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Markers for Type II Collagen Breakdown Predict the Effect of
Disease-Modifying Treatment on Long-Term Radiographic

Progression in Patients With Rheumatoid Arthritis

Robert Landewé,1 Piet Geusens,2 Maarten Boers,3 Désirée van der Heijde,1 Willem Lems,3

Johan te Koppele,4 Sjef van der Linden,1 and Patrick Garnero5

Objective. To investigate in a randomized clinical
trial setting with an aggressive combination-therapy
arm and a mild-monotherapy arm, whether therapy-
induced changes in urinary C-terminal crosslinking
telopeptide of type I collagen (CTX-I) and type II
collagen (CTX-II) predict 5-year radiographic progres-
sion in patients with rheumatoid arthritis (RA).

Methods. Patients had participated in the
COBRA (Combinatietherapie Bij Reumatoı̈de Artritis)
trial comparing aggressive step-down combination ther-
apy (the COBRA regimen, including temporary high-
dose prednisolone, temporary low-dose methotrexate,
and sulfasalazine [SSZ]) and mild monotherapy (SSZ).
Urinary CTX-I and CTX-II levels were measured at
baseline and 3, 6, 9, and 12 months after initiation of
treatment. Radiographs were scored according to the
modified Sharp/van der Heijde method (mean of 2
independent readers who were aware of the sequence).
Individual long-term radiographic progression was es-
timated, using baseline radiographs and all radio-
graphs obtained during the followup period, by simple
linear regression analysis (curve fitting).

Results. Both COBRA therapy and SSZ mono-
therapy produced a significant decrease in urinary

CTX-I and CTX-II levels at 3 months, and this decrease
was amplified at 6 months. COBRA therapy suppressed
CTX-II (change from baseline levels �36% and �43% at
3 and 6 months, respectively), but not CTX-I, signifi-
cantly better than did SSZ (�17% and �21% at 3 and 6
months, respectively) at 3 and 6 months. The magnitude
of the decrease in urinary CTX-II levels at 3 months
significantly predicted long-term (5-year) radiographic
progression (� � 0.48 [95% confidence interval (95%
CI) 0.13, 0.83]). This effect was independent of the
change in disease activity and inflammation indices at 3
months. Patients whose CTX-II levels were normalized
(<150 ng/mmoles of urinary creatinine) at 3 months
had a significantly higher chance of radiographic sta-
bility (no progression over 5 years) than did patients
whose CTX-II levels were increased both at baseline and
at 3 months (odds ratio 4.5 [95% CI 1.5, 13]).

Conclusion. The individual CTX-II response mea-
sured after 3 months of therapy in patients with active
RA who had increased CTX-II levels at baseline inde-
pendently predicts long-term radiographic progression.
Urinary CTX-II levels may be used as early markers of
treatment efficacy in patients with RA.

Rheumatoid arthritis (RA) is a chronic inflam-
matory disease primarily affecting synovial joints, with
the potential to destruct cartilage and bone, which
ultimately leads to loss of function (1). The natural
course of RA is heterogeneous, including patients with
monophasic nondestructive oligoarthritis as well as pa-
tients with severe destructive polyarthritis. Cartilage and
bone damage can be made visible on radiographs as
erosions and joint space narrowing, and can be summa-
rized and quantified in a radiographic damage score
(2,3). Ultimately, the level of radiographic damage ap-
pears to be associated with long-term outcome (func-
tion) (4), but radiographic progression is a slow process
that evolves over many years.
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RA is treated with disease-modifying antirheu-
matic drugs (DMARDs) that have the potential to
suppress inflammatory disease activity as well as to slow
radiographic progression. The number of DMARDs
registered for the treatment of RA has importantly
increased over the past years. The number of therapeu-
tic options has been boosted by the development of the
tumor necrosis factor–blocking drugs etanercept, inflix-
imab, and adalimumab. The available DMARDs have
significant differences with respect to efficacy, toxicity,
and price. The heterogeneous course of RA and the
heterogeneous response to treatment make it pivotal for
the rheumatologist to be able to predict long-term
outcome as well as responsiveness to particular thera-
pies, in order to decide on the choice of DMARD and
the timing of DMARD therapy.

Predicting radiographic progression is possible at
the group level, to some extent, using the following
classic predictors: the presence of rheumatoid factor
(RF), the level of disease activity and/or radiographic
damage that is present at baseline, and the presence of
the “shared epitope” (5–9). These classic predictors,
however, do not suffice to adequately predict radio-
graphic progression in individual patients.

The prediction of treatment efficacy has hardly
been investigated in the past. Because clinical trials with
DMARDs have shown that radiographic progression at
the group level can be slowed or stopped if disease
activity is suppressed, measures of disease activity, such
as the erythrocyte sedimentation rate (ESR), the swollen
joint count, and the Disease Activity Score (DAS) (10),
are considered the best monitoring tools for guiding
therapy. This approach is probably valid if DMARDs
adequately suppress disease activity. However, complete
disease remission in RA is rare, and monitoring disease
activity does not permit differentiation in the choice and
timing of administration of DMARDs.

Therefore, we need additional tools for monitor-
ing drug responses that may predict long-term radio-
graphic progression in individual patients. Independent
of measures for disease activity, these tools should allow
early differentiation between responders and nonre-
sponders with respect to the development of future
radiographic progression. It is conceivable that markers
that directly and specifically reflect structural damage of
cartilage and bone will be useful to monitor the effects of
DMARDs with respect to future radiographic progres-
sion (11). Several biologic markers have been described
in the literature, including serum hyaluronic acid, carti-
lage oligomeric matrix protein, and levels of the whole
type I and type II collagens. However, these markers
have several limitations, including lack of cartilage or

bone tissue specificity and the difficulty in differentiat-
ing between the synthesis and degradation processes
(11).

Type I collagen degradation can be specifically
determined by measuring the level of C-terminal
crosslinking telopeptide of type I collagen (CTX-I) (11),
and, very recently, an immunoassay for the C-terminal
crosslinking telopeptide of type II collagen (CTX-II) has
become available, providing a sensitive and specific
index of type II collagen degradation (12). Because type
II collagen is specific for cartilage, being the most
abundant constituent of cartilage matrix, and because
RA is associated with type II collagen degradation, it is
likely that CTX-II excretion in urine adequately reflects
cartilage destruction in RA. Indeed, we recently showed
in 2 independent studies that increased levels of CTX-I
and CTX-II, as measured before treatment, were asso-
ciated with an increased progression of radiographic
damage over 1 year and 5 years, respectively, indepen-
dent of disease activity and the extent of radiographic
joint damage at baseline (13,14). These observations
suggested that patients with early RA who had increased
bone and cartilage degradation, but who still had no
damage visible on conventional x-rays, will have the
highest propensity to develop future radiographic dam-
age.

The aims of the present study were 1) to investi-
gate in a randomized clinical trial the effects of an
aggressive step-down combination-therapy arm and a
mild-monotherapy arm on type I and type II collagen
degradation, by assessing urinary CTX-I and CTX-II
levels as specific indices of bone and cartilage degrada-
tion, respectively, and 2) to investigate whether the early
responses of CTX-I and CTX-II to therapy are predic-
tive of long-term radiographic damage.

PATIENTS AND METHODS

Patients with RA. The study group comprised patients
participating in the COBRA (Combinatietherapie Bij Reuma-
toı̈de Artritis) study (15,16). COBRA was a 56-week multi-
center clinical trial in which 155 patients who met the Amer-
ican College of Rheumatology (ACR; formerly, the American
Rheumatism Association) criteria for RA (17) were randomly
assigned to treatment. All patients had early active disease
(duration �2 years [median 4 months]). None of the patients
had been previously treated with DMARDs. One group of
patients received a combination of sulfasalazine (SSZ),
methotrexate, and, initially, high-dose oral prednisolone (the
COBRA regimen); the other group was treated with SSZ
alone. The prednisolone dosage was 60 mg/day during the first
2 weeks and was tapered in weekly steps to the maintenance
dosage of 7.5 mg/day at week 7. Prednisolone and methotrex-
ate were tapered and stopped after weeks 28 and 40, respec-
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tively, while SSZ was continued. After the 56-week double-
blind study, the protocol ended, and the treating physicians
were free to change second-line therapy or to attempt a second
tapering of methotrexate and/or prednisolone in those patients
still receiving combination therapy. When possible, treatment
according to the blinded protocol was continued. Urine sam-
ples (second void of the morning; nonfasting state) were
obtained at baseline, 3 months, 6 months, 9 months, and at the
end of the trial, and were kept frozen at �20°C.

The current report is based on the 110 patients for
whom both urine specimens and radiographs were available at
baseline and at least one followup visit (52 COBRA-treated
and 58 SSZ-treated patients). These patients were followed up
after the trial for a median of 4 years (range 1–6 years). During
and after the trial, swollen and tender joint counts were
performed, as well as an assessment of global well-being (using
a visual analog scale). Disease activity was expressed as the
modified DAS in 28 joints (DAS28), a validated index that
includes a count of 28 joints assessed for swelling and tender-
ness, a measure of an acute-phase reactant (ESR), and a
measure of global well-being (18).

Radiographic evaluation of the patients. Anteroposte-
rior radiographs of the hands, wrists, and feet were obtained at
baseline, week 28, and week 56 of the randomized trial, and
approximately every year thereafter. The radiographs were
analyzed by 2 independent observers who were blinded to the
treatment assignment but were aware of the chronologic
sequence of the baseline and followup examinations. Radio-
graphs were scored according to the modified Sharp/van der
Heijde method (19). The mean value of the 2 readers’ scores
was used at each time point to assess joint space narrowing
(JSN), bone erosion, and total Sharp score, which is the sum of
the JSN and erosion scores. Simple linear regression analysis
(curve fitting) (development of radiographic damage scores
over time) was applied in every patient in order to get the most
accurate estimate for the regression coefficient, representing
the average yearly progression (expressed as Sharp units/year).

Measurement of urinary CTX-I and CTX-II. Urinary
CTX-I was measured by the CrossLaps enzyme-linked immu-
nosorbent assay (ELISA) (Nordic Bioscience, Herlev, Den-
mark). This assay uses a polyclonal antiserum raised against
the �-isomerized EKAH�DGGR sequence of the
C-telopeptide of �1 chains of human type I collagen. Intra-
and interassay coefficients of variation were lower than 6% and
9%, respectively (20).

CTX-II was measured by a new competitive ELISA
(CartiLaps, Nordic Bioscience) based on a mouse monoclonal

antibody raised against the EKGPDP sequence of human type
II collagen C-telopeptide. This sequence, in which the lysine
residue (K) participates in crosslinking between type II colla-
gen molecules, is present in the mature articular collagen
network produced by chondrocytes. Therefore, detection of
this sequence in urine is considered to specifically reflect the
degradation of mature type II collagen molecules.

Intra- and interassay coefficients of variation (CVs)
were lower than 8% and 10%, respectively. The average
intraindividual CV over 24 hours—reflecting diurnal
variability—was only 15% (12). Urinary CTX-I and CTX-II
levels were corrected by the urinary creatinine concentration,
as measured by a standard colorimetric method. All measure-
ments of CTX-I and CTX-II were performed in a central
laboratory (Synarc, Lyon, France). None of the patients had
marked liver and/or kidney function impairment that may have
altered the urinary levels of CTX-I or CTX-II.

Statistical analysis. The CTX-I and CTX-II levels as
well as the radiographic progression scores were logarithmi-
cally transformed, because both variables had a skewed distri-
bution at all time points. Explorative analysis included time
plots of CTX-I, CTX-II, the DAS28, and the ESR, stratified
for treatment (SSZ or COBRA). The effects of treatment on
CTX-I and CTX-II levels were expressed as the percentage
change from baseline. CTX-I and CTX-II levels measured at
different time points were correlated with radiographic pro-
gression, both univariately (Spearman’s rank correlation) and
adjusted for the ESR (partial correlation).

Linear regression analysis was performed to investigate
radiographic progression as a continuous variable. Logistic
regression analysis was performed to investigate radiographic
progression as a binomial variable (�2 Sharp units/year [no
progression] versus �2 Sharp units/year [progression]).

In order to investigate the relative contribution of
assessing changes in CTX-I and CTX-II levels during therapy
to predicting radiographic progression, we first built a model
including all known predictors of long-term progression in this
cohort. These predictors included radiographic damage at
baseline (present versus absent), RF status at baseline (present
versus absent), disease activity at baseline (DAS28), and
urinary CTX-II (or CTX-I) level at baseline. All baseline
variables were assessed at the start of the trial. Thereafter,
variables representing the change from baseline in CTX-I
(�CTX-I) or CTX-II (�CTX-II) were added. In order to
evaluate whether assessing changes in markers contributed
more to explaining radiographic progression than to assessing
changes in disease activity, variables reflecting the 3-month

Table 1. Baseline characteristics of the study patients*

Characteristic

Sulfasalazine
monotherapy

(n � 58)

COBRA
therapy

(n � 52)

Age, mean � SD years 49 � 12 50 � 13
Disease duration, mean � SD months 5 � 5 5 � 5
% female 52 71
% rheumatoid factor positive 72 74
% with erosions 44 42
% with the SE (absent/heterozygous/homozygous) 47/38/15 46/48/6

* COBRA therapy is a combination of sulfasalazine, methotrexate, and initially, high-dose oral pred-
nisolone. SE � shared epitope.
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change from baseline for the ESR, the swollen and tender joint
counts, and the DAS28, as well as variables reflecting the
presence or absence of an ACR 20%, 50%, or 70% response
(21) at 3 months, were added to the latter models one by one.
In cases of linear regression analysis, residual plots were
screened for linearity and homogeneity. Optimal cutoff levels
for continuous predictive variables were determined by re-
ceiver operating characteristic (ROC) curve analysis. The area

under the curve (AUC) was used to judge the discriminative
capacity of single variables for radiographic progression (22).

RESULTS

Table 1 shows the characteristics of the study
patients at baseline. All patients had active RA of very

Figure 1. First-year course of biomarkers for type I and type II collagen degradation (C-terminal crosslinking telopeptide of
type I [CTX-I] and type II [CTX-II] collagen), and markers for disease activity (erythrocyte sedimentation rate [ESR] and
28-joint Disease Activity Score) according to treatment at baseline (sulfasalazine [SSZ; shaded bars] or COBRA [open bars])
(see Patients and Methods for details) in patients with early rheumatoid arthritis who participated in the COBRA trial.
COBRA treatment � prednisolone � methotrexate � SSZ. Cr � creatinine. Each box represents the 25th/50th (median) to
75th percentiles. Lines outside the box represent the 10th and the 90th percentiles. � � P � 0.05, within-group differences in
change from baseline; �� � P � 0.01, between-group differences in change from baseline.
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short duration. In many patients, predictors of an unfa-
vorable prognosis were present, such as RF, erosions at
baseline, and HLA–DR4 genotype. None of the patients
had previously received DMARD therapy. The first
explorative analysis was performed to investigate the
differentiated effects of therapy on CTX-I and CTX-II
levels. Figure 1 shows the levels of CTX-I and CTX-II
over time, stratified for initial therapy.

The COBRA regimen and SSZ monotherapy had
similar effects on the course of CTX-I levels during the
first 6 months. After a decrease during the first 6 months
in both groups (for SSZ, �20% at 3 months and �25%
at 6 months; for COBRA, �24% at 3 months and �22%
at 6 months), a rebound increase was observed after 6
months, resulting in a 17% increase in the level of CTX-I
from baseline to 12 months in the COBRA group. The
mean level of CTX-I in the SSZ group was still some-
what decreased (�16%) at 12 months. The differences
between the groups were not statistically significant at
any time point except 12 months (P � 0.012).

The effects of the COBRA regimen and SSZ
monotherapy on urinary CTX-II levels were different.
During the first 6 months of the trial, COBRA therapy
suppressed urinary CTX-II levels far better than did
SSZ monotherapy (for SSZ, �17% at 3 months and
�21% at 6 months; for COBRA, �36% at 3 months and
�43% at 6 months). Afterwards, urinary CTX-II re-
turned to pretreatment levels, and urinary CTX-II ex-

cretion was similar in both groups at 9 and 12 months.
The difference in the decrease between the SSZ and
COBRA groups was statistically significant at both 3
(P � 0.002) and 6 months (P � 0.001). Figure 1 shows
that CTX-II levels followed the course of disease activity
parameters such as the DAS28 and the ESR during the
first half year but deviated thereafter. The course of
CTX-I differed in that a treatment contrast was not
observed during the first 6 months.

In a second analysis, we explored whether the
levels of CTX-I and CTX-II measured during therapy
also correlated with radiographic progression (Table 2).
CTX-I levels measured at baseline correlated only
weakly with radiographic progression. CTX-I levels that
were measured during treatment did not correlate very
well with radiographic progression in either treatment
group, and partial correlation coefficients with adjust-
ment for the ESR were not statistically significant. The
levels of CTX-II, however, correlated significantly with
radiographic progression at all time points. Correlation
coefficients were higher in the combination-therapy
group as compared with the monotherapy group and
tended to increase over time. Partial correlation coeffi-
cients were somewhat lower than bivariate correlation
coefficients but were still statistically significant in all
instances. These data suggest that urinary CTX-II is a
determinant of long-term radiographic progression, not
only at baseline but also during treatment. They also

Table 2. Associations between urinary CTX-I and CTX-II levels measured before and during treatment
and 5-year radiographic progression in patients with early RA*

Simple correlation
Partial correlation

(controlled for ESR),
all patients
(n � 104)

All patients
(n � 104)

Monotherapy
(n � 56)

Combination
therapy

(n � 48)

CTX-I
Baseline 0.161 0.138 0.212 0.150
3 months 0.239† 0.310† 0.168 0.159
6 months 0.134 0.029 0.328† 0.066
9 months 0.031 0.006 0.089 0.036
1 year 0.176 0.207 0.201 0.023
First year, time-averaged – 0.221 0.315† 0.078

CTX-II
Baseline 0.368‡ 0.267† 0.447‡ 0.291§
3 months 0.441‡ 0.446‡ 0.442§ 0.361‡
6 months 0.454‡ 0.395† 0.528‡ 0.343‡
9 months 0.346‡ 0.280† 0.469§ 0.210†
1 year 0.488‡ 0.452§ 0.575‡ 0.358‡
First year, time-averaged 0.483‡ 0.413§ 0.583‡ 0.371‡

* Values are Spearman’s rank correlation coefficients. CTX-I � C-terminal crosslinking telopeptide of
type I collagen; CTX-II � C-terminal crosslinking telopeptide of type II collagen; RA � rheumatoid
arthritis; ESR � erythrocyte sedimentation rate.
† P � 0.05.
‡ P � 0.001.
§ P � 0.01.
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suggest that this predictive capacity is independent of
the effects of therapy on inflammation as assessed by the
ESR.

These hypotheses were further tested in different
models. The first model investigated whether changes in
the levels of CTX-I or CTX-II after 3 or 6 months were
predictive of 5-year radiographic progression (Table 3).
The model already contained baseline variables that
significantly contributed to explaining radiographic pro-
gression (ESR, RF, radiographic damage, baseline
CTX-I or CTX-II levels). This model showed that
adding �CTX-II (measured at 3, 6, or 9 months) signif-
icantly improved the prediction of long-term radio-
graphic progression, independent of the known baseline
predictors for radiographic progression (in the adjusted
model, R2 � 0.42 for 3 months, 0.42 for 6 months, and
0.41 for 9 months). The partial R2 accounted for by
�CTX-II was 0.05 for 3 and 6 months (if added to the
model already containing the other predictors). In con-
trast, adding �CTX-I to the model did not further
contribute to the prediction of radiographic progression.

We further investigated whether the improved
prediction of long-term radiographic progression that
was achieved by adding �CTX-II was independent of

measures reflecting a clinical response to therapy (Table
4). The regression coefficient for the relationship be-
tween �CTX-II and radiographic progression (� � 0.48
[95% confidence interval (95% CI) 0.13, 0.83]) was only
slightly influenced by adding �ESR, �swollen or tender
joint count, �DAS28, or by adding the variables ACR
20%, 50%, or 70% response. These data indicate that
the predictive value of �CTX-II is independent of
changes in measures reflecting disease activity. Correla-
tion coefficients for the 3-month values of �CTX-II with
changes in disease activity parameters were also calcu-
lated. �CTX-II was only moderately (rs � 0.25) corre-
lated with changes in disease activity parameters.

Using the same baseline predictors previously
described, we further investigated whether we could
identify patients with no long-term radiographic pro-
gression (�2 Sharp units/year increase versus �2 Sharp
units/year increase) by using a model including a com-
bination of urinary CTX-II levels at baseline and 3
months. For this purpose, CTX-II was dichotomized
using ROC analysis to identify the best cutoff level.
ROC analysis revealed that at baseline and 3 months a
CTX-II cutoff level of 150 ng/mmole of creatinine
appeared to be the most adequate in discriminating

Table 3. Relationship between early changes in urinary CTX-II and CTX-I during treatment and
long-term radiographic progression in patients with early rheumatoid arthritis*

Change from baseline Regression coefficient 95% CI P

CTX-I
3 months 0.01 �0.27, 0.28 0.936
6 months �0.02 �0.30, 0.26 0.873
9 months 0.03 �0.28, 0.35 0.864
12 months 0.02 �0.27, 0.34 0.768
12-month AUC �0.03 �0.63, 0.57 0.908

CTX-II
3 months 0.35 0.04, 0.66 0.029
6 months 0.39 0.09, 0.69 0.014
9 months 0.34 0.01, 0.68 0.044
12 months 0.23 �0.15, 0.60 0.243
12-month AUC 0.75 0.16, 1.25 0.013

* C-terminal crosslinking telopeptide of type I (CTX-I) and type II (CTX-II) collagen (absolute values
and area under the curve [AUC] values) and the radiographic progression rate (Radprog) were
ln-transformed in all analyses. Baseline predictors of radiographic progression included in the prediction
model were the erythrocyte sedimentation rate (ESR), rheumatoid factor (RF; present versus absent),
radiographic damage (RD; present versus absent), and baseline CTX-I or CTX-II levels. Variables
reflecting change from baseline were calculated for 3, 6, 9, and 12 months, and subsequently added to the
prediction model. The AUC for CTX-I and CTX-II reflects the mean CTX-I or CTX-II level over time
(during the first year), which was added to the prediction model including baseline CTX-I or CTX-II. As
such, the regression coefficient for the AUC (adjusted for baseline values) reflects the effects of the
average change from baseline during the first year. The linear model can be expressed as follows:

lnRadprog �units/year� �

Constant � a � ESR �mm� � b � RF �0,1� � c � RD �0,1� � d � lnCTX-IIbaseline �

e � �lnCTX-IIbaseline � lnCTX-IIt3m)

The term e 	 (lnCTX-IIbaseline � lnCTX-IIt3m) was replaced by e 	 (lnCTX-IIAUC) if CTX-IIAUC was
used in the analyses.
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patients with or without radiographic progression (ROC
AUCs were 0.735 for baseline values of CTX-II and
0.767 for 3-month values of CTX-II). Using this cutoff
value, 71% (25% false negative, 4% false positive) and
74% (16% false negative, 10% false positive) of patients
were correctly classified at baseline and at 3 months,
respectively. This level of 150 ng/mmole of creatinine
was similar to the mean value observed in age-matched
healthy controls (23).

The logistic regression model revealed that mea-
suring CTX-II levels at 3 months adds to the prediction
of radiographic progression, independent of the known
baseline predictors RF status, radiographic damage,
disease activity, and CTX-II (odds ratio [OR] 8.0 [95%
CI 2.5, 28.5], P � 0.001).

Table 5 shows the percentage of patients with no
progression after 5 years, stratified for baseline and
3-month levels of CTX-II (normal versus increased). Of
primary interest for our study question is the category of
patients with increased levels of CTX-II at baseline
whose levels returned to normal after 3 months of
therapy. Patients in this category had a significantly
higher chance of having no progression after 5 years

compared with patients who started with increased
CTX-II levels but whose levels did not normalize during
treatment.

Figure 2 shows the median levels of radiographic
progression stratified for baseline and 3-month CTX-II
levels. The median level of radiographic progression in
patients whose CTX-II levels had normalized after 3
months of therapy was almost similar to that of patients
whose levels were already normal at baseline. Figure 2
also shows that all patients with extreme levels of
radiographic progression at 5 years were in the group
characterized by increased CTX-II levels both at base-
line and at 3 months. A logistic regression analysis of
patients with an increased CTX-II level at baseline
showed that patients who started with COBRA therapy
had an OR of 3.8 (95% CI 1.4, 10.5) for reaching a
normalized level at 3 months, as compared with patients
who started with SSZ monotherapy.

All analyses were repeated with CTX-II levels at
6 months and gave similar results. All analyses were also
performed using progression of the erosion score or the
joint space narrowing score, instead of the total Sharp

Table 4. Confounding effects of parameters of disease activity on the predictive relationship between change from baseline in urinary CTX-II and
5-year radiographic progression*

Change from
baseline at 3

months Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

CTX-II 0.48 (0.13, 0.83) 0.43 (0.05, 0.81) 0.55 (0.19, 0.91) 0.44 (0.08, 0.80) 0.42 (0.06, 0.78) 0.48 (0.10, 0.86)
DAS28 0.08 (�0.08, 0.24)
ESR 0.01 (�0.01, 0.02)
Swollen joint count �0.02 (�0.05, 0.01)
Tender joint count �0.01 (�0.03, 0.01)
HAQ score �0.02 (�0.32, 0.28)

* Values are the regression coefficients (95% confidence intervals) for the variable “radiographic progression rate.” Variables to test for confounding
the relationship between the variables “change from baseline in urinary C-terminal crosslinking telopeptide of type II collagen (CTX-II)” and
“radiographic progression rate” were added to Model 1, one after another (Models 2–6). The effect of each variable (change from baseline) on the
stability of the predictive capacity of urinary CTX-II (change from baseline) was investigated. The regression coefficients for the variable
“change-from-baseline” in urinary CTX-II were 0.49 after adjustment for an American College of Rheumatology (ACR) 20% response (present
versus absent), 0.48 after adjustment for an ACR 50% response, and 0.49 after adjustment for an ACR 70% response. DAS28 � Disease Activity
Score in 28 joints; ESR � erythrocyte sedimentation rate; HAQ � Health Assessment Questionnaire.

Table 5. Combined discriminative capacity of urinary CTX-II (absolute values), measured at baseline
and 3 months after the start of therapy, for detecting patients with no long-term radiographic progression*

CTX-II levels
(baseline/3 months)

No. of
patients

% with no
progression

Odds ratio
(95% CI)

Increased/increased 71 18 1.0 (reference)
Increased/normal 20 50 4.5 (1.5, 13)
Normal/normal 13 69 10 (2.7, 38)

* The cutoff value between normal and increased levels of C-terminal crosslinking telopeptide of type II
collagen (CTX-II) is 150 ng/mmole of creatinine. The odds ratios are relative to the reference category.
No progression was defined as �2 Sharp units/year. 95% CI � 95% confidence interval.
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score, as dependent variables, and gave similar results
(data not shown).

DISCUSSION

In this study, longitudinal patterns of markers of
bone and cartilage breakdown were investigated in a
randomized clinical trial using 2 different therapeutic
strategies: the relatively aggressive COBRA step-down
combination-therapy regimen, and relatively mild SSZ
monotherapy. The COBRA regimen was better than
SSZ monotherapy in suppressing urinary CTX-II levels.
It was demonstrated that changes in the level of CTX-II
after 3 months of therapy were predictive of long-term
radiographic progression, and that this predictive effect
was independent of the effects of therapy (or the type of
therapy) on indices of disease activity. It was also
demonstrated that the combined assessment of CTX-II
at baseline and after 3 months of therapy may ade-
quately identify patients with a favorable prognosis (i.e.,
no radiographic progression). All of these effects were
not observed with the measurements of CTX-I.

CTX-II excretion specifically reflects type II col-

lagen breakdown, which occurs specifically in cartilage.
In patients with RA, cartilage degradation occurs pri-
marily in diarthrodial peripheral joints, and CTX-II
excretion may thus be considered a measure for cartilage
breakdown in these joints. This makes urinary CTX-II a
specific marker of joint destruction, in contrast to
CTX-I, which most likely reflects overall skeletal bone
turnover rather than localized joint alterations.

COBRA therapy and SSZ monotherapy were
equally effective in suppressing urinary CTX-I during
the first 6 months of treatment, suggesting a similar
effect of the 2 treatments on bone resorption in the early
phase of treatment. Afterwards, a trend toward higher
CTX-I levels in the COBRA group was observed. The
early phase of the COBRA regimen included a rapidly
tapered high dosage of prednisolone (starting at 60
mg/day), which resulted in marked suppression of in-
flammation (15). Because inflammation is considered to
be the main factor responsible for bone loss in RA
(24,25), the rapid suppression of inflammation by
COBRA therapy is likely to explain the initial decrease
of bone resorption measured by urinary CTX-I. Only at
the end of the first year—3 to 6 months after the
withdrawal of prednisolone—was higher excretion of
CTX-I in the COBRA group observed, which may
represent late adverse effects of this drug on bone
metabolism.

Using several different approaches, we found a
strong relationship between the dynamics of type II
collagen degradation, reflected by urinary CTX-II, and
long-term radiographic progression, reflected by the
5-year progression rate. This relationship was only mar-
ginally dependent on changes in disease activity and the
Health Assessment Questionnaire score (26), and, im-
portantly, a change in disease activity itself appeared to
be not significantly predictive of radiographic progres-
sion in these analyses. It was also shown that the
predictive value of urinary CTX-II on long-term pro-
gression could not be accounted for by measuring a
clinical response such as the ACR criteria for improve-
ment in RA (21). These findings indicate that measure-
ments of urinary CTX-II levels before the start of
therapy and during treatment may add information with
regard to long-term outcome that is not provided by
serial assessments of disease activity. This observation
contributes to the construct validity of CTX-II as a very
early marker of forthcoming joint damage, as already
suggested by results of our previous studies (13,14). We
have expanded these observations here by showing 1)
that DMARD therapy may directly influence the level of
type I and type II collagen degradation, with an impact
on long-term radiographic progression, 2) that the effects

Figure 2. Radiographic progression according to the C-terminal
crosslinking telopeptide of type II collagen (CTX-II) profile. CTX-II
was measured at baseline and 3 months after the start of therapy. A
urinary CTX-II level of 
150 ng/mmole of creatinine was considered
an increased value. Each box represents the 25th/50th (median) to 75th
percentiles. Lines outside the box represent the 10th and the 90th
percentiles.
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of therapy on urinary CTX-II are partially independent
of the effects of therapy on disease activity, and 3) that
the accuracy of the individual prediction with regard to
long-term radiographic progression can be improved by
serial (at least at baseline and after 3 months) measure-
ments of CTX-II, although it should be stressed that the
proportion of misclassified patients remains consider-
ably high.

Our study has some limitations. It was designed
as a randomized controlled trial to test 2 treatment
strategies, not to test the predictive value of CTX-II.
Urinary CTX-I and CTX-II levels were measured retro-
spectively in urine samples that were frozen for this
purpose, �7 years after the start of the trial. Urine
samples were available for only 70% of the patients.
Prognostic similarity at baseline, therefore, cannot be
assured. However, sample collection and storage, as well
as measurement of CTX-I and CTX-II levels, were
performed blindly with respect to treatment assignment,
response to treatment, and radiographic outcome. Thus,
it is highly unlikely that the patients included in this
study represent biased selection with respect to long-
term outcome.

The most meaningful contrast between aggres-
sive and mild therapy was observed during the adminis-
tration of corticosteroids. The observation made in this
study points to an effect of corticosteroids with respect
to inhibition of the breakdown of type II collagen, which
is independent of the effects of corticosteroids on dis-
ease activity. Actually, a protective effect of cortico-
steroids on cartilage is supported by several clinical trials
showing that corticosteroids are effective in reducing
radiographic progression in patients with RA (27–29).
However, it has to be investigated whether urinary
CTX-II is also decreased by other DMARDs that are
able to slow radiographic progression. An important
argument against a specific effect of corticosteroids on
CTX-II levels is that all of the predictive effects were
also observed in the SSZ group. Finally, CTX-II excre-
tion, which measures degradation of type II collagen
(which in turn may reflect cartilage breakdown), should
theoretically be associated with the progression of joint
space narrowing rather than with the progression of
erosions. In this study, CTX-II was associated with both,
to approximately the same extent. Probably, cartilage
destruction and erosions are the concurrent conse-
quences of the same pathophysiologic processes in the
joint early in the disease.

In summary, this study has shown that a patient’s
CTX-II profile, assessed at baseline and 3 months after
the start of therapy, gives useful information with re-
spect to the radiographic prognosis of patients with RA

that cannot be obtained by measuring parameters of
disease activity alone. Nonetheless, the proportion of
misclassified patients is currently too high to recom-
mend the test for clinical purposes. In the future, the
CTX-II profile may be used together with other markers
to judge the efficacy of a therapy or a strategy at an early
stage, so that therapy can be rapidly adjusted if neces-
sary.
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