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Osteoarthritis Burden

]

*An estimated 240 million individuals worldwide have
symptomatic osteoarthritis, including 10% of men and
18% of women aged 60 and older.

*High global cause of disability and chronic pain.

*Substantial health and suicidal cost directly and
because of impaired work productivity and early
retirement.

Bannuru RR, et al. Osteoarthritis and Cartilage, 2019.



THE BURDEN OF OSTEOARTHRITIS
Osteoarthritis: A Serious Disease

242 million people worldwide have symptomatic and activity-limiting OA of the hip and/or knee.
0A pain affects sleep quality, mood, and participating in everyday life.

The Cost of Osteoarthritis

Absentesism costs Total costs Average direct cost
$10.3 $136 $11,000
billion billion person/year

Indirect costs are $17 billion (i.e., lost earnings).
Direct costs are 565 billion (i.e., medical expenditures).

3 most rapidly rising condition associated with disability, just behind diabetes and dementia.

0A significantly limits a person’s ability to self-manage other conditions, such as diabetes and hypertension.

A third of people with OA have 5 of more chronic conditions.

OA increases the risk of developing heart disease by 50%.

Reduced levels of physical activity, comorbid conditions, and adverse effects of medications lead to a
55% increase in all cause mortality.

© 2024 United HealthCare Services, Inc. All Rights Reserved.
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Risk Factors

Person-level Factors

Joint-level Factors

* Age

» Sex

» Race/Ethnicity

» Socioeconomic Status

* Rural Residence

» Family History and Genetic Factors

* Obesity

» High Blood Pressure (Mixed evidence)
* High Bone Mineral Density

« Joint Injury

+ Joint malalignment (Mixed evidence)

« Joint Deformity/Abnormal Joint Shape

* Muscle Weakness (Mixed evidence)

* Leg length Inequality

* Physically Demanding Occupational Tasks
* Elite sports

Allen KD, at al. Osteoatrthritis Cartilage. 2022.
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Definitions

]

» Disease of movable joints characterized by cell stress and
extracellular matrix degradation.

» Starts as micro- and macro-injury that activates maladaptive
repair responses including pro-inflammatory pathways of innate

iImmunity.

» Manifests first as a molecular derangement (abnormal joint tissue
metabolism) followed by anatomic, and/or physiologic
derangements (characterized by cartilage degradation, bone
remodeling, osteophyte formation, joint inflammation and loss of
normal joint function), resulting in illness.

Standardization of Osteoarthritis Definitions | Osteoarthritis Research Society International (OARSI) Osteoarthritis Cartilage.
2015 Apr 9. pii: S1063-4584(15)00899-7. doi: 10.1016/j.joca.2015.03.036.
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https://oarsi.org/research/standardization-osteoarthritis-definitions
https://www.oarsijournal.com/article/S1063-4584(15)00899-7/fulltext
https://www.oarsijournal.com/article/S1063-4584(15)00899-7/fulltext
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Standardization of Osteoarthritis Definitions | Osteoarthritis Research Society International (OARSI) Osteoarthritis Cartilage.
2015 Apr 9. pii: S1063-4584(15)00899-7. doi: 10.1016/j.joca.2015.03.036.
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https://oarsi.org/research/standardization-osteoarthritis-definitions
https://www.oarsijournal.com/article/S1063-4584(15)00899-7/fulltext
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Definitions

» molecular derangement
- abnormal joint tissue metabolism

» anatomic, and/or physiologic
derangements

- cartilage degradation

- bone remodeling

- osteophyte formation

- joint inflammation

- loss of normal joint function

Synovium/Synovitis

—

Mechanical Stress

or
Cytokines

N

TNFa, IL-1B,IL-6,IL-8

l

NF-kB activation

Subchondral bane

COL10A1
MMP9
MMP13
VEGF
Osteocalcin
ADAMTS5

Standardization of Osteoarthritis Definitions | Osteoarthritis Research Society International (OARSI) Osteoarthritis Cartilage.

2015 Apr 9. pii: $1063-4584(15)00899-7. doi: 10.1016/j.joca.2015.03.036.
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https://oarsi.org/research/standardization-osteoarthritis-definitions
https://www.oarsijournal.com/article/S1063-4584(15)00899-7/fulltext
https://www.oarsijournal.com/article/S1063-4584(15)00899-7/fulltext

Clinical and Radiographic Characteristics
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BIOMARKERS

]

Mechanical Stress
or
Cytokines

!
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Bernotiene E, et al. Front. Med. October 2020 Sec. Rheumatology Volume 7 — 2020.




BIOMARKERS

X-RAY/ ULTRASOUND

MRI

Structural

» X-ray defined joint space
narrowing

» Trabecular morphometry

« Ultrasound defined synovitis
and effusion

* Morphological

- Cartilage thickness/Cartilage
volume, Bone area, Bone shape

e Structural

-Bone marrow lesions, cartilage
defects, meniscal and ligament
lesions

« Compositional

-T1-rho-T2 maps

!JJ © 2024 United HealthCare Services, Inc. All Rights Reserved.

Antony B, Singh A. Diagnostics. 2021.




Treatment
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Gao J et al. Trends Pharmacol Sci. 2022.
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Treatment

Treatment Selections, by Level of Recommendation, for Polyarticular Osteoarthritis

ReeHiendater Strength Treatment Type No Comorbidities Gastrointestinal Cardiovascular Frailty \_Nldespreaq
level pain/Depression
CORE Strong Arthritis Education; Structured Exercise Programs (Type 1- strengthening and/or cardio and/or balance training/neuromuscular)
Level 1A- Pharmacologic
275% “in favor” &
A5 By Strong Non-Pharmacologic
Recommendation i 9
Non-selective NSAIDs
Pharmacologic COX-2 Inhibitors
LI Topoa HOARS Mind-body Exercise
275% ‘in favor’ & Mind-body Exercise, Dietary Co nitiveyBehaviora‘I
>50% “conditional” Conditional Weight Management (with or . N . . Mind-body Exercise, 9 . .
, ; . : Mind-body Exercise, Dietary Weight Management (with or Therapy, Dietary Weight
Recommendation Non-Pharmacologic | without Exercise), Self- : ) s Self-Management f
. without Exercise), Self-Management Programs, Gait Aids A Management (with or
Management Programs, Gait Programs, Gait Aids ithout Exercise). Self
Aids without Exercise), Self-
Management Programs
o Non-selective Non-selective NSAID+PPI : mgz:zg:ggt:ﬁ mgﬁ:gs
Level 2- Conditional Pharmacologic NSAID+PPI Topical NSAIDs Topical NSAIDs +PP|
0/ _749/ “i U] g . .
60%-74% “in favor e COX-2 Inhibitors Topical NSAIDs e COX2 Inhibitors
Non-Pharmacologic Gait Aids
¢  Non-selective
NSAIDs
Pharmacologic Duloxetine o Non-selective NSAID Duloxetine
+PPI
COX-2 Inhibitors
Level 3- ” *
STl Conditional Cognitive Behavioral

40%-59% “in favor”

Non-Pharmacologic

Cognitive Behavioral Therapy alone

Therapy alone, Dietary

Aquatic Exercise, Cognitive
Behavioral Therapy with

Weight Management .
Exercise
alone
, o . . . Curcuminoid - .
Nutraceutical Curcuminoid Formulations Curcuminoid Formulations Formulations Curcuminoid Formulations

'JJ © 2024 United HealthCare Services, Inc. All Rights Reserved.

Bannuru RR, et al. Osteoarthritis and Cartilage. 2019.




		Treatment Selections, by Level of Recommendation, for Polyarticular Osteoarthritis



		Recommendation level

		Strength

		Treatment Type

		No Comorbidities

		Gastrointestinal

		Cardiovascular

		Frailty

		Widespread pain/Depression



		CORE

		Strong

		Arthritis Education; Structured Exercise Programs (Type 1- strengthening and/or cardio and/or balance training/neuromuscular)



		Level 1A- 

≥75% “in favor” & >50% “strong” Recommendation

		Strong

		Pharmacologic



		refer to Level 1B

		refer to Level 1B

		refer to Level 1B

		refer to Level 1B



		

		

		Non-Pharmacologic

		refer to Level 1B

		refer to Level 1B

		refer to Level 1B

		refer to Level 1B



		Level 1B- 

≥75% “in favor” & >50% “conditional” Recommendation

		

Conditional

		Pharmacologic

		Non-selective NSAIDs



Topical NSAIDs

		COX-2 Inhibitors

		see below

		see below

		see below



		

		

		Non-Pharmacologic

		Mind-body Exercise, Dietary Weight Management (with or without Exercise), Self-Management Programs, Gait Aids

		Mind-body Exercise, Dietary Weight Management (with or without Exercise), Self-Management Programs, Gait Aids

		Mind-body Exercise, Self-Management Programs, Gait Aids

		Mind-body Exercise, Cognitive Behavioral Therapy, Dietary Weight Management (with or without Exercise), Self-Management Programs



		Level 2- 

60%-74% “in favor”

		Conditional

		Pharmacologic

		· Non-selective NSAID+PPI

· COX-2 Inhibitors

		Non-selective NSAID+PPI 



Topical NSAIDs

		Topical NSAIDs

		Topical NSAIDs

		· Non-selective NSAIDs

· Non-selective NSAID + PPI

· COX-2 Inhibitors 



		

		

		Non-Pharmacologic

		refer to Level 3

		refer to Level 3

		refer to Level 3

		Gait Aids



		Level 3- 

40%-59% “in favor”

		Conditional

		Pharmacologic

		Duloxetine

		see below

		· Non-selective NSAIDs

· Non-selective NSAID + PPI

· COX-2 Inhibitors

		see below

		Duloxetine



		

		

		Non-Pharmacologic

		see below

		Cognitive Behavioral Therapy alone

		Cognitive Behavioral Therapy alone, Dietary Weight Management alone

		Aquatic Exercise, Cognitive Behavioral Therapy with Exercise



		

		

		Nutraceutical

		Curcuminoid Formulations

		Curcuminoid Formulations

		Curcuminoid Formulations

		Curcuminoid Formulations
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Inflammatory
cells

Chondrocytes
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Chondrocytes
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Mohammadian Haftcheshmeh S et al. Rev Physiol Biochem Pharmacol. 2021.




Treatment

¢ Non-selective

NSAIDs
o Non-selective
Pharmacologic IACS, IAHA Duloxetine, IACS Duloxetine, IACS NSAID + PPI IACS, IAHA
o COX-2 Inhibitors
IACS
Iég\of;; ‘against’ Conditional Cognitive Behavioral
Aquatic Exercise, Cognitive . . " , . Therapy with Exercise,
, . . Aquatic Exercise, Cognitive Behavioral Therapy with . )
Non-Pharmacologic | Behavioral Therapy (with or Exerc Dietary Weight Massage
. ; Xercise .
without Exercise) Management with
Exercise
. Avocado Soybean Avocado'S.oybean Avocado Soybean
Nutraceutical o . Unsaponifiables, . .
Unsaponifiables, Boswellia o Unsaponifiables, Boswellia
Boswellia, Vitamin D
. - IAHA, Non-selective Duloxetine, IAHA, Paracetamol, Topical
Pharmacologic Oral Opioids, Paracetamol NSAIDs, Paracetamol IAHA, Paracetamol Paracetamol NSAIDs
Aquatic Exercise,
. Balneotherapy,
Balneotherapy, Conventiona Conventional Balneotherapy,
Acupuncture, Massage, e .
Level 4A- o T Balneotherapy, Electrical Stimulation, Massage, Acupuncture, Massage, | Conventional Acupuncture,
.| Mobilization & Manipulation, M A~ ) s N -
>75% “against’ & B Non-Pharmacologic T fic Ut d Mobilization & Manipulation, Therapeutic Ultrasound, Mobilization & Mobilization & Manipulation,
i Conditional erapeutic Ultrasound, . .
>50% “conditional” Thermotherapy (hot), Wedge Insoles Manipulation, Therapeutic Ultrasound,
0 : Thermotherapy (hot), Wedge Therapeutic Utrasound, | Wedge Insoles
Recommendation Insoles ’
Thermotherapy (hot),
Wedge Insoles
Collagen, Diacerein, Avocado Soybean Unsaponifiables, Boswellia, Collaen. Glucosartine + Chondroitin, Collagen,
. Glucosamine + Chondroitin, Chondroitin, Collagen, Conventional Acupuncture, gen. Glucosamine + Chondroitin,
Nutraceutical A . I Chondraitin,
Methylsulfonyimethane, Diacerein, Glucosamine + Chondroitin, Methvisulfonvimethane Methylsulfonylmethane,
Vitamin D Methylsulfonylmethane, Vitamin D y y Vitamin D

]

© 2024 United HealthCare Services, Inc. All Rights Reserved.

Bannuru RR, et al. Osteoarthritis and Cartilage, 2019.




Intra Articular Hyaluronic Acid

Author

Yuetal. 1]

Lamo Espinosa et al. 62
Hangody et al. [63]
Wangetal.[64]
Buendia et al.[65]
Hermans et al. 66]
Maheuetal. [67]
Takamura etal,[68]
Tavassoliet l. [69]
Di Martinoetal. [70]
Bahramietal. 71]
Kesiktas etal[72)
Mochizukiet al. 73]

'JJJ © 2024 United HealthCare Services, Inc. All Rights Reserved.

Sty type HA brand

2018 RCT-DB

PRP

2018 RCT-NBLTBM-MSCs-LO/HD +HA

2018 RCT-DB
2018 RCT-DB
2018 RCT-R
2019 RCT-O0L
2019 RCT-DB
2019 RCT-SB
2019.RCT-3B
2019 RCT-DB
2020 RCT-SB
2020 RCT-R
2020 RCT-B

Cingal (HATA)
HACS (betamethasong)
LP-PRP-1
Hylan (G-F 20)
Ostenilt Plus
Gel-200 (XLHA)
PRP-1

PRP

HMWHA (Arthromac)
Prostrolane (Peptid)
Artz (LMWHA)

Comparison group Outcome measures assessed  Followup Conclusion

HA, PRP+HA, Placebo WOMAC, Karmofskyperfo ~ 52wks. Polmprovement significant in PRP+HA group

HA alone (Hyalone) VAS, WOMAC 12-48 mon Safe and feasiole with long term clincalimprovement
Monovisc (1000-2900KDal, saline: PGA, WOMAC 26WKS  Effective, immediate and LT relief with Cingal > 26 wks
HMWHA VAS, WOMAC 6months Improvement, rapidin HA+CS group

HA (Durolane), NSAID VAS, WOMAC, MRI, X-RAY 6-12mont Improvement better i LP-PRP group at 52 wks.

UC (usual care) K0OS, PGA 52wks.  Effective

Hyalan G-F 20 WOMAC 6months. Effective and non-inferior

Saline VAS, WOMAC 26wks.  Effective and clinical improvement

PRP-2, HA-3 (Hyalgan) VAS, WOMAC 12viks.  Improvement, PRP better than HA

Hylubrix {HA) VAS, IKDC, EUROQaL 24mn & Effective, not superior in PR group

LMWHA (31nj VAS, WOMAC, LK 2-6month Remarkable improvement both group with no difference
HA (Biometics), PRP VAS, WOMAC, HAQ Smonths Significant improvement, better in peptide group
Suvenyl (IMMWHA ) (1500-3900)  VAS, JKOM 6wks.  Significant efficacy. Nodifference

Chavda S et al. Cureus. 2022.



Glucosamine Chondroitin

Study %
D RR (95% CI) Weight
Glucosamine vs Placebo !
Reginster (2001) — 1.07 (0.70, 1.65) 14.26
Pavelka (2002) — I — 1.05 (0.46, 2.39) 6.57
McAlindon (2004) + 0.50 (0.07, 3.75) 1.83
Clegg (2006) ———— 0.71(0.31,160) 897
Herrero-Beaumont (2007) —-0—4,— 0.54 (0.19,1.57) 6.18
Rozendaal (2008) - + 220 (026, 20.13) 0.7
Franse (2014) T * 7.33 (096, 56.00) 0.33
Kwoh (2014) ——o——-} 0.39(0.13,1.20) 353
Subtotal (l-squared = 24.3%, p = 0.236) C? 0.90 (0.66, 1.23) 42.37
1
Chondroitin vs Placebo !
Mazieres (2001) —_—— 1.33 (0.46, 3.88) 228
Mazieres (2001) —_— 1.33 (0.46, 3.88) 228
Michel (2005) ——— 1.02 (0.45, 2.32) 6.76
Clegg (2006) T 1.69 (0.88, 3.25) 868
Mazieres (2007) —_— 1.65 (0.78, 3.50) 543
Kahan (2009) — 0.88 (0.47,164) 1330
Wildi (2011) + 1.38 (0.17, 11.34) 0.81
_._

Zegels (2013)
Franse (2014) :

0.81(0.34,193) 568
7.20 (1.57, 33.09) 0.67

Subtotal (l-squared = 9.4%, p = 0.357) 0 1.28 (0.96, 1.70) 4509
]
1
Glucosamine+Chondroitin vs Placebo 5
Clegg (2006) — 1.13 (0.54, 2.36) 8.24
Franse (2014) . - 4.40 (0.51, 37.97) 0.48
Roman-Blas (2017) —_— 1.68 (0.54, 5.21) 293
Subtotal (l-squared = 0.0%, p = 0.468) -:t:_}- 1.40 (0.78, 2.51) 11.64
1
Overall (l-squared = 15.4%, p = 0.262) ¢> 1.13 (0.93, 1.38) 100.00
1
1

0179 1 56

Zhu X. et al. J Orthop Surg Res. 2018

!JJJ © 2024 United HealthCare Services, Inc. All Rights Reserved.



Bisphosphonates No efficacy

Treatment

Calcitonin No efficacy
Chondroitin Low quality evidence
Colchicine Potential for Gl toxicity, no efficacy

Collagen No efficacy

Dextrose Prolotherapy Low quality evidence
Diacerein Unfavorable safety/efficacy profile

Doxycycline No efficacy

Low quality evidence from trials with very small sample

Electrical Stimulation :
sizes and short follow-up

Electroacupuncture Unfavorable efficacy/safety profile

Bannuru RR, et al. Osteoarthritis and Cartilage, 2019.
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Glucosamine  DCKELIEEY

Glucosamine & Chondroitin No efficacy

Low quality evidence, no safety data provided, potential safety
IA Stem Cells concerns, uncertainty regarding specific stem cell formulations
utilized

No efficacy

No efficacy

No efficacy, implausible biological mechanism
No efficacy, implausible biological mechanism
Massage Lack of evidence

No efficacy

Lack of long-term efficacy/safety data

(Omega-3/6) Poly-Unsaturated Lack of evidence

Fatty Acids

Bannuru RR, et al. Osteoarthritis and Cartilage, 2019.
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Platelet Rich Plasma

]

: Osteoarthriti
PRP action bt
mechanisms TNFa
Metalloproteinases
TNFa R IL-1R &
Extracellular matrix
T Bioactive proteins and
b . growth factors
b® o . £ o

IL-1 recaptor
antagonist

,
Matrix more resistant to |
enzymatic degradation of | \
arthrasis procass !

| Metalloproteinases

¢
.\_\
Growth factors Growth factors |
(PDGF, TGF-f, IGF, FGF-2) (PDGF, TGF-p, IGF, FGF-2) l
‘ T Proliferation of osteoblasis I i
E T Collagen deposition -t -
[ 1 0stacclast formation ¥ . e
[ TBone fomation ] T Hyaluronic
[T Bane regeneration ] Synoviocyte acid praduction
Ostecblast \
e N

Everts P, et al. Int J Mol Sci. 2020
Knopp E et al. Revista Brasileira de Reumatologia (English Edition). 2016.
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Stem Cell Injection

Study
1D

WOMAC-3months
Qu (2021)
Long (2022)

WOMAC-6 months
Jeyaraman (2020)
Han (2020)

ES (95% CI)

3.35(0.01, 6.69)
-3.81 (-6.95, -0.68)

-6.77 (-24.01, 10.47)
6.51 (-2.38, 15.40)

Qu (2021) * -4.57 (-25.28, 16.13)
Muthu (2021) -8.59 (-24.65, 7.46)
Gadelkarim (2022) 5.52 (-15.26, 26.31)

Issa (2022)
Jeyaraman (2022)
Long (2022)

WOMAC-12 months

-15.50 (-17.81, -12.30)
-10.74 (-16.94, -4.55)
-3.80 (-6.19, -1.40)

Ma (2017) -11.05 (-15.97, -6.14)
Jeyaraman (2020) ——] -5.85(-13.81, 2.12)
Han (2020) —_— -6.18 (-13.94, 0.33)
Qu (2021) — -1.56 (-9.78, 6.67)
Muthu (2021) -17.60 (-32.95, -2.26)

Gadelkarim (2022)
Issa (2022)
Jeyaraman (2022)
Long (2022)

8.95 (-18.30, 36.20)
-20.34 (-23.41, -17.28)
-10.23 (-17.79, -2.66)
-4.29 (-7.12, -1.47)

-36.2 0 36.2

Shang Z, et al. Stem Cell Res Ther. 2023.

!JJJ © 2024 United HealthCare Services, Inc. All Rights Reserved.



Oral Opioids strongly not recommended over NSAIDs Unfavorable efficacy/safety profile

Low quality evidence, no efficacy

Realigning Patellofemoral Brace No efficacy, low quality evidence

Soft Braces/Knee Sleeves Low quality evidence
No data

Therapeutic Ultrasound Low quality evidence, implausible physiological rationale for use in deep joint locations

Low quality evidence

No data

Unfavorable efficacy/safety profile
Unfavorable efficacy/safety profile

Varus/Valgus Unloading/Re-alignment Brace Low quality evidence, no evidence of benefit for widespread pain

Traditional IACS were recommended over FX006, but the use of traditional IACS was controversial in hip and
polyarticular OA, therefore the use of FX006 was strongly not recommended.

FX006 strongly not recommended over IACS

Bannuru RR, et al. Osteoarthritis and Cartilage, 2019.
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Obesity

Increased Promotion of Impairment in Dysbiosis
Joint Load inflammatory immune System
Responses

+ Mim2 {;}

T Cytokines/Adipokine A ratio

4 tco (0

Saturated Fat/

Bacterial Diversity

Gambari L, et al. Int. J. Mol. Sci. 2023.
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Probiotics

Gut dysbiosis |—| Innate inflammatory response of joint I—|

nced microbiome

e

Bl
o

—

™= | unbalanced microbiome

Rahman SO, et al. Curr Rheumatol Rep. 2023.
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Probiotics

Probiotic strain(s) Dose; duration Results
Pain benavior  Dorsalrootganglion Synovium Cartilage
Monosodium iodoacetate (MIA)-induced OA
Lactobacillus acidophilus [12] NA: 15 days A PWL; PWT; WBC+ TRPV-L expression; CGRPrelease ¥ TNF-g; IL-6; MMP3 v ARSI and total Mankin Score
MG TIMPS
Lactobacillus acidophilus 3] 125mg/ml (2x 1014 CFUIml)/day, 24days PPWLWBC v TRPV-texpression; CORPrelease ¢ TNF-o;IL-AB; MOP-IMMP-43 M GPRA3# els
Lactobacillus rhamnosus [14] NA; 28.days # PWL PWT; WBC MCP-L.and CCR ¥ MCP-Land CCR ¥ ARSI and total Mankin score

 GABA release and PPAR-y expressic IL-10; TIMP3

Lactobacillus casei 18] 2x 1010 CFUIkg/day; Bwegks AP 4 COX-2; TNF-0; L6 L:16; MMP1,3& 1 COX-2, TNF-; 16 L-16; MMP1,38 13

MTIMPL ATIMPL
Clostridium butyricum [16] 1010 CFUIday; 2 wegks (pre-treatment) and 4 wegks (post-reatme * WBC - - VTIMP1and 3 MMP2,39and 13; OARS! score
Anterior cruciate igament transection (ACLT)-nduced OA
Clostridium butyricum [£7] 100mgkg/day (5.5 107 CFUIg); Gweeks MWBC - VIL6; TNFa Y ARSI scores; cartilage degeneration scores; synovial issue inflammation scores; IL-16;
Lactobacillus plantarum 1] 100mgkg (5% 1010 CFU/Kg)/day: Gweeks MWBC - VIL6; TNFa Y ARSI scores; cartilage degeneration scores; synovial issue inflammation scores; IL-16;
Streptococcus thermophilus 19] 5x109,5x1010, and 5x 1011 CrUIkg/day; 2 weeks tPWTPD - Ymovial score ¥ OARS score

Typell collagen
Partial medial meniscectomy (PMM )-induced OA
Lactobacillus acidophilus [2] 3x 09 CFU00 L twicefweek; 1 wegks PN VTRV expression - 4 OARSI scores; MMPL3; RUNK2

Rahman SO, et al. Curr Rheumatol Rep. 2023.
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Emerging Therapies

Disease Modifying Osteoarthritis Drugs (DMOADS)
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Intra-articular treatment options

]
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Jones, |.LA., Togashi, R., Wilson, M.L. et al. Intra-articular treatment
options for knee osteoarthritis. Nat Rev Rheumatol 15, 77-90
(2019). https://doi.org/10.1038/s41584-018-0123-4



Gene Therapy
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Farshid Guilak, PhD. Washington University School of Medicine. Center for Regenerative Medicine.
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Use of Artificial Intelligence

Heterogeneous OA population
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‘Doctors are men who pour drugs
of which they know little, to cure
diseases of which they know
less, into human beings of whom
they know nothing”

Voltaire
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