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ABSTRACT
Objectives To evaluate the performance of individual 

biomarkers and a multi-biomarker disease activity (MBDA) 

score in the early rheumatoid arthritis (RA) patient 

population from the computer assisted management in 

early rheumatoid arthritis (CAMERA) study.

Methods Twenty biomarkers were measured in the 

CAMERA cohort, in which patients were treated with 

either intensive or conventional methotrexate-based 

treatment strategies. The MBDA score was calculated 

using the concentrations of 12 biomarkers (SAA, IL-6, 

TNF-RI, VEGF-A, MMP-1, YKL-40, MMP-3, EGF, VCAM-1, 

leptin, resistin and CRP) according to a previously trained 

algorithm. The performance of the scores was evaluated 

relative to clinical disease activity assessments. Change 

in MBDA score over time was assessed by paired 

Wilcoxon rank sum test. Logistic regression was used to 

evaluate the ability of disease activity measures to predict 

radiographic progression.

Results The MBDA score had a signiÞ cant correlation 

with the disease activity score based on 28 joints-C 

reactive protein (DAS28-CRP) (r=0.72; p<0.001) and 

an area under the receiver operating characteristic curve 

for distinguishing remission/low from moderate/high 

disease activity of 0.86 (p<0.001) using a DAS28-CRP 

cut-off of 2.7. In multivariate analysis the MBDA score, 

but not CRP, was an independent predictor of disease 

activity measures. Additionally, mean (SD) MBDA score 

decreased from 53 (18) at baseline to 39 (16) at 6 

months in response to study therapy (p<0.0001). Neither 

MBDA score nor clinical variables were predictive of 

radiographic progression.

Conclusions This multi-biomarker test performed well 

in the assessment of disease activity in RA patients in the 

CAMERA study. Upon further validation, this test could be 

used to complement currently available disease activity 

measures and improve patient care and outcomes.

INTRODUCTION
Rheumatoid arthritis (RA) is a chronic infl amma-
tory disease causing joint pain and destruction of 
joints, with resulting functional disability.1 When 
treating RA, minimising infl ammation over a 
patient’s lifetime is important to reduce functional 
disability and improve quality of life. This can be 
achieved by a concept, known as ‘tight control’.2–5 
Current recommendations for treatment of RA 
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advise measuring disease activity as frequently as 
monthly for patients with moderate-to-high dis-
ease activity, and less frequently, such as every 3–6 
months, for patients with sustained low disease 
activity or remission.4

In the computer assisted management in early 
rheumatoid arthritis (CAMERA) study, subjects 
with early RA were randomly assigned to either an 
intensive or a conventional management strategy.6 7

The intensive strategy employed tight control, 
using more frequent follow-up and intensive ther-
apy with methotrexate (MTX) according to a strict 
protocol as supported by a computerised decision 
program based on disease activity measurements 
with the aim of reaching remission. After 2 years of 
treatment, subjects in the intensive strategy group 
achieved remission more often, more rapidly and 
for a longer period of time than subjects in the con-
ventional strategy group.7

Currently, measurements of disease activity in 
the clinic may include symptom assessment, joint 
counts, individual laboratory tests (eg, C reactive 
protein (CRP) and erythrocyte sedimentation rate 
(ESR)), or some combination of these in an index 
such as the disease activity score based on 28 joints 
(DAS28), Clinical Disease Activity Index, Simplifi ed 
Disease Activity Index or Routine Assessment of 
Patient Index Data.8 9 The DAS28 and its variants 
(DAS, DAS28-CRP) are arguably the most exten-
sively validated and accepted composite measures 
of RA disease activity. They combine three direct 
measurements of patient status (swollen joint 
count (SJC), tender joint count (TJC) and visual 
analogue scale general health (VAS-GH)) with one 
surrogate measure of infl ammation (ESR or CRP).9 

10 While the value of such measures has been rigor-
ously demonstrated, they have limitations. Clinical 
assessments depend upon patient and/or physi-
cian judgments and are subject to intra-assessor 
and inter-assessor variability,11–13 while laboratory 
tests such as ESR and CRP are general measures of 
infl ammation and can be in the normal range in 
approximately 40% of RA patients.14 15

In principle, biomarkers have the potential to 
provide objective measurements of the disease 
processes underlying RA. Numerous individual 
biomarkers have been shown to be associated with 
disease activity, and a recent study suggests that 
applying the tight control principle to biomarkers 
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could improve outcomes.16–23 While no single biomarker has 
been found to capture the complex biology of the disease, a 
multi-biomarker score that captures the complex interactions 
and numerous biological pathways in RA could improve the 
assessment and tracking of disease activity. A multi-biomarker 
disease activity (MBDA) test has been developed that simulta-
neously measures serum levels of 12 proteins shown to be asso-
ciated with RA disease activity in multiple studies and combines 
them into a score between 1 and 100.24 25

The purpose of the current study was to evaluate a broad set 
of serum biomarkers of RA disease activity and to evaluate the 
performance of the MBDA score as an instrument of disease 
activity in early RA patients from the CAMERA study.

PATIENT AND METHODS
Patient cohort
Serum samples were studied from the CAMERA cohort, a 2-year, 
multicentre, prospective, open-label study.6 7 26 Patients with early 
RA who met the 1987 revised American College of Rheumatology 
criteria for RA27 and were 16 years of age or more were ran-
domly assigned to either an intensive or conventional treatment 
strategy. Patients were initially treated with MTX alone. If MTX 
caused toxicity or was ineffective at the maximum dose of 30 mg/
week, cyclosporine was added. Non-steroidal anti-infl ammatory 
drugs were allowed. Oral glucocorticoids were not allowed but 
intra-articular were permitted if necessary. Every month (in the 
intensive treatment strategy) or every 3 months (conventional 
treatment strategy), the following clinical variables were assessed: 
SJC and TJC including 28 joints (SJC28 and TJC28, respectively), 
VAS pain (0–100 mm; 100=worst possible pain), VAS-GH (0–100 
mm; 100=worst score), ESR (mm/h1st), CRP (mg/l) and morning 
stiffness (0–180 min). In the conventional strategy group, dose 
adjustments were made based on the opinion of the individual 
rheumatologist. In the intensive strategy group, dose adjust-
ments were made based on changes in joint counts, ESR and the 
VAS-GH, as assessed using a computer decision program.7

The DAS28,9 an index for disease activity, was calculated 
based on TJC28, SJC28, ESR (or CRP) and VAS-GH.

Annual radiographs of hands and feet were evaluated for 
Sharp/van der Heijde score by two readers, blinded for treat-
ment strategy and clinical information, but not sequence. The 
median yearly progression rate was calculated for the period 
0–2 years.

Serum sampling and laboratory methods
A total of 120 serum samples from the CAMERA study were 
examined; of these, 72 were collected at baseline (39 from inten-
sive strategy) and 48 were collected at 6 months (31 from inten-
sive strategy). Although serum was only available for a subset 
of study subjects and these subjects had slightly lower baseline 
joint counts than the overall cohort, otherwise they were very 
representative and had similar clinical outcomes (supplementary 
table 1). Serum was collected in standard separator tubes accord-
ing to the manufacturer’s protocol, frozen as soon as possible 
after blood collection, and stored at −20°C until analysis.

The concentrations of 20 serum protein biomarkers (calpro-
tectin, C-C motif chemokine ligand 22, CRP, epidermal growth 
factor, inter-cellular adhesion molecule 1, interleukin (IL)-1 beta, 
IL-1 receptor antagonist, IL-6, IL-6 receptor, IL-8, leptin, matrix 
metallopeptidase 1, matrix metallopeptidase 3, pyridinoline, 
resistin, serum amyloid A, tumour necrosis factor receptor type I,  
vascular cell adhesion molecule 1, vascular endothelial growth 
factor A and cartilage glycoprotein 39 (YKL-40)) were measured 

by customised immunoassays (Sector Imager 6000 (Meso Scale 
Discovery, Gaithersburg, Maryland, USA) or individual ELISA; 
supplementary table 2). The reagents used were designed to 
block interference from RF and other heterophilic antibodies.24

MBDA score
A disease activity algorithm using 12 of the serum protein 
biomarkers (fi gure 1) was applied to calculate MBDA scores. 
Biomarkers were selected (from 130 candidates) in prior studies 
by a combination of objective regression modelling and assay 
performance criteria.25 The assays and algorithm were the same 
as those used in the previously developed and validated MBDA 
test, Vectra DA (Crescendo Bioscience, South San Francisco, 
California, USA). This algorithm used serum biomarker concen-
trations to separately estimate TJC28, SJC28 and VAS-GH. The 
estimates for TJC28, SJC28 and VAS-GH were combined with 
a CRP test result to calculate an overall MBDA score: a whole 
number ranging from 1 to 100, using a formula analogous to 
that of the DAS28-CRP (fi gure 1).The algorithm was previously 
developed and trained using independent serum samples from 
the Index for Rheumatoid Arthritis Measurement (n=512) and 
Brigham and Women’s Rheumatoid Arthritis Sequential Study 
(n=167) observational cohort studies.29 Since the MBDA score is 
calculated using a formula similar to that of the DAS28-CRP, it is 
straightforward to calculate the MBDA score equivalent to a given 
DAS28-CRP value (by multiplying the DAS28-CRP by 10.53 and 
adding 1). Thresholds were defi ned by calculating the MBDA 
score values equivalent to established DAS28-CRP thresholds 
separating low, moderate and high disease activity.30 The result-
ing thresholds defi ned MBDA scores ≤25 as remission, 26–29 as 
low, 30–44 as moderate and >44 as high disease activity.

Statistical analysis
Except where specifi ed, analyses used data from all samples. 
The associations between individual biomarker concentrations 
(log-transformed to approach a normal distribution) and disease 
activity (DAS28-CRP, SJC28, TJC28 and VAS-GH) were assessed 

Figure 1. MBDA score algorithm The MBDA score algorithm uses the 
same equation as the DAS28-CRP, with biomarkers used to predict the 
Swollen Joint Count (SJC28), Tender Joint Count (TJC28), and general 
health (VAS-GH) components of the equation. (PTJC= predicted TJC, 
PSJC= predicted SJC; PVAS-GH= predicted VAS-GH). The Venn diagram 
lists the MBDA score biomarkers used to predict each MBDA score 
component. This algorithm provides an MBDA score between 1 and 100.
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by Pearson correlation (r). p Values for correlations were calcu-
lated by permutation testing and adjusted for multiple hypoth-
esis testing by calculating false discovery rate.31

The performance of the MBDA score algorithm was evalu-
ated relative to clinical disease activity (DAS28-CRP) in three 
ways: (1) Pearson correlation (r). (2) Area under the receiver 
operating characteristic curve (AUROC) for discriminating 
between patients with moderate/high disease activity and 
those with remission/low disease activity (based on a DAS28-
CRP cut-off of 2.7, the threshold separating remission/low 
disease activity from moderate/high disease activity for the 
DAS28-CRP; similar to the DAS28 threshold of 3.2).30 (3) The 
agreement between the classifi cation of disease activity (low, 
moderate and high disease activity) according to the MBDA 
score and according to DAS28-CRP was calculated using 
(weighted) κ.

To determine whether CRP and the other MBDA biomark-
ers were independently predictive of disease activity, the MBDA 
score was calculated with the CRP term omitted. Multivariate 
linear models with clinical disease activity measures (DAS28, 
DAS28-CRP and their components) as dependent variables 
were fi t by ordinary least squares regression. When using joint 
counts as dependent variables, the square roots of the counts 
were used (as in the DAS28 formula). The MBDA score and CRP 
(log transformed as in the DAS28 formula) were used as 
independent variables.

Changes in MBDA scores between visits were assessed by 
paired Wilcoxon rank sum test.

Prognostic value for progression of radiographic joint damage 
was assessed by logistic regression. Univariate logistic regres-
sion analysis was performed with the MBDA score or DAS28-
CRP as independent variable and progression in Sharp van der 

Table 1 Pearson correlations between individual biomarkers and clinical measures of disease activity
DAS28-CRP SJC28 TJC28 VAS-GH

Biomarker Correlation q Value Correlation q Value Correlation q Value Correlation q Value

Calprotectin    0.56 <0.01    0.38 <0.01    0.33 <0.01    0.25 <0.01
CCL22 −0.04    0.75 −0.13    0.19 −0.03    0.73    0.01    0.94
CRP    0.69 <0.01    0.41 <0.01    0.36 <0.01    0.32 <0.01
EGF −0.07    0.46 −0.08    0.42 −0.12    0.28    0.02    0.94
ICAM-1    0.23    0.02    0.13    0.20    0.08    0.44    0.09    0.48
IL-1B    0.45 <0.01    0.34 <0.01    0.31 <0.01    0.27    0.03
IL-1RA    0.01    0.97    0.05    0.58 −0.09    0.44 −0.03    0.94
IL-6    0.69 <0.01    0.50 <0.01    0.41 <0.01    0.43 <0.01
IL-6R    0.01    0.97    0.03    0.71    0.02    0.89    0.08    0.53
IL-8    0.47 <0.01    0.46 <0.01    0.30 <0.01    0.23    0.03
Leptin    0.00    0.97 −0.07    0.53 −0.06    0.56    0.16    0.18
MMP-1    0.36 <0.01    0.29 <0.01    0.19    0.06    0.21    0.05
MMP-3    0.51 <0.01    0.40 <0.01    0.26 <0.01    0.26    0.05
PYD    0.23    0.04    0.29 <0.01    0.21    0.09    0.12    0.39
Resistin    0.22    0.03    0.13    0.20    0.13    0.28    0.10    0.43
SAA    0.66 <0.01    0.43 <0.01    0.37 <0.01    0.32 <0.01
TNF-RI    0.36 <0.01    0.30 <0.01    0.24    0.02    0.13    0.30
VCAM-1    0.13    0.24    0.14    0.20    0.08    0.56 −0.03    0.79
VEGF-A    0.29 <0.01    0.18    0.12    0.07    0.56    0.14    0.18
YKL-40    0.42 <0.01    0.35 <0.01    0.30 <0.01    0.15    0.18

Correlations are shown for all biomarkers with DAS28-CRP and individual components. q Values refl ect the false discovery rate and are calculated by adjusting the p values for multiple 
hypothesis testing. 
CCL22, C-C motif chemokine ligand 22; CRP, C reactive protein; DAS28-CRP, disease activity score based on 28 joints-CRP; EGF, epidermal growth factor; ICAM-1, inter-cellular 
adhesion molecule 1; IL, interleukin; IL-1B, IL-1 β; IL-1RA, IL-1 receptor antagonist; IL-6R, IL-6 receptor; MMP, matrix metallopeptidase; PYD, pyridinoline; SAA, serum amyloid A; SJC, 
swollen joint count; TJC, tender joint count; TNF-RI, tumour necrosis factor receptor type I; VAS-GH, visual analogue scale general health; VCAM-1, vascular cell adhesion molecule 1; 
VEGF-A, vascular endothelial growth factor A; YKL-40, cartilage glycoprotein 39.

Figure 2. A-B. Performance of MBDA score relative to DAS28-CRP Figure 2A represents the Pearson correlation and AUROC for distinguishing 
remission/low from moderate/high DAS28-CRP. Figure 2B represents the ROC Curve for distinguishing remission/low DAS28-CRP from moderate/high 
DAS28-CRP.
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Heijde (SHS) score over 2 years (progression >0 SHS units) as 
dependent variable. Multivariate (logistic) analyses adding other 
well-known prognostic factors for progression of joint dam-
age (RF and baseline joint damage) were also performed (with 
treatment strategy, age and gender as covariates) to investigate 
the additional prognostic value of the MBDA score and DAS28-
CRP. Separate analyses were performed for the MBDA score 
and DAS28-CRP at baseline and 6 months.

The statistical software packages R and SPSS V.15.0 were used 
for data analysis. Except where otherwise noted, a p value <0.05 
was considered to be statistically signifi cant.

RESULTS
Association with clinical disease activity
Of the 20 proteins biomarkers examined, 14 were statistically sig-
nifi cantly correlated with DAS28-CRP, 11 with DAS28, 11 with 
SJC, nine with TJC and six with VAS-GH (with a false discovery 
rate <0.05). Pearson correlations between the individual biomark-
ers and several disease activity measures are presented in table 1.

The MBDA score was calculated using 12 of the 20 biomark-
ers (Patient and Methods section and fi gure 1) and compared 
with DAS28-CRP, a widely accepted conventional measure of 
disease activity. Similar results were observed for DAS28 (data 
not shown). Figure 2A illustrates that the MBDA score achieved 
a statistically signifi cant correlation to the DAS28-CRP (r=0.72; 
p<0.001). The MBDA score distinguished between remission/
low disease activity and moderate/high disease activity with 
an AUROC of 0.86 (p<0.001, fi gure 2A,B). The prespecifi ed 
AUROC analysis was conducted using a DAS28-CRP cut-off of 
2.7, and it was noted that more subjects had high disease activity 
than low disease activity using this cut-off. To assess the impact 
of imbalance in the sizes of the disease activity groups upon clas-
sifi cation performance, the AUROC was also calculated using a 
cut-off equal to the median DAS28-CRP of 4.6. The resulting 
AUROC was 0.83, very similar to the AUROC obtained using 
the prespecifi ed cut-off of 2.7. Similar results were obtained 
using only a single visit per patient (data not shown).

The κ for agreement between the MBDA score and DAS28-
CRP for classifi cation of the disease activity level was 0.34 (95% 
CI 0.19 to 0.49). For baseline visits alone, κ was 0.23 (95% 
CI −0.027 to 0.48); this was 0.32 (95% CI 0.11 to 0.53) for 
6-month visits alone. Weighted κ results were similar (table 2).

Contribution of non-CRP biomarkers
Since the MBDA score uses CRP, which is a commonly avail-
able laboratory test, we used multivariate regression to examine 
whether the other biomarkers in the score were independently 
associated with disease activity in the presence of CRP. The other 

biomarkers were combined together as in the MBDA score, but 
with CRP left out. When included in a multivariate model for 
DAS28-CRP (overall r2=0.52), these other MBDA biomarkers 
were independently associated with disease activity (p<0.001) 
and CRP was not (p=0.09). Similar results were obtained with 
multivariate models for the clinical components of DAS28: the 
other 11 MBDA biomarkers were independently associated 
with SJC28 (p<0.001), TJC28 (p<0.01) and VAS-GH (p=0.02), 
and CRP was not (p=0.35, p=0.81 and p=0.68, respectively).

Tracking response to therapy
In response to the treatment as used in the CAMERA study 
(n=46), the mean (SD) MBDA score dropped from 53 (18) at 
baseline to 39 (16) at the 6-month visit (p<0.0001; fi gure 3). The 
intensive and conventional strategy groups were also consid-
ered separately, revealing a signifi cant decrease in MBDA score 
in the intensive strategy group (n=31) from 53 (17) to 35 (14) 
(p<0.0001). In the conventional strategy group (n=15), the mean 
MBDA score decreased from 55 (20) to 46 (19) (p=0.07).

Radiographic progression
The MBDA score and DAS28-CRP were examined for their 
ability to predict radiographic progression after 2 years of treat-
ment. For one and fi ve patients, respectively, no radiographs 
were available at baseline and 2 years. The median (IQR) yearly 

Table 2 Agreement between classifi cation of disease activity (low, moderate and high) according to the MBDA score and DAS28-CRP

MBDA score

DAS28-CRP

Baseline visit 6-Month visit Combination (baseline and 6 months)

Low Moderate High Low Moderate High Low Moderate High

L ow 0  1  3 9 3  2 9  4  5
Moderate 0  8  5 7 7  4 7 15  9
High 0 15 40 2 4 10 2 19 50
κ (95% CI) 0.23 (−0.03 to 0.48) 0.32 (0.11 to 0.53) 0.34 (0.19 to 0.49)
Weighted κ (95% CI) 0.20 (0.01 to 0.39) 0.39 (0.02 to 0.76) 0.41 (0.21 to 0.61)

Counts indicate the number of patients in each disease activity category.
Low, MBDA score ≤29, DAS28-CRP ≤2.7; moderate, MBDA score 30–44, DAS28-CRP 2.7–4.1; high, MBDA score >44, DAS28-CRP >4.1. 
MBDA, multi-biomarker disease activity; DAS28-CRP, disease activity score based on 28 joints-C reactive protein.

Figure 3. MBDA scores by treatment arm and time point For 
each treatment strategy (i.e. intensive tight control MTX-based and 
conventional MTX-based treatment strategy) the results of the MBDA 
score are shown at baseline and after 6 months of treatment. Only 
results of patients with MBDA score at baseline and 6 months are 
shown.
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radiographic progression rate over 2 years was 0.0 (0.0–3.9); 
26 patients were defi ned as progressors. At baseline neither the 
MBDA score (OR=1.018, 95% CI 0.988 to 1.049, p=0.25) nor 
DAS28-CRP (OR=1.041, 95% CI 0.645 to 1.680, p=0.87) was a 
signifi cant predictor. Similar results were obtained using MBDA 
scores and DAS28-CRP at 6 months.

After inclusion of other known predictors for poor long-term 
outcome (RF and baseline damage) in a multivariate logistic 
regression model, the baseline MBDA score was borderline 
signifi cant as an independent predictor for progression of joint 
damage (OR=1.033, 95% CI 0.995 to 1.072, p=0.09) next to RF 
(OR=1.768, 95% CI 0.396 to 7.885, p=0.46) and baseline joint 
damage (OR=4.213, 95% CI 0.878 to 20.211, p=0.07). When 
baseline DAS28-CRP was used in the model instead of the 
MBDA score, this result was less clear (OR=1.155, 95% CI 0.674 
to 1.980, p=0.60) next to RF (OR=2.294, 95% CI 0.534 to 9.847, 
p=0.26) and baseline joint damage (OR=3.359, 95% CI 0.732 
to 15.411, p=0.12). The 6-month MBDA scores or DAS28-CRP 
were not signifi cant predictors in multivariate analysis.

DISCUSSION
Tight control studies such as CAMERA, which include regu-
lar assessments of disease activity and intensive treatment 
approaches, have demonstrated benefi cial effects on long-term 
patient outcomes for patients with RA.7 26 32 Although tight 
control strategies have been integrated into RA treatment guide-
lines,3 4 they may not be easily implemented in clinical practice 
around the world. A comprehensive panel of relevant serum 
protein biomarkers containing biologically rich RA disease 
activity information has the potential to assess disease activ-
ity in an objective manner and facilitate the use of tight control 
strategies.

In the present study, 20 serum biomarkers of RA disease 
activity were evaluated and 12 were used to calculate the 
MBDA score, a biomarker-based measure of RA disease activ-
ity. The individual biomarkers represent a broad range of bio-
logical pathways associated with RA disease pathophysiology. 
Some biomarkers that were found to be individually associ-
ated with disease activity in this study are not among the 12 
biomarkers included in the MBDA score. This may be because 
they provide redundant information and are not independently 
predictive of disease activity in a multivariate model when other 
biomarkers are present. Conversely, some biomarkers that do 
not have signifi cant individual correlations with disease activity 
in the CAMERA study are included in the MBDA score algo-
rithm. One reason for this is that a biomarker may provide use-
ful information in combination with other biomarkers but not 
individually.33

This analysis involved only a small number of patients, which 
limited our ability to address some questions of interest (such as 
predictive value for radiographic progression) and necessitates 
further studies. However, the fi nal MBDA score was strongly 
associated with clinical disease activity despite the small sample 
size. κ Values also showed that there is fair agreement between 
disease activity levels according to both measures, although it 
is important to realise that there is no true gold standard for 
disease activity. It is expected that clinical assessment and dis-
ease biomarkers will differ in some cases, since they measure 
different aspects of the disease. Further studies are required to 
determine how to interpret cases in which the biomarker-based 
and clinical measures of disease activity differ. Also, perform-
ance estimates can be infl uenced by the characteristics of a given 
cohort and will vary between studies.

In this analysis, neither the MBDA score nor other clinical 
variables were clearly predictive of radiographic progression. 
This could be because the study population had quite limited 
progression over the 2 years examined, because of the lim-
ited sample size and because these disease activity measures 
were employed at only two time points. In another early RA 
population, the MBDA score was signifi cantly correlated to 
future joint damage.34 Additional studies will further clarify 
the predictive value of the MBDA score for future radiographic 
progression.

To determine if MBDA scores in the CAMERA cohort at base-
line and 6 months were affected by different RA management 
strategies, changes in MBDA scores were examined in patients 
receiving intensive and conventional therapy. MBDA scores 
improved in response to treatment with a 15-point decrease 
across all patients studied. The observed decrease in the MBDA 
score was greater in the intensive group than the conventional 
group. However, this study was not adequately powered to 
compare the effectiveness of the treatment strategies. Through 
monitoring RA disease activity and tailoring treatment strate-
gies specifi cally to an individual patient’s needs, low disease 
activity and, in some cases, remission are attainable. While 
obtained from a small patient population, these results suggest 
that monitoring of disease activity with the MBDA score can 
identify changes in disease activity and response to treatment. 
To confi rm this, more measurements over time should be evalu-
ated, and ultimately a trial evaluating the effect of a tight con-
trol strategy using the MBDA score (as compared with a clinical 
DAS) could be performed.

In conclusion, our results establish that the MBDA score 
measures clinical disease activity in RA patients and can detect 
changes in response to treatment. This clinical multi-biomarker 
test could be used (in conjunction with physical examination) to 
quantify overall disease activity in a patient management plan. 
Further studies are needed to defi ne the optimal use of biomark-
ers in the management of RA.

Contributors MB, GC, JJ, JB, MC, JR, FL and PW contributed to conception and 
design of the study. MB, YS, DH and PW contributed to the analysis of data. MB, 
GC, JB, FL and PW contributed to the interpretation of data. LH and DS generated 
biomarker data. Article drafts were written by MB and GC and critically revised by all 
authors. The Þ nal version of the manuscript was approved by all authors.

Funding Crescendo Bioscience.

Competing interests Cavet, Haney, Shen and Hesterberg are all employees of 
Crescendo Bioscience, the company performing the multi-biomarker score and all 
laboratory analyses. Centola received a consulting fee from Crescendo Bioscience for 
his contribution to this manuscript.

Ethics approval Approval provided by the Medical Ethics Committee of UMC 
Utrecht, The Netherlands.

Provenance and peer review Not commissioned; externally peer reviewed

REFERENCES
 1. Kvien TK. Epidemiology and burden of illness of rheumatoid arthritis. 

Pharmacoeconomics 2004;22:1Ð12.

 2. Atar D, Birkeland KI, Uhlig T. ÔTreat to targetÕ: moving targets from hypertension, 

hyperlipidaemia and diabetes to rheumatoid arthritis. Ann Rheum Dis 

2010;69:629Ð30.

 3. Kiely PD, Brown AK, Edwards CJ, et al. Contemporary treatment principles 

for early rheumatoid arthritis: a consensus statement. Rheumatology (Oxford) 

2009;48:765Ð72.

 4. Smolen JS, Aletaha D, Bijlsma JW, et al. Treating rheumatoid arthritis to target: 

recommendations of an international task force. Ann Rheum Dis 2010;69:631Ð7.

 5. Bakker MF, Jacobs JW, Verstappen SM, et al. Tight control in the treatment of 

rheumatoid arthritis: efÞ cacy and feasibility. Annals of the rheumatic diseases 2007;66 

Suppl 3:iii56Ð60.

annrheumdis-2011-200963.indd   5 8/23/2012   3:34:19 AM

1696 Ann Rheum Dis 2012;71:1692–1697. doi:10.1136/annrheumdis-2011-200963

 on M
arch 2, 2022 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/annrheum
dis-2011-200963 on 17 M

ay 2012. D
ow

nloaded from
 

http://ard.bmj.com/


Clinical and epidemiological research

 6. Bakker MF, Jacobs JW, Welsing PM, et al. Are switches from oral to subcutaneous 

methotrexate or addition of ciclosporin to methotrexate useful steps in a tight control 

treatment strategy for rheumatoid arthritis? A post hoc analysis of the CAMERA study. 

Ann Rheum Dis 2010;69:1849Ð52.

 7. Verstappen SM, Jacobs JW, van der Veen MJ, et al. Intensive treatment with 

methotrexate in early rheumatoid arthritis: aiming for remission. Computer Assisted 

Management in Early Rheumatoid Arthritis (CAMERA, an open-label strategy trial). 

Ann Rheum Dis 2007;66:1443Ð9.

 8. Aletaha D, Smolen JS. The SimpliÞ ed Disease Activity Index (SDAI) and Clinical 

Disease Activity Index (CDAI) to monitor patients in standard clinical care. Best Pract 

Res Clin Rheumatol 2007;21:663Ð75.

 9. Prevoo ML, van Ôt Hof MA, Kuper HH, et al. ModiÞ ed disease activity scores that 

include twenty-eight-joint counts. Development and validation in a prospective 

longitudinal study of patients with rheumatoid arthritis. Arthritis Rheum 1995;38:44Ð8.

10. Wells G, Becker JC, Teng J, et al. Validation of the 28-joint Disease Activity Score 

(DAS28) and European League Against Rheumatism response criteria based on 

C-reactive protein against disease progression in patients with rheumatoid arthritis, 

and comparison with the DAS28 based on erythrocyte sedimentation rate. 

Ann Rheum Dis 2009;68:954Ð60.

11. Hart LE, Tugwell P, Buchanan WW, et al. Grading of tenderness as a source of 

interrater error in the Ritchie articular index. J Rheumatol 1985;12:716Ð7.

12. Thompson PW, Hart LE, Goldsmith CH, et al. Comparison of four articular indices for 

use in clinical trials in rheumatoid arthritis: patient, order and observer variation. 

J Rheumatol 1991;18:661Ð5.

13. Uhlig T, Kvien TK, Pincus T. Test-retest reliability of disease activity core set 

measures and indices in rheumatoid arthritis. Ann Rheum Dis 2009;68:972Ð5.

14. Pincus T. The American College of Rheumatology (ACR) Core Data Set and derivative 

Òpatient onlyÓ indices to assess rheumatoid arthritis. Clin Exp Rheumatol 2005;23
(5 Suppl 39):S109Ð13.

15. Crowson CS. Rheumatoid arthritis and heart disease: the chicken and the egg? 

J Intern Med 2010;268:552Ð4.

16. Chambers RE, MacFarlane DG, Whicher JT, et al. Serum amyloid-A protein 

concentration in rheumatoid arthritis and its role in monitoring disease activity. 

Ann Rheum Dis 1983;42:665Ð7.

17. Urata Y, Uesato R, Tanaka D, et al. Treating to target matrix metalloproteinase 3 

normalisation together with disease activity score below 2.6 yields better effects 

than each alone in rheumatoid arthritis patients: T-4 Study. Ann Rheum Dis 2011 

2012;71:534Ð40.

18. Johansen JS, Stoltenberg M, Hansen M, et al. Serum YKL-40 concentrations in 

patients with rheumatoid arthritis: relation to disease activity. Rheumatology (Oxford) 

1999;38:618Ð26.

19. Mease PJ. The potential roles for novel biomarkers in rheumatoid arthritis 

assessment. Clin Exp Rheumatol 2011;29:567Ð74.

20. Kotzin BL, Falta MT, Crawford F, et al. Use of soluble peptide-DR4 tetramers to detect 

synovial T cells speciÞ c for cartilage antigens in patients with rheumatoid arthritis. 

Proc Natl Acad Sci USA 2000;97:291Ð6.

21. Ling H, Recklies AD. The chitinase 3-like protein human cartilage glycoprotein 39 

inhibits cellular responses to the inß ammatory cytokines interleukin-1 and tumour 

necrosis factor-alpha. Biochem J 2004;380:651Ð9.

22. Ozgonenel L, Cetin E, Tutun S, et al. The relation of serum vascular endothelial 

growth factor level with disease duration and activity in patients with rheumatoid 

arthritis. Clin Rheumatol 2010;29:473Ð7.

23. Tchetverikov I, Lard LR, DeGroot J, et al. Matrix metalloproteinases-3, -8, -9 as 

markers of disease activity and joint damage progression in early rheumatoid arthritis. 

Ann Rheum Dis 2003;62:1094Ð9.

24. Eastman S, Manning B, Qureshi F, et al. Assay development for precise measurement 

of disease activity serum biomarkers. Annals of the rheumatic diseases 2010;69:179.

25. Cavet G, Centola, M, Shen Y, et al. Development of a multi-biomarker test for 

rheumatoid arthritis (RA) disease activity. Annals of the rheumatic diseases 

2010;69:148.

26. Verstappen SM, Bakker MF, Heurkens AH, et al. Adverse events and factors 

associated with toxicity in patients with early rheumatoid arthritis treated 

with methotrexate tight control therapy: the CAMERA study. Ann Rheum Dis 

2010;69:1044Ð8.

27. Arnett FC, Edworthy SM, Bloch DA, et al. The American Rheumatism Association 

1987 revised criteria for the classiÞ cation of rheumatoid arthritis. Arthritis Rheum 

1988;31:315Ð24.

28. Bijlsma JWJ, Oude Heuvel CHB, Zaalberg A. Development and validation of the 

Dutch questionnaire capacities of daily life (VDF) for patients with rheumatoid arthritis. 

Rehabil Sci 1990;3:71Ð74.

29. Fleischmann RM, Curtis JR, Hamburger MH, et al. RA population characteristics in 

InFoRM, a longitudinal observational study. Ann Rheum Dis 2010;69:657.

30. Inoue E, Yamanaka H, Hara M, et al. Comparison of Disease Activity Score (DAS)28- 

erythrocyte sedimentation rate and DAS28- C-reactive protein threshold values. 

Ann Rheum Dis 2007;66:407Ð9.

31. Benjamini Y, Hochberg M. Controlling the false discovery rate: a practical and 

powerful approach to multiple testing. Journal of the Royal Statistical Society. Series 

B, Statistical methodology 1995;57:289Ð300.

32. Schipper LG, van Hulst LT, Grol R, et al. Meta-analysis of tight control strategies in 

rheumatoid arthritis: protocolized treatment has additional value with respect to the 

clinical outcome. Rheumatology (Oxford) 2010;49:2154Ð64.

33. Abdelmonem A, Clark VA, May S. Computer-Aided Multivariate Analysis, Fourth 

Edition. Boca Raton, Florida: Chapman and Hall/CRC 2004:1−489.

34. Shen Y, Dirven L, Cavet G, et al. Serum biomarkers predict progressive structural 

damage in the BeSt study. Arthritis Rheum 2010;62:1496.

annrheumdis-2011-200963.indd   6 8/23/2012   3:34:19 AM

Ann Rheum Dis 2012;71:1692–1697. doi:10.1136/annrheumdis-2011-200963 1697

 on M
arch 2, 2022 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/annrheum
dis-2011-200963 on 17 M

ay 2012. D
ow

nloaded from
 

http://ard.bmj.com/



