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Natural History of OA

Initiation MRI/Biomarkers MRI /US X-ray End-stage
of Changes in the Structural Structural Disease
Disease composition of changes in changes in
Process bone, cartilage, bone,cartilage, bone
other soft tissues other soft tissues (i.e., joint death)

failure)

(i.e., joint

Clinically detecte
Molecular Pre-Radiographic

f

Defining Disease State of Osteoarthritis




ASC Working Group AIMS

. For the current imaging tools for assessing
structure modification :

* What do they measure?

 What are their relative strengths and weaknesses?

e What are the performance metrics for each feature that
they detect?

* What is the relationship between symptoms and
structural progression?

 How can they be used optimally in clinical trials?

e Can rapid structural progression patients be identified,
and is this worthwhile?

 What is the research agenda required to
iInform the above?




ASC Working Group METHODS

Literature Review Search Strategy

Medline, CINAHL, Cochrane, and PsycINFO

Standard search strategy

1.

*osteoarthritides/ OR *osteoarthrosis/ OR *Osteoa  rthroses/ OR *Arthritis,
Degenerative/ OR *Arthritides, Degenerative/ OR *De  generative Arthritides/
OR *Degenerative Arthritis/ OR *Osteoarthrosis Defo  rmans/ OR
osteoarthritis.mp. OR Osteoarthritis, Hip/ or Osteo  arthritis, Knee/ OR
Osteoarthritis, Hand/

. AND magnetic resonance imaging/ or *MRI

OR
AND x-ray OR radiography OR diagnostic imaging OR r  adiology OR
disease progression
AND joint space OR JSW OR disease progression

Standard search limits for searches
*English language, humans, adults, 1950 — April 2009




Conventional Radiography




X-RAY: SYSTEMATIC REVIEW RESULTS

Jean-Francis Malllefert, Bill Reichman, Elena Losin a

Knee

*998 articles (PubMed 807, Embase 59, manual search
132)

285 relevant articles, 82 articles included after f  ull-text

N

*Main cause for non inclusion was joint space

evaluated using an atlas rather than by metric
measurement

Hip

24 articles included after full text review

Hand

«108 relevant articles, 50 included after full text review




X-RAY: CONCURRENT VALIDITY
KNEE

 Joint space metric measurement (JSW) was moderately or strongly
associated with arthroscopic findings. The 1-year c hange in joint
space was moderately associated with the 1-year cha nges on
arthroscopy

 Although results were heterogeneous, most suggested that there is

an association between presence of knee pain and X- ray knee OA

 Results in the knee OA population were heterogeneou s but
suggested

* NO cross-sectional association between knee pain an d JSW
* NO cross-sectional association between disability a nd JSW
« weak correlation of baseline joint pain to subseque nt JSN

» weak correlation of changes in joint pain to change S in JSW




X-RAY: PREDICTIVE VALIDITY
KNEE

* Insufficient data to conclude on the predictive val idity of change
In JSW predicting symptoms beyond a specific trial duration

 Trends were identified:

o Symptomatic and structural efficacy of knee OA trea  tment
may be less in patients with low levels of JISW

 The amount of JSN may be predictive of requirement for knee
surgery




X-RAY: RELIABILITY
KNEE

Results of a Meta-Analysis of 8 Studies Assessing | nter-Reader Reliability with Intra-class Correlatio n
(Ico)

O
O

Excellent inter-reader reliability was observed for all techniques




X-RAY: RESPONSIVENESS
KNEE

* Pooled responsiveness was low for all radiographic techniques
and without significant differences between techniq ues

 Head-to-head comparisons suggest higher responsiven ess with
fluoroscopic semi-flexed views

« Head-to-head @ comparisons suggest no difference in
responsiveness between assessments of change of min imal joint
space, mean joint space and joint area

« Longer studies (2 years) offer better data on respo  nsiveness




X-RAY: RESPONSIVENESS
KNEE

Analysis (Radiographic View/Method of Number of SRM
Measurement/Follow-up Time) Studies

Extension/Computerized/1 year or less 1 0.29 (0.04, 0.54)
Extension/Computerized/1-2 years 0.23 (0.13, 0.32)
Extension/Computerized/> 2 years N/A

Extension/Manual/l year or less 0.37 (0.30, 0.44)
Extension/Manual/1-2 years 0.51 (0.42, 0.59)
Extension/Manual/> 2 years 0.39 (0.26, 0.51)

Flexion/Computerized/1 year or less 0.20 (0.06, 0.34)
Flexion/Computerized/1-2 years 0.28 (0.15, 0.40)
Flexion/Computerized/> 2 years 0.77 (0.20, 1.34)

Flexion/Manual/l year or less 0.00 (-0.26, 0.26)
Flexion/Manual/1-2 years -0.14 (-0.29, 0.02)
Flexion/Manual/> 2 years 0.68 (0.26, 1.09)

» Computerized reading gives better responsiveness co mpared to manual read in
short-term flexion studies

» Advantages of computerized vs. manual read are much less apparent in longer
studies




X-RAY:
PREDICTION OF “FAST”
PROGRESSORS

® Baseline KL 3 grade may be predictive of more rapid JSN

 Malalignment is at least moderately associated with more rapid
JSN

* There is little evidence that demographic data allo  w prediction of
change in JSSW




X-RAY: CONCURRENT VALIDITY
HIP

* There is an association between presence of hip sym  ptoms and
hip OA

In the hip OA population, baseline joint symptoms a re
moderately correlated to further joint space loss

* Results were too sparse and heterogeneous to allow any further
conclusions




X-RAY: PREDICTIVE VALIDITY
HIP

e Strong association between 1 and 2 year changes In minimal
joint space and further pain and disability in hip OA patients
(unpublished data: JF Maillefert)

« Amount of JSN may be predictive of further joint sp ace loss

« Amount of JSN, and rate of joint space loss, are pr  edictive of
subsequent hip replacement




RELIABILITY
HIP

Number of S
Measure Estimate Confidence

Studies
Interval

Intra-reader
CV . 1.66, 6.76

Inter-reader
CV . 1.71, 4.25

Intra-reader
ICC . 0.83, 1.00

Inter-reader
ICC . 0.80, 0.96




X-RAY: RESPONSIVENESS
HIP

95%
. Number :
AVEWAIS ) Confidence
of Studies
Interval

Overall 11 : 0.41, 0.91
Study design
RCT 0.12, 0.57
Cohort 0.49, 1.16
Analysis
Completers 0.50, 1.10
ITT 0.06, 0.55

Measurement
Technique

0.64, 1.59
0.31, 0.62

Computer
Manual




X-RAY: HAND

 Predictive validity — 1 study!

 Reliability - Total hand score reliability , differe nt scoring

methods of individual joints and measurement of cha nge over time
(2 studies) was very good

» Responsiveness of global hand OA scores, as evaluat ed by SRM
was low in most studies




X-RAY: SUMMARY (1)

sConventional radiographs have traditionally been the method of choice in
clinical trials because of their relative feasibility

*CR presents an image of the joint space of a diarthrodial joint, the width of
which represents the thickness of articular cartilage. In some joints, notably
the knee, JSW also reflects the presence, location and condition of other
structures (e.g., meniscus), and JSW is a composite measure of the
combined thickness of those structures

*Much is now known of the performance metrics of CR JSW in the knee and
to a lesser extent in the hip. In the knee, fluoroscopic positioning and semi-
flexed views improve responsiveness. Studies will generally need to be of 12
- 24 month duration




X-RAY: SUMMARY (2)

» Knee study populations may be ‘enriched’ to increase the rate of joint space loss
(e.g. including higher KL grade)

« The natural history of hip OA appears different to that of knee OA and although
the literature concerning the hip is much less extensive, there is some evidence
for better performance metrics for JSW at the hip. Hip JSW as a construct does
not include a meniscus. There is little evidence on enriching cohorts for purposes
of increasing rate of JSN progression.

In terms of correlation with concurrent symptoms, there is weak association
between progression in JSN and progression of symptoms. There is little
iInformation on how progression in JSN during the course of a study reflects post-
study change in symptoms. JSN progression is associated with increased rate of
subsequent total joint replacement, but these may not be truly independent events
as JSN is one of the features used to select people for joint replacement surgery

« Automated methods for assessing parameters of JSW offer promise of improved
precision and therefore improved responsiveness







MRI: SYSTEMATIC REVIEW RESULTS

David Hunter, Bill Reichman, Ling Li, Weiya Zhang, E  lena Losina

* 806 (Ovid and Cochrane) + 539 (CINAHL & Psych Info) —
15 duplicates = 1330 abstracts

 From citations in the review articles, an additional 7 articles
= 1337

e Of 1337 abstracts, 356 were deemed relevant

o After further review of full text 242 manuscripts were
deemed relevant from which data was extracted

 Vast majority of publications on the knee




MRI: CONCURRENT VALIDITY
Cartilage morphology

 Inconsistent relation of cartilage morphology (volume
and/or thickness) to presence of radiographic OA

 Radiographic change Insensitive to early changes
detected by MRI

e Inconsistent but generally moderate relation of reduced
cartilage morphology to reduced radiographic joint space

« Strong correlation of cartilage volume measures to
histologic findings

 Moderate to strong relation of arthroscopic findings to
cartilage findings on MR

 Strong relation of CT arthrography to MRI cartilage volume




MRI: CONCURRENT VALIDITY
Compositional and non cartilage

* Inconsistent relation of compositional measures to
presence of radiographic OA

* Higher frequency of meniscal tears, synovitis, increased
bone area, Iincreased bone attrition In persons with
radiographic OA

e Strong relation of meniscal subluxation and increased
subchondral bone area to reduced radiographic joint space

 Moderate to strong relation of arthroscopic findings to
meniscal findings on MRI




MRI: CONCURRENT VALIDITY
Symptoms

 Inconsistent but generally strong relation of large bone
marrow lesions to presence of pain

 Inconsistent but generally moderate relation of synovitis
and effusion to presence of pain

* Weak relation of cartilage volume/ thickness to presence
of pain

* Inconsistent but generally weak relation of cartilage loss to
symptom change

* No relation of meniscal tear to presence of pain




MRI: PREDICTIVE VALIDITY

* Quantitative cartilage volume change, change in cartilage
thickness and presence of cartilage defects or bone
marrow lesions are potential predictors of TKR

* Moderate relation of BML change to incident symptoms
and pain change

« Weak relation of change in synovitis to change in pain

* Presence of meniscal damage, cartilage defects and
BMLs predicts MRI progression




MRI: RELIABILITY

Inter-reader intra-class Number of Pooled 95% Confidence

correlations (ICC) Estimf_sltes ICC Interval
(Studies)

Quantitative

Cartilage 10 (4) 0.86, 0.95
Meniscus 2 (1) 0.72,0.89

Inter-reader kappa Number of Pooled 95% Confidence
Estimates Kappa Interval

Semi-Quantitative (Studies)
Cartilage

Bone Marrow Lesion ;5 (;') 0.57 0.44, 0.71
Meniscus : 8 0.88 0.79, 0.97
Ligament 3 (3) 0.73 0.63, 0.84

0.80 0.69, 0.90




MRI: RESPONSIVENESS (12 months)

Stratification Number of Mean Pooled 95% Confidence
Estimates Sample SRM Interval
(Studies) Size

Quantitative Cartilage

Medial Femoral 54 (12) -0.48, -0.30
Medial Tibial 55 (17) -0.39, -0.26

Medial Tibio-Femoral 31(12) -0.75, -0.41
Lateral Femoral 32 (8) -0.27, -0.11
Lateral Tibial 44 (14) -0.51, -0.36

Lateral Tibio-Femoral 14 (5) -0.92, -0.20
Patella 13 (9) -0.83, -0.37

Global 5 (4) -2.23, 0.97

Quantitative Other

Denuded area 19 (2) -0.15, 0.06
Bone 14 (2) -0.23, 0.05

Bone Marrow Lesion 4 (1) 0.01, 0.20
Meniscus 2 (1) -0.33, -0.16

Semi-Quantitative Cartilage
Medial Tibial-Femoral ©) 0.47, 0.64

3
Lateral Tibial-Femoral 3 (3) 0.18, 0.57
Patella 2 (2 0.03, 0.56

Semi-Quantitative Other
Synovium (2) 0.28,0.76
Osteophytes (1) 0.28, 0.44
Bone Marrow Lesion (2) 0.07, 0.30
Meniscus (1) 0.14, 0.40

Compositional (1) -3.88, -2.70




MRI: SUMMARY (1)

*There has been a growing awareness that symptomatic OA represents a
process involving all the tissues in the OA joint.

«Structure modification should therefore be considered in a broader context
than that of cartilage alone. MRI has evolved substantially over the last
decade and its strengths include its ability to visualize individual tissue
pathologies, as well as the interrelationship between tissue pathologies.
Consider MRI as a tool for improving the OA inclusion phenotype, not just
outcome measure

*Using MRI it is possible to accurately and feasibly measure change in
cartilage morphology over 12 months for knee OA

*Knee OA study populations may be ‘enriched’ to increase the rate of cartilage
loss (e.g. including higher KL grade)




MRI: SUMMARY (2)

* In terms of correlations with concurrent symptoms, there is a weak association
between progression of cartilage loss and increasing symptoms. There is little
iInformation on how change in cartilage parameters during the course of a
study reflects post-study change in symptoms. There is some predictive
validity with progression of cartilage loss predicting subsequent total joint
replacement

More information is required on the performance metrics of MRl semi-
guantitative and compositional measures of cartilage morphology. There may
be a role for semi-quantitative assessments for assessing focal cartilage
defects

Since MRI alone has the capacity to image the other tissues, further work is
needed on the quantification and predictive validity of non-cartilage MRI
pathologies The performance metrics of non-cartilage MRI features have not
been extensively studied




A Decade of OA Imaging
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Recommendations




RECOMMENDATIONS FOR
ASSESSING STRUCTURAL CHANGE
IN OA CLINICAL TRIALS

Conventional Radiographs

Magnetic Resonance Imaging

Other Imaging Modalities



X-RAY: RESEARCH
RECOMMENDATIONS



MRI: RESEARCH
RECOMMENDATIONS



Kraus Best Pr Clin Rheumatol 2006



