8 Psychosocial Factors Associated With QOL of Patients With Chronic Diseases
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Interrelationships between psychosocial factors, disease activity, current symptoms, and physical status. The

figure is based on the results of factor analysis of clinical and psychosocial data from 120 patients with
rheumatoid arthritis. (Kojima M et al. J Psychosom Res. 2009;67(5):425-31. 2009, Elsevier Science Inc.)

biological responses.® Conversely, physical disorders increase
the developmental and prognostic risk of mental disorders.
Thus, comorbidity complicates health problems and increases
the difficulties of individual patients.

Although an association between mental and physical
health disorders has been strongly suggested, most of the
available evidence for this association has come from North
America and Europe, and investigations assessing the
prognostic effects of mental illness on health outcomes are
rare.® Psychosocial factors are potentially subject to ethnic,
cultural, geographic, and economic factors. Moreover, health
care and social systems vary by country. Additional local
epidemiologic studies and international collaborative studies
are needed to ensure effective integration of health care
worldwide.

A series of epidemiologic studies of Japanese with
rheumatoid arthritis (RA)%'? and those on chronic hemo-
dialysis''"!> examined the association between psychosocial
factors and patient quality of life (QOL). The designs and
major findings of these studies are summarized below.

EPIDEMIOLOGIC STUDY OF PATIENTS WITH
RHEUMATOID ARTHRITIS

RA is a chronic disease that causes inflammation of the
joints and surrounding tissues. It is believed to be an
autoimmune disorder; however, its etiology is not fully
understood. Patients with RA have pain, stiffness, swelling,
and destruction of the joints. Those with severe chronic
disorders accompanied by pain, disability, and disfigurement
have a higher risk of emotional disturbances®; therefore, it is
not surprising that patients with RA are twice as likely as
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the general population to be depressed.'* Thus, the QOL of
patients with RA is complicated with regard to the link
between psychosocial and biological factors.

Study design
We performed a cross-sectional epidemiologic study of the
interrelationships between the psychosocial and physiological
factors that determine the disease status of people with
RA.9‘10

In total, 213 patients (mean age, 60 years; range, 18-85
years) completed a series of health examinations and
questionnaires. Disease severity, functional disability, counts
of swollen and/or tender joints, duration of RA, frequency
of arthritis surgery, and C-reactive protein (CRP) levels
were assessed by rheumatologists. Self-report inventories
completed by the patients were used to assess the perceived
degree of pain and fatigue (visual analog scales), depression
(Beck Depression Inventory-I1'>16), anxiety (Hospital Anxiety
and Depression Scale!”), and social support (Social Support
Questionnaire'®!?). Mental and physical components of
health-related QOL were evaluated using the Short Form-36
Health Survey.20-2*

Major findings
Principal axis factor analysis revealed a 4-factor structure in
which the components reflected psychosocial factors, disease
activity, current symptoms, and physical functional status.
Disease activity was independent of psychosocial factors
and failed to reflect the perceived physical or mental QOL of
patients with RA!? (Figure 1).

The associations among depression, pain, and inflammation
were analyzed by multivariate analysis. Inflammation severity
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Impacts of depression and CRP on severe pain by tertiles of BDI-Il score and CRP level. Using patients with a

low BDI-Il score and low CRP as the reference group, the odds ratios (ORs) for the presence of severe pain
increased linearly with BDI-Il score and CRP. (Kojima M et al. Arthritis Rheum. 2009;61:1018-24. 2009,

American College of Rheumatology)

was evaluated by measuring the CRP level. Both depression
score (standardized B=0.35, P<0.001) and CRP level
(standardized P =0.35, P <0.001) were significantly asso-
ciated with pain, even after adjusting for clinical covariates
in the regression analysis. In logistic analysis, the combined
effects on the risk of severe pain (pain score in the highest
tertile) increased linearly with depression score and CRP
level. Depression severity and inflammation were associated
and appeared to have independent effects on perceived pain’
(Figure 2).

Clinicians should therefore evaluate psychosocial factors
and subjective disease status to improve the QOL of patients
with RA. A clinical approach that considers both the body
and mind might be needed in order to achieve optimal pain
control.

EPIDEMIOLOGIC STUDY OF PATIENTS ON
CHRONIC HEMODIALYSIS

Patients on chronic hemodialysis are at a high risk for
emotional disturbances because of the burden due to illness,
time constraints, diet restrictions, functional limitations,
changes in self-perception, and fear of death. A positive
association between depression and mortality has been
reported in a population of such patients.>* Alexithymia is a
personality construct that reflects a deficit in the cognitive
processing of emotion.?> Alexithymic individuals tend to have
difficulty identifying and describing their inner feelings, rarely
fantasize, and have a utilitarian style of thinking. Alexithymia
appears to be associated with various mental and physical
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health problems and to interfere with treatment compliance
and treatment outcomes in clinical settings.’® A study of a
large cohort of the Finnish general population reported
that alexithymic men had a 2-fold risk for all-cause death
(P<0.001).>” However, it is not known if alexithymia
is associated with other psychosocial factors and whether
it influences long-term prognosis in patients on chronic
hemodialysis.

Study design

We hypothesized that depression and alexithymia would
be independently associated with increased 5-year mortality
among patients on chronic hemodialysis. We collected
extensive psychosocial and clinical data at baseline to adjust
for the influence of possible confounding factors.!'~!?

In total, 230 outpatients on hemodialysis (mean
age, 56 years; range, 23-71 years) completed a battery
of self-report measures, including the Beck Depression
Inventory-II (BDI-IT),'>!® 20-item Toronto Alexithymia
Scale (TAS-20),%%% Social Support Questionnaire,'®!° and
Short Form-36 Health Survey.?>* Laboratory data, including
a 24-hour electrocardiogram, were also collected at baseline.
Survival status was confirmed every 6 months for up to
5 years.

Major findings

Baseline depression was significantly and independently
associated with alexithymia (P =0.004), and low satisfac-
tion was associated with available social support (P =0.01).
Worsening of depressive symptoms after 6 months was

J Epidemiol 2012;22(1):7-11



10 Psychosocial Factors Associated With QOL of Patients With Chronic Diseases

L B e— Nondepressed (BDI- I <14)
Depressed (BDI:'.Ii- 214{)“~ --------- .
0.8 *
0.6
P-value for log rank test=0.03

0.4
0.2
0.0

T T T T

0 20 40 60

Months of Follow-up

Figure 3. Kaplan-Meier survival curves by depression
status. All-cause death-free survival by dichot-
omized level of BDI-Il score in hemodialysis
patients. (Kojima M et al. Psychother Psycho-
som. 2010;79:303-11. 2010, S. Karger AG,
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Figure 4. Kaplan-Meier survival curves by alexithymia
status. All-cause death-free survival by dichoto-
mized level of TAS-20 score in hemodialysis
patients. (Kojima M et al. Psychother Psycho-

Basel) som. 2010;79:303-11. 2010, S. Karger AG,
Basel)
Table. Multivariate adjusted hazard ratios (HRs) for 5-year mortality associated with alexithymia and depression among 230
hemodialyzed patients
Alexithymia Depression .
Change from previous step
Variables in model e bl
HR? 95% ClI Pvalue HRP 95% Cl P value N dfe P value
Model 1 Alexithymia, depression, 354 155-811 0003 175 077-399  0.18
age, and sex
Model 2  Model 1 +PCS? and MCS® scores  3.64  1.48-8.96 0.005 213 0.86-5.23 0.10 7.86 2 0.02
Model 3  Model 2 + covariates’ 3.62 1.32-9.93 0.012 1.70 0.64—4.48 0.29 15.90 6 0.01

@Hazard ratio shows increased mortality risk associated with presence of alexithymia (TAS-20 261); "Hazard ratio shows increased mortality risk
associated with presence of depression (BDI-Il 214); °Degrees of freedom; “Physical component summary score of SF-36; ®Mental component
summary score of SF-36; Variables included in Model 3 as covariates were education 212 years, interdialytic weight gain, having comorbidity,
hematoclit, calcium, and diastolic blood pressure. (Adapted from Kojima et al, “Depression, alexithymia and long-term mortality in chronic
hemodialysis patients”, Psychotherapy and Psychosomatics 2010;79:303-11 2010 S. Karger AG, Basel.)

predicted by alexithymia (adjusted odds ratio [OR], 2.6; 95%
confidence interval [CI], 1.1-5.9) and social support (adjusted
OR, 2.1; 95% CI, 1.0-4.4)."!

Analysis of heart rate variability (HRV) and dynamics with
the help of the 24-hour electrocardiogram (n = 119) revealed a
clear association of depression with reduced HRV and loss of
fractal HR dynamics.'?

Baseline depression and alexithymia were associated with
an increased risk for all-cause S5-year mortality (Figures 3
and 4). However, only the association with alexithymia
remained statistically significant after adjusting for baseline
depression, health status (the SF-36 summary scores), marital
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status, and clinical covariates (multivariate adjusted hazard
ratio, 3.62; 95% CI, 1.32-9.93; P=0.01)."3

Thus, depression, social support, and alexithymia were
strongly associated and determined the QOL of patients on
chronic hemodialysis (Table).

Conclusion and future implications

Physiological, biological, and psychosocial factors are asso-
ciated and determine our health independently and inter-
actively. Epidemiology is a powerful tool for identifying
effective points of intervention, after considering all possible
confounders. Additional prospective studies are needed to
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identify variables that might be changed by intervention. We
urgently need to develop effective psychosocial educational
programs that improve the patient—doctor relationship and
treatment outcomes and promote the health of the general
population. Future studies are likely to clarify how we can
improve our health by using a psychosocial approach.
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Abstract

Purpose: With the current use of biologics in rheumatoid arthritis (RA), there is a need to monitor ongoing structural joint
damage due to the dissociation of articular cartilage damage from disease activity of RA. This study longitudinally analyzed
levels of serum cartilage biomarkers during 54 weeks of infliximab therapy, to evaluate the feasibility of biomarkers for
monitoring structural joint damage.

Methods: Subjects comprised 33 patients with early RA and 33 patients with established RA. All patients received 3 mg/kg
of infliximab and methotrexate for 54 weeks. Levels of the following serum cartilage markers were measured at baseline and
at weeks 14, 22, and 54: hyaluronan (HA); cartilage oligometric matrix protein (COMP); type Il collagen (Cll)-related
neoepitope (C20); type Il procollagen carboxy-propeptide (CPIl); and keratin sulfate (KS). Time courses for each biomarker
were assessed, and relationships between these biomarkers and clinical or radiographic parameters generally used for RA
were investigated.

Results: Levels of CRP, MMP-3, DAS28-CRP, and annual progression of TSS were improved to similar degrees in both groups
at week 54. HA and C2C/CPIl were significantly decreased compared to baseline in the early RA group (p<<0.001), whereas
HA and COMP, but not C2C/CPIl, were decreased in the established RA group. Strikingly, serum C2C/CPIl levels were
universally improved in early RA, regardless of EULAR response grade. Both AHA and AC2C/CPIl from baseline to week 54
correlated significantly with not only ACRP, but also ADAS28 in early RA. Interestingly, when partial correlation coefficients
were calculated by standardizing CRP levels, the significant correlation of AHA to ADAS28 disappeared, whereas
correlations of AC2C/CPII to ADAS28, AINS, and AHAQ remained significant. These results suggest a role of AC2C/CPIl as a
marker of ongoing structural joint damage with the least association with CRP, and that irreversible cartilage damage in
established RA limits restoration of the C2C/CPII level, even with tight control of joint inflammation.

Conclusion: The temporal course of C2C/CPIl level during anti-TNF therapy indicates that Cll turnover shifts toward Cll
synthesis in early RA, but not in established RA, potentially due to irreversible cartilage damage. AC2C/CPIl appears to offer
a useful marker reflecting ongoing structural joint damage, dissociated from inflammatory indices such as CRP and MMP-3.
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Introduction capable of regenerating cartilage. However, 2-dimensional radio-
graphic assessments based on TSS have not yet confirmed whether
ongoing cartilage damage can be precisely evaluated. Ultrasonog-
raphy and magnetic resonance imaging have recently been
reported to allow detection of subclinical joint damage in patients
showing clinical remission, suggesting a dissociation between
clinical remission and structural joint deterioration [2,3]. Alterna-
tive tools that can assess ongoing joint destruction more easily than
these imaging modalities should facilitate the evaluation of anti-
rheumatic therapy with the potential to target structural remission.
Molecular-marker technology (i.e., biomarkers) reportedly offer

Anti-tumor necrosis factor (I'NF) therapy is considered the
global standard in the treatment of rheumatoid arthritis (RA),
originally with the purpose of achieving clinical remission and now
extending to structural remission at the radiographic level.
Mounting evidence has accumulated that anti-TNF therapy not
only inhibits radiographic progression of joint space narrowing,
but also promotes joint space widening, particularly in patients
with early RA, in whom annual changes in total modified van der
Heijde (vdH)-Sharp score (TSS) are negative [1,2]. These
observations allow clinicians to expect that TNF-blockade is
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Table 1. Baseline characteristics of the patients with early and established RA enrolled in this study*.

MMP-3 [ng/ml]

367 (31-1378)
CCP antibody [%] 82 -

Rate of anti-
DAS28-CRP

5.24 (3.11-7.75)

corticosteroid administration [%(cases)] 9(3)

Early RA (<9 months)

No.of patients 3

Mean ag; ‘ ‘ N ' ‘ 462 (19;75) '

Gender (ﬁiélé}ferﬁélé) i i ':, :’,’ o 10/23 jk

Diseasé cyluration‘[‘m'onthsl‘ 5.5 (2—9)

Swollen joint counts | e
Tenaer jéinf counts ' 8.8 (1;24) -

cRP imgra) 430210

| 168(075-238)

Established RA (>10 yrs)

33, e

556(34-80)

627

285 (122-516)
103023

86 (0-27)

3201-109

302 (37-1202)
el

4.8 (2.54-6.83)
212075300
18 (6)

*Except where indicated otherwise, values are expressed as the mean (range).
doi:10.1371/journal.pone.0037447.1001

greater reliability and sensitivity than 2-dimensional radiography
in clinical applications [4-6] and may offer a potential alternative
to evaluate ongoing cartilage destruction in RA.

Alteration of articular cartilage turnover under arthritic
conditions finally depends on the balance between the synthesis
and degradation ‘of cartilage matrix [7,8]. This can be
monitored by measuring cartilage-derived synthesis and degra-
dation molecules released into biological fluids, such as synovial
fluid, serum and urine. These cartilage-derived biomarkers have
been shown to reflect structural joint damage in RA and allow
assessment of therapeutic efficacy in candidate anti-rheumatoid
therapy. Existing biomarkers include cartilage oligometric
matrix protein (COMP), human cartilage glycoprotein-39
(YKL-40), type II collagen (CII)-related neoepitope (G2C),
carboxy-terminus of three-quarter peptide from cleavage of type
I collagen and CII (C1,2C), type II procollagen carboxy-
propeptide (CPII), C-telopeptide of type II collagen (CTX-II),
keratin sulfate (KS-5D4), and aggrecan neoepitope (CS-8§46).
Although controversy remains about which of the biological
fluids offers the best sampling source and about diurnal and
activity-related variations in each biomarker [9], a fundamental
principle is that markers for cartilage degradation generally
increase with the progression of joint destruction, whereas
markers for cartilage synthesis increase following successful
treatment with ant-TNF therapy [10]. The current use of
biologics in RA makes it increasingly important to identify
useful and simple blood tests that can precisely reflect responses
to treatment, particularly in terms of cartilage turnover and
systemic inflammation resulting from RA.

Despite the advantages of technical simplicity, the practical
application of serum cartilage-derived biomarkers to date has
remained limited. This is due, in part, to the fact that
superiority over traditional laboratory markers has not been
studied in a longitudinal fashion. The present study analyzed
time courses for serum levels of cartilage markers during 54
weeks of infliximab therapy in two different cohorts of early and
established RA, and compared the results with other laboratory,
clinical and radiographic parameters generally used for RA.
This study also estimated the feasibility of using cartilage
biomarkers as a potential indicator of structural joint deterio-
ration in RA.

@ PLoS ONE | www.plosone.org

Materials and Methods

All study protocols were approved by the institutional review
board at Saitama Medical Center. All participants were informed
about the goals and methods of the study and written consent was
obtained prior to enrolment.

Patients

In this study, a total of 66 patients were enrolled from the
Division of Rheumatology and Clinical Immunology at Saitama
Medical Center, and all patients fulfilled the diagnostic criteria for
RA according to American College of Rheumatology criteria [11].
Thirty-three patients with arthritis symptoms of <9 months
duration were classified as having early RA, and 33 patients with
disease duration >10 years were classified as showing established
RA. Baseline characteristics of patients are shown in Table 1. All
patients had clinically active disease, despite administration of
conventional first-level disease-modifying anti-rheumatic drugs,
and the mean 28-joint disease activity score (DAS28)-CRP at
baseline was 5.24 for early RA and 4.8 for established RA. The
rate of anti-cyclic citrullinated peptide (anti-CCP) antibody was
82% (27 patients) for the early RA group and 85% (28 patients) for
the established RA group. Infliximab was administered at 3 mg/
kg dose in weeks 0, 2, and 6, and then every 8 weeks. MTX was
concomitantly administered at 6-10 mg/week in all patients.
Patients were allowed to continue use of non-steroidal anti-
inflammatory drugs and oral glucocorticoids (prednisolone-equiv-
alents <10 mg/day) that they had been taking at study entry.

Patients were evaluated for therapeutic response at baseline and
14, 22, and 54 weeks after starting infliximab. At each evaluation,
blood samples were obtained and sera were separated and stored
at —80°C until needed for biomarker analysis.

Clinical evaluation of therapeutic response

The following clinical and laboratory parameters were longitu-
dinally examined in each patient: CRP; stromelysin 1 (MMP-3);
modified Health Assessment Questionnaire (HAQ) score; and
DAS28-CRP. Scores for DAS28-CRP are reportedly lower than
the original DAS28 assessments using the erythrocyte sedimenta-
tion rate [12] and were defined as follows: =4.1, high activity;
=2.7 to <4.1, moderate activity; =2.3 to <2.7, low activity; and
<2.3, remission. In terms of radiographic analysis, radiographs of

May 2012 | Volume 7 | lssue 5 | e37447
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both hands and feet at baseline and 54 weeks were available for 26
patients in the early RA group and 23 patients in the established
RA group. Two expert readers independently scored articular
damage and progression in a blinded fashion according to the
modified vdH-Sharp scoring method. Progression of TSS from
baseline to week 54 (ATSS) was determined, and the proportion of
patients with ATSS=0 was calculated.

Cartilage biomarker analyses

The neoepitope resulting from collagenase cleavage of CII (i.e.,
C2C) and the c-propeptide cleaved from procollagen type II (i.e.,
CPII) were used as indicators of the degradation and synthesis of
CII, respectively. Serum levels of each marker were measured
using enzyme-linked immunosorbent assay (ELISA) (IBEX Tech-
nologies, Montreal, Quebec, Canada). The ratio G2C/CPII was
used as an indicator of CII turnover, as previously reported
[13,14]. Serum COMP levels were determined by sandwich
ELISA (BioVendor Laboratory, Brno, Czech Republic), using 2
monoclonal antibodies against separate antigenic determinants of
human COMP molecules. Serum HA levels were determined
using an HA Assay Kit (IBA method; Seikagaku, Tokyo, Japan)
utilizing HA-binding protein. KS was determined by high-
performance liquid chromatography (HPLC) after digestion with
keratanase II (Seikagaku), as reported previously [15,16]. Serum
samples were treated with actinase I (Kaken Pharmaceutical,
Tokyo, Japan) and the negatively charged substance containing
KS was fractionated by Q sepharose and digested by keratanase I1.
These sequential enzymatic digestions yielded KS-derived f-
galactosyl-(1-4)-6-O-sulfo-N-acetylglucosamine (m-ks) and -6-O-
sulfo-garactosyl-(1-4)-6-O-sulfo-N-acetylglucosamine (d-ks), which
were measured using HPLC. Total KS was calculated as the sum
of m-ks and d-ks values.

Statistical analysis

Analysis of our data revealed that most of the clinical,
radiographic, and laboratory results were non-parametric. Statis-
tical comparisons of laboratory parameters or cartilage biomarker
levels at each time point with those at baseline were performed
using Wilcoxon’s matched-pairs signed-ranks test (two-tailed).
Spearman’s rank correlation coefficient was used to analyze
relationships between changes in individual biomarkers and
changes in laboratory or functional or radiographic parameters
of RA. To remove the effects of decreased inflammation (i.e., CRP
level) resulting from anti-TNF therapy on cartilage turnover,
partial correlation coefficients controlling for CRP level were
calculated to examine the relationship between cartilage biomark-
ers and measures of RA disease activity. Subgroup analysis was
conducted based on Duropean League of Associations for
Rheumatology (EULAR) response criteria, such as good response,
moderate response, and no response. As an indicator of CII
turnover, C2C/CPII ratios in each response group were analyzed
longitudinally, and changes from baseline to week 54 (i.e., C2C/
CPII improvement) were compared between the three subgroups
using the Kruskal-Wallis test. Statistical analyses were performed
using SPSS version 17.0 software (SPSS, Chicago, IL). Values of
p<0.05 were considered significant.

Sample size analysis for Wilcoxon’s signed-ranks test was
performed to demonstrate differences between serum level at
baseline and at week 54 under the effect size given in each
biomarker or laboratory index. In post-hoc analysis for early RA,
11, 60, 8, 5, 13, and 22 patients would be required to demonstrate
a difference with an alpha level of 0.05 and 80% power, for C2C/
CPII, HA, CRP, DAS23, MMP3, and HAQ, respectively.
Similarly, for established RA, 29, 30, 20, 13, 7, and 18 patients
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would be required to demonstrate a difference, with an alpha level
of 0.05 and 80% power, for KS, HA, COMP, CRP, DAS28, and
MMP3, respectively. Sample sizes for correlation analysis were
also analyzed to detect a moderate to large correlation coefficient
(r>0.4) that was significantly different from the presence of no
correlation (r = 0) with an alpha level of 0.05 and 80% power. In
post-hoc analysis for early RA at week 54, 29 and 26 patients
would be required to represent a given bivariate correlation
coefficient with 80% power for AC2C/ACPII vs. ACRP and
AC2C/ACPIL vs. ADAS28, respectively. Similarly, 31 patients
would be required to detect a given partial correlation coefficient
with 80% power for AC2C/ACPII vs. ADAS28. In the established
RA at week 54, 27 and 20 patients would be required to represent
a given bivariate correlation coeflicient with 80% power for
AC2C/ACPII vs. AJNS and AC2C/ACPII vs. AHAQ), respec-
tively. Regarding the partial correlation coeflicient, 31 patients
each would be required both for AC2C/ACPII vs. AJNS and for
AC2C/ACPII vs. AHAQ, Taken together with these data, the
projected sample size offering sufficient statistical power was 30
patients each in the early and established RA groups.

Results

Clinical evaluation

Of the 33 patients in the early RA group, | patient achieved
clinical remission and 1 patient exhibited secondary loss of efficacy
after 6-month infliximab therapy. These 2 patients discontinued
infliximab, and the latter patient switched to tocilizamab. One
patient experienced anaphylactic reaction at week 38 and switched
to etanercept. Overall, 3 patients withdrew from the study, and the
remaining 30 patients in the early RA group completed 54 weeks
of infliximab therapy. In the established RA group, 5 patients
exhibited secondary loss of efficacy and switched to etanercept
(n = 3) or tocilizumabh (n = 2). One patient discontinued infliximab
at week 22, because she was planning to become pregnant.
Overall, 6 patients were excluded and the remaining 27 patients in
the established RA group completed 54 weeks of infliximab
therapy.

As expected, laboratory indices for RA disease activity, such as
CRP, MMP-3 and DAS28-CRP, had decreased significantly by
week 54 in both groups (Table 2). The decrease in DAS28-CRP
was prominent in patients with early RA, with mean score at week
54 below the level of clinical remission. Mean HAQ score was
significantly decreased at week 54 in the early RA group, but
remained unchanged in the established RA group. When DAS28-
CRP scores were assessed using EULAR response criteria, 90%
and 78% of patients were categorized as showing good or
moderate response in the early and established RA groups,
respectively, with no significant difference apparent between
groups. Radiographic structural assessment using the TSS
revealed that mean ATSS per year (annual progression) was 3.7
in the early RA group and 4.0 in the established RA group, while
the proportion with ATSS=0 exceeded 70% in both groups,
suggesting that our clinical study using infliximab yielded
successful clinical results comparable to those in a previous study
in Japan [17].

Temporal changes in cartilage biomarkers during 54-
week infliximab therapy .

In the early RA group, serum levels of HA and C2C/CPII
gradually decreased over time during 54-week infliximab therapy,
and levels of HA at weeks 14, 22 and 54, and C2C/CPII at weeks
22 and 54 were significantly lower than each baseline level
(p<<0.001). These two biomarkers appeared to synchronize with

May 2012 | Volume 7 | Issue 5 | e37447

- 64 -



Cartilage Biomarkers during Anti-TNF Therapy

Table 2. Time-course changes in biochemical, clinical, radiographic, and functional measures during 1-year infliximab therapy.

Time after starting infliximab

 OW (baseline)

Early RA (n 30)
CRP [mg/d] SR
DAS28-CRP 5.16

HAQ scoreT 1.46
TSS(D)(n=26) . 105(187)
INS (SD) (n=26) 4808

ATSS (mean/medlan) Ghiiabaad o :

Rate of ATSS<0 [%(cases)}

EULAR category of response [% (cases)] e
Good

: Modéfate
No response
Established RA (n=27)

o [mg/du RN e
DASZS-CRP ;
MMP-3 [ng/ml]
HAQscbre =
TSS (SD) (n 23)
JNS (SD) (n 23)
ATSS (mean/mednan)
Rate of ATSS<O [%(cases)} Sl
EULAR category of response [% (cases)]
Good = ' o

Moderate

2112 (902)
858(436)

No response e

b3 TSI s

nd. n.d. 215.4 (96.3)
d - iad 0 msTaan)
400

709

omany
37 (10)
22 (6) :

*Except where indicated otherwise, values are expressed as the mean.
*p<0.05 versus baseline levels.

**p<0.001 versus baseline levels.

*##n.d., not determined.

doi:10.1371/journal.pone.0037447.t002

decreasing CRP level over the 54 weeks of infliximab therapy. In
contrast, COMP level remained constant during infliximab
therapy (Table 3, Fig. 1A). Serum KS level slightly increased at
week 14, followed by a gradual decrease to the baseline level at
week 54. In the established RA group, serum level of HA was
significantly decreased at week 14 (p<<0.05) and became constant,
demonstrating a quite similar pattern to that of CRP, whereas
C2C/CPII remained unchanged during 54 weeks (Table 3,
Fig. 1B). Level of serum COMP in established RA, which
demonstrated a higher baseline level than in early RA, gradually
decreased during the 54-week infliximab therapy with significant
differences at week 54 (p<<0.05). In contrast, level of serum KS in
established RA, which also demonstrated a higher baseline level
than in early RA, gradually increased with significant differences
at weeks 22 and 54 compared to baseline (p<<0.05).

Correlations between cartilage biomarkers and RA
disease activity markers

Correlations between levels of cartilage biomarkers and degree
of RA disease activity (e.g,, CRP, MMP-3, and DAS-28),
radiographic progression (e.g., AJNS) and patient function (e.g.,
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HAQ score) were investigated at weeks 22 and 54. Several marker
pairs with significant correlations are summarized in Table 4.
Among the four cartilage biomarkers tested, only C2C/CPII and
HA level yielded strong linear correlations with several disease
activity measures of RA. Since the degree of structural joint
damage, particularly in terms of cartilage destruction, is reportedly
dissociated from the degree of joint inflammation, the present
analysis focused on whether temporal changes in cartilage
turnover were associated with the degree of CRP decrement. In
the early RA group, AC2C/ACPII and AHA displayed significant
correlations with ACRP at both weeks 22 and 54. Correlation with
ADAS28 was observed at week 22 for AHA, and at both weeks 22
and 54 for AC2C/ACPIL Interestingly, according to partial
correlation coefficients, the significant correlation between AHA
and ADAS28 disappeared when the level of CRP was standard-
ized. In contrast, the significant correlation between AC2C/
ACPII and ADAS28 remained present even after standardization
of CRP levels. In the established RA group, AC2C/ACPII
correlated with neither ACRP nor ADAS28, whereas AHA did
correlate with ACRP at both weeks 22 and 54. Of note is the
finding that AC2C/ACPI significantly correlated with AJNS and
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Table 3. Time-course changes in the levels of cartilage
biomarkers during 1-year infliximab therapy.

Time after starting infliximab

ow

(baseline) 14W 22w 54W
Early RA (n=30)
HA [ng/ml] 420 (923) + 306 (852)* 134 (166)* 81 (69)**
KS [ug/ml] 0.87 (0.30) 0.96 (0.37)* 0.90 (0.31)  0.85 (0.22)
COMP [ng/ml] 545 (297) 549 (237) 561 (232) 570 (239)
C2C [ng/ml] 229 (47) 204 (45) 171 (46)* 156 (46)**
CPIl [ng/ml] 733 (304) 858 (437) 875 (416)* 997 (489)*
cac/cell 0.34 (0.17) 0.32 (0.16)  0.20 (0.04)** 0.17 (0.05)**
Established RA
(n=27)
HA [ng/ml] 335 (301) 199 (209)* 191 (196)* 193 (199)*
KS [pg/ml] 1.05 (0.34) 1.12 (0.43) 1.22 (0.38)* 1.25 (0.46)*
COMP [ng/ml] 845 (321) 788 (278) 734 (267) 669 (230)*
C2C [ng/ml] 224 (68) 231 (62) 211 (58) 264 (54)
CPIl [ng/ml] 1039 (465) 1087 (439) 834 (306) 886 (243)*
c2c/cri 0.28 (0.15) 0.27 (0.13) 03 (0.11) 0.31 (0.12)
*Values are expressed as mean (SD).
*p<<0.05 versus baseline levels.
**p<0.001 versus baseline levels.
doi:10.1371/journal.pone.0037447.t003

AHAQ at week 54, and these significant correlations were present
even after standardizing CRP level. These results suggest that
AHA preferentially correlated with the level of CRP, while
AC2C/ACPII represented a CRP-independent indicator of joint
destruction reflecting radiographic joint space narrowing and
patient function.

Cartilage Biomarkers during Anti-TNF Therapy

Association between balance of Cll synthesis/
degradation and efficacy of infliximab

As C2C/CPII preferentially reflected joint damage independent
of changes in inflammatory indices, C2C/CPII was further
analyzed for relationships with EULAR response grade after 54
weeks of infliximab therapy. Strikingly, in the early RA group,
C2C/CPII was reduced (i.e., improved), regardless of responsive-
ness to infliximab, indicating that even in non-responders, the
balance of CII synthesis/degradation became shifted toward
synthesis (Fig. 2A). By contrast, C2C./CPII in the established RA
group universally increased (i.e., worsened), regardless of respon-
siveness to infliximab, indicating that the net balance of CII
synthesis/degradation was shifted toward degradation even in
good responders (Fig. 2B). For all patients, C2C/CPII in non-
responders was increased (i.e., worsened) compared to baseline,
whereas C2C/CPII in moderate or good responders was reduced
(i.e., improved) from baseline (Fig. 2C).

Discussion

RA is an inflammatory joint disease that predominantly involves
the synovial tissues of joints and is characterized by variable
disease onset and clinical course, ultimately resulting in structural
joint destruction and subsequent physical disability. Early treat-
ment with anti-TNF therapy is currently accepted as an effective
strategy to achieve clinical and structural remission, potentially
improving physical disability. In the present study, 54-week
treatment with infliximab achieved satisfactory results according
to the levels of CRP, MMP-3, and DAS28, EULAR response
criteria, and the rate of ATSS=0. Although these clinical
measures for RA were similarly improved in both early and
established RA, C2C/CPII as an indicator of CII turnover was
significantly improved from baseline in early RA, but not in
established RA. Strikingly, C2C/CPII was universally improved
and shifted toward CII regeneration in early RA, regardless of
EULAR response grade. In contrast, CG2C/CPII was universally
shifted toward CII degradation in established RA, regardless of
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Figure 1. Temporal course of cartilage biomarker levels during 54-week infliximab therapy. Data for each time point represent mean
levels of serum CRP, HA, COMP, KS, and C2C/CPIl in early RA (A) and established RA (B). Standard deviation (SD) error bars are not plotted in these
graphs for clarity and are shown in Table 3. Statistical analyses were performed using Wilcoxon’s matched-pairs signed-ranks test, two-tailed. *p<<0.05

versus level at baseline. **p<<0.001 versus level at baseline.
doi:10.1371/journal.pone.0037447.g001
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Table 4. Spearman’s correlation coefficients and partial correlation coefficients of cartilage markers vesus RA disease markers.

22w 54w
Spearman’s r partial r** Spearman’s r partial r
Early RA
AC2C/ACPII vs. ACRP 0.44 (0.02)* na.f 0.50 (0.01) na.
vs. ADAS28 0.49 (0.03) 0.48 (0.04) 0.52 (0.01) 0.49 (0.02)
vs. AKS n.s. n.s.t —0.46 (0.03) ns.
AHA vs. ACRP 0.37 (0.04) na. 0.45 (0.03) n.a.
vs. ADAS28 0.52 (0.02) ns. 0.43 (0.04) ns.
vs. AMMP-3 0.63 (0.02) ns. 0.74 (0.002) 0.48 (0.04)
Established RA
AC2C/ACPHI vs. ACRP n.s. na. n.s. na.
vs. ADAS28 ns. ns. ns. ns.
vs. AKS ns. ns. —0.49(0.03) ns.
vs.AJNS nd. nd.t 0.51 (0.03) 0.48 (0.04)
vs.AHAQ nd. nd. 0.58 (0.02) 0.49 (0.03)
AHA vs. ACRP 0.56 (0.02) na. 0.43 (0.04) na.
vs. ADAS28 ns. ns. n.s. ns.
vs. AMMP-3 0.49 (0.04) ns. 0.51 (0.04) ns.

“n.a,, not applicable.

n.s., not significant.

*n.d., not determined.
doi:10.1371/journal.pone.0037447.t004

EULAR response grade. From the perspective of CII turnover,
anti-TNF therapy should clearly be initiated while the patient is
still in the early phase, while the regenerative capacity of articular
cartilage is maintained and before irreversible structural joint
damage occurs. Past clinical trials, such as the Best study, have
demonstrated that patients initially treated with infliximab
exhibited persistent low disease activity even after the cessation
of infliximab, suggesting the clinical significance of early
introduction of aggressive treatment in early RA with poor
prognostic factors [18].

A noteworthy finding was that annual changes in cartilage
biomarker levels correlated with annual progression of joint
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*Values are correlation coefficients calculated using Spearman’s rank correlation. P values are expressed in parentheses. p<<0.05 is considered as statistically significant.
**Partial correlation coefficients were obtained after controlling CRP level for each marker pair.

destruction and physical function after anti-TNF therapy. To the
best of our knowledge, no previous studies have provided such
insights. Significant correlations were found between AC2C/CPII
and AHAQ (r=0.58, p=0.02) and between AC2C/CPII and
AJNS (r=0.51, p=0.03) in our established RA cohort. The fact
that joint space narrowing on radiography largely reflects loss of
cartilage rather than bony erosion may explain the close
relationship between AJNS and AC2C/CPIL Although determin-
ing whether HAQ) improvement is a cause or consequence of
decreased AC2C/CPII is difficult, one potential explanation for
this correlation is that high activity and subsequent mechanical

30
20
10

-10
-20
=30
-40
-50
-60

* p<0.05

Figure 2. Improvement of C2C/CPII from baseline to week 54 was assessed in early RA (A), established RA (B), and all patients (C).
Data are expressed as mean (* SD) percentage of baseline. Patients were divided into three subgroups according to the degree of clinical response
at week 54 using EULAR response criteria. Positive values signify that the balance of Cll synthesis/degradation is biased toward synthesis, while
negative values indicate that the balance is biased toward degradation. Statistical analysis was performed using the Kruskal-Wallis test. *p<<0.05.
doi:10.1371/journal.pone.0037447.g002
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