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Introduction: Although biomarkers are useful diagnostic tools to assess joint damage in osteoarthritis and
rheumatoid arthritis, few data exist for biomarkers of haemophilic arthropathy. Aim: To evaluate the association
between biomarkers and compatible additive magnetic resonance imaging (MRI) scores in patients with severe
haemophilia A. Methods: Patients aged 12-35 years with no history of factor VIII (FVIII) inhibitors were
enrolled in a controlled, cross-sectional, multinational investigation. Patients received primary or secondary
prophylaxis or on-demand treatment with FVIII and underwent MRI on four joints (two ankles, two knees).
Soluble biomarkers of cartilage and bone degradation, inflammation, and angiogenesis were assessed (serum
levels of C-terminal telopeptides of type I collagen [CTX-I], cartilage oligomeric matrix protein [COMP],
chondroitin-sulphate aggrecan turnover 846 epitope [CS846], tissue inhibitor of metalloproteinase 1 [TIMP-1];
plasma levels of vascular endothelial growth factor [VEGF], matrix metalloproteinases 3 and 9 [MMP3,
MMPY]). Relationships between biomarkers and MRI scores were evaluated using Spearman rank correlation.
Results: Biomarkers were assessed in 117 of 118 per-protocol patients. Mean and median CTX-I, COMP, TIMP-
1, MMP3, MMP9, and VEGF values were within normal ranges (reference range not available for CS846 in
healthy volunteers). No correlations between biomarkers and MRI scores were found, with the exception of
CS846, which showed significant correlation in a subgroup of 22 on-demand patients (r = 0.436; P = 0.04).
Conclusions: Compatible additive MRI scores showed no clear correlations with any of the potential biomarkers
for haemophilic arthropathy in the overall population. CS846 levels were significantly correlated with MRI scores
in patients treated on demand.
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Introduction

Biochemical markers can provide clinically useful
diagnostic tools for monitoring changes in cartilage
and bone turnover in people with destructive joint dis-
ease. In the fields of osteoarthritis (OA) and rheuma-
toid arthritis (RA), urine and blood biomarkers for
degradation of cartilage, bone and synovial tissue have
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been studied in the evaluation of severity and progres-
sion of joint damage and in the determination of the
effects of treatment [1-5]. Haemophilia A is an inher-
ited disease caused by deficient coagulation factor VIII
(FVIII) that results in spontaneous and trauma-related
bleeding. Over time, recurrent bleeding into joints
leads to inflammation, synovitis, and subsequent
destruction of cartilage and bone (i.e. haemophilic
arthropathy, which is also characterized by soft-tissue
contractures, muscular atrophy, and angular deformi-
ties [6]). Development of arthropathy in patients with
haemophilia A can be prevented or delayed by regular
prophylactic infusions of FVIII products, thus avoiding
joint bleeds and their sequelae [7-9]. Haemophilic
arthropathy has some characteristics similar to degen-
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erative joint disease (i.e. OA) and inflammatory joint
disease (i.e. RA) [5,10], but few data are available on
the use of biomarkers for assessing the severity of
joint disease in patients with haemophilia A. The cur-
rent study explored biomarkers that have been identi-
fied in patients with OA and RA as reflecting severity
of joint damage and evaluated the applicability of
these biomarkers to haemophilic arthropathy.

Materials and methods

We conducted an exploratory analysis to evaluate the
association between potential biomarkers of haemo-
philic arthropathy and compatible additive magnetic
resonance imaging (MRI) scores [11] in patients with
severe haemophilia A. Data for this analysis were
derived from a cross-sectional, multicohort, multina-
tional, epidemiologic, interventional investigation in
which 129 patients aged 12-35 years treated with
FVIII primary or secondary prophylaxis or on-demand
treatment underwent MRI of four joints (two ankles,
two knees) [12]. A plasma and a serum sample was
collected from each patient at the time of enrolment
for measurement of the levels of soluble biomarkers of
cartilage and bone degradation, inflammation, and
angiogenesis.

We assessed levels of the following markers: carti-
lage oligomeric matrix protein (COMP), a non-col-
lagenous  extracellular matrix protein in the
thrombospondin family; chondroitin-sulphate aggre-
can turnover 846 epitope (CS846), a glycosaminogly-
can epitope on the large proteoglycan aggrecan; C-
terminal telopeptides of type I collagen (CTX-I), a
fragment released during degradation of type I colla-
gen; matrix metalloproteinase 3 (MMP3), a stromely-
sin; matrix metalloproteinase 9 (MMP9), a gelatinase
that degrades collagen of the extracellular matrix; tis-
sue inhibitor of metalloproteinase 1 (TIMP-1), an
endogenous metalloproteinase inhibitor; and vascular

Table 1. Biomarker levels* and correlation with compatible additive MRI score

endothelial growth factor (VEGF), a pro-angiogenic
factor (Table 1). The levels of all markers were mea-
sured in serum, with the exception of VEGF, MMP3,
and MMPY, which were measured in platelet-poor
plasma samples [13]. To avoid a circadian impact on
the levels of biomarkers [14], blood sampling should
be performed in the morning.

Serum COMP levels were assessed using the Wies-
lab® hCOMP enzyme-linked immunosorbent assay
(ELISA) kit (Osteomedical, Hiddenhausen, Germany),
and CS846 levels were quantified using CS846 ELISA
(IBEX Pharmaceuticals, Montreal, QC, Canada).
Serum CTX-I levels were measured using CrossLaps
ELISA (Immunodiagnostics, Frankfurt, Germany).
Serum levels of TIMP-1 were assessed using the
Human TIMP-1 Immunoassay, and plasma levels of
MMP3, MMP9, and VEGF were assessed using the
Quantikine Human Total MMP3 Immunoassay, the
Human MMP9 Immunoassay, and the Human VEGF
Immunoassay respectively (R&D Systems, Heidelberg,
Germany). Relationships between biomarkers and
compatible additive MRI scores were evaluated using
Spearman rank correlation.

Results and discussion

Data on serum or plasma levels of potential biomark-
ers of haemophilic arthropathy were available for 117
of 118 patients in the per-protocol population (i.e.
patients without major protocol violations). Results
are summarized in Table 1. Despite some individually
high or low values, mean and median levels of CTX-I,
COMP, MMP9, TIMP-1, VEGF, and MMP3 were
within normal ranges for healthy subjects provided by
the supplier of the respective assays. No normal
ranges were available for CS846.

Higher compatible additive MRI scores indicate
worse haemophilic arthropathy [11]. In our analysis,
with the exception of CTX-I levels (which showed a

(per-protocol population).

Biomarker levels (n = 117)

Biomarker Marker for Normal range’ Mean + SD Median (range) Correlation with MRI score
COMP, pg mL™* Cartilage degradation 0.99-2.54 1.5+03 1.6 (0.0-2.0) 0.100
CS846, ng mL~* Cartilage formation § 255.3 £213.9 200.3 (0.0-1722.2) 0.053
CTX-I, ng mL™" Bone degradation 0.115-0.748 0.7 + 0.6 0.6 (0.0-3.5) -0.203
MMP3, ng mL ™! Joint cartilage destruction 2.1-64.0 17.4 £ 9.4 16.6 (0.0-74.4) —0.121
MMP9, ng mL™! Joint cartilage destruction 169-705 244.5 + 161.8 219.1 (0.0-939.7) 0.156
TIMP-1, ng mL~* Periarticular bone loss 87-524 121.3 + 41.2 121.8 (0.0-242.9) 0.005
VEGF, pg mL~! Inflammation and angiogenesis 62-707 226.4 £ 177.0 191.3 (0.0-845.5) —0.084

COMP, cartilage oligomeric matrix protein; CS846, chondroitin-sulphate aggrecan turnover 846 epitope; CTX-I, C-terminal telopeptides of type I colla-
gen; MMP, matrix metalloproteinase; MRI, magnetic resonance imaging; TIMP-1, tissue inhibitor of metalloproteinase 1; VEGF, vascular endothelial

growth factor.

*Serum levels were measured for all the biomarkers except VEGF, MMP3, and MMP9, which were measured in platelet-poor plasma samples.

"Normal ranges for healthy patients as provided by supplier of test kits.

Spearman rank correlation coefficient for the correlation of biomarker and compatible additive MRI score.
SNo normal range for healthy patients was provided by supplier of test kits. Serum CS846 levels in patients with haemophilic arthropathy who had not

experienced any joint bleeds in the previous 3 months have been reported [5].
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borderline significant result [r = —0.203]), biomarker
levels did not correlate with MRI scores in the total
study population (Table 1; Spearman correlation coeffi-
cients, 0.2 >r> —0.2; all P> 0.05). However, the
analysis revealed a significant positive correlation
between serum CS846 levels and MRI scores in the sub-
population of 22 patients who were treated on demand
(r = 0.436; P = 0.04; scatter plot shown in Fig. 1).

It has been reported that MMP3 levels increase in
patients with RA as the synovium becomes inflamed
[2]. TIMP-1 was proposed as a serum marker of peri-
articular bone loss in a study of patients with RA
[15]. In patients with severe haemophilia A, levels of
biomarkers of inflammation (C-reactive protein and
macrophage migration inhibitory factor) increase dur-
ing acute bleeding episodes whether or not the patient
has joint damage [16]. In patients with haemophilia
who have joint disease, plasma concentrations of the
proangiogenic biomarkers VEGF-A, stromal cell-
derived factor-1, and MMP9 are increased compared
with healthy controls and compared with patients
with bleeding disorders without joint disease [17,18].

In the study from which our data were derived,
patients treated with FVIII on demand showed worse
compatible additive MRI scores, worse clinical joint
scores, and higher annualized joint bleeding rates than
those treated with primary or secondary prophylaxis
[12]. In our analysis, significantly increased levels of
the cartilage formation marker CS846 were observed
in on-demand patients with worse MRI scores (i.e.
positive Spearman correlation). The relatively short
half-lives of the studied biomarkers combined with
substantially more frequent bleeding in on-demand
patients (range, 5.2-39.4 index joint bleeds year ')
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than in patients who received primary or secondary
prophylaxis (range, 0-10.6 index joint bleeds year ')
[12] could potentially explain the more readily detect-
able CS846 levels in on-demand patients.

Compatible additive MRI scores mainly reflect life-
time accumulated joint damage, whereas biomarker
levels reflect ongoing tissue deterioration and/or regen-
eration (i.e. present disease activity). Because joint
arthropathy is a degenerative condition that can
develop over decades [6,17], metabolic changes may be
moderate during this process. Because of the low fre-
quency of joint bleeding in the prophylaxis group in
this study, biomarkers related to direct consequences
of bleeding or chronic synovitis would likely not be
correlated with MRI scores in prophylaxis patients
because biomarker half-life is short and the MRI analy-
ses were unlikely to be performed within a sufficient
time frame of a joint bleeding event. In the on-demand
group, the higher frequency of joint bleeding could
result in higher present disease activity at the time of
the MRI analysis; thus, in patients treated on demand,
biomarkers of synovitis can be expected to correlate
with pathologic joint findings because these patients
are more likely to show some signs of active synovitis.
Consequently, CS846 levels may reflect the altered
joint metabolism that exists after a bleeding event.
Although the correlation between the time of last bleed
and the expression of biomarkers was not specifically
investigated in this study, in another study involving
10 haemophilia patients, biochemical markers of joint
damage such as CS846 were shown to increase within
a week after a single joint bleed [19].

Few published data exist on biomarker correlations
with joint status in patients with haemophilia. In a

Fig. 1. Correlation between the compatible 0
additive MRI score and CS846 levels in patients
treated on demand (n = 22).
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study of patients with haemophilia A or B with vary-
ing degrees of arthropathy, levels of biomarkers of
cartilage destruction or synthesis (urinary C-terminal
telopeptide of type II collagen [CTX-II|, serum carti-
lage cleavage products [C1,2C], and serum CS846)
significantly correlated with total Pettersson (radio-
graphic) scores, but levels of CTX-I did not correlate
with total or bone-specific items of the Pettersson
score [5]. Furthermore, regression analyses showed
that the combination of urinary CTX-II, serum
COMP, and serum CS846 significantly correlated with
radiographic scores [5]. Stronger correlations in this
study than in our analysis can potentially be explained
by use of radiography in the former study because
radiography is less sensitive in detecting joint changes
than MRI [7,20-23]. Therefore, positive radiographic
scores would be expected to reflect only more severe
joint changes relative to positive MRI scores. Groups
of patients with positive radiographic scores may have
more bleeds and higher present disease activity com-
pared with groups of patients with positive MRI
scores.

In haemophilia, joint arthropathy is not a systemic
disease. Arthropathy in patients with haemophilia is
restricted to certain joints, and the severity and activ-
ity of the arthropathy depends on the frequency and
severity of bleeding events in individual joints [6].
Analysis of biomarkers of joint disease in patients
with haemophilia may be more complex than in
patients with RA or OA.

Conclusion

Our analysis is the first investigation of correlations
between MRI findings and potential biomarkers of
haemophilic arthropathy. We found that compatible
additive MRI joint scores did not show any clear cor-
relations with potential biomarkers of haemophilic
arthropathy, except for CS846 in on-demand patients.
The data from the on-demand subgroup suggest that
biomarker levels may correlate with bleeding inci-
dence, but we were unable to prove this relationship
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