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OVERVIEW

Overview of Osteoarthritis (OA).

How do health care professionals diagnose OA?

What are potential measurable outcomes for OA-related disability?
What are emerging methods to prognose OA?

Summary of components for identifying risk of disability in OA.



THE FACES OF OSTEOARTHRITIS

OMMG 2002



ALL FORMS OF OSTEOARTHRITIS INCREASE WITH AGE
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Osteoarthritis is a Serious Disease

Symptoms
Pain, Fatigue,
Sleep disturbance, 37-47% of association of
Depression ‘Walking hip/knee OA with diabetes was
Disability A explained by walking limitation
Physical [Kendzerska, Diabetologia 2018]

Inactivity

fMorbidity About half of all adults with heart disease
Heart disease or diabetes have arthritis [Van Dijk, BMC
Diabetes Musc Disease 2008; Kadam, Ann Rheum
Hypertension Disease 2004]

OARSI White Paper on OA as a Serious Disease: https://www.oarsi.org/research/oa-serious-disease



Osteoarthritis is a Serious Disease
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Osteoarthritis Clinical Course

302 million worldwide

e Musculoskeletal diseases are now the
2"d most common cause of years lived
with disability worldwide

e OA was responsible for 22% of health
care visits in the USA in 2010

Kolasinski et al. Arthritis Rheum 2020; 72(2):220-233 Sebbag E, et al. Ann Rheum Dis 2019;78:844—-848.
Slide adapted from Dr. Tuhina Neogi Burden of MSK Diseases in the US, 2014, 3rd Ed. hitp://bmus.latticegroup.com



http://bmus.latticegroup.com/

OA is a whole-joint disease affecting all tissues

Healthy knee i Knee OA

e (Cartilage has NO blood or lymphatic vessels or nerves.
e Pain cannot come from cartilage, just from collateral
damage to other tissues due to the breakdown of cartilage.
e S0 We Need Biomarkers To Detect OA EARLY
to PREVENT DISABILITY
because pain & x-ray or MRl images do not detect it early!

Bone

Joint lining
(Synovial
membrane)

- Joint lining inflammation (Synovitis) MATRIX
Articular

cartilage

Joint capsule damage

Bone cysts and thickening

Cartilage degeneration

Meniscus degeneration

LIVING CARTILAGE CELLS (CHONDROCYTES)
IN LACUNAE (SPACES IN THE MATRIX).

Graphic from https://jb004.k12.sd.us/my%20website%20info/human%20anatomy/CHAPTER%205/VIRTUAL%20HISTOLOGY%20LAB/VL%20PAGE%209.htm

Slide adapted from Dr. Jeymi Tambiah)


https://jb004.k12.sd.us/my%20website%20info/human%20anatomy/CHAPTER%205/VIRTUAL%20HISTOLOGY%20LAB/VL%20PAGE%209.htm

How do Health Care Professionals Diagnose OA?

History & Physical
Exam
for which joints
affected, tenderness,
swelling, redness and
flexibility;
age, weight, injury

XRAY IMAGING
Joint space narrowing
Osteophyte ‘spurs’

lood Tests
negative for
Rheumatoid Factor and

Anti-Nuclear Antibod
(ANA)

MRI IMAGING
Cartilage loss
Inflammation

Meniscus tears

Bone marrow lesions

Joint Fluid Exam
for crystals, and/or
infection (cell count
and culture)

W 1954




What Are Potential Measurable Outcomes for OA-related Disability?

Biomarkers Performance ST Observational PG
Reported Reported

*Biochemical

urinary CTXII . *Joint
( . y ) *Walking
*Imaging (MRI . : replacement .
: time/distance *Global . * Pain
cartilage . . * Quantity of .

. *Range of impression of * Function
thickness; : . rescue .
radiogranhi motion severity medication * Distress
_a‘ ographic * Muscle strength .
joint space used for pain
narrowing)

SURVIVAL

Kraus et al. 2019, Osteoarthritis Cartilage, Apr;27(4):571-579; Adapted from Patrick et al. 2014



What are Emerging Methods to Prognose Risk of Worsening OA?

Age, gender and weight poorly
predict risk of progression;
Knee malalignment in an
overweight individual predicts
progression [Felson et al. ARD
2004)]

Pain and risk of Joint
Replacement (17% for grade
3, 44% for grade 4)

[Neogi et al. BMJ 2009;
Eckstein OARSI| 2019]

XRAY: SEVERITY
Kellgren Lawrence
Grade (0-4);
Joint Space Narrowing
& Knee
Malalignment

History & Physical
Exam
Knee alignment

Transition to “moderately
worse” or “much worse” in 6
months [Eyles et al. Arthritis
Care Res (Hoboken)
2016;68(9):1268-77]

6 Min Walk Test

Progression of pain and xray
changes and increased risk
of joint replacement
[Demehri et al. Curr Opin
Rheum 2015; Pelletier et al.
Ann Rheum Dis 2013;
Hunter et al Osteo Cartilage
2015; Barr et al.

Ann Rheum Dis 2015]

MRI
Cartilage Loss
Bone (3D shape change
& texture)
Synovitis (inflammation)

Biomarkers

Type Il collagen
breakdown (urinary
CTXIl) & synthesis
(serum PIIANP and
Pro-C2)




What are Emerging Methods to Prognose Risk of Worsening OA?

Probability of
Knee
Replacement

'“'_
=1

na

0z

01

nn

Two Year Change in MRI Cartilage Loss Predicting
Knee Replacement over the Subsequent 5 Years
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Kwoh CK et al. IWOAI 2018 (kindly provided by Dr. Phil Conaghan)
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What are Emerging Methods to Prognose Risk of Worsening OA?

Age, gender and weight poorly
predict risk of progression;
Knee malalignment in an
overweight individual predicts
progression [Felson et al. ARD
2004)]

Pain and risk of Joint
Replacement (17% for grade
3, 44% for grade 4)

[Neogi et al. BMJ 2009;
Eckstein OARSI| 2019]

XRAY: SEVERITY
Kellgren Lawrence
Grade (0-4);
Joint Space Narrowing
& Knee
Malalignment

History & Physical
Exam
Knee alignment

Transition to “moderately
worse” or “much worse.”
[Eyles et al. Arthritis Care Res
(Hoboken) 2016;68(9):1268-
77]

High baseline CTXIl (cartilage
breakdown) associated with
3 X higher risk of knee or hip
replacement (knee or hip) and
9 X higher risk of knee
replacement (knee) in 2 years
[Bjerre-Bastos et al. 20109.
Osteo & Cartilage 27, S31-
S32]

Low PIIANP or Pro-C2
(synthesis) predict xray
progression [Kraus et al. Ann
Rheum Dis 2017; Luo OARSI
2018]

6 Min Walk Test

Progression of pain and xray
and increased risk of joint
replacement

[Demehri et al. Curr Opin
Rheum 2015; Pelletier et al.
Ann Rheum Dis 2013;
Hunter et al Osteo Cartilage
2015; Barr et al.

Ann Rheum Dis 2015]

MRI
Cartilage Loss
3D Bone Shape Change
Synovitis (inflammation)

Biomarkers

Type Il collagen
breakdown (urinary
CTXIl) & synthesis
(serum PIIANP and
Pro-C2)




Many Molecular Biomarkers are Available for Osteoarthritis

BIPEDS
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r Loss
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Bauer et al. 2006 Osteoarthritis Cartilage 14(8):723-7. PMID: 16733093
Kraus et al. 2011. Osteoarthritis Cartilage May;19(5):515-42. PMC3568396
Van Spil et al. 2010. Osteoarthritis Cartilage 18(5):605-12. PMID: 20175979



Urinary CTXIl - a Systemic Biomarker -- Predict Whole Body Burden of OA

(481 women with xrays of hands, hips, knees and spine)

Osteophyte burden | Cartilage loss burden
5 5
5 5
g g
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Kraus et al. 2010 PLOS One 5:3 9739



Summary of Components for ldentifying Risk of
Disability in Osteoarthritis

Disease
Elements

Examples - Clinical Threshold
Cartilage and soft tissue degradation :

Osteophyte Anatomic

Synovial inflammation

uCTXI - Niness Joint

COMP MOIGCUIar . Gait Disturbance .
Aggrecan Joint Pain Fallure
; Disability

Cartilage strain

Cartilage stiffness PhYSiOIOglC

Fluid pressurization

Kraus et al. Osteoarthritis Cartilage. 2015;23(8):1233-41. doi: 10.1016/j.joca.2015.03.036. PMCID: PMC4516635.



Remaining Challenges for Molecular Markers of OA

» Pathogenesis of OA remains complex and multifactorial;
» The heterogeneity of molecular pathways in OA may require different molecular markers;

» Unknown relationship of the magnitude of change in the biomarker to a clinically meaningful

change in clinical outcome.

» Because there are no disease modifying treatments
or drugs for OA, the situation is likely to get worse before
it gets better due to increasing OA due to increasing age and

obesity of the population.



OA Pathogenesis - Vicious Cycle of Sterile Inflammation

* Production of proteases and cytokines
* Matrix fragment release (‘DAMPS’)
* Cell senescence

Cartilage thinning

ankle>knee>hip* _ _
Macro and Micro Injury A Synovial 223 Immune
: Joint Cells perceive activation/recruitment
|
MeCIhaZ'ca injurious load ey
oa Endogenous /
\ Repair
Cartilage thickening « Weakened cartilage matrix * Potentiation of catabolic damage
« Reduced subchondral bone * Suppression of matrix synthesis
. compliance « Inhibition of repair

‘I HOMEOSTASIS

Virginia Byers Kraus and Tonia Vincent (Cecil Textbook of Medicine 2019); *Hsueh, Kraus, Onnerfjord 2019. Science Advances Oct 9:5(10)eaax3203




Systemic Biomarkers Predict Whole Body Burden of OA

Osteophyte Joint Space Narrowing
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Scope of the OA Problem

Prevalence >300 million adults globally
m Burden 15% adult population
)& s »W Cost >$100s billion annually
Burden >900,000 hospitalizations
LA | ack of Disability
@ Effective Quality of Life
Therapies Opioid Epidemic

Kindly provided by Dr. Tuhina Neogi



Types of Biomarkers - Nomenclature

Prognostic

prognostic-disease
progression

predictive-treatment
response

Efficacy of Intervention

pharmacodynamic-
treatment efficacy

surrogate-substitute
for a clinical efficacy
endpoint

Bauer et al. 2006 Osteoarthritis Cartilage 14(8):723-7
Kraus et al. 2011. Osteoarthritis Cartilage May;19(5):515-42. PMC3568396
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