O4), 64.7% (O3A1), and 71.4% (O3) compared to 62.7% (saline).
• ≥40% improvement: Achieved by 65.4% (O4) and 55.1% (O3), significantly greater than saline (42.3%, p=0.0015 for O4 vs. saline; p=0.0166 for O3 

vs. saline).
• ≥50% improvement: Observed in 57% (O4) and 46.4% (O3), compared to 34.9% in the saline group.

2. Statistical Significance:
• O4 regimen (4 weekly injections) demonstrated consistently higher improvement rates than saline and arthrocentesis-only (A4) groups.
• Significant differences in ≥40% improvement and ≥50% improvement between O4 and saline (p=0.0015 and p=0.036, respectively) and 

between O3 and saline.
3. Combined Analysis:

• Patients receiving O4 (4 weekly injections) or O3 (3 weekly injections) demonstrated superior efficacy compared to saline or A4 
(arthrocentesis-only control).

• The pooled analysis for O4 and O3 treatments showed that ORTHOVISC® was particularly effective for reducing pain (≥40% and ≥50% 
improvement)



Population Endpoint Scales Used Time Point Sample Size Magnitude of Improvement

Patients with OA of the 
knee who failed prior 
therapies

Pain reduction vs. 
saline injections VAS

Up to 12 
weeks

Not specified 

(Studies #2, #3)

Three weekly injections of Synvisc® provided significantly 
greater reductions in knee pain compared to saline (p < 
0.05) for up to 12 weeks.

Patients receiving 
Synvisc®

Comparison of 
three vs. two weekly 
Synvisc® injections

VAS 12 weeks
Not specified 

(Studies #1, #2)

Three weekly injections of Synvisc® were statistically superior 
to two weekly injections starting at Week 8 for weight-
bearing pain (p < 0.05).

Patients with OA

Pain relief 
compared to 
arthrocentesis 
alone

VAS 12 weeks
Not specified 

(Study #5)

Synvisc® was no more effective than arthrocentesis alone in 
reducing pain for the overall population but showed 
improvements in a subset of patients with flare symptoms.

Patients continuing 
NSAID therapy

Comparison of 
Synvisc® + NSAID vs. 
NSAID or Synvisc® 
alone

VAS 12 weeks
Not specified 

(Study #6)

Synvisc® was as effective as NSAIDs with arthrocentesis in 
reducing pain. Synvisc® alone was superior in reducing night 
pain compared to NSAIDs alone (p < 0.004).

Patients with OA of the 
knee

Effectiveness vs. 
other hyaluronan 
formulations

VAS Week 12
Not specified 

(Study #7)

Synvisc® showed significantly greater improvements in VAS 
outcomes compared to a lower-viscosity hyaluronan 
preparation (p = 0.03).

Approved Product Analysis: Synvisc 

Clinical Studies of Effectiveness 



Key Findings: Synvisc®

Effectiveness:
1. Reduction in Pain:

• Synvisc® significantly reduced pain compared to saline injections for up to 12 weeks in patients without intra-articular effusions who failed 
prior arthritis therapies (Studies #2 and #3).

• Three weekly Synvisc® injections were more effective than two weekly injections for reducing weight-bearing pain starting from Week 8 
onward (Studies #1 and #2).

2. Comparison to Arthrocentesis:
• Synvisc® was no more effective than arthrocentesis alone in the general population but was superior in a subset of "flare" patients with a 

significant pain response (Study #5).
3. NSAID Combination Therapy:

• Synvisc® alone or combined with NSAIDs reduced pain effectively and was comparable to NSAID therapy with arthrocentesis. Synvisc® alone 
showed superior reductions in night pain compared to NSAIDs alone (p < 0.004, Study #6).

4. Comparison to Other Hyaluronan Formulations:
• Synvisc® demonstrated better outcomes than lower-viscosity hyaluronan formulations, suggesting potential benefits from its higher elasticity 

and viscosity (p = 0.03, Study #7).

Safety:
• Across all studies, Synvisc® demonstrated a reasonable safety profile with no unanticipated adverse events. The frequency and severity of 

adverse events were similar to those observed with arthrocentesis and NSAIDs.



Population Endpoint Scales Used Time Point Sample Size Magnitude of Improvement

Patients with knee 
osteoarthritis

Reduction in pain 
(WOMAC Pain 
Subindex)

WOMAC Pain 
(0–100) Week 12

Voltaren® Gel: N=127
Placebo: N=119

Statistically significant improvement in WOMAC Pain 
Subindex scores. Mean outcome: Voltaren® Gel = 28 vs. 
Placebo = 37; adjusted difference = 7 points (95% CI: 1, 12).

Patients with hand 
osteoarthritis

Reduction in hand 
pain intensity (VAS)

Visual Analog 
Scale (0–100) Week 4

Voltaren® Gel: N=198
Placebo: N=187

Statistically significant reduction in pain intensity. Mean 
outcome: Voltaren® Gel = 43 vs. Placebo = 50; adjusted 
difference = 7 points (95% CI: 2, 12).

Patients with hand 
osteoarthritis

Reduction in hand 
pain intensity (VAS)

Visual Analog 
Scale (0–100) Week 6

Voltaren® Gel: N=198
Placebo: N=187

Statistically significant reduction in pain intensity. Mean 
outcome: Voltaren® Gel = 40 vs. Placebo = 47; adjusted 
difference = 7 points (95% CI: 1, 13).

Approved Product Analysis: Voltaren Gel  

14.1 Pivotal Studies in Osteoarthritis of the Superficial Joints of the Extremities 

Effectiveness:
1. Knee Osteoarthritis (Study 1):

• WOMAC Pain Subindex: Voltaren® Gel provided a statistically significant reduction in pain compared to placebo at Week 12. Adjusted 
difference = 7 points (p < 0.05).

2. Hand Osteoarthritis (Study 2):
• Pain Intensity (VAS): Voltaren® Gel demonstrated significant reductions in pain intensity compared to placebo at both Week 4 and Week 6. 

Adjusted difference = 7 points (p < 0.05 for both timepoints).

Safety:
• Safety data was not explicitly included in this excerpt, but the efficacy results suggest a consistent therapeutic benefit of Voltaren® Gel across 

different joints and timepoints



Summary of Failed Drug Candidates for Osteoarthritis

Name of Drug Clinical Trial Identifier Reason for Termination / Drug Failure Trend Analysis

Tanezumab NCT02697773
Increased incidence of rapidly progressive OA 
and joint destruction leading to total joint 
replacements.

Anti-nerve growth factor (NGF) therapies have shown 
efficacy in pain reduction but are associated with serious 
joint-related adverse events, raising safety concerns.

UBX0101 NCT04129944
Failed to meet primary endpoints; no significant 
difference from placebo in pain reduction and 
function improvement.

Senolytic therapies targeting senescent cells have not 
demonstrated clinical efficacy in OA management.

Glucosamine 
and Chondroitin NCT00032890

No significant improvement in pain or function 
compared to placebo; lack of disease-modifying 
effects.

Commonly used supplements have not shown clinical 
benefits in large-scale studies, questioning their 
therapeutic value in OA.



Common Failure Points in Osteoarthritis Clinical Trials

1.  High Placebo 
Response 
Case Example: 
In trials involving tanezumab, a 
significant placebo effect was 
observed, complicating the 
assessment of the drug's true 
efficacy. 

Solution:
Implement more rigorous trial 
designs, such as active 
comparator arms, to better 
differentiate between placebo 
and drug effects. 

2.  Heterogeneity of OA 
Phenotypes 
Case Example:
Variability in disease presentation 
among participants can lead to 
inconsistent responses to 
treatment, as seen in trials of 
glucosamine and chondroitin. 

Solution:
Stratify patients based on 
specific biomarkers or disease 
characteristics to ensure more 
homogeneous study populations. 

3.  Inadequate Outcome 
Measures 
Case Example:  
Traditional clinical endpoints may 
not capture subtle but clinically 
meaningful changes, leading to 
perceived trial failures. 

Solution: 
Incorporate patient-reported 
outcomes and advanced imaging 
techniques to provide a more 
comprehensive assessment of 
treatment effects. 



Safety Concerns and Standard of Care Treatment Options

Safety Concerns
The management of OA involves various therapeutic interventions, 
each associated with specific safety considerations: 

• Non-Steroidal Anti-Inflammatory Drugs (NSAIDs):

While effective for pain relief, NSAIDs carry risks of gastrointestinal 
bleeding, cardiovascular events, and renal impairment, 
particularly with long-term use.  

• Intra-Articular Steroid Injections:

These can provide short-term pain relief but may lead to 
cartilage degradation with repeated use, potentially accelerating 
joint damage.  

• Biologic Therapies (e.g., anti-NGF antibodies like tanezumab): 

Despite potential benefits in pain reduction, these agents have 
been linked to adverse events such as rapidly progressive OA and 
increased rates of joint replacement surgeries.  

 

Standard of Care Treatment Options
Current management strategies for OA focus on symptom alleviation and 
functional improvement:

Non-Pharmacological Interventions: 
• Exercise Therapy: Tailored exercise programs enhance joint mobility and 

muscle strength, contributing to pain reduction and improved function. 
• Weight Management: Achieving and maintaining a healthy weight 

reduces joint load, particularly in weight-bearing joints like the knees 
and hips. 

Pharmacological Treatments: 
• Analgesics: Paracetamol and NSAIDs are commonly used for pain 

management, with careful consideration of their safety profiles. 
• Topical Agents: Topical NSAIDs may offer pain relief with a lower risk of 

systemic side effects compared to oral formulations. 

Surgical Interventions: 
• Joint Replacement Surgery: Indicated for advanced OA unresponsive to 

conservative treatments, joint arthroplasty can significantly improve 
quality of life. 

Emerging treatments, such as genicular artery embolization (GAE), have 
shown promise in reducing knee pain and delaying the need for joint 
replacement surgery. In a study involving 403 patients with moderate to 
severe knee OA, GAE led to an 87% improvement in quality-of-life indices 
and a 71% reduction in pain scores one-year post-treatment.  

 



Enhancing Clinical Trial Protocols for Osteoarthritis

Improving clinical trial protocols for Osteoarthritis is pivotal to advancing our understanding and treatment. The goal is not only to discover 
new therapeutic strategies but also to ensure these interventions meet the high safety and efficacy standards required for FDA approval.

2.  Standardized Outcome 
Measures:
Employ validated assessment tools, 
such as the Western Ontario and 
McMaster Universities Osteoarthritis 
Index (WOMAC), to ensure consistent 
and reliable evaluation of clinical 
endpoints. 

3.  Longitudinal Safety 
Monitoring: 
Implement comprehensive safety 
surveillance throughout the trial to 
promptly identify and address adverse 
events, ensuring patient safety and 
regulatory compliance. 

1.  Rigorous Patient Selection:
Utilize precise inclusion and exclusion 
criteria to enroll a homogeneous 
patient population, thereby reducing 
variability and enhancing the detection 
of treatment effects. 

5.  Regulatory Engagement:
Maintain proactive communication 
with regulatory agencies to align on 
trial design, endpoints, and safety 
monitoring plans, facilitating a 
smoother approval process.

4.  Adaptive Trial Designs: 
Consider adaptive methodologies that 
allow for modifications based on 
interim analyses, optimizing resource 
utilization and potentially expediting 
the development process. 



Notable Key Opinion Leaders in Osteoarthritis Research

Name Specialty Designation Location Brief Bio

David J Hunter
MBBS, MSc, PhD, FRACP

Rheumatology;
Epidemiology

Professor, 
University of 
Sydney

Australia
Professor Hunter is a leading rheumatologist specializing in osteoarthritis research. He has 
contributed extensively to understanding the epidemiology and management of 
osteoarthritis. His work has been recognized internationally, and he has been involved in 
numerous clinical trials aimed at improving patient outcomes.

Flavia M Cicuttini
MBBS, PhD, MSc 
(Epidemiology), DLSHTM, 
FRACP, FAFPHM

Epidemiology;
Rheumatology;
Preventive 
Medicine

Professor, 
Monash 
University

Australia

Professor Cicuttini has made significant contributions to the field of osteoarthritis, 
particularly in developing methods for assessing joints in clinical trials. She has published 
over 600 peer-reviewed manuscripts and has supervised numerous doctoral students. 
She serves on the board of the Osteoarthritis Research Society International (OARSI) and is 
on the editorial board of several journals, including Arthritis Research & Therapy and the 
Medical Journal of Australia.

Graeme Jones
MBBS, MMedSci, MD, FRACP

Internal 
Medicine;
Rheumatology

Professor, 
University of 
Tasmania

Australia
Professor Jones is renowned for his research in musculoskeletal diseases, focusing on the 
epidemiology and management of osteoarthritis and osteoporosis. He has been 
instrumental in large-scale longitudinal studies that have advanced the understanding of 
these conditions.

Anita E Wluka
MBBS, FRACP Rheumatology

Professor, 
Monash 
University

Australia
Professor Wluka's research focuses on the epidemiology of musculoskeletal conditions, 
particularly osteoarthritis. She has contributed to understanding the role of obesity in 
musculoskeletal health and has been involved in clinical trials assessing interventions for 
osteoarthritis.

Paul Bird
MBBS, BSc(Med), FRACP Rheumatology

Medical Director, 
Optimus Clinical 
Research Pty Ltd

Australia
Dr. Bird specializes in clinical research for rheumatological conditions, including 
osteoarthritis. He has been involved in numerous clinical trials and has contributed to the 
development of new therapeutic strategies for managing osteoarthritis.
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