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Early arthritis

Serum biochemical marker of synovial
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radiological progression in early
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ABSTRACT

Objectives To investigate whether serum C1M and C2M,
biochemical markers of synovial and cartilage tissue
destruction, were associated with progression of joint
damage in patients with early arthritis.

Methods 813 early arthritis patients (<6 months

of symptoms, 82% with rheumatoid arthritis, 18%
undifferentiated arthritis) from the prospective ESPOIR
study were followed for 5 years. Radiographic progression
was assessed using the van der Heijde Sharp score, and
progression was defined as an increase of 1 or 5 unit(s)
between baseline and 1 year or 5 years. Associations
between baseline C1M and C2M and progression were
assessed by logistic regression.

Results Increased baseline continuous serum C1M levels
were associated with the risk of progression at 1 year, after
adjustment for age, gender and body mass index (BMI).
Patients with levels in the highest quartile of C1M had

an OR (95% Cl) of total joint damage progression of 2.75
(1.70-4.45) compared with patients in the lowest quartile.
When disease activity score 28, C reactive protein and
anticyclic citrullinated peptide 2 antibodies positivity were
included in the model, high C1M remained significantly
associated with progression with an OR (95% CI) of

2.12 (1.06-4.23). At 5 years, C1M was significantly
associated with the risk of total joint damage progression
after adjustment for age, gender and BMI. There was no
significant association of C2M with progression at 1 year
or 5 years.

Conclusions High baseline serum C1M, but not C2M,

is associated with increased radiographic progression in
early arthritis, independently of classical risk factors. C1M,
in conjunction with other risk factors, may help identify
patients at higher risk of joint damage.

INTRODUCTION

Rheumatoid arthritis (RA) is an inflammatory
disease characterised by synovial inflamma-
tion, cartilage degradation and subchondral
bone erosion.' * The mechanisms leading to
joint damage are not yet fully understood,
although the secretion of proinflammatory
cytokines, such as interleukin 1 and tumour

WHAT IS ALREADY KNOWN ON THE TOPIC:

= ldentifying high-risk early rheumatoid arthritis (RA)
patients remains challenging with the current diag-
nostic tests. Serum C1M and C2M are biochemical
markers of synovium and cartilage collagen turn-
over, respectively.

WHAT THIS STUDY ADDS

= Increased C1M, but not C2M, is associated with a
higher risk of progression in early RA at 1 year and
5 years, independently of conventional risk factors
such as anticyclic citrullinated peptide 2 antibodies,
disease activity score 28 and C reactive protein at
1 year.

HOW THIS STUDY MIGHT AFFECT RESEARCH
PRACTICE OR POLICY

= Biochemical markers of synovium turnover such as
serum C1M may be used to identify early RA pa-
tients at higher risk of progression, together with
conventional risk factors.

necrosis factor, proteolytic enzymes including
matrix metalloproteases (MMPs) and other
catabolic factors by the synovial tissue, is one
of the earliest and most important events
involved in this process.'™

The prognosis of RA is highly variable
across patients and difficult to predict with
usual risk factors such as disease activity
parameters, autoantibodies, C  reactive
protein (CRP) and radiological scores, espe-
cially in early arthritis.” ® The availability of
specific biochemical markers of the remod-
elling of the extracellular matrix (ECM) of
the synovium, cartilage and bone may have
a role in predicting disease progression and
monitoring treatment efficacy.”"> Because
the ECM of joint tissues is mainly composed
of fibrillar collagens which are degraded by
MMPs, MMP-mediated catabolic fragments of
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these molecules are among the most promising biochem-
ical markers in RA. Recently, immunoassays for serum
MMP-mediated biochemical markers of type I (C1M)
and type II (C2M) collagen degradation have been
developed. Type I collagen is, with type III collagen, the
major constituent of synovium tissue, whereas type II is
the main protein of the cartilage matrix and is almost
exclusively distributed in cartilage.'* Although type I
collagen is widely distributed in body tissues, its degra-
dation products in biological fluids including serum
and urine reflect mainly the remodelling of tissues with
high turnover, that is, bone and synovium in patients
with active RA. The degradation of type I collagen in
bone tissue is mainly mediated by the cysteine protease
cathepsin K, whereas in other connective tissues, MMPs
are the main collagenolytic enzymes.'” Thus, in RA, MMP-
mediated degradation products of type I collagen such
as C1M are a sensitive non-invasive biological marker of
synovium tissue, although the contribution of other soft
tissue degradation to the systemic CIM levels cannot be
excluded. Conversely, fragments of type II collagen, such
as C2M, reflect almost exclusively cartilage matrix degra-
dation. A few studies performed in active patients with
long-standing disease participating in randomised clin-
ical trials showed that baseline serum CIM levels were
associated with radiological progression over a period of
1 year or less, although it remains unclear whether this
association was independent of CRP.”'®'” One small study
including 38 consecutive patients with early RA (disease
duration <1 year) showed a modest association of high
baseline C2M with erosion at 2 years, although this anal-
ysis did not control for potential confounding variables
and conventional risk factors of progression.'®

The aim of this study was to investigate the association
between baseline measurements of serum CIM and C2M
and the radiographic progression of joint damage in a
large cohort of patients with early arthritis participating
in the ESPOIR prospective study over a 5-year follow-up
period with extensive clinical and biological evaluations.

PATIENTS AND METHODS
Patients with early arthritis
The ESPOIR cohort (in French, the study and
follow-up of early undifferentiated arthritis, referenced
NCT03666091) is a multicentre early arthritis cohort
described in detail elsewhere.'? With the approval of the
Montpellier University (France) ethical committee, 16
university hospital rheumatology departments enrolled
patients, covering a large part of the country. Clinical,
laboratory and imaging data were collected at baseline,
then every 6 months for the first 2 years, then once a year.
One biological resources centre (Sarah Tubiana, Paris-
Bichat) oversaw centralising and managing biological
data collection.

The inclusion criteria were the following: patients aged
18-70 years provided signed informed consent, had two
or more swollen joints, with a duration >6 weeks and <6

months, used no previous disease-modifying drugs and
no steroids and had no definite diagnosis of a disease
other than RA or undifferentiated arthritis. Thus, the
ESPOIR cohort consists of both early undifferentiated
inflammatory arthritis and recently developed RA. At
baseline, an exhaustive data collection was performed
according to recommendations in early arthritis."’ These
include, but are not limited to, the demographical vari-
ables age, gender, body weight and height and symptom
duration, full clinical examination for the determina-
tion of the disease activity score 28 using erythrocyte
sedimentation rate (DAS28-ESR) score® and the biolog-
ical variables CRP and anticyclic citrullinated peptide 2
antibodies (ACPA) tested by ELISA (DiaSorin, Antony,
France; positive if >50 units/mL) measured in a central
laboratory (S. Martin, Immunology Department, Bichat
Hospital, Paris, France). The diagnosis of RA was based
on the American College of Rheumatology-European
League Against Rheumatism 2010 criteria for RA at inclu-
sion.”! At baseline, fasting morning blood samples were
collected, and serum was stored at a temperature below
—70°C until analysis. Collection of baseline blood samples
was done from 2002 to 2005 and assays of C1M and C2M
were performed in 2022.

Data analysed in the present study pertain to baseline,
12 months and 5 years of follow-up in all the 813 subjects
who had serum available at baseline to measure C1M and
C2M.

Radiographic evaluation

Radiographs of the hands, wrists and feet in the
posteroanterior view were taken for each patient at base-
line, 12 months and 5 years. Images were centralised and
scored according to the van der Heijde modified Sharp
score (mSS)* by two experienced rheumatologists who
were blinded to the patient’s other data, knowing the
chronological sequence. For each patient, an erosion
score, a joint space narrowing (JSN) score and a total
radiographic score were assessed. Based on the reproduc-
ibility of the radiographic scoring, the smallest detectable
change (SCD) was calculated at 1.0 mSS unit. Progres-
sion was defined by an increase from baseline in the mSS
score of at least one point for progression at 12 months
and five points (corresponding to an increase of 1 mSS
unit/year) for progression at 5 years. These cut-off values
corresponding to the SCD (1 unit/year) of the radio-
graphic assessment have been previously used in this
cohort for other analyses.” **

Serum C1M and C2M measurements

CIM levels were measured using a manual ELISA
(NordicCIM, Nordic Bioscience). The assay was
performed according to the manufacturer’s instruc-
tions."” Briefly, samples were measured in duplicate,
including two kit controls. The mean value of duplicates
was used for the analyses. Intravariation and intervari-
ation acceptance criteria were set at <20%; 43 samples
were rerun and met the criteria in the second run. 58
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samples measured below the lower limit of quantification
(LLOQ <11.8ng/mL) and were given the value of the
LLOQ."”

C2M levels were measured using the automated open
ISYS-I10 platform using the NordicC2M assay (Nordic
Bioscience). The assay was performed according to
the manufacturer’s instructions.'” Briefly, samples were
measured in singles as the assay is automatic with high
intra-assay precision, including two kit controls which
were run in duplicate. The intra-assay variation ranged
from 0.1-9.2% and the interassay coefficients of variation
(CVs) of the two controls <15%. Five samples had insuffi-
cient sample volume and were not measured for C2M. All
samples measured above the LLOQ (4.0ng/mL).

Statistical analyses

Results are shown as mean+SD and/or median for quan-
titative variables, as indicated. Because both C1M/C2M
and radiographic progression data were not normally
distributed, non-parametric tests were used. The compar-
ison between groups of serum CIM and C2M values was
performed using the Mann-Whitney test. The correla-
tion of serum CIM and C2M levels with baseline clin-
ical, biological and radiographic variables was analysed
by Spearman rank correlations with no adjustment for
multiple tests. The relationships between baseline serum
CIM and C2M values and radiographic progression at 1
year and 5 year were assessed by logistic regression with
baseline demographic variables that were significantly
associated with raw values of C1M and/or C2M as covar-
iates, that is, age, body mass index (BMI) and gender.
These covariables, which may affect both biochem-
ical marker levels and progression, are commonly
used in studies investigating biochemical markers in
arthritis studies, including a recent investigation in the
same cohort.** To assess whether serum CIM and C2M
provided prognostic information independent from
major classical risk factors, further logistic regression
analyses were performed by including ACPA positivity,
baseline DAS28-ESR score and baseline CRP levels (in
addition to age, BMI and gender) in the model. These
covariables were also used in a previous publication on a
similar topic.** In logistic regression models, serum C1M
and C2M levels were considered either as a continuous
variable or dichotomised in centiles. The strength of
the association was expressed in OR and 95% CI. The
comparison of the proportion of patients with progres-
sion and no progression in the different quartiles of base-
line C1M/C2M levels was analysed using the Pearson
test. Statistical analysis was performed with SAS/STAT
V.9.04.01. SAS Institute in Cary, North Carolina, USA.

RESULTS

Baseline characteristics and cross-sectional associations in
patients with early arthritis

Table 1 shows the baseline characteristics of the
patients with early arthritis included in the study. 82%

Early arthritis

Table 1 Baseline characteristics of the 813 patients with
early arthritis

Variables Mean (SD)

651 (82%)

Median (5-95 pct)

Patients diagnosed with

RA (n, %)

Age (years) 48.1 (13) 50 (25-66)
Women (n, %) 610 (76%)

BMI (kg/cm?) 25.0 (4.7) 24.3 (19.0-33.7)
Symptom duration 7.1 (8.5) 4.9 (1.6-24)
(month)

DAS28-ESR 5.11 (1.31)  5.08 (2.93-7.43)
C reactive protein (mg/  20.3 (33) 9 (0-83)

mL)

ACPA positive patients 311 (39%)

(n, %)

Erosion mSS 0.63 (2.27) 0(0-4)
Narrowing mSS 2.62 (4.00) 1(0-12)

Total mSS 3.22(5.19) 1.5(0-12)
Serum C1M (ng/mL) 69.2 (54.2) 50.2 (23.6-175)
Serum C2M (ng/mL) 20.6 (5.1) 19.7 (15.1-29.4)

ACPA, anticitrullinated protein antibodies; BMI, body mass
index; DAS28-ESR, disease activity score 28 using erythrocyte
sedimentation rate; mSS, van der Heidje modified Sharp score;
RA, rheumatoid arthritis.

of patients had a confirmed diagnosis of RA at baseline.
Age, gender distribution and disease activity data were
those commonly found in a population of early arthritis
patients with a median symptom duration of 4.9 months.
39% of patients were ACPA positive. The radiological
scores were low as expected in such populations.

Serum CIM values were on average higher in men than
women (+28%, p<0.0001). Serum C1M correlated signifi-
cantly with BMI and C2M with age, although r values are
very low (table 2). Serum CIM levels were significantly
correlated with DAS 28 and CRP. C2M was also signifi-
cantly associated with these two parameters, but with very
low Spearman rank correlation coefficients (table 2).

There was no significant correlation of serum CIM or
C2M levels with radiological joint scores (table 2).

Association between baseline serum level of C1M and C2M
and radiographic progression

Of the 788 patients included in the study, 735 (93%)
had valid radiographic data at baseline. 629 patients had
both baseline and 1-year radiographic values, whereas at
5 years progression data were available for 445 subjects.

1-year progression

Baseline values of serum C1M—but not C2M—were 42%
higher in patients with progression of total joint damage
than in patients with no progression (median: 68 ng/
mL vs 48ng/mL, p<0.0001). As shown in table 3, when
analysed as a continuous variable, baseline serum CIM
levels were significantly associated with the 1-year risk of
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Table 2 Correlation of baseline C1M and C2M with
baseline RA clinical, biological and radiological parameters

Spearman r value, p value

Baseline

parameters CiM Cc2Mm

Age 0.025, 0.49 0.09, 0.01
BMI 0.12, 0.0009 -0.0028, 0.94
DAS 28 0.77, p<0.0001  0.09, 0.014
CRP 0.43, p<0.0001  0.12, 0.002
Erosion score 0.05, 0.20 —0.0004, 0.99
JSN score 0.07, 0.07 0.058, 0.12
Total joint score 0.06, 0.11 0.06, 0.14

BMI, body mass index; CRP, C reactive protein; DAS 28, disease
activity score 28 using erythrocyte sedimentation rate; JSN, joint
space narrowing; RA, rheumatoid arthritis.

erosion, JSN and total damage progression. After addi-
tional adjustments for ACPA, DAS 28 and CRP, the asso-
ciation of serum C1M—used as a continuous variable in
the logistic regression model—with progression was no
longer significant. There was no significant association
between baseline C2M and progression of erosion, JNS
or total damage (table 3).

Next, patients were categorised in quartiles of base-
line serum C1M levels. The percentage of patients with
total joint score progression increased from quartile 1
to quartile 4 of baseline CIM levels (Pearson %* test,
p<0.0001 for distribution of progression and no progres-
sion across quartiles). For example, among patients
with baseline CIM levels in Q1, 31% did progress at 1
year whereas there were 54% of patients with baseline
CIM levels in Q4 who progressed (table 4). There was
also an increased risk of progression with increased
baseline C1M quartiles (age-sex-BMI adj. OR (95% CI):
1.34 (1.16 to 1.54), p<0.0001 for each quartile increase
of baseline C1M). Patients with baseline CIM in the
highest quartile had an age-sex-BMI OR (95% CI) of
progression of 2.75 (1.70 to 4.45), p<0.0001 compared
with patients with CIM in the lowest quartile (table 4).

3

When baseline DAS 28, CRP and ACPA positivity were
considered, the OR of total joint progression associ-
ated with CIM in the highest quartile decreased but
remained significant (OR: 2.12 (1.06 to 4.23), p=0.03).
When progression was defined by an increase in bone
erosion score, there was also a significant increase in the
percentage of patients with progression with increased
baseline quartile of C1M (Pearson %* test, p<0.0001)
(table 5). The risk of progression increased with higher
baseline CIM levels (table 5). For example, the age-
sex-BMI adjusted OR (95% CI) of progression of bone
erosion for the highest quartile of CIM was 4.59 (2.25
to 9.39), p<0.0001, which decreased but remained
significant when DAS 28, CRP and ACPA positivity were
included in the logistic regression model (OR (95% CI):
3.80 (1.48 t0 9.74), p=0.005).

There was no significant association between quartiles
of baseline C2M levels and the risk of 1year progression
in total joint damage, erosion or JSN (data not shown).

5-year progression
Patients with progression of total damage at 5 years had
33% (p=0.0037) higher median baseline serum CIM
levels than patients with no progression. There was no
significant difference in baseline C2M levels between
patients with progression and no progression regardless
of the radiological score considered (data not shown).
After adjustment for age, gender and BMI, each ng/
ml increase of baseline CIM was significantly asso-
ciated with higher risk of total joint progression (OR
(95% CI): 1.004 (1.0008 to 1.008), p=0.016). When the
variables ACPA positivity, DAS28 and CRP were further
included in the model, the association of C1M with
progression was no longer significant (p=0.74). There
was no significant association of serum C2M with radio-
logical progression regardless of the type of Sharp score
considered.

When the analyses were restricted to patients with RA at
baseline, very similar results were obtained for both C1M
and C2M at both 1 year and 5 years (data not shown).

Table 3 Baseline continuous serum levels of C1M and C2M and the 1-year risk of progression in patients with early arthritis

analysed by logistic regression analysis

OR (95%) for each ng/ml increase in baseline C1M/C2M

Adjusted for age-gender and BMI

Additional adjustments for DAS 28, CRP and ACPA

1-year

pr)cl:gression CiM P value C2M Pvalue CiM P value Cc2Mm P value

Erosion 1.004 0.010 0.992 0.686 1.004 0.162 0.974 0.343
(1.001-1.007) (0.952-1.033) (0.998-1.010) (0.935-1.024)

JSN 1.003 0.028 1.016 0.309 1.002 1.008 0.634
(1.001-1.006) (0.986-1.047) (0.999-1.007) (0.976-1.004)

Total damage 1.004 0.014 1.020 0.197 1.002 1.001 0.529

(1.001-1.007)

(0.990-1.052)

Data shown in bold style are statistically significant results
ACPA, anticitrullinated protein antibodies; BMI, body mass index; CRP, C reactive protein; DAS28, disease activity score 28 using erythrocyte
sedimentation rate; JSN, joint space narrowing.

(0.997-1.007)

(0.978-1.005)
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Table 4 Number and percentage of patients with progression and no progression of total joint damage at 1 year by quartiles

of baseline C1M

Quartile of baseline N (%) of patients with no

N (%) of patients with

Age-sex-BMI adjusted OR

Cim progression progression (Cl) versus Q1

Q1 108 (69%) 48 (31) -

Q2 92 (58%) 6 (42%) 1.50 (0.93 to 2.42)
Q3 93 (59%) 5 (41%) 1.62 (0.99 to 2.63)
Q4 72 (46%) 5 (54%) 2.75 (1.70 to 4.45)

OR of progression for each quartile of C1M was obtained by logistic regression using quartile 1 as a reference.

DISCUSSION

This study performed in a large and well-characterised
population of patients with early arthritis followed
prospectively for 5 years showed that the measurement
of baseline serum C1M, a biochemical marker of synovial
collagen tissue turnover, was significantly associated with
the short-term and long-term risk of radiological progres-
sion. In contrast, serum C2M, a biochemical marker
of cartilage collagen destruction, was not significantly
associated with progression. These findings suggest that
early in the arthritis disease, synovial activity plays a more
important role than cartilage turnover in mediating joint
damage progression.

In RA management, one of the main clinical challenges
is the identification, early in the disease, of patients who
are likely to progress more rapidly to target the use of
biologic treatments to high-risk patients who need to
have the tightest control management. Because clas-
sical risk factors including systemic unspecific biological
parameters of inflammation, for example, CRP, clinical
disease activity scores, autoantibodies or radiological
parameters, lack sensitivity in early disease,” we speculate
that dynamic biochemical markers of joint tissues turn-
over may help. To address this issue, we measured at base-
line serum CIM and C2M in a large well-characterised
prospective study of patients with early RA and investi-
gated their association with short-term and long-term
radiological progression.

At baseline, serum C1M was positively correlated with
DAS28-ESR and CRP, which are validated indices of
disease activity. The correlation coefficients, however,
were modest, suggesting that CIM reflects biological

processes which are not fully captured by these conven-
tional risk factors of progression.

In logistic regression models including age, gender
and BMI as potential confounding variables, we found
that baseline serum CIM levels considered as a contin-
uous variable were associated with the progression of
total joint damage at both 1 year and 5 years. The ORs
were significant but very low because they represent an
increase in risk for a change of only 1ng/mL of CIM
levels, although median levels in patients with RA were
50.2ng/mL and levels varied between 3 ng/mL and
500ng/mL in this population. Thus, analysing the asso-
ciation of biochemical markers with progression as a
continuous variable with an increment of 1 unit may not
be the most useful and relevant for clinical uses. In various
clinical conditions, including arthritis, several studies
have classified patients in centiles of markers to define
patients at risk.” ' ' #*# Using this approach, we found
that patients with baseline levels of CIM in the highest
quartile had a 2.75 higher risk of total joint progression
at 1 year compared with patients with C1M values in the
lowest quartile, after adjustments for age, gender and
BMI. The risk was even more important when progres-
sion was assessed as an increase of bone erosion score
with a corresponding OR of 4.59. Interestingly, when
DAS 28, CRP and ACPA were included in the prediction
model, high C1M levels remained significantly associated
with an increased risk of progression, although the OR
was lower because CIM correlated with CRP and DAS
28 at baseline. Thus, CIM contributed to radiological
progression in part independently of classical variables
used to identify patients with RA at risk. At 5 years, raw

Table 5 Number and percentage of patients with progression and no progression of bone erosion at 1 year by quartiles of

baseline C1M

Quartile of baseline N (%) of patients with no N (%) of patients with Age-sex-BMI adjusted OR (ClI)
CiM progression progression versus Q1

Q1 144 (92%) 12 (8 %) -

Q2 131 (83%) 27 (17%) 2.20 (1.06 to 4.61)

Q3 130 (82%) 28 (18%) 2.34 (1.12 to 4.88)

Q4 116 (74%) 41 (26%) 4.59 (2.25 to 9.39)

OR of progression for each quartile of C1M was obtained by logistic regression using quartile 1 as a reference.
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levels of serum CIM remained a significant predictor
of total joint damage progression after adjustments for
age, gender and BMI. However, because the number
of subjects who could be evaluated for progression was
substantially lower than at 1 year, a reliable analysis in
quartiles could not be performed.

Contrasting with the positive relationships of CIM
with disease activity and progression, this study showed
no significant association of C2M with these parameters.
Thus, in early RA, this biochemical marker of cartilage
destruction is not useful to identify patients at high risk,
although in established disease, biochemical markers of
type II collagen degradation were shown to be associ-
ated with disease progression.” Because, in early RA, the
extent of joint tissue damage is very limited, biochemical
markers of cartilage turnover may lack sensitivity.

This study has strengths and some limitations. The
population was large, prospectively recruited and rigor-
ously investigated over a long-term follow-up. All patients
had a homogeneous stage of early disease with no treat-
ment at baseline that may have influenced the levels
of serum CIM and C2M. The progression at 1 year was
available for the vast majority of patients included in the
study, joint damage was evaluated by state-of-the-art radi-
ography assessment, and the major risk factors have been
measured at baseline. However, at 5 years, only 60% of
patients with baseline radiological data were available for
progression analysis. Thus, results at 5 years may not be
as robust as the lyear findings. We did not analyse the
relationships of CIM and C2M and clinical progression
using DAS 28. We also did not consider the influence of
treatment groups during follow-up, because the primary
objective of this study was to specifically evaluate whether
baseline markers may help to predict joint damage
progression, regardless of treatment. These valuable anal-
yses should be the topic of further studies. The results
may not apply to treated patients with established RA.
We could also not compare the performance of serum
CIM and C2M to other joint tissue remodelling markers
including urinary crosslinked type II collagen C-telo-
peptide (CTX-II), the current most established cartilage
turnover marker in arthritis,” '"* because urine samples
were not available in the study. Finally, because samples
were stored for about 20 years before being assayed for
CIM and C2M, potential degradation may have influ-
enced CIM and/or C2M concentration. However, C1M
and C2M are collagen fragments which are believed to
be highly stable in serum stored at -80°C. Comparison of
average values with historical fresh samples did not show
major changes in absolute concentrations of C1M/C2M.
We cannot, however, exclude that possible alterations of
CIM and C2M data during storage may have some influ-
ence in the findings, probably by decreasing the true
association of these markers with progression.

In summary, serum measurements of CIM, but not
C2M, were associated with the risk of radiographic
progression in patients with early arthritis, independently
of the major currently validated clinical and biological

risk factors at short-term. This biological marker may be
combined with other biomarkers of disease activity to
improve the identification of patients with early arthritis
at high risk for progression.

X Anne-C Bay-Jensen @ACBayJensen
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