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Osteoarthritis (OA) is the most common joint 
disease in the elderly, affecting 250 million people 
worldwide.1 It is a major social and economic 
burden, with a medical cost of OA accounting for 
1–2.5% of the gross domestic product of the high-
income countries.2 OA is a multifactorial disease 
of unknown aetiology. It is considered a discon-
tinuous phasic disease3 with slow progression 
altering all tissues of the affected joint. The knee 
is the most common site of OA with a prevalence 
ranging from 30% to 40% in the older population 
in North America followed by the hand and the 
hip.4 Age is the most obvious risk factor for OA as 
a result of cumulative exposure to various risk fac-
tors. Person-level risk factors include female sex, 
dietary factors and obesity, whereas joint-level 
risk factors associated with OA are joint loading 
and injury, joint shape and malalignment.5 More 

recently, low-grade systemic inflammation 
appeared as a risk factor.6

From decades, the development of treatments 
against OA has been slowed down by at least four 
sticking points. First, the diagnosis is commonly 
based on symptoms and usually confirmed by 
X-ray imaging of the joint. These criteria are 
somehow subjective, and when diagnosis is estab-
lished, joint damage may already be significant. 
Thus, there is a clear need to identify quantifiable 
parameters, sensitive enough to detect metabolic/
structural alterations early in the disease. Second, 
the wide range of risk factors indicate that OA is 
an heterogeneous pathology characterized by a 
diversity of clinical phenotypes that are under-
pinned by a number of molecular mechanisms, 
the endotypes. The ability to select patients with 
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Abstract: In recent years, markers research has focused on the structural components of 
cartilage matrix. Specifically, a second generation of degradation markers has been developed 
against type II collagen neoepitopes generated by specific enzymes. A particular effort has 
been made to measure the degradation of minor collagens III and X of the cartilage matrix. 
However, because clinical data, including longitudinal controlled studies, are very scarce, it 
remains unclear whether they will be useful as an alternative to or in combination with current 
more established collagen biological markers to assess patients with osteoarthritis (OA). In 
addition, new approaches using high-throughput technologies allowed to detect new types of 
markers and improve the knowledge about the metabolic changes linked to OA. The relative 
advances coming from phenotype research are a first attempt to classify the heterogeneity 
of OA, and several markers could improve the phenotype characterization. These phenotypes 
could improve the selection of patients in clinical trials limiting the size of the studies by 
selecting patients with OA characteristics corresponding to the metabolic pathway targeted 
by the molecules evaluated. In addition, the inclusion of rapid progressors only in clinical 
trials would facilitate the demonstration of efficacy of the investigative drug to reduce joint 
degradation. The combination of selective biochemical markers appears as a promising and 
cost-effective approach to fulfill this unmet clinical need. Among the various potential roles of 
biomarkers in OA, their ability to monitor drug efficacy is probably one of the most important, 
in association with clinical and imaging parameters. Biochemical markers have the unique 
property to detect changes in joint tissue metabolism within a few weeks.
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OA corresponding to the metabolic pathway(s) 
dysregulated and targeted by the drug tested may 
help to improve the demonstration of drug effi-
cacy. Third, only a minority of patients enrolled 
in the OA population cohorts will progress fastly. 
The ability to identify at the beginning of the clin-
ical trial, rapid progressors may increase the prob-
ability to demonstrate the efficacy of the tested 
drug. Fourth, the current technologies available 
to assess treatment response on the joint struc-
ture, radiography and magnetic resonance imag-
ing (MRI), have both limitations including poor 
sensitivity and limited availability, respectively. 
Having access to biological parameters that can 
detect the changes in joint tissue metabolism 
within a few months and that predict the long-
term clinical benefit of the drugs may thus accel-
erate the development of effective therapies.

The biomarkers which are molecules and/or frag-
ments arising from the turnover of joint tissues and 
released into synovial fluid (SF), blood, and even-
tually urine have unique properties of dynamic 
changes, high sensitivity and easy measurement, 
features that may overcome some of the limitations 
of the current methods for OA assessment.

The objectives of this article are 1/ to describe the 
biochemical characteristics of conventional and 
more recent biological markers and 2/ analyze their 
associations with clinical and imaging data to assess 
whether they can address the current shortcomings 
in OA management.

Methods
In this descriptive review, we have chosen to focus 
our analysis mainly on soluble biochemical mark-
ers of OA. We based our selection on the manual 
screen of published peer-reviewed articles in 
English language only. The following broad search 
terms were included: osteoarthritis, biomarkers, 
collagen, cartilage, diagnosis and prognosis.

Conventional biological markers of joint tissue 
turnover
Conventional markers are biochemical indices 
which have been developed with usual biochemis-
try technologies (see Figure 1). Generally, the exact 
structure and the biological processes of their 
release from the tissue are not well defined. The 
main conventional markers have been described in 
detail and classified into five categories: burden of 
disease, investigative, prognostic, efficacy, and 

diagnostic, the so-called BIPED classification.7 
They can be classified as markers of anabolism or 
catabolism even if this distinction is not always 
totally accurate. Cartilage turnover has been exten-
sively studied through the formation and degrada-
tion of type II collagen which is the main organic 
component of the cartilage matrix. The type II col-
lagen formation was previously evaluated with the 
measurement of blood levels of the propeptides at 
the C- and N-termini (PIICP and PIINP, respec-
tively). These propeptides are cleaved by specific 
proteases when procollagen is converted to mature 
type II collagen. PIINP exists in two splicing alter-
native forms which differ by the presence (PIIANP) 
or absence (PIIBNP) of a 69 amino acid sequence 
coded by exon 2. An assay has been developed for 
the measurement of serum PIIANP, usually 
restricted to embryogenesis but reexpressed in OA 
cartilage.8 On the contrary, PIIBNP is mainly 
expressed during the formation of type II collagen 
in healthy adults. A second generation of serum 
PIIBNP assay was developed in 20149 using the 
electrochemiluminescence immunoassay (ECLIA) 
format showing an increase of sensitivity (7 times 
more) compared with conventional enzyme-
linked immunosorbent assay (ELISA) for detecting 
patients with knee OA.10 Although PIIANP and 
PIIBNP are supposed to reflect the same metabolic 
process, this study found no significant correlation 
between PIIANP and PIIBNP when assessed in 
the same samples from patients with OA. Blood 
levels of both of them were however decreased in 
patients compared to healthy controls. 

Protein nitration is a prominent feature of the 
inflammatory processes in the joint. Deberg 
et al.11,12 developed two immunoassays recog-
nizing a peptide of nine amino acids (Coll2-1)  or 
its nitrated form (Coll2-1 NO2). The serum levels 
of both peptides were significantly increased in 
patients with OA and rheumatoid arthritis (RA), 
and the ratio Coll2-1/Coll2-1 NO2 was higher in 
RA than in OA patients.

Finally, urinary CTX-II, a matrix metalloprotein-
ase (MMP)-derived type II collagen fragment, is 
currently the most promising biological OA 
marker, which has been evaluated in a variety of 
clinical studies. It has been associated with the 
presence, incidence and progression of OA and 
with bone marrow lesions, the extend of the oste-
ophytes and the level of pain.13

The post-translational modifications of proteins are 
also interesting biological markers. These include 
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the advanced glycation end products (AGEs) such 
as pentosidine and the isomerization of type I col-
lagen reflecting the aging process of collagen 
matrix.14

A local inflammation is often observed in OA. 
The conventional biological marker of systemic 
inflammation, serum high-sensitive C-reactive 
protein (hsCRP) has been shown to be elevated in 
the early stages of OA, but its high correlation 
with body mass index (BMI), a major clinical risk 
factor of OA, obscures its independent associa-
tion with incident knee OA.15

New biological markers of joint  
tissue remodeling
Protein-derived biological markers. Type II colla-
gen biomarkers. More recently, studies have been 
undertaken to identify the enzymes involved in 
the formation of the collagen neoepitopes used 
as second-generation biomarkers (see Figure 1). 
The key enzymatic event is the cleavage by the 
collagenases of the collagen molecule located in 
the three-fourth length of the triple helix where 
the helix appeared to be less stable. Several 
assays have been developed to measure the three-
fourth fragment C-terminal neoepitope with a 
relative specificity for type II collagen (TIINE, 
C2C, and C1,2C).7 In 2012, Takahashi et  al.16 

indicated that the recognition of the specific 
antibody was affected by the hydroxylation of 
proline-971. In the OA joints, the content of 
hydroxyproline in newly synthesized cartilage is 
higher than in the normal cartilage suggesting 
that the measured levels of this neoepitope 
reflected in part the level of hydroxylation and 
not only the level of type II degradation. There-
fore, the scientists have subsequently developed 
the sandwich CIINE assay recognizing the 
C-terminal neoepitope of collagenase-cleaved 
type I, II, and III collagens with similar affinity 
for the hydroxylated and nonhydroxylated forms. 
Poole et  al.17 in 2016 published results with 
human urine sandwich assay IB-C2C-HUSA 
consisting in a sequence which is very similar to 
that of CIINE for the capture antibody, except 
for the amino acid E in position −8. Finally, 
Mort et  al.18 in 2016 produced an antibody 
against a neoepitope generated by the cathepsin 
K cleavage of type II collagen, although it has 
not yet been used in a human assay.

On the C-terminal side of the initial collagenase 
cleavage, the CIIM assay has been developed in 
2011 by Bay-Jensen et al.19 This neoepitope corre-
sponds to the C-terminal end of a 36-amino acid 
peptide obtained by proteomics methods using 
mass spectrometry.20 It has been detected in vitro 
after human articular cartilage digestion by a panel 

Coll 2-1:289-HRGYPGLDG-297
Coll 2-1 NO2 :289-HRGY*PGLDG-297
(* tyrosine nitration)

TIINE (45 aa) = 932-RGDS………………….…CGPP(OH)GPQG-975
C1,2C = 969-GPP(OH)GPQG-975
C2C = 968-EGPP(OH)GPQG-975

urine CTX-II (MMPs cleavage)
1230-EKGPDP-1235

PIIANP (exon 2)
PIIBNP = PRO-C2 (exon 1+3)
PIINP = exon 1+2+3

N-propeptide N-telopeptide Triple helix C-telopeptide C-propeptide

Primary collagenase cleavage site

3/4 fragment 1/4 fragment

CIIM (panel of MMPs including MMP-9 cleavage) 
1048-RDGAAG-1053CIINE = 957-GEPGDDGPS---GPP(OH)GPQG-975

Mort, 2016 = 259-KPGKAG-264 (Cat K cleavage)

IB-C2C-HUSA = 957-GEPGDDGPS--EGPP(OH)GPQG-975

PIICP

Figure 1. Schematic localization of epitopes used as biochemical markers in human type II procollagen sequence with the 
numbering according to UniProtKB accession n° P02452. The arrows indicate the site of cleavage leading to the neoepitopes.
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of MMPs and A disintegrin and metalloproteinase 
with thrombospondin motifs (ADAMTS)-5 sug-
gesting that it may be more abundant than other 
fragments shed and therefore measurable in serum. 
The CIIM and CTX-II are differently distributed 
in cartilage from OA patients suggesting that they 
could reflect different pathological processes. 
Serum CIIM levels were significantly higher in 
patients with mild to severe OA than in healthy 
controls.19

Finally, a serum version of the CTX-II assay was 
developed using an ECLIA sandwich format.21 
The serum CTX-II levels, however, were not cor-
related with those of urine CTX-II in a study 
including 227 individuals with knee OA. 
Moreover, these two assays showed an opposite 
association with knee pain and stiffness.

Type III collagen biomarkers. Bay-Jensen et al.22 in 
2018 developed the COL3-ADAMTS assay meas-
uring human type III collagen fragments derived from 
the activity of ADAMTS (see Figure 2). The epitope 
is located in the triple helix. The serum levels of 
COL3-ADAMTS were  modestly correlated 
(r < 0.2) with the patient pain score. This correla-
tion is independent of the radiographic disease 
severity confirming that joint X-ray structure 
abnormalities and pain are only modestly associ-
ated in OA.23 In 261 patients with primary OA, 
the low levels of serum COL3-ADAMTS were 
predictive of symptomatic radiographic OA with 
an odds ratio of 1.8 suggesting that COL3-
ADAMTS could be useful for the identification of 
patients with early and potentially progressive 
OA.22

Three other biological markers were also previously 
developed to measure the type III collagen metabo-
lism. The first one is the competitive Pro-C3 assay 
measuring type III collagen formation and corre-
sponding to the C-terminal end of the N-propeptide 
after N-proteinase cleavage.24 No serum data are 
currently available in patients with OA.

The second one is the competitive C3M assay 
against an MMP-9 neoepitope located in the tri-
ple helix.25 It is released from the synovial mem-
brane under inflammatory conditions26 and 
originally developed for the evaluation of lung and 
liver fibrosis in both serum and urine.27,28 Low 
serum C3M levels were predictive of symptomatic 
radiographic OA with an odds ratio of 2.5.22

Finally, the IIINys assay was developed to recog-
nize type III collagen fragments in the 
N-telopeptide region in which the tyrosine resi-
dues have been post-translationally nitrated by 
nitric oxide (NO). Because type III collagen is a 
major constituent of the synovial membrane and 
that NO is an important mediator of oxidative 
damage, this assay is believed to reflect synovial 
tissue inflammation. The levels of serum IIINys 
were measured in 87 patients with painful knee 
OA and in 40 sex- and age-matched healthy con-
trols. The levels of serum IIINys were 1.5-fold 
higher in patients with knee OA than in healthy 
controls and they correlated with CRP values. 
Interestingly the levels of serum IIINys were also 
markedly elevated (+207%) in patients with RA 
and the IIINys epitope detected by immunohisto-
chemistry was highly expressed by the inflammed 
synovial tissue.29,30

N-propeptide N-telopeptide Triple helix C-telopeptide C-propeptide

Potential sequence for Helix-II = 177-GPPGPPGPP*GTS-188 (*hydroxyproline and Cat S, L, MMP-3,7 cleavage)

COL3-ADAMTS = 486-GAPGFRGPAG-495 (ADAMTS-1,4,8 cleavage)

C3M = 610-KNGETGPQGP-619 (MMP-9 cleavage)

III-Nys = 154-QY*DSY*DVKSG-163 (*tyrosine nitration and N-proteinase cleavage)

Pro-C3 = 144-CPTGPQNYSP-153 (N-proteinase cleavage)

Figure 2. Schematic localization of epitopes used as biochemical markers in human type III procollagen sequence with numbering according to 
UniProtKB accession n° P02461.  The arrows indicate the sites of cleavage leading to the neoepitopes.
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Helix-II marker. The Helix-II is a biological 
marker that was initially developed to measure 
the degradation of the helical portion of human 
type II collagen. The antibody used to detect 
Helix-II fragment was based on the published 
sequence of human type II collagen that was 
available at the time of its development. Several 
years later, it was demonstrated—by direct 
sequencing of human cartilage type II collagen—
that the previously published sequence was incor-
rect,31 therefore making the specificity of Helix-II 
for type II collagen questionable. The presence of 
4-hydroxyproline is a key point for antibody rec-
ognition as demonstrated by Charni-Ben Tabassi 
et al.29 in 2005. Thus, a potential target for the 
Helix-II antibody is type III collagen because the 
GTS sequence and the 4-hydroxyproline at the P* 
site of 183-GPP*GTS-188 are both present in the 
sequence of human type III collagen. Our pre-
liminary unpublished results indicate that the 
Helix-II antibody recognizes the human type III 
collagen sequence 183-GPP*GTS-188 (with a P* 
for 4-hydroxyproline), only when it is cleaved, 
indicating that it is a new proteolytic neoepitope 
for type III collagen (see Figure 2, potential 
sequence location). It should be pointed out that 
type III collagen is present in a significant amount 
in human cartilage matrix, its contribution to the 
pool of collagen molecules increasing in OA 
cartilage.32

From a biological point of view, however, a body 
of experimental data indicate that the measure-
ment of Helix-II is a valuable marker to assess 
joint tissue alterations in arthritis. The urinary 
Helix-II levels markedly increased in 90 patients 

with OA of the knee (+56%) and in 89 patients 
with early RA (+123%) compared with 162 
healthy sex- and age-matched controls.33 The 
serum Helix-II levels were decreased by a median 
of 18% (p = 0.0015) as early as 1 month after 
initiating anti-tumor necrosis factor (TNF) 
(etanercept) treatment in 29 patients with spon-
dyloarthropathy (AS), reaching a median decrease 
of −33.4% (p = 0.0079) at month 12.34 It is also 
a very sensitive indicator of the clinical response 
of patients with RA treated with the anti-interleu-
kin (IL)-6 receptor antibody tociluzimab.35 
Interestingly, in patients with early RA or OA of 
the hip, the combined measurement of urinary 
Helix-II and urinary CTX-II was more effective 
than either marker alone to identify the patients 
with a rapidly destructive disease.33,36 Such inde-
pendent relationship is likely to be due to the dif-
ferent localization of Helix-II and CTX-II in OA 
cartilage matrix37 and the different patterns of 
catabolic enzymes involved in their generation 
from human cartilage collagen.38 In addition, 
because the type III collagen is present both in 
synovial tissue (which constitutes the major 
organic component) and cartilage tissue (see 
above), this makes Helix-II a unique integrated 
biological marker of joint tissue turnover.

Type X collagen biomarkers. Type X collagen is a 
nonfibrillar collagen with a short triple helix, the 
half of the length of type I, II, and III triple helix 
with a globular domain NC1 at the C-terminal end 
and a noncollagenous domain NC2 at the amino 
end (see Figure 3). It is a well-established marker 
for hypertrophic chondrocyte differentiation with 
overexpression in human OA cartilage. It is found 

1CNxileh elpirT2CN

CXM 

Col 10 neo = 479-GIATKGLNGP-488 (Cat K cleavage)

C-Col 10 = 671-SFSGFLVAPM-680

Several sites
of cleavage

Figure 3. Schematic localization of epitopes used as biochemical markers in human type X procollagen 
sequence with numbering according to UniProtKB accession n° Q03692. The arrows indicate the sites of 
cleavage leading to the neoepitopes. NC1 and NC2 = non-collagenous domain 1 and 2 respectively.
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in the deep zone close to the tidemark.39 The deg-
radation of type X collagen generates several 
C-terminal fragments containing the NC1 domain 
and variable portions of the collagenous region 
(several sites of cleavage in Figure 3).

In 2014, He et al.40 developed a competitive assay 
against the last 10 amino acids of the NC1 domain 
called C-Col 10. In a cohort of 271 patients with 
knee OA, they showed significant higher levels in 
the serum of patients with Kellgren–Lawrence 
(KL) score 2 compared with patients without radi-
ological OA. The level of serum C-Col 10 was also 
significantly correlated with serum levels of C2M 
indicating a close relationship between chondro-
cyte hypertrophy and articular cartilage degrada-
tion. More recently, Coghlan et  al.41 used slow 
off-rate modified aptamers (SOMAmers) technol-
ogy to select high-affinity SOMAmers for the NC1 
region of type X collagen, CXM assay, although 
no clinical data are yet available in OA. Finally, a 
neoepitope within the helix portion of type X col-
lagen (Col-10 neo) generated by cathepsin K was 
identified in the urine of patients with OA based 
on gas chromatography and mass spectrometry 
technology. In a small study including 142 symp-
tomatic knee OA, 34 RA and 20 controls, the 
plasma levels of Col-10 neo were found to be sta-
tistically higher in patients with OA than in patients 
with RA and controls.42

To sum up, in the last years, a second generation 
of degradation markers has been developed 

against type II collagen neoepitopes generated by 
specific enzymes and a special effort has been 
made to measure the degradation of the minor 
collagen types III and X of the cartilage matrix. 
However, because the clinical data, including 
longitudinal controlled studies, are very scarce, it 
remains unclear whether they will be useful as an 
alternative to or in combination with current 
more established collagen biological markers to 
assess patients with OA.

Total cartilage oligomeric matrix protein (COMP), 
D-COMP, and COMP neoepitope. COMP is a 
noncollagenous protein of articular cartilage. The 
serum COMP levels have been associated with 
the diagnosis, burden of disease and prognosis of 
OA disease according to the BIPED classifica-
tion.7 Kluzek et al.43 in 2015 demonstrated that 
serum COMP levels were predictive of incidence 
of painful OA and structural changes in 593 
women without baseline OA followed for 20 
years. D-COMP is a desaminated form of COMP 
protein. The serum levels of D-COMP were asso-
ciated with the severity of hip OA but not with 
knee OA. In contrast, the serum levels of total 
COMP were associated with knee but not hip OA 
suggesting that D-COMP may be joint specific,44 
for yet unclear reasons. Finally, in 2017, Lorenzo 
et  al. developed two automated assays against 
total COMP and COMP neoepitope-S77. The 
ratio of these two assays could distinguish between 
progressors and nonprogressors for patients with 
RA.45

active MMP-13

active ADAMTS-4

374-ARGSNITEGE-373342-FFGVGDIPEN-341

Pro-ADAMTS-4

Pro-MMP-13

G1
Hyaluronic 

acid

Link protein

G2
active MMP-9

Pro-MMP-9

active ADAMTS-5

Pro-ADAMTS-5

AGNx1AGNx2

Figure 4. Schematic localization of epitopes used as biochemical markers in the interglobular domain of 
human aggrecan sequence with numbering according to UniProtKB accession n° P16112. and enzymes 
involved in its degradation. The arrows indicate the sites of cleavage leading to the neoepitopes. G1 = globular 
domain 1; G2 = globular domain 2.
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Active enzymes as biomarkers. During the last years, 
several assays have been developed to measure the 
concentrations of the active enzymes potentially 
involved in the OA disease, particularly  the active 
forms of cathepsin K and MMP-3 (see Figure 
4).46,47 Both enzymes are synthesized as proen-
zymes with a signal peptide cleaved during the 
activation process and generating proteolytic 
neoepitopes recognized by specific antibody. With 
the same approach, the team of Dr Bay-Jensen 
(Nordic Biosciences, Denmark) focused on the 
active enzymes able to degrade the aggrecan mole-
cules in the interglobular domain. They developed 
specific assays for the active forms of ADAMTS-4, 
ADAMTS-5, MMP-3, and MMP-9.48 They have 
previously developed assays against the aggrecan 
neoepitopes NITEGE (AGNx1) and FFGV 
(AGNx2) generated by ADAMTS-4/5 and MMPs, 
respectively.49,50

Because enzymes are widely distributed in the 
body, it is expected that such markers will lack 
specificity for the joint tissues when measured in 
the serum. In addition, because the circulating 
concentration of active enzymes is very low, the 
sensitivity of such biomarker is likely to be lim-
ited. Clearly, clinical data on the associations of 
active enzyme concentration and OA are needed.

Periostin (POSTN) as an OA biomarker. POSTN 
is a secreted protein synthesized by osteoblasts 
and chondrocytes participating in the cross talk 
between subchondral bone and cartilage facili-
tated by alteration of the tidemark in OA disease. 
In a prospective study in postmenopausal women, 
serum levels of human POSTN at baseline were 
significantly lower in those with prevalent knee 
OA and in OA progressors than in controls. For 
each increase of one POSTN quartile, the risk of 
progression decreased by 0.82 after adjustment 
for age and for OA at the other anatomical sites.51 
In a second study, plasma POSTN levels were 
not significantly different between patients with 
knee OA and controls, but this study was cross-
sectional and POSTN was evaluated with a dif-
ferent assay.52

In summary, during the last three decades, a large 
number of markers derived from proteins or frag-
ments thereof have been developed. However, 
only a few have been evaluated in several well-
characterized cohorts. To analyze their potential 
clinical utility in the management of OA, these 
new assays need to be improved technically, espe-
cially in terms of robustness and reproducibility. 

Then, these assays can be distributed widely to be 
evaluated independently by several laboratories 
and clinically validated in larger prospective 
studies.

MicroRNAs. Epigenetic is a field of genetics where 
variations in the cell phenotype are considered to 
result from external factors that regulate gene 
activity. MicroRNAs (miRNAs) could play a key 
role in OA because several of them are regulators 
of genes involved in cartilage development, 
homeostasis and OA pathology.53 Several in vitro 
and in vivo studies have demonstrated miR 
involvements in the OA onset and progression, 
and until now, 46 miRNAs have been reported to 
be associated with OA.54,55 For example, our team 
recently showed that serum miR-146a-5p was 
increased in postmenopausal women suffering 
from mild to moderate OA compared with healthy 
controls from the same population-based cohort. 
Importantly, serum miR-186 is also increased in 
those women who will develop radiographic knee 
OA over the next 4 years, therefore it could have 
the ability to detect preclinical knee OA.56 Last 
year, Skrzypa et  al.57 observed that miR-146-5p 
was significantly upregulated in the cartilage of 
patients with OA and miR-146-5p serum levels 
were increased compared with healthy controls, 
confirming the clinical utility of this miR as a bio-
marker for OA management. In 2020, Chao et al.58 
showed that the synovial fluid levels of miR-140 
and miR-199 were downregulated in the patients 
with OA compared with controls and that they 
were negatively correlated with the progression of 
OA disease. This indicates that miR-140 and miR-
199 might affect the expression levels of relevant 
metalloprotease and cytokines by regulating 
MMP-3 and IL-1β mRNA expression. Finally, the 
long noncoding RNA (lncRNA; length of more 
than 200 nucleotides) can act as a miRNAs sponge 
and regulates their expression. It was possible to 
predict the level of pain in patients with OA based 
on the expression profiles of eight lncRNAs with 
an abnormal expression pattern.59

To sum up, epigenetics has significantly expanded 
our knowledge on the molecular mechanisms 
involved in the pathogenesis of OA disorders. 
Some miR signatures have been established in a 
few small-size studies, but the replication in larger 
studies is awaiting. More research, including rep-
lication data in large prospective longitudinal 
studies that establish this novel type of biomarker 
as a valuable tool to improve the prognosis of OA, 
is required.



Therapeutic Advances in Musculoskeletal Disease 13

8 journals.sagepub.com/home/tab

Measurements of biological markers in SFs: oppor-
tunities and challenges. Several studies have ana-
lyzed the association between the SF levels of 
biological markers and OA. They mostly involved 
inflammatory parameters which have shown a 
positive correlation with disease severity evaluated 
by X-ray of the targeted joint.60–75 Interestingly, 
such associations could not be observed when the 
same markers were measured in the serum, sug-
gesting that SF measurements may be more sensi-
tive than systemic assessments likely due to the 
lower specificity for articular metabolism.

The undercarboxylated matrix Gla protein 
(ucMGP) belonging to the vitamin K–dependent 
family showed a negative correlation with the OA 
severity when measured in the SF, and the serum 
levels were decreased in the patients with knee 
OA.76 Conversely, the SF levels of the upper zone 
of growth plate and cartilage matrix associated 
(UCMA) protein were positively correlated with 
the OA severity, in the agreement with the 
increased serum levels.77

SF levels of markers have also been evaluated to 
OA in longitudinal studies. In 132 patients with 
knee OA, the TSG-6 activity levels at baseline, a 
hyaluronan-binding protein associated with 
inflammation, were predictive of progression at 3 
years.78 Ritter et al.79 in a study of 173 patients 
with knee OA used selected reaction monitoring 
(SRM) to detect peptides from clusterin and 
lubricin in the SF and plasma which were predic-
tive of OA progression assessed by radiographs 
over 30 months. This year, the SF levels of 
elastase and transforming growth factor (TGF)-
β1 have been reported to predict the progression 
of OA assessed by total joint replacement (TJR) 
in 39 patients with knee OA. These data suggest 
that there may be a synergetic role between neu-
trophil and macrophage populations in the patho-
genesis of OA.80

Finally, in recent years, the proteomic and metab-
olomic analyses were conducted in small studies 
enrolling at best only a few dozen OA patients. 
These studies highlighted several peptides or 
metabolites in SF to be modified in patients with 
OA.79,81–88

In conclusion, SF measurements of biological 
markers make feasible a more direct assessment 
of joint tissue metabolism than serum/urinary 
assessments. This seems to be particularly 

interesting for inflammatory cytokines/
chemokines which are parameters that are not 
joint tissue specific and thus lack sensitivity when 
measured into the circulation. However, SF anal-
yses are somehow challenging because this 
requires an invasive procedure which is not 
accepted by all patients and difficult to be applied 
in large OA studies, including clinical OA trials of 
novel therapies. In addition, the reproducibility of 
these measurements is also limited because stand-
ardizing collection of SF and adjustments for 
variability of SF volume is difficult. Consequently, 
it appears that SF may be particularly useful in 
small early phase studies to investigate the mech-
anisms of action of novel therapies and give some 
indications of their biological efficacy.

Biomarkers to segregate OA patients in 
molecular endotypes
During the last years, an important advance in 
the characterization of OA disease was to try to 
classify patients into several clinical phenotypes. 
A phenotype corresponds to a group of patients 
with common observable characteristics of a dis-
ease such as morphology, development, bio-
chemical or physiological properties, or 
behavior.89 Theoretically, a phenotype is under-
pinned by a specific endotype, that is, the dys-
regulation of a molecular pathway explaining its 
observable properties. However, because OA is a 
complex disease, a phenotype can be the clinical 
result of several dysregulated pathways. 
Currently, there is no consensus on the number 
and definition of endotypes and phenotypes 
identified by the different research groups work-
ing on this topic.89–91

Inflammation phenotype. The inflammation phe-
notype represents between 16% and 30% of 
patients with knee OA according to the studies.90 
The inflammation in OA is a relatively low-grade 
process in comparison with degree observed in RA 
or spondyloarthritides. A meta-analysis of 32 stud-
ies showed that the systemic inflammation evalu-
ated with serum hsCRP was modestly but 
significantly higher in patients with OA compared 
with controls with a significant heterogeneity 
between studies92 suggesting that CRP has a lim-
ited value in monitoring inflammation in OA. In 
contrast, C-reative protein metabolite (CRPM) is 
a degraded product of CRP released by MMP and 
supposed to reflect the chronic inflammation in 
contrast to the acute phase reaction measured by 
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circulating CRP. Siebuhr et al.25 in 2014 found in a 
cohort of 342 patients with SKOA that serum 
CRP selected a subpopulation of patients with an 
acute inflammed OA (18%) which was different 
from patients identified with high serum CRPM 
levels (19%) with only a small overlap of 18% 
between the two groups. Consequently, one may 
speculate that only a fraction of patients presenting 
with an inflammation phenotype may benefit from 
anti-inflammatory drugs. In the Cohort Hip and 
Cohort Knee (CHECK) cohort of patients with an 
early OA phenotype and pain in the knee and/or 
the hip followed for 10 years, principal component 
analysis showed that serum C3M and serum 
CRPM levels may reflect different distinct inflam-
matory domains compared with serum C1M (a 
marker measuring type I collagen degradation), 
erythrocyte sedimentation rate, and hsCRP.93

Finally, in a study including 99 patients with ero-
sive and non-erosive hand OA, Fioravanti et al.94 
in 2018 found higher serum visfatin levels in ero-
sive hand OA compared with nonerosive hand 
OA. Visfatin has proinflammatory and immu-
nomodulation functions contributing to cartilage 
degeneration.

Metabolic syndrome phenotype. In 55 patients 
with knee OA, it were shown that a set of MMPs 
(1, 7, 8, 9, 10, and 12) measured in the SF were 
significantly increased in patients with diabetes 
compared with OA patients without diabetes or 
healthy controls.95 Another study including 952 
middle-aged women with knee and hand OA 
demonstrated that metabolic syndrome (MS) was 
strongly associated with painful interphalangeal 
hand OA but not with knee OA once BMI was 
taking into consideration. This result suggested 
that the specific metabolic pathways may affect 
different joints.96

Sex and stage of OA phenotype. Using liquid chro-
matography–mass spectrometry technology to 
analyze the post-mortem SF metabolome of 75 
healthy, early or late donors with OA, Carlson 
et  al. highlighted stage-dependent phenotypes 
driving differences in symptoms. Two phenotypes 
for early OA were identified with increased 
inflammation or structural deterioration, and two 
in late OA, with inflammation associated with 
oxidative stress and structural degradation prod-
ucts.87 Significant sex-dependent differences in 
OA cytokine profiles from plasma may also reflect 
distinct pathogenesis of knee OA.97

Bone phenotype. Some evidence suggests that 
subchondral bone changes occur with OA pro-
gression.98 By using radiographic features to iden-
tify OA phenotypes, Kinds et al.99 classified 24% 
of 417 patients with knee or hip OA from the 
CHECK cohort as belonging to the bone-specific 
phenotype. In a study enrolling 149 patients with 
a symptomatic and radiographic OA phenotype, 
it was shown that the, alpha-CTX-I epitope, a 
marker of degradation of newly synthsized type I 
collagen, was localized in the areas of subchon-
dral bone tissue with high turnover, while urinary 
levels were associated with increased subchondral 
bone turnover measured by bone scintigraphy 
and progression of osteophyte and joint space 
narrowing.100 In the same study, the CTX-II epi-
tope was localized at the bone–cartilage interface 
and urinary CTX-II levels were associated with 
joint space narrowing. The coupling of cartilage 
and bone metabolisms suggests that the patients 
who will benefit the most from treatments target-
ing the bone metabolism may include those with 
a high bone turnover status.

Pain phenotype. Pain is a predominant symptom in 
OA. Observational studies suggested that pain is 
associated with a number of structural features, 
mainly the presence of bone marrow lesions and 
synovitis.101 However, cartilage loss and pain are 
poorly correlated102 even although recent data sug-
gest that pain and joint destruction seem to be 
linked to some cartilage metabolites generated by 
the ADAMTS-5 enzyme.103 Later studies sug-
gested that at least two different profiles of soluble 
markers are associated with pain. In 109 patients 
with symptomatic knee OA, SF TNFα levels were 
associated with the Western Ontario and McMaster 
Universities Osteoarthritis (WOMAC) Index pain 
score and the pain at rest, whereas SF IL-6 and 
IL-8 were correlated with the pain on movement.104 
Levels of CTX-II measured either in the SF or 
urine samples were associated with the radiographic 
severity but not with knee pain. On the contrary, a 
post hoc analysis of 1241 patients with radiographic 
OA and presence of pain showed that urinary 
CTX-II was associated with weight-bearing pain 
but not with non-weight-bearing pain.105 Finally, 
the serum COL3/ADAMTS was associated with 
the pain score in a study including 261 patients 
with different degrees of knee pain based on their 
VAS (visual analog scale) pain score.22

Several other phenotypes have been suggested, 
but the involvement of current soluble markers to 
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highlight them seems more limited. The effects of 
a potential drug would be easier to investigate if 
the clinical trial included specifically patients with 
a phenotype corresponding to the molecular 
pathway, their endotype, targeted by the drug. 
This approach is rarely used for the development 
of new molecules, only 6.4% of clinical trials all 
disciplines combined used such strategy. However 
it was shown in the same survey that using bio-
markers to select patients raises the likelihood of 
approval from Phase I to commercialisation by 
50% (15.9% vs 7.6% with no biomarker selec-
tion).106 For OA, the success of such strategy is 
highly dependent on the collaboration between 
the pharmaceutical laboratories and the bio-
marker companies to customize the development 
of specific assay(s) reflecting the metabolic 
pathway(s) targeted by the tested molecule.

Clinical uses of biomarkers in OA
Prediction of disease progression. A prognostic 
marker is a baseline characteristic that predicts 
the risk of disease progression concerning a pre-
defined clinical endpoint.

Early-stage OA. Serum COMP, hyaluronic 
acid (HA), and type I collagen cross-linked N-tel-
opeptides (NTX-I; a marker of bone resorption) 
have been reported to be increased in early OA in 
some, but not all, studies.7,107,108 Several studies 
enrolled patients without radiographic evidence 
of OA to study an early stage of OA even if ‘early’ 
is incorrect due to the large period of silent OA. 
Legrand et al.109 developed diagnostic algorithms 
to select 28 patients with an early OA and found 
that plasma glucosepane, a lysine–arginine pro-
tein cross-linking product, was increased in early-
stage OA (+38%) and by sixfold in advanced OA 
compared with healthy controls. In 225 patients 
with early knee OA, mass spectrometry analysis 
associated with a machine learning analysis iden-
tified a combination of plasma glycated, oxidized, 
and nitrated amino acids which when combined 
with urinary hydroxyproline and anti-cyclic cit-
rullinated peptide (CCP) status was able to detect 
patients with early OA.88 In a study including 47 
preradiographic OA patients, CCL3, a chemokine 
promoting macrophage migration, could be a 
potential serum biomarker for knee OA with the 
ability to detect preradiographic OA patients, 
although there was a significant difference of age 
between early OA patients and healthy individu-
als.110 Liem et al.111 in 2020 showed that urinary 
CTX-II may be useful in early diagnosis of OA 

in symptomatic patients without radiographic evi-
dence of OA. In the same study using the Osteo-
arthritis Initiative (OAI) database, Coll2-1NO2, 
CS846, COMP, and urinary CTX-II, when com-
bined, provided additional predictive power over 
and above the established demographics pre-
dictors of OA such as age, sex, BMI, and race. 
Lazzarini et  al.112 in 2017 also used a machine 
learning method to construct five predictive mod-
els for knee OA incidence in overweight or obese 
women, including serum C2M, urinary Coll2-1 
NO2, and serum C1M. In 2019, a specific panel 
of serum autoantibodies was detected at baseline 
in 327 participants developing an incident radio-
graphic knee OA during a 96-month follow-up 
period.113 Recently, 52 clinical, biological and 
high-resolution radiomic markers were combined 
using machine learning algorithms to detect tem-
poromandibular joint (TMJ) OA status. Interest-
ingly, although the expression levels of individual 
serum and saliva protein markers were similar 
between controls and TMJ OA patients, the inte-
grative prediction model had an accuracy of 
0.823 illustrating the importance of combining 
markers of various origins to improve the diagno-
sis of OA.114

OA progression. In our previous review paper 
published in 2012, we concluded that among the 
markers developed at that time, serum HA was 
consistently associated with the radiologic pro-
gression in both knee and hip OA.7 Urinary CTX-II 
and serum COMP appeared also to predict progres-
sion when the studies included a relatively large 
sample size with a precise assessment of progres-
sion. In addition, the combination of two biomark-
ers, urinary CTX-II and serum PIIANP reflecting 
different pathways of type II collagen metabolism, 
was more effective for predicting disease progres-
sion than one marker alone in knee or hip OA.115

Markers of type I collagen. Urinary alpha-
CTX-I, a marker of newly formed type I collagen 
matrix degradation, predicted knee OA progres-
sion in a cohort of 149 participants with symp-
tomatic and radiographic knee OA followed for 3 
years. Urinary levels of alpha-CTX-I correlated 
with joint space narrowing and osteophyte score 
whereas urinary CTX-II was associated with oste-
ophyte progression only.100 In 2013, 128 patients 
with chronic knee complaints were followed-up 
for over 6 years. Serum PINP, a marker of col-
lagen type I collagen formation, had a predic-
tive value for knee OA progression, especially for 
progressive osteophytosis.116 However, Teirlinck 
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et al.117 in a review of 57 papers found no signifi-
cant association between radiological progression 
and CTX-I, COMP, NTX-I, PINP or PIINP.

Markers of type II collagen. A large study 
enrolling 3582 individuals from three cohorts 
concluded that serum C2M and urinary CTX-II 
levels were associated with the risk of progression 
and the incidence of knee OA.13 In 2016, Poole 
et al.17 conducted a study with 253 subjects having 
knee pain. They showed that the IB-C2C-HUSA 
levels in urine at baseline were higher in progres-
sors compared with nonprogressors and were 
associated with progression of cartilage degrada-
tion over the next 3 years. This year, Luo et al. 
in a study enrolling 253 patients with knee OA 
participating in a randomized clinical trial test-
ing the efficacy of calcitonin showed that patients 
with low levels of baseline serum/plasma PRO-C2 
were more likely to progress compared with those 
with high levels. Thus, low cartilage formation 
based on PRO-C2 serum levels appears to be a 
quantifiable OA endotype associated with the OA 
progression and the response to calcitonin treat-
ment.10

Noncollagenic proteins and metabolic media-
tors. Serum COMP levels appeared as a useful 
indicator of patients at risk of rapid progression 
in a study enrolling 150 patients with knee OA.118 
A meta-analysis conducted by Hao et al.119 con-
firmed that serum COMP has a potential utility in 
predicting OA progression. In serum, a new assay 
for aggrecan ARGS fragments which was more 
precise and reproducible than previous versions 
was developed. Using this new test, it was shown 
that low levels of serum ARGS provided an odds 
ratio of 3 for the identification of fast radiographic 
progressors over 2 years in a cohort including 145 
patients with knee OA.120 The marker of tissue 
inflammation, serum CRPM, predicted the risk of 
OA progression independently of urinary CTX-II 
and serum COMP in 1335 participants of the Rot-
terdam study.121 A panel of inflammatory markers 
have been evaluated in plasma in a 2-year prospec-
tive analysis of radiographic progression including 
183 patients with SKOA. Plasma levels of IL-1Ra 
were modestly associated with the severity and the 
progression of SKOA independently of other risk 
factors.122 In 2018, Huang et  al.123 showed in a 
study of 431 patients with knee OA that the base-
line and time-integrated concentrations of plasma 
lipopolysaccharide and soluble Toll-like receptor 
4 (TLR4) were associated with knee OA progres-
sion over 16–18 months.

Combination of soluble markers. In 69 plasma 
samples from patients with knee OA, surface-
enhanced laser desorption/ionization time-of-
flight (SELDI-TOF) analysis identified three 
potential markers, apolipoprotein C-I, C-III, 
and an N-terminal truncated form of transthyre-
tin, with peak intensities significantly different 
between progressors and nonprogressors.124 In 
the plasma of 173 patients with knee OA, SRM 
assays were developed to measure tryptic peptides 
representative of 23 proteins. Peptides from clus-
terin, lumican, and lubricin showed significant 
associations with joint space narrowing after age 
and sex adjustment.79 In 2017, Kraus et al. found 
that eight biomarkers significantly predicted pain 
and structural worsening of OA in 194 patients 
with knee OA followed during 48 months par-
ticipating in the multicenter national institutes of 
health (NHI)-funded OAI study. The most pre-
dictive model included the time-integrated con-
centrations of urinary CTX-II, serum HA, and 
serum NTX-I.125 A study enrolling 44 overweight 
and obese adults from the IDEA cohort followed 
for 18 months found a metabolic profile including 
glycolate, hippurate, and trigonelline that was able 
to discriminate between progressors and nonpro-
gressors suggesting that metabolite measurements 
could be useful to predict progression.126 In 2019, 
Hsueh et al.80 showed that SF levels of elastase and 
TGF-β1 alone or combined strongly predicted the 
risk of OA progression in a small study including 
39 patients followed for 3 years. Finally, in serum, 
an autoantibody signature was discovered at base-
line in 327 individuals developing incident radio-
graphic knee OA during a 96-month follow-up 
period.113

Combination of soluble markers with mark-
ers from others approaches. In a study includ-
ing three independent cohorts and a total of 
339 patients, plasma IL-1β, TNF-α and Cox-2 
mRNA in peripheral blood leukocytes pre-
dicted higher risk for radiographic progression 
evaluated by joint space narrowing.127 This year, 
Hunter et  al. investigated the optimal combi-
nation of MRI, radiographic, and biochemi-
cal biomarkers to predict knee OA progression 
in a cohort of 600 participants with at least 
one knee with a frequent pain and a KL grade 
1, 2 or 3 at baseline. They found that a model 
including 24-month changes of urinary NTX-I 
and selected MRI markers (effusion-synovitis, 
meniscal morphology, cartilage damage, cen-
tral medial femoral cartilage thickness, medial 
tibial cartilage volume, lateral patellofemoral 
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bone area) together with a radiographic marker 
(horizontal trabecular bone texture) and pain 
progression at 48 months was the most effec-
tive. Although urinary CTX-II was the strong-
est biochemical predictor in univariate analysis 
in this cohort, it did not contribute significantly 
to prediction models including MRI markers 
suggesting a collinearity with these two diag-
nostic markers.128 Such combined approach 
confirmed results of a previous study testing dif-
ferent models to predict moderate to severe OA 
progression over 8 years. Adding MRI biomark-
ers significantly improved the prognostic ability 
compared with clinical and radiographic charac-
teristics only.129 A machine learning approach in 
a study of 600 individuals with knee OA found 
that among the 76 baseline parameters tested 
including demographic, imaging, and biochemi-
cal variables, baseline variables contributing to 
progression at 48 months included bone mar-
row lesions, osteophytes, medial extrusion and 
urinary CTX-II.130 A very interesting approach 
was conducted by Sofat et  al. in a group of 
130 participants with advanced and mild knee 
OA. They followed up the pain rather than the 
structural evolution and showed that urinary 
CTX-II combined with MRI parameters can 
be used to track the progression in painful knee 
OA.131 Finally, Martel-Pelletier investigators 
using an automated machine learning patient 

and sex-based model identified three baseline 
serum biomarkers [ratios CRP/monocyte chem-
oattractant protein-1 ratios CRP/-1 and leptin/
MCP-1] and two clinical risk factors (age and 
BMI) as the most important variables for the 
prediction of strutural progression.132,133

Biomarkers to predict TJR. In 2019, Bjerre-
Bastos et  al. showed in a cohort of 676 patients 
with knee OA that high baseline serum CTX-I was 
significantly associated with a 3.4 times higher risk 
of arthroplasty of the knee or hip but did not reach 
significance for the risk of knee arthroplasty alone. 
In this study, the urinary CTX-II levels at baseline 
were associated with increased risk (3.08) of under-
going replacement surgery of the knee or hip during 
the 2-year study period.134 The anti-Nerve growth 
factor (NGF) antibody tanezumab is associated 
with a strong inhibition of pain in preclinical and 
clinical studies but, when combined with chronic 
nonsteroidal anti-inflammatory drug (NSAID) 
treatment, there is a small subset of patients that 
has a high risk of rapid progressive OA (RPOA).135 
In a randomized placebo-controlled clinical study 
of tanezumab including 174 patients who experi-
enced TJR and 321 who did not, Arends et al.136 
in 2017 found two biomarker combinations that 
can identify patients who remained free of TJR. 
Conversely, Karsdal et al.137 in 2019 identified two 
biomarker phenotypes by classification and regres-

Figure 5. Age-BMI adjusted Hazard Ratio (HR) of baseline risk factors and combination for predicting the risk 
of incident total joint replacement (TJR) in postmenopausal women. Women were categorized in quartile of 
CTX-II, WOMAC score, spine BMD or by the prevalence of self-reported hip OA. The HR for incident TJR and 
p values for levels in the highest quartile (Q4) vs 3 lowest quartiles (or presence vs absence of hip OA) was 
calculated by COX analysis. The number of subjects at risk for each parameter is mentioned.
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sion tree (CART) analysis detecting patients with 
a significant higher risk of developing RPOA in a 
clinical trial of tanezumab although the number of 
patients with RPOA was very limited. Clearly, such 
biomarker phenotypes should be validated in larger 
clinical studies. In a prospective population-based 
study including 478 apparently healthy postmeno-
pausal women from the OFELY cohort followed 
for a median of 17.8 years, urinary CTX-II levels 
were an independent risk factor of TJR; women 
with high levels of CTX-II (above the 95 percen-
tile of healthy premenopausal women) having a risk 
multiplied by 2.45 compared to all other subjects 
after adjustment for age, BMI, hip bone mineral 
density (BMD), and the WOMAC Index.138 Its 
predictive value was of the similar magnitude to the 
WOMAC score, self-reported hip OA and spine 
BMD. Interestingly, women with both a high level 
of CTX-II and self-reported hip OA or spine BMD 
had a 4.75- and 5.4-fold higher risk of TJR than the 
other women, respectively (Figure 5). The value of 
urinary CTX-II to predict TJR was confirmed in a 
study enrolling 1255 patients with knee OA partici-
pating in two randomized clinical trials when com-
bined with age, sex, BMI, and KL grade.139

Nonsoluble biological markers. Soluble bio-
chemical markers are not the only biomarkers to 
be useful in OA management. The genomic (IL-
1β, ASPN, COMP gene expression, and mito-
chondrial DNA variants) and imaging approaches 
[bone area and three-dimensional (3D) shape, 
subchondral bone texture, trabecular bone texture, 
cartilage thickness, quantitative MRI and effusion-
synovitis and infrapatellar fat pad intensity signal] 
have brought attractive data to detect OA progres-
sors.140–148 Finally, the preradiographic structural 
pathology can be detected by MRI parameters 
including ligamentous degeneration, effusion/syno-
vitis, and meniscal pathology.149

Currently, the patients included in clinical trials 
are selected on conventional clinical and radio-
graphic baseline features. These inclusion criteria 
are unable to distinguish with enough accuracy 
rapidly from slowly progressive OA patients. The 
rapid progressors constitute the optimal target 
population to demonstrate the effect of a treat-
ment aimed at slowing the progression of the OA 
disease in a reasonable time frame. This implies 
that investigators have to include a large number 
of patients to demonstrate a significant difference 
in joint space narrowing between the active and 

placebo groups because the proportion of OA 
patients with radiographic progression over a 
2-year interval ranging from 6% to 20%.150 The 
combination of soluble biomarkers together with 
other approaches may thus represent a promising 
and cost-effective strategy to fulfill this unmet 
clinical need. This selection strategy needs, how-
ever, to be validated in adequately prospective 
studies in which patients are selected according to 
a multiparameter algorithm before randomization 
in the clinical trial.

Prediction of treatment response
Because not all patients respond to a particular 
therapy and/or will present with safety issues, it 
would be highly valuable to identify, before initi-
ating a treatment, which patients are likely to 
benefit from the drug or are at a higher risk of 
deleterious effects. Although some clinical and 
radiological parameters have been shown to have 
some predictive value, clearly they are not sensi-
tive and specific enough to fulfill this role. Thus, 
the biological markers have been suggested to 
have a complementary utility. However, there is 
no therapy available that has been shown to 
effectively decrease bone or cartilage deteriora-
tion or reverse any of the existing structural 
defects in properly and replicated clinical trials. 
Consequently, this hypothesis is currently diffi-
cult to test. There is, however, some evidences 
from retrospective analyses of prospective clini-
cal trials suggesting that biochemical markers of 
joint tissue turnover may help. From a theoreti-
cal point of view, classifying patients in different 
endotypes could segregate patients who are more 
likely to respond to a given drug, for example, 
the patients with high bone turnover for an 
antiresorptive agent. Meanwhile, such a hypoth-
esis has been evaluated by analyzing retrospec-
tively the relationships between preoperative 
levels of biomarker and clinical efficacy of TJR. 
For example, a recent study showed that among 
754 patients with OA undergoing TJR, those 
with increased serum COMP levels had a larger 
decrease of the WOMAC stiffness index com-
pared with those with lower values.151 In terms 
of safety issues, a recent exploratory retrospec-
tive analysis of the anti-NGF tanezumab trials 
showed that a combination of some biomarkers 
may be useful to identify patients with knee OA 
who are at a high risk of rapidly destructive OA 
and/or TJR.137
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Monitor treatment efficacy
Among the various potential roles of biomarkers 
in OA, their ability to monitor drug efficacy is 
probably one of the most important, in association 
with clinical and imaging parameters. Biochemical 
markers have the unique property to detect 
changes in joint tissue metabolism within a few 
weeks. The issue is then whether the early changes 
in biochemical markers are predictive of long-term 
effects of treatment on joint structure, for exam-
ple, changes in X-ray joint space width/MRI carti-
lage volume or TJR. As indicated previously, in 
the absence of approved structural OA treatment, 
there is no prospective longitudinal study that 
could evaluate this hypothesis. Conversely, several 
retrospective, often not randomized, nor properly 
controlled, studies showed that some biological 
markers decrease within a few weeks/months with 
various therapies, including glucosamine (serum 
CTX-II and YKL-40),152 clodronate (serum 
COMP),153 and alendronate (urinary CTX-II and 
NTX-I).154 More recently, the efficacy of novel 
therapies tested in randomized placebo-controlled 
clinical studies is becoming available. For exam-
ple, phase II and phase III studies using the antire-
sorptive agents, risedronate,155 calcitonin,156 and 
strontium ranelate,157 showed an early significant 
decrease of urinary CTX-II, despite any signifi-
cant demonstrable effects on X-ray progression, 
except for strontium ranelate on spinal OA 
(although evaluated retrospectively in a popula-
tion of postmenopausal with osteoporosis). 
Whether this discrepancy between the biochemi-
cal response and the lack of structural efficacy is 
due to a true inability of markers to predict pro-
gression with these treatments, inadequate inclu-
sion criteria to recruit subjects with endotypes 
susceptible to respond to such treatment (see 
above) or a poor sensitivity of the imaging tech-
niques used to assess progression within the dura-
tion of the study remains unclear. Fibroblast 
growth factor (FGF)-18 (sprifermin), a potent 
cartilage anabolic agent, has shown favorable 
effects on cartilage tissues assessed by MRI.158–160 
Although the effects of FGF-18 on biochemical 
markers in clinical studies are not yet available, 
this compound has shown to be highly efficient in 
increasing PIIBNP, a biological marker of type II 
collagen synthesis, in an in vitro system of human 
cartilage explants.161,162 One of the largest rand-
omized placebo-controlled studies analyzing the 
relationships between the changes of biomarkers 
and the changes in joint space width by radiogra-
phy are the phase III trials of the OA risedronate 
program. Although the overall effect of the study 

on joint structure was negative, it was shown that 
among subjects randomized to risedronate, those 
who started the treatment with an increased level 
of urinary CTX-II and who normalized this 
marker after 6 months, there was a significant 
40% lower risk of radiological progression at 24 
months compared with patients who did not nor-
malize urinary CTX-II.163 Thus, monitoring the 
early changes in markers may help to predict long-
term structural efficacy, an hypothesis that needs 
to be confirmed in prospective studies with an 
effective drug.

The analysis of above reviewed clinical data shows 
that biochemical markers (most probably com-
bined with other approaches in sophisticated 
models) may become a cornerstone in evaluating 
the efficacy of novel treatments. However, this 
concept is currently based on partial and incon-
clusive data. We do have multiple marker assays 
available, may be too many. The lack of treat-
ments developed on strong biological bases with 
substantial clinical efficacy evaluated in several 
clinical trials is currently the main factor which 
impairs the efficacy of this approach. In the mean-
time, what we could do in the OA biomarker 
research community is to improve assay perfor-
mances which need to be cross-validated in dif-
ferent laboratories in order to identify a panel of 
selected promising biological markers to be ready 
for their use as efficacy endpoints when the 
drug(s) will become available.

Conclusion and research agenda
It is increasingly difficult to synthesize the data on 
OA biological markers because of the large het-
erogeneity in reporting data, including various 
types of markers, with results being somehow 
inconsistent from study to study. This situation 
illustrates a lack of coordination between the dif-
ferent players in this research area. To advance 
this field and establish a validated and regulatory-
approved predictive model, it is critical to have a 
global and multidisciplinary approach.

The most important topics to drive the future 
research can be based on the gaps in the perfor-
mances of current markers and the needs arising 
from the clinical studies and clinicians. These 
may include the following:

- from a biological endpoint, increase the 
basic research to discover the critical meta-
bolic pathways responsible for OA 
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progression. Those should then constitute 
the basis of both drug and biomarker target 
identification.

- improve the technical performance of the 
assays and making them available world-
wide to allow cross-validation studies.

- increase the use of ‘omics’ technologies to 
discover and characterize new markers and 
combine them with the more traditional 
markers to improve the diagnosis of OA 
and the monitoring of treatment efficacy.

- promote partnerships between the aca-
demic and private actors to assess the utility 
of markers and test the predictive models in 
large and well-characterized prospective 
studies.
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