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ABSTRACT

Osteoarthritis affects the whole joint structure with
progressive changes in cartilage, menisci, ligaments and
subchondral bone, and synovial inflammation. Biomarkers
are being developed to quantify joint remodelling and
disease progression. This article was prepared following
a working meeting of the European Society for Clinical
and Economic Aspects of Osteoporosis and Osteoarthritis
convened to discuss the value of biochemical markers of
matrix metabolism in drug development in osteoarthritis.
The best candidates are generally molecules or molecular
fragments present in cartilage, bone or synovium and
may be specific to one type of joint tissue or common to
them all. Many currently investigated biomarkers are
associated with collagen metabolism in cartilage or
bone, or aggrecan metabolism in cartilage. Other
biomarkers are related to non-collagenous proteins,
inflammation and/or fibrosis. Biomarkers in osteoarthritis
can be categorised using the burden of disease,
investigative, prognostic, efficacy of intervention,
diagnostic and safety classification. There are a number
of promising candidates, notably urinary C-terminal
telopeptide of collagen type Il and serum cartilage
oligomeric protein, although none is sufficiently
discriminating to differentiate between individual patients
and controls (diagnostic) or between patients with
different disease severities (burden of disease), predict
prognosis in individuals with or without osteoarthritis
(prognostic) or perform so consistently that it could
function as a surrogate outcome in clinical trials (efficacy
of intervention). Future avenues for research include
exploration of underlying mechanisms of disease and
development of new biomarkers; technological
development; the ‘omics’ (genomics, metabolomics,
proteomics and lipidomics); design of aggregate scores
combining a panel of biomarkers and/or imaging
markers into single diagnostic algorithms; and
investigation into the relationship between biomarkers
and prognosis.

INTRODUCTION

Osteoarthritis manifests as alteration of the whole
joint structure, including progressive degradation of
cartilage, menisci and ligaments, synovial inflamma-
tion and changes to the subchondral bone." The
diagnosis of osteoarthritis is currently based on
radiographic criteria (eg, joint space width) and
clinical symptoms (eg, pain and loss of function).!
The evaluation of new disease-modifying osteoarth-
ritis drugs (DMOADs) is performed on the same
basis, since the regulatory bodies currently require

evidence for an impact on radiographic joint space
narrowing (JSN) and an impact on symptoms.” *
However, the limitations of radiography (eg, tech-
nical issues, precision and sensitivity)* have led to
research into alternative parameters for monitoring
osteoarthritis that could serve as biomarkers in
drug development. The National Institutes of
Health (NIH) defines a biomarker as ‘a characteris-
tic that is objectively measured and evaluated as an
indicator of normal biologic processes, pathogenic
processes, or pharmacologic responses to a thera-
peutic intervention.”

Imaging markers, from magnetic resonance and
ultrasound, may be useful biomarkers in the evalu-
ation of osteoarthritis and in drug development in
the field.* © 7 A promising outcome is the use of
quantitative MRI to assess changes in cartilage
volume or thickness. However, widespread use of
MRI is limited by cost, availability and the absence
of a validated international score. These imaging
markers are beyond the scope of this review and
the use of MRI is covered in a separate European
Society for Clinical and Economic Aspects of
Osteoporosis and Osteoarthritis (ESCEO).®

Another attractive alternative is the measurement
of biochemical markers in blood, urine or synovial
fluid samples, which could reflect dynamic and
quantitative changes in joint remodelling and there-
fore disease progression. In the setting of osteoarth-
ritis, a biochemical marker could be either an
effector molecule (ie, an operator of joint damage),
the result of joint damage, or both, as in the case
of cartilage extracellular matrix fragments, such an
hyaluronan, that serve as both biomarkers and
stimuli of the innate immune chronic wound
healing response in the osteoarthritic joint.® Such
biomarkers may be useful in early phase evaluation
of the efficacy and safety of DMOADs and may
also find applications in the diagnosis of disease,
the assessment of severity and the risk of progres-
sion and the monitoring of health status in the
general population.® Insofar as current diagnostic
methods in osteoarthritis combine radiographic and
clinical signs, the disease is definitively diagnosed
only when destruction of joint tissue is irreversible.
Hence, an important characteristic of a new bio-
chemical marker should also be that it can detect
early osteoarthritis. Candidate biomarkers in osteo-
arthritis should also have proven validity, reprodu-
cibility and predictive value, and there should be
ample information on how they relate to processes
in the joint and clinical endpoints (such as
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structural damage, pain or dysfunction and/or joint replace-
ment). Despite much active research into biomarkers in osteo-
arthritis,'®'® no single biomarker stands out as the gold
standard or is sufficiently well validated and recognised for sys-
tematic use in drug development. In the light of this situation,
the ESCEO convened a working meeting in October 2012 with
a group of experts in the field to discuss the value of biomarkers
in drug development in osteoarthritis, with a focus on the
potential avenues for future research. This article is a summary
of these discussions, and the manuscript was revised by the par-
ticipants of the meeting, as well as additional invited authors,
who provided further substantial input.

METHODS

Relevant articles, reviews and abstracts were identified through a
PubMed/MEDLINE and EMBASE search of English language
articles published between 1994 and September 2012. The
initial search strategy included the terms: osteoarthritis, bio-
marker, biological marker, CTX-I, CTX-II, CPII, C2/C, NTX-I,
PINE OC, COMB CS846, PIIANB HA, PIIINE leptin, adipo-
nectin, visfatin, leptin-receptor, adiponectin receptor, interleu-
kin, C-terminal and N-terminal telopeptides of collagen I,
aminoterminal propeptide of type I procollagen, osteocalcin,
cartilage oligomeric matrix protein, chondroitin sulphate 846,
soluble receptor for advanced glycation endproducts (sSRAGE),
RAGE, type IIA collagen N-propeptide, matrix metalloprotei-
nase, cartilage glycoprotein 39 (YKL-40), uric acid, prostaglan-
din, bone turnover, drug effect, cartilage articular/drug effect,
outcome assessment and treatment outcome. The initial search
yielded 149 items. Separate subsearches were also performed
using a cross-search of the above terms combined, as well as the
reference lists of the selected articles and the presentations
made during the ESCEO meeting. Overall, 66 relevant items
were selected by the authors according to their quality and per-
tinence for discussion by the ESCEO working group.

CANDIDATE BIOMARKERS IN OSTEOARTHRITIS

The best candidates for biomarkers in osteoarthritis are most
likely to be structural molecules or fragments linked to cartilage,
bone or synovium and may be specific to one type of joint
tissue or common to them all. They may represent tissue deg-
radation or tissue synthesis and may be measured in synovial
fluid, blood or urine. Box 1 and figure 1 outline a selection of
the various biomarkers that are currently being tested in osteo-
arthritis.’®2° Figure 1 highlights the different compartments of
the joint and potential biomarkers, all of which require careful
investigation. The cartilage, bone and synovial tissues all have
different potential biomarkers for investigation, each of which
has their own strengths and weaknesses. Discussion of each of
the individual markers can be found elsewhere in the litera-
ture.'®2% Many are associated with the metabolism of collagen
in cartilage (type II collagen) or subchondral bone (type I colla-
gen) or the metabolism of aggrecan in cartilage. Together, type
IT collagen and aggrecan constitute the most abundant proteins
in the cartilage matrix, making them promising targets for
research. In addition, there are biomarkers related to a range of
non-collagenous proteins that have a role in other metabolic
pathways in the joint, including glycoproteins, proteoglycans,
metalloproteinases and advanced glycation endproducts, as well
as hyaluronan, which is a constituent of both cartilage and syno-
vium. Finally, there are a number of biomarkers associated with
other processes, such as inflammation or fibrosis.

Box 1 Selected biomarkers currently being investigated

for the evaluation of osteoarthritis.'®%°

Biomarkers related to collagen metabolism

» C-terminal telopeptide of collagen type Il (CTX-II)

» Type Il collagen o chains collagenase neoepitope (c-CTX-Il)

» Type Il collagen propeptides (PIINP, PIIANP, PIIBNP, PIICP,

CPII)

Pyridinoline and Glc-Gal-PYD

Type Il collagen cleavage product (C2C)

Collagen type ll-specific neoepitope (C2M)

C-terminal telopeptide of collagen type | (CTX-I, o-CTX-I)

N-terminal telopeptide of collagen type | (NTX-I)

Aminoterminal propeptide of collagen type | (PINP)

Types | and Il collagen cleavage neoepitope (C1,C2)

jomarkers related to aggrecan metabolism

Core protein fragments (aggrecan neoepitopes, ARGS and

FFGV fragments)

» Chondroitin sulfate epitope 846 and monoclonal antibody
3B3(-)

» Keratan sulfate

Biomarkers related to other non-collagenous proteins

» Cartilage oligomeric matrix proteins (COMP and its

deamidated form D-COMP)

Fibulin (peptides of fibulin 3, Fib3-1, Fib3-2)

Follistatin-like protein 1 (FSTL-1)

Hyaluronan (hyaluronic acid)

Matrix metalloproteinases (MMP-1, MMP-3, MMP-9,

MMP-13 and TIMPs)

YKL-40 (cartilage glycoprotein 39)

Soluble receptor for advanced glycation endproducts

(SRAGE)

Biomarkers related to other processes

Inflammatory biomarkers: hs-CRP, IL-1B and IL-6 and COX-2

Factors indicating fibrosis and complement proteins

Adipokines (adiponectin, leptin, visfatin)

Soluble receptor for leptin (sOB-Rb)

Cellular interactions in bone (periostin)

Whnt inhibitors (DKKs and SOST)

» Uric acid

COMP, cartilage oligomeric protein; COX-2, cyclo-oxygenase-2;

Glc-Gal-PYD, glucosyl—galactosyl—pyridinoline; hs-CRP, high

sensitivity C reactive protein; IL, interleukin; MMP, matrix

metalloproteinase; PIIANP, N-propeptide IIA of type Il collagen;

PIIBNP, N-propeptide IIB of type Il collagen; PIICP, C-propeptide

of collagen type II; PIINP, N-propeptide Il of type Il collagen;

SOST, sclerostin; TIMP, tissue inhibitor of matrix

metalloproteinase.
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POTENTIAL VALUE OF BIOMARKERS IN OSTEOARTHRITIS

Biomarkers in osteoarthritis can be categorised using the five-
point burden of disease, investigative, prognostic, efficacy of
intervention and diagnostic (BIPED) classification scheme, which
was developed by the Osteoarthritis Biomarkers Network with
the aim of providing a common framework for communication
in the field.”?" Thus, a ‘diagnostic’ biomarker can distinguish
between individuals with and without osteoarthritis with good
positive and negative likelihood ratios (sensitivity and specificity)
and area under the curve in the receiving operator curve. A
‘burden of disease’ biomarker assesses disease severity in indivi-
duals with osteoarthritis, while a ‘prognostic’ biomarker predicts
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Figure 1 Sources of possible
biomarkers in osteoarthritis.'>%° C2C,
cleavage of type Il collagen; C2M,
collagen type ll-specific neoepitope;
C3M, collagen type lll-specific
neoepitope; Coll 2-1, 9-amino acid
peptide of type Il collagen (nitrated form
Coll 2-1 NO,); COMP, cartilage
oligomeric protein; CPII, type Il collagen
propeptide; CRP, C reactive protein; CTX,
C-terminal telopeptide of collagen; DKK,
wnt inhibitor; FSTL-1, follistatin-like
protein 1; ICTP, type | collagen-derived

Inflammation

CRP

cross-linked carboxy-terminal IL-6/IL-1
telopeptide; IL, interleukin; MMP, matrix TNF-a
CRP-M,

metalloproteinase; NTX, N-terminal
telopeptide of collagen OPG,
osteoprotegerin; PIIANP, N-propeptide
1A of type Il collagen; PIIBNP,
N-propeptide 1B of type Il collagen;
PIICP, C-propeptide of collagen

type II; PINP, N-propeptide of type |
collagen; PIINP, N-propeptide of type Il
collagen; RANK-L, receptor activator of
nuclear factor B ligand; RAGE, receptor
for advanced glycation endproducts;
TNF, tumour necrosis factor.

RAGE

the onset of osteoarthritis in those without the disease or the pro-
gression of osteoarthritis in those with existing disease.
Prognostic biomarkers may be used to determine risk in those
without overt disease, clinical outcomes in patients with signs or
symptoms of osteoarthritis or the efficacy of potential treatments
(ie, in drug development). Biomarkers for the ‘efficacy of inter-
vention’ are those that can be applied in randomised controlled
trials to assess the short-term or long-term changes associated
with pharmacological treatments. Finally, BIPED classifies
biomarkers as ‘investigative’ if there is insufficient evidence to
classify promising candidates into one of the other categories.
A sixth category was added later to include the notion of ‘safety’,
updating the acronym to burden of disease, investigative, prog-
nostic, efficacy of intervention, diagnostic, and safety
(BIPEDS).'® 22 Safety is an important consideration for more
invasive investigations (eg, exposure to drugs, radiation or con-
trast agents).'® #2 2% Similar frameworks for the categorisation of
biomarkers exist in other fields of medicine.” ** The aim of the
BIPEDS classification, designed specifically for osteoarthritis but
also applicable to other diseases, was to help capture information
in the early stages of development of the disease to inform the
design of future clinical trials and research in osteoarthritis.?*

Classification (using BIPED) was applied in a systematic
review of the literature in biomarkers in osteoarthritis, which
identified 84 relevant publications covering 26 different biomar-
kers published up to 2010.2° > A systematic review of the lit-
erature is beyond the scope of this ESCEO paper, but for each
of the different categories of biomarkers we provide a few illus-
trative examples below.

Diagnostic biomarkers

Diagnostic biomarkers ideally identify patients at the stage of
osteoarthritis where treatment may be most effective. Although
there have been a number of promising studies in this direction,
no single biomarker stands out for use in diagnosis. A cross-
sectional study in 67 patients with knee osteoarthritis and 67
healthy controls tested the clinical performance of a range of 10

Signalling

Differentiation
and matrix
production

CTX-I, CTX-II,
C2M, ICTP, CI-C2,
C2C, NTX-I,
Coll2-1,
fibulin-3,
FTSL-1, Aggrecan

-

MMPs
ADAMTS
CathepsinK
MMP-2, -3,
-9, -13

~ Osteocalcin
~ PINP, PIINP,

Synovial
inflammation

Synovial membrane

biomarkers sampled in serum and urine. Most of the biomarkers
of cartilage and synovium were significantly different from con-
trols in the osteoarthritis patients (p<0.05 for eight of the bio-
markers tested). Urinary C-terminal telopeptide of collagen type
IT (CTX-II), urinary Glc-Gal-Pyd and serum N-propeptide II of
type II collagen (PIINP), all of which were increased in patients
with osteoarthritis, were noted as potentially useful biomarkers
for the presence of osteoarthritis since they also correlated with
joint surface area.”> However, there was a substantial overlap
for all of the biomarkers tested between the patients and con-
trols. A study in 142 patients with osteoarthritis and 145
healthy controls supported the diagnostic potential of urinary
CTX-II, although it also reported that an aggregate score com-
bining CTX-II with imaging parameters had the best diagnostic
potential >®  Serum levels of cartilage oligomeric protein
(COMP) and type II collagen cleavage product (C2C) have also
been shown to correlate with knee degeneration in patients with
symptomatic knee osteoarthritis.?”

Other candidates for diagnostic biomarkers have been identi-
fied, with results for follistatin-like protein-1 (FSTL-1) in 42
osteoarthritis patients compared with six controls and also for
peptides of fibulin 3 (Fib3), Fib3-1 and Fib3-2.%® In another
study, the cartilage synthesis product N-propeptide ITA of type
IT collagen (PTIANP) was reported to be decreased in 43 patients
with knee osteoarthritis compared with 88 healthy controls.’
The presence of aggrecan neoepitopes was also shown to be
associated with the presence of osteoarthritis.*® Future possible
candidate diagnostic biomarkers include sRAGE, the plasma
levels of which were significantly lower in 36 patients with knee
osteoarthritis than in 15 healthy controls (p<0.01),>! and the
presence of the glycoprotein YKL-40 in synovium or cartilage,
which is known to correlate with the presence of osteoarthritis
and disease severity’* and was demonstrated to be elevated in
patients with osteoarthritis versus healthy controls.>® Factors
indicating fibrosis and complement proteins also play a role in
the pathogenesis of osteoarthritis and may prove to be useful
diagnostic biomarkers.**
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Burden of disease biomarkers

The degradation product urinary CTX-II correlates well with
the presence of osteophytes upon radiography in most joints
affected by osteoarthritis and may be a sensitive quantitative bio-
marker for the severity of osteoarthritis.*® 3¢ a-CTX-II has been
shown to reflect accelerated bone turnover in knee
osteoarthritis.>”

As regards biomarkers unrelated to collagen, studies in 141
subjects with knee osteoarthritis showed that levels of synovial
fluid aggrecan fragments can differentiate between mild and
moderate osteoarthritis in terms of radiographic JSN, as well as
pain and function (patient-reported outcomes).*® COMP is also
promising in the evaluation of the severity of knee osteoarth-
ritis,® *° as is the level of uric acid in synovial fluid.**

The relationship between the levels of three biomarkers
(urinary CTX-II, serum COMP and serum hyaluronan) and
radiographic features in various joints (hand, hip, knee and
lumbar spine) was explored in a study in 461 women originally
recruited on the basis of hand osteoarthritis.*® The results
showed differences between the biomarkers in terms of correla-
tions with radiographic indices of osteoarthritis. Although there
were positive correlations between the number of joints affected
by osteophytes and CTX-II (R*=0.51), COMP (R*=0.47) and
hyaluronan (R*=0.51), there was no correlation (upon adjust-
ment for the presence of osteophytes) between the number of
joints with JSN for CTX-II (R*=0.01) or hyaluronan (R*?=0.05)
and a negative correlation for COMP (R*=0.69).%° The native
form of COMP (without post-translational deamidation of the
amino-terminus) was found to be more specific for knee osteo-
arthritis, while the deamidated form of COMP (D-COMP) was
found to be more specific for hip osteoarthritis than for knee.**
This indicates that some molecules may be more powerful bio-
markers in specific joints.*> On the other hand, the high correl-
ation between serum COMP and age and the observed high
heritability of the marker® ** imply that the marker may have
an innate, systemic value independent of the joint site with
osteoarthritis, which could hamper the association.

A number of studies have revealed links between adipokines
(adiponectin, leptin and visfatin) and joint disease. While these
proinflammatory cytokines are generally produced by white
adipose tissue, they are also expressed by osteoblasts, synovio-
cytes and chondrocytes*~*” and have been described as import-
ant elements in joint inflammation and extracellular matrix
degradation.*® *® %° High levels of adiponectin and leptin have
been measured in synovial fluid of patients with osteoarthritis
and were reported to correlate with the severity of
osteoarthritis.’® !

Prognostic biomarkers

Elevated levels of urinary CTX-II have been demonstrated to be
associated with radiographic progression.?® °2 In a study in
1235 men and women participating in the Rotterdam study,
those with urinary CTX-II levels in the highest quartile were at
six times higher risk for radiographic progression of knee osteo-
arthritis (OR 6.0, 95% CI 1.2 to 30.8) and more than eight
times higher risk for progression of hip osteoarthritis (OR, 8.4,
95% CI 1.0 to 72.9).>% These results were independent of
known clinical risk factors for osteoarthritis, such as age, sex
and body mass index. Similarly, CTX-II was shown to predict
cartilage loss by MRI, and in addition to MRI modalities, to
provide an OR of more than 10 for identification of progres-
sors.”® 33 In this context, and as mentioned above, data suggest
that CTX-II may be more a marker of bone turnover than

cartilage breakdown,>* although further research is necessary to
assess whether this association is based on confounding of bone
turnover with the osteoarthritis process or is actually causally
related due to cross-reactivity of the epitope. There have also
been promising results for prognosis with serum COMP and
urinary CTX-II in a cohort of patients with knee osteoarth-
ritis.”> In a community-based cohort of 800 individuals, high
levels of serum COMP and hyaluronan were reported to predict
incident knee osteoarthritis and symptoms over a follow-up
period of 6 years (HR for incident JSN with 1 unit higher
In(COMP), 1.82 (95% CI 1.15 to 2.89) and with 1 unit higher
In(hyaluronan), 1.46 (95% CI 1.14 to 1.87)).°° Finally, a study
in 161 patients with knee osteoarthritis showed that levels of
the matrix metalloproteinases MMP-1 and MMP-3 were pre-
dictive of cartilage volume loss as evaluated by quantitative MRI
over 2vyears (both p<0.05).>” Insofar as the relationship
between cartilage biomarkers and cartilage volume loss is not
linear across populations, biomarkers may prove useful to select
subgroups among which osteoarthritis progresses at different
rates.”®

As regards preradiographic osteoarthritis, collagen type
[I-specific neoepitope®® (C2M) and C2C have been found to be
promising for the prediction of cartilage loss, especially when
the ratio of the two biomarkers, which is increased with the
onset of osteoarthritis, is considered.®® This suggests that panels
of biomarkers may be a better choice for predicting outcomes.

Adiponectin, visfatin, leptin and leptin’s soluble receptor
(OB-Rb) are increased in blood samples from patients with
osteoarthritis® ®* and have been correlated with disease pro-
gression in hand osteoarthritis,®> cartilage volume loss in knee
osteoarthritis® and radiographic changes in hip osteoarthritis.®®

The presence of inflammatory biomarkers has also been
shown to predict outcomes in osteoarthritis. Elevated high sensi-
tivity C reactive protein (hs-CRP) predicts cartilage loss asso-
ciated with osteoarthritis, as well as poorer outcomes after total
knee joint replacement.”” ¢¢ 7 Similar effects have also been
found for interleukin 6 (IL-6).°” ®® On the other hand, the spe-
cificity of inflammatory biomarkers for osteoarthritis may be
limited since they are implicated in a range of inflammatory
conditions and the utility and significance of hs-CRP are gener-
ally limited in osteoarthritis when body mass index is taken into
account.

Efficacy of intervention

There have been a number of studies linking the efficacy of
interventions in osteoarthritis to levels of urinary CTX-IL.2° The
use of biomarkers for efficacy of intervention has been consider-
ably limited by the absence of proven DMOADs, and most
agents used in osteoarthritis have given rather inconsistent
results with various biomarkers. Strontium ranelate has recently
been shown to have DMOAD properties,®® and so further ana-
lysis of these trial results may be expected to shed more light on
this issue.

Investigative biomarkers

Advances in ‘omics’ research are uncovering a range of new can-
didate biomarkers. Although only some of the data have been
validated independently, this is a field of active research and of
major importance in osteoarthritis. For the genetic component
of risk for osteoarthritis, a number of genetic polymorphisms
related to cartilage breakdown have been identified.”” 7' A large
genome-wide association study identified eight novel genetic
risk loci for osteoarthritis, revealing new pathways for explor-
ation for potential biomarkers.”? Interestingly, this study also
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found that the risk loci were generally specific to the hip or the
knee, indicating joint-specific disease pathways. Of note, genetic
studies are bound to provide insight into new aetiological routes
to osteoarthritis. Such insights may eventually provide new bio-
markers. However, the effect sizes of the genetic markers are
very small and so there is little chance that the genetic marker
itself may be powerful as a biomarker. Metabolomics studies are
also promising to identify novel serum biomarkers in osteoarth-
ritis, such as the ratio between branched chain amino acids and
histidine.”® 7* As the number of testable metabolites moves from
small numbers towards several thousands, more biomarkers are
likely to emerge from these improving technologies.”
Proteomic analyses are also likely to produce novel biomarkers,
for example, one study detected four new potential biomarkers
that correlated with parameters of inflammation, bone remodel-
ling, and cartilage turnover.”® Recent proteomics studies are also
in line with pronounced differences between cartilage from dif-
ferent joint sites.”” These results also support known differences
in clinical progression in a specific joint (eg, progressive hand
osteoarthritis). Finally, research in lipidomics suggests altered
lipid metabolism in osteoarthritis, which may also be a source of
novel biomarkers.”®

DISCUSSION

None of the current biomarkers is sufficiently discriminating to
aid the diagnosis of osteoarthritis or aid the prognosis of indivi-
duals with or without the disease or performs so consistently
that it could function as a surrogate outcome in clinical trials as
a secondary or supportive endpoint. The ESCEO group identi-
fied a number of possible avenues for future research in the field
(box 2), some of which are necessary before biomarkers can
enter routine clinical use for monitoring disease activity or in
drug development for the measurement of response to treat-
ment in osteoarthritis. The arrival of new DMOADs may help
better define biomarkers in osteoarthritis.

Box 2 Avenues for future research in biomarkers in

osteoarthritis

Mechanisms of disease/development of new biomarkers

» Research into the underlying mechanisms of disease to
validate existing biomarkers and identify new candidates

> Research into biomarkers from ‘omics’

» Identification of differences in effects of biomarkers between
joints (knee, hip, hand, spine, etc) to explore whether there
are specific biomarkers for specific joints

Assays and technological development

» Improved assays/technologies

» Standardisation/calibration of biomarkers

» Development of aggregate scores combining a panel of
known (confirmed) biomarkers (with or without imaging
markers) into single diagnostic tests

Prognosis and risk

» Improvement of the definition of early osteoarthritis

» Identification of biomarkers for early stages of osteoarthritis
(preradiographic)

» Further studies on correlations between changes in
biomarkers and hard clinical endpoints (eg, joint
replacement or virtual joint replacement)

» Research to place biomarkers within the assessment of risk

Despite this, there are a few very promising candidates. The
most promising are biomarkers of cartilage metabolism,
although biomarkers of synovial tissue degradation may also
prove to be useful in future. In this context, studies of the syn-
ovial fluid proteome have explored the contribution of innate
immunity and the complement cascade.** 7 % The results
suggest a major contribution of synovial gene products to the
osteoarthritis synovial proteome.®’ A systematic review applying
the BIPED classification indicated that urinary CTX-II and
serum COMP appear to have the best performance of all com-
mercially available biomarkers.?® On the other hand, the same
review also highlighted a general lack of consistent evidence, dif-
ferences between the populations studied (clinical trial popula-
tions vs population-based cohorts), differences in sample
collection and possibly publication bias.*® Thus, future research
efforts should be made to validate the existing markers and
identify new candidates (box 2). Such research should involve
further exploration of the underlying mechanisms of disease.
The ongoing head-to-head comparison of a large panel of bio-
markers (a dozen biochemical biomarkers and multiple sensitive
imaging biomarkers) through the OARSI/Foundation for NIH
study promises to provide much needed vital information for
determining some of the best candidates for further qualification
in clinical trial scenarios.®'

Interestingly, the biomarkers with the most consistent evi-
dence appear to be those at the end of the pathways of tissue
destruction, which may be more specific for a particular tissue
(eg, CTX-II). In this context, there is evidence that there may be
differences in some biomarkers between different joints or
tissues,*> ** 77 and there are indications of differences in rela-
tion to distance from the surface of the joint.®?

The use of biomarkers in drug development in osteoarthritis
remains a subject of research. The ESCEO group noted the dif-
ferences with the field of osteoporosis, for which the use of bio-
markers is much better established. This is principally due to the
magnitude of clinical advances in osteoporosis in the last
20 years, for which there is now a range of disease-modifying
treatments, in comparison with osteoarthritis, for which
DMOADs are only just beginning to appear with the need to
sufficiently justify their efficacy and safety to use them in bio-
marker development or research.®” Another point is that the
amount of bone mass involved in bone turnover of a joint is
much larger than the small amount of cartilage available in the
joints; this suggests that the systemic biomarker contribution
due to localised high bone turnover at a specific osteoarthritic
joint might be more readily detected than the contribution due
to high cartilage turnover of the joint. However, in all cases, the
biomarker contributions from local disease need to be distin-
guished from the contributions of normal bone and cartilage
turnover; this is currently a primary limitation for all systemic
(serum and urine) biomarker measures. For use in Phase II or
dose-finding studies, biomarkers should be able to predict struc-
tural change. In Phase III, they should predict more concrete
endpoints, such as surgery, or indeed play an explanatory role in
terms of mechanism of action. In this context, there is still
much discussion in the osteoarthritis field regarding hard end-
points, since joint replacement is affected by a number of
factors unrelated to efficacy of treatment (eg, patient preference,
access to healthcare, individual variations in pain and symp-
toms). Surrogate endpoints for joint replacement have been
developed, such as virtual joint replacement,® although consen-
sus has not been reached in the field and the potential role of
biomarkers remains to be defined. Moreover, there is currently
no hard evidence that improving structure (JSN or cartilage
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volume loss) improves symptoms (pain and function) in
osteoarthritis.

One theoretical advantage of biomarkers in all fields of medi-
cine is the detection of the early phases of disease. The ability
to detect early stage osteoarthritis would not only improve the
management of patients via preventative measures and lifestyle
changes, but may also facilitate efforts in drug development by
improving the design of randomised clinical trials. Many bio-
logical markers appear to be sufficiently characterised for the
study of progressive osteoarthritis, but few have been identified
for the diagnosis of the early stage of the disease. Moreover,
early osteoarthritis has not been clearly defined. This is an
important avenue for future research (box 2).

The ability to predict the onset or progression of disease is an
important feature of biomarker research since it will have impli-
cations in clinical medicine. In this context, clinicians need
reassurance that the biomarkers truly represent clinical out-
comes (ie, structural damage). Indeed, predictive value is essen-
tial to determine which patients are likely to progress rapidly
and, ideally, which patients are likely to respond to treatment.
A biomarker that characterises risk for generalised disease
should have broad utility. A related issue is the role of biomar-
kers in the context of risk factors and their assessment.

There is increasing evidence that the best solution may be a
panel of biomarkers, covering the range of physiological effects,
or indeed a combination of tissue biomarkers with other para-
meters (eg, radiographic or MRI) into single diagnostic
tests.*® 8% An analysis of a set of 14 biomarkers in a cohort of
1002 individuals with early osteoarthritis (Cohort Hip and
Cohort Knee) suggested the possibility of clusters of biomarkers
related to specific pathogenic processes, for example, cartilage
synthesis, synovium or inflammation.®* Recognising such under-
lying patterns may increase prognostic accuracy and predictive
power, thus enabling better identification of at-risk patients;
further research is essential (box 2).

A well-selected panel of biomarkers may also assist in identify-
ing the patients who are most likely to respond (personalised
medicine). In theory, targeting responders would reduce the cost
of treatment on the population level by eliminating redundant
prescriptions and improving benefits for patients. The ideal
panel should include, for example, biomarkers of turnover, syn-
thesis and degradation and tissue-specific biomarkers (cartilage,
subchondral bone and inflammation). Ratios of specific biomar-
kers may also prove to be important.®°

There are a number of major research limitations that need to
be addressed in the field of biomarkers. One of these is the
rarity of DMOADs, which has hindered research to find a valid
biochemical marker. There are many potential errors in bio-
marker analysis related to sampling, biological variations (eg,
seasonal, diurnal and food intake), analyte features, assay format
and parameters,'” which can confound results. These should be
resolved by further research in assays and technological develop-
ment, as well as standardisation and calibration of known bio-
markers and optimisation of data collection (box 2). Another
limitation is the non-linear relationship between biomarkers and
some structural parameters,”® which will complicate the devel-
opment of prognostic biomarkers. In addition, the identification
of patients is complicated since the pathways to a failed joint
may involve many different mechanisms (eg, bone-active treat-
ments work in some patients and anti-inflammatories in others).
Another limitation is the relationship between osteoarthritis bio-
markers and ‘normal’ age-related processes independent of the
osteoarthritis process, which is not well defined.®’

CONCLUSION

The conclusion of the ESCEO working group was that there is a
potential role for biomarkers in drug development in osteoarth-
ritis. However, none of the best candidate biomarkers has
entered clinical use. For the moment, radiographic measure-
ments combined with pain and function remain the regulatory
endpoint in DMOAD development.? * Radiographic data may
be supplanted by MRI markers in future, although there is still
work to be done to reach a consensus on which MRI para-
meters are the most relevant. While biomarkers are not likely to
constitute the ideal primary endpoint, they could be valuable
secondary endpoints in future drug development because they
provide evidence of pharmacodynamics and mechanisms of
action, support the primary endpoint and can help identify sub-
groups. There remains a clear need for more research in the
field.
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