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AGENDA

Welcome and Opening Remarks
David J. Hunter (USydney), Virginia Byers Kraus (Duke)

Study Design and Case/Control Selection
Michael C. Nevitt (UCSF)

Imaging Biomarkers
David J. Hunter (USydney), Jamie E. Collins (BWH), Virginia Byers Kraus {Duke)

Serum & Urine Biomarkers
Virginia Byers Kraus (Duke), Elena Losina (BWH)

Next Steps and Closing Remarks
David J. Hunter (USydney); Virginia Byers Kraus (Duke)

Adjournment

www.biomarkersconsortium.org
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Biomarker

urinary CTX-II

serum COMP

serum HA

serum and urine
C1,2C

serum and urine
c2cC

serum and urine
Coll2-1INO2

serum CPII
Serum PIIANP

urine/serum NTX-1

Urine CTXI alpha
and beta/serum
CTX-1

serum CS846

serum MMP-3

Process
(preliminary)

type Il collagen
degradation

cartilage degeneration

osteophyte burden,
synovitis

Types | and Il collagen
degradation

type Il collagen
degradation

type Il collagen
degradation

type Il collagen
synthesis

Type Il collagen
synthesis

bone resorption

bone resorption

cartilage aggrecan
synthesis/turnover

protease involved with
joint tissue
degradation

BIPEDS
Classifications

Knee: BPED
Hip: BPD

Knee: BPD
Hip: BPD

Knee: BPED
Hip: P
Knee: D(u)
Hip: none

Knee: E(s), D(u)
Hip: B(S)

Knee: D(s),B(u),P(u)
Hip: D(s)

Knee: D(s)
Hip: B(s)
Knee: BPD
Hip: none

Knee: P(u),E(u)
Hip: P(s)

Knee: B(u), D(s/u),
P(u)
Hip: none

Knee: P
Hip: none

Knee: E
Hip: none

Surrogacy Based on Human Clinical Trials (prelimina ry)

characterization: changed significantly in 3 pharmacologic
trials that met primary clinical endpoints (Christgau 2004,
Gineyts 2004, Manicourt 2006)

exploration: not used to date in pharmacologic trial

demonstration: changed significantly in one pharmacologic
trial that met primary clinical endpoints (Manicourt 2006)

exploration: nonsignificant change in one pharmacologic
trial that met primary clinical endpoint (Mazzuca 2006)

demonstration: nonsignificant change in one pharmacologic
trial that met primary clinical endpoint (Mazzuca 2006)

exploration: not used to date in pharmacologic trial

exploration: nonsignificant change in one pharmacologic
trial that met primary clinical endpoint (Mazzuca 2006)

exploration: not used to date in pharmacologic trial

demonstration: changed significantly in one pharmacologic
trial that met primary clinical (WOMAC) endpoint (Spector
2005)

exploration: not used to date in pharmacologic trial

exploration: nonsignificant change in one pharmacologic
trial that met primary clinical endpoint (Mazzuca 2006) but
changed associated with concurrent JSN

characterization: changed significantly in two pharmacologic
trials that met primary clinical endpoints (Lohmander 2005,
Manicourt 2006)

ELISA assay
type

competitive-
inhibition
competitive-
inhibition &
sandwich

sandwich protein
binding assay

competitive-
inhibition
competitive-
inhibition
competitive-
inhibition
competitive-
inhibition
competitive-
inhibition
competitive-
inhibition

competitive-
inhibition
competitive-

inhibition

sandwich for total
MMP-3 assay
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1901 ?7@ " @4 "
"@41 AE1 4H " 1El" " 19
Radiographic and pain
outcomes
compared to BL levels
______________________________ .
Biomarker :
_AL A
g Y N\
| | | | [ pressassaees
Baseline 12 mo 24 mo 36 mo 48 mo 60 mo
(BL)

OA clinic visits
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K " LI (Cr™
"1% @41 AE 4H"
#M ,3 , N
I n KT "
) * 1 @I?A1
*3 " " "
T
* DI 1/%.KI 1% @4 "
- B+ "1% ?@ " ,
minJSW (mm) BL-12 mo
: +  3I(IHA Probability that change <X is due to
g 1" measurement error
g0 ) I(4C 2.5% 5% 10% | 25% | 50%
20 BminJSW <-1.02 <-0.87 | <-0.70 | <-0.49 <0.08
oo J _ BL-12m (mm)
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1 1

Control # 3

Case 2. X-ray Only /
progressor /

1. X-ray and Pain 4. No X-ray or Pain /
Progressor progression
(Non-progressor) 7/

3. Pain Only
progressor

Knees/subjects eligible for both radiographic
(X-ray) and pain progression outcomes
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BL KLG 1-3 and biomarker data
3,481 (2,246)

R Exclusions or don't meet
criteria for any outcome group
v based on both knees

1,908 (1,519)

i e

252 444 269 943 Eligible
(234) (377) (236) (672) subjects
I = % % (knees)
1 * l *% l** 1 *x
194 103 103 200
Selected
(194) (103) (103) (200) sample
X-ray and Pain X-ray only Pain only Neither X-ray nor
progressor progressor progressor pain progression
(Case) (Non-progressor)

* MRI artifact, knee positioning exclusions
** Frequency matching for 15 KLG by BMI
strata, with random selection
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40-
351
30+
251
20+
151
10+

BL BMI, by outcome group

O BMI <25
O BMI 25-30
@ BMI 30-35
B BMI >35

X-ray + pain  X-ray only  Pain only Non-

progressor progressor progressor progressor

|+




Index knee BL KLG, by outcome group
* Before
matching
BKLG1
OKLG?2
OKLG 3
X-ray + pain  X-ray only Pain only Non-
progressor progressor progressor progressor
" 1%
# 7 3 1 /%. A

[%. *
]



X-ray + pain | X-ray only | Pain only Non-

progressor | progressor | progressor | progressor | P-value
Age (SD) 62.0(8.8) | 63.1(8.3) | 58.0(8.7) | 61.5(9.1) 0.011
Male 43% 55% 35% 35% 0.003
Nonwhite 20% 12% 28% 22% 0.029
Pain meds for
knees most days, 32% 21% 36% 28% 0.088
past year
Glucosamine most | 339y, 33% 29% 26% 0.290

days, past mo




X-ray + pain | X-ray only | Pain only Non-

progressor | progressor | progressor | progressor | P-value
Hx of knee injury* 35% 40% 37% 33% 0.874
WOMAC knee 20 (26) 33(40) | 19(27) | 26(32) | 0.002
pain (SD) (0-100)
Medial JSN gr 2 44% 41% 28% 31% 0.009

(vs 0-1)

* self-report of knee injury causing difficulty walking for >= 2 days




%..

# B! 11} 11
*
o % *1063@4" (1% 3AEG4H"
° *; B! 1] 1 !% ?@ 11}

n %



* " S n
* Bl @4 4H
% 1 ;
n *
# *
o 0p " " * %



# 3

+)$%+4 %&96!4-)-

- > J3 * K?D4 (
"#&'Yo+4 %&%!4- -
43
E9+%64 G (%)&  EQ+%A#&I4  %)&#&!4 .
(+H+ --H+ (+#*+ --#+ (H#5+ —H+ HEI(+H#*+ —-H+-
&F 7< &F < &F < &F <
Kall ( 3 K@II

!
ol KebcC (J3* 3 KAIA
i Ke@bcC (# 3 KAIA



http://oai.epi-ucsf.org/datarelease/

(L)#&
) 8) "
) 8) " 1 ey 1! "
n *
" "50# $
o - * 50
0
(L)#&
* * $ "6 >
. >66 ( ( (6 6'5 0(
o - * * 50 (



$%*)&* H$%+, +-
%.)' / 0&1 +
%%$) [ #)&-

3)+*)&)% 4 +- +%0-



%+%$ 1 +:-<
$967) 2%6141)" =+#0( 9%-0+
I+, +
g e
%")#*+%(24 . )) % = % &" 8 16
| *
"y 1
’ 1
I 1 5
1 8 i
% ) * $+ /
" 37 $ | % + o
"7




- R 1" )
% n % n ,3 * S
( 3 *S
° F "’ $ 1 1 1/%1 1
+ #
. 1
?)
+ n % % n
43 ! 1 3 $
3 "



A) )=
AT 1?2@ @4

X * 2@
! "0



° 3 +
o - +'-
% 3 11}
0] ?E 1
*
> " 6"
?E>
o >
° >



2068* )& %+1)1%* 2)",& -- HESI #. + 7 #812- A4 %- O #&1+#! 1%10-

Hyime swar<c | sompinc| 1| 0%
. 3I(A@ 14l | 31(?@ I(@H  2(D ?(E1l|@(A o
+ 3(?@ 1(?D  3I(IF I(?A 2 (E ?(A12(D o(ll?
+,3 3(@? (@H  3I(H (@] ?2(H ?(F1 @(@ o(llN?
+ 31(?H (@4 | 3I(E I(?H| 2(D ?(E1 @(4 o(lp
3?2(@E I(DA  3I(M4 I(EF  2(A 2?1 2(F I(IIHF
I(4H I(AC  I(F? IfAH  2(] I(H1 2(@ |(DCEF
Uus % 1'% + # 11% 1!% !+ 11%/%.1'% " 1,1
K 3 ( 3 *

?)



7 #812 + +'3%I10 - @#+ 2%&* )& %+1)1%* 2)& - Ad
%- 9 #&1+# 19%10- >)12 K #8&@)' &" &1 +.%!-



2068* )& %+1)1%* 2)".& -- HESI #. + 7 #&12-A4 %- 1%10-: K <

cMFTC METC

cMT ccMF



A)
L om
) + 1
OO@% 0
+ 6
%

1: Tamez-Pefa JG, Farber J, Gonzalez PC, Schreyer E, Schneider E, Totterman S. Unsupervised
segmentation and quantification of anatomical knee features: data from the Osteoarthritis Initiative. IEEE Trans
Biomed Eng. 2012 Apr;59(4):1177-86. doi: 10.1109/TBME.2012.2186612. Epub 2012 Feb 3. PubMed PMID:
22318477.
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. Case Control ) -
Predictor OR P i}
(mean (sd)) (mean (sd)) value
Central MedFem Area 889.3 (156.4) 891.1 (153.4) 0.83 (0.6, 1.1) | 0.1969
Central LatFem Area 808.4 (136.9) 802.0 (139.9) 1.0 (0.7, 1.3) | 0.9070
MedTib Area 910.8 (178.0) 911.6 (178.3) | 0.82 (0.6, 1.1) | 0.1625
LatTib Area 809.6 (158.0) | 800.1(161.8) | 1.0(0.8,1.4) | 0.8528
U$ 1% 11%# 1'% 1'%!'+1!%/ %1% " 1 /1
K " 3 * ( 3 *

?) !
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. Case Control ) -
Predictor OR P .
(mean (sd)) (mean (sd))
Central MedFem Mean Curvature | 0.0274 (0.0064) | 0.0290 (0.0059Y 0.77 (0.6, 0.9) | 0.0101

0.0264 (0.0046)\

/

Central LatFem Mean Curvature | 0.0255 (0.0046) 0.81 (0.7, 0.99) ﬁffoé
MedTib Mean Curvature -0.0277 (0.0067) | -0.0284 (0.0062) | 1.1 (0.9, T4} | 0.2779
LatTib Mean Curvature -0.0118 (0.0064) | -0.0117 (0.0064) | 1.0(0.8,1.2) | 0.7391
U$ 1% 11%# 1'% 1'%!'+1!%/ %.11% " 1 ,1

K ! 3 * ( 3 *

?) "
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: Case Control p-

Predictor OR®

(mean (sd (mean (sd)) value”
Central MedFem Area <__-18.4 (58.0) -1.9 (35.6) 0.68 (0.6, 0.8) | 0.0001.
Central LatFem Area -5.6 (33.4) -5.9 (29.5) 0.98 (0.8, 1.2) | 0.8667
MedTib Area -5.4 (43.2) 0.9 (35.4) 0.85 (0.7, 1.02) | 0.0779
LatTib Area -3.6 (36.7) -5.3 (35.3) 1.03 (0.9, 1.2) | 0.7698
Us$ 1% 11%# 1'% 11%!+11%/ %1% " 1 ,1

K " 3 * ( 3 *
? ) 1
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0+.%10+ A4 %- 9 #&1+#! 1%10-

. Case Control . -

Predictor OR P .

(mean (sd)) (mean (sd)) value
Central MedFem Mean Curvature |-0.0013 (0.0037) | -0.0007 (0.0028) | 0.85 (0.7, 1.02) | 0.0830
Central LatFem Mean Curvature |-0.0008 (0.0022) | -0.0005 (0.0019) | 0.86 (0.7, 1.03) | 0.1063
MedTib Mean Curvature -0.0008 (0.0039) | -0.0002 (0.0032) | 0.83 (0.7, 1.00) | 0.0456
LatTib Mean Curvature -0.0002 (0.0029) | -0.0003 (0.0028) | 1.01 (0.8, 1.2) | 0.9073

Us$ % 11%# 1'% 11%!+11%/ %1% " 1 ,1
K ! 3 * ( 3 *
?)
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Case

Control

Predictor (mean (sd) (mean (sd) OR" p-value *
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Adapted from: Guermazi et al. Nat Rev Rheumatol 2013;9:236-51
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KneeAnalyzer™ markup of 6 initialisation points on x-ray

Tibial subchondral region of interest automatically placed
Fractal Signature Analysis (FSA) of medial compartment region
Calibration using the Synaflexer™ beads
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Biomarker

urinary CTX-II

serum COMP

serum HA

serum and urine
C1,2C

serum and urine
c2cC

serum and urine
Coll2-1INO2

serum CPII

Serum PIIANP

urine/serum NTX-1

Urine CTXI alpha
and beta/serum
CTX-1

serum CS846

serum MMP-3

Process
(preliminary)

type Il collagen
degradation

cartilage degeneration

osteophyte burden,
synovitis

Types | and Il collagen
degradation

type Il collagen
degradation

type Il collagen
degradation

type Il collagen
synthesis

Type Il collagen
synthesis

bone resorption

bone resorption

cartilage aggrecan
synthesis/turnover

protease involved with
joint tissue
degradation

BIPEDS
Classifications

Knee: BPED
Hip: BPD

Knee: BPD
Hip: BPD

Knee: BPED
Hip: P
Knee: D(u)
Hip: none

Knee: E(s), D(u)
Hip: B(S)

Knee: D(s),B(u),P(u)
Hip: D(s)

Knee: D(s)
Hip: B(s)
Knee: BPD
Hip: none

Knee: P(u),E(u)
Hip: P(s)

Knee: B(u), D(s/u),
P(u)
Hip: none

Knee: P
Hip: none

Knee: E
Hip: none

Surrogacy Based on Human Clinical Trials (prelimina ry)

characterization: changed significantly in 3 pharmacologic
trials that met primary clinical endpoints (Christgau 2004,
Gineyts 2004, Manicourt 2006)

exploration: not used to date in pharmacologic trial

demonstration: changed significantly in one pharmacologic
trial that met primary clinical endpoints (Manicourt 2006)

exploration: nonsignificant change in one pharmacologic
trial that met primary clinical endpoint (Mazzuca 2006)

demonstration: nonsignificant change in one pharmacologic
trial that met primary clinical endpoint (Mazzuca 2006)

exploration: not used to date in pharmacologic trial

exploration: nonsignificant change in one pharmacologic
trial that met primary clinical endpoint (Mazzuca 2006)

exploration: not used to date in pharmacologic trial

demonstration: changed significantly in one pharmacologic
trial that met primary clinical (WOMAC) endpoint (Spector
2005)

exploration: not used to date in pharmacologic trial

exploration: nonsignificant change in one pharmacologic
trial that met primary clinical endpoint (Mazzuca 2006) but
changed associated with concurrent JSN

characterization: changed significantly in two pharmacologic
trials that met primary clinical endpoints (Lohmander 2005,
Manicourt 2006)

ELISA assay
type
competitive-
inhibition
competitive-
inhibition &
sandwich

sandwich protein
binding assay

competitive-
inhibition
competitive-
inhibition
competitive-
inhibition
competitive-
inhibition
competitive-
inhibition
competitive-
inhibition

competitive-
inhibition
competitive-

inhibition

sandwich for total
MMP-3 assay
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24 progressors and 60 non-progressors.

Change Scores l\ Change Scores

~=100 both groups ~=0 both groups

Sharif, et al. (2007) Rheumatology (Oxford) 46(6): 938-943.
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NRI

OR OR 95% CI  p-value NRI Cl Cases-%  Controls - %
correctly correctly
reclassified  reclassified
Serum CPII 0.84 0.69, 1.02 0.0814 | 0.0934 -.0777,.2646 23% -13%

Urine CTX-1R (Ur_beta) 1.22

Urine NTXI

1.23

1.02, 1.46

1.03, 1.47

0.0299

0.0259

0.0631

0.0326

-.1110,0.2373 7%

-.1417,0.2069 5%

-2%




Marker Serum HA| Serum Serum |Urine C2C Urine Urine NTXI Urine Urine CTXI
NTXI PIIANP CTXII CTXI alpha beta
0.079 0.643 0.055 0.245 0.381 0.798

0.003 0.322 0.375 0.094 0.093 0.059

0.100 0.234 0.342 0.584 0.594 0.562

Serum 0.120 0.072 0.053 0.042 0.058
PIIANP

0.366 0.331 0.275

0.482




If OA Progressing we

expect...
Vo+, + "20/6&)-$ )*2
H#>
" J ! 0 0
" 5] ! 0 0
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" # G# * % %




Marker

Groups

Serum CTXI Group 3-level

less than 0.5 SDs above the mean
greater than 0.5 SD above the
mean

Serum HA Group 2-level

Less than 0.5 SDs above the mean
0.5 SDs above the mean or greater

Serum NTXI Group 3-level

less than 1 SD above the mean
greater than 1 SD above the mean

Serum PIIANP Group 2-level

Less than 0.5 SDs above the mean
0.5 SDs above the mean or greater

Urinary CTXII creatinine adj Group 2-level

at least 0.5 SDs below the mean
0.5 SDs below the mean or greater
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