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Abstract: Rheumatoid arthritis (RA) is a chronic, systemic inflammatory disease that affects 

the synovium and results in cartilage degradation, bone erosions, and joint deformities. 

RA-associated pain, decreased mobility, fatigue, and comorbidities lead to functional disabil-

ity, impaired quality of life, and shortened life expectancy by 5–10 years. According to the US 

Centers for Disease Control, RA ranked as the 42nd highest contributor to global disability, 

with a prevalence of 1.5 million in the USA and 1.24 million in Japan. Synthetic and biologic 

disease-modifying anti-rheumatic drugs have improved patient health and disease outcomes. 

Early diagnosis and intervention to control and decrease disease activity have led to improved 

patient outcomes. Furthermore, the emergence of a treat-to-target strategy and the definition 

of remission criteria by the American College of Rheumatology and European League Against 

Rheumatology have provided a new framework for physicians to achieve better patient outcomes 

based on regular evaluation of disease activity and assessment of the response to treatment. 

Improvement is needed, however, in facilitating disease activity assessment and identifying 

patients at higher risk of radiographic progression and those with smoldering disease who 

could benefit from more aggressive intervention. An objective disease activity test based on 

biomarkers measured in the blood that reflects the underlying biological events in addition 

to information on risk of radiographic progression would fulfill this need. Such a test would 

provide physicians with a convenient measurement tool to monitor patients in a clinical set-

ting and support rapid treatment adjustment and tighter disease control. This article examines 

peer-reviewed publications cited in PubMed that describe the multi-biomarker disease activity 

score, its development and validation, and its applications as an objective disease assessment 

tool in patients with RA.

Keywords: algorithm, multi-biomarker disease activity score, disease activity, rheumatoid 

arthritis, Vectra DA

Background
Rheumatoid arthritis (RA), a systemic inflammatory disease, is a chronic debilitating 

condition that affects the synovium of the joints, resulting in cartilage degradation 

and bone erosions, leading to deformities of the joints. The pain, decreased mobility, 

fatigue, and comorbidities associated with RA lead to functional disability, impaired 

quality of life, and shortened life expectancy by 5–10 years.

In a 2014 article, Cross et al ranked RA as the 42nd highest contributor to global 

disability, just below malaria.1 In Japan, the prevalence of RA was estimated to be 

1.24 million in 2010.2 In the USA, according to Centers for Disease Control statistics, 

the 2005 prevalence of RA was estimated to be approximately 1.5 million (0.5%–1.0% 

of the population).3
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Synthetic and biologic disease-modifying anti-rheumatic 

drugs (DMARDs) such as methotrexate (MTX) and inhibi-

tors of tumor necrosis factor (TNF)-alpha, have contributed 

over the past decades to dramatically improving patient out-

comes, although treatment efficacy can vary widely across 

individuals and unresponsiveness can develop over time. 

Early diagnosis and intervention targeted toward control-

ling disease activity and reaching and maintaining clinical 

remission or low disease activity have proven to be efficient 

strategies to improve outcomes.4,5 In this context, repeated 

disease activity assessments have emerged as an important 

tool. Monthly assessment of disease activity for patients with 

moderate to high disease activity, and every 3–6 months for 

patients with sustained low disease activity or remission, is 

currently recommended.6

The importance of disease activity monitoring was also 

confirmed in several landmark studies assessing the ben-

efit of treat-to-target strategies, including Tight Control of 

Rheumatoid Arthritis (TiCoRa), Computer Assisted Man-

agement for Early Rheumatoid Arthritis (CAMERA), and 

BeSt (Dutch acronym for Behandel-Strategieen, “treatment 

strategies”).7–9

Disease activity measures such as the 28-joint disease 

activity score (DAS28), clinical disease activity index 

(CDAI), simple disease activity index (SDAI), markers of 

joint damage such as radiographs, physical function assess-

ment by the Health Assessment Questionnaire Disability 

Index (HAQ-DI) and remission criteria as defined by the 

American College of Rheumatology (ACR) and European 

League Against Rheumatology (EULAR), have provided 

a framework for physicians to evaluate disease activity in 

patients and their response to treatment.10–13 These disease 

activity measures are based, at least in part, on subjective 

measures such as patient and physician global assessments, 

and joint counts. However, these scores have had limited 

value in assessing disease prognosis, and a need remains to 

better identify patients at higher risk of radiographic progres-

sion or with smoldering disease who would benefit most from 

early and aggressive intervention, and early assessment of 

treatment efficacy.

A disease activity score based on serum biomarkers 

provides the benefit of being objective while simultaneously 

capturing the pathological processes at a molecular level. 

In addition, such a biomarker-based disease activity score 

allows frequent patient monitoring in a clinical setting, and 

thus supports rapid treatment adjustment and tighter disease 

control.

Erythrocyte sedimentation rate (ESR) and C-reactive pro-

tein (CRP) have shown correlations with disease activity and 

have proven useful for assessing the clinical response to treat-

ment.14 Although these are widely used to determine disease 

activity in patients with RA, alone or as part of the DAS 

calculation, they present the shortcomings of being systemic 

markers of inflammation, and thus, non-specific for RA, and 

of being affected by many external factors. In addition, ESR 

is not a very sensitive parameter, and CRP, although more 

sensitive, is often found within normal ranges in patients with 

active disease who are treated with DMARDs or biologics.15,16 

Moreover, neither ESR nor CRP can predict the subsequent 

risk of disease progression in these patients.

Numerous individual biomarkers have been shown to be 

associated with disease activity; however, they often lack 

robustness and fall short of representing the complexity of the 

disease.17 In a 2014 review on biomarkers for early diagnosis 

of RA, Chandrashekara speculates that, in a complex disease 

like RA, it is improbable that a single unique biomarker 

will be identified to predict development of the disease.18 In 

line with that perspective, a multi-biomarker disease activ-

ity (MBDA) score, determined from the concentration of 

12 serum biomarkers, was developed by Crescendo Biosci-

ence to measure RA disease activity.19–21

This review article examines peer-reviewed publications 

cited in PubMed that describe the development and validation 

of the MBDA test, and its applications as an objective disease 

assessment tool in patients with RA. These publications can 

be categorized into two groups of studies: those that describe 

the development and validation of the MBDA score and its 

correlation with other disease activity measures; and those 

that address use of the MBDA score in patients with early 

or established RA, treated either as part of a clinical trial or 

standard of care.

MBDA score development and 
validation
The MBDA score, which ranges from 1 to 100, was developed 

to offer clinicians a measurement tool to easily and objectively 

assess disease activity in patients diagnosed with RA that 

would correlate with clinical measures commonly used in 

clinical trials. An additional intent was to capture the complex 

biological systems affected by the disease. This quantitative 

score is calculated using an algorithm that combines the con-

centration of 12 serum biomarkers. The 12 biomarkers and sta-

tistical algorithm were determined by studying .1,700 patients 

(.1,900 samples) from multiple cohorts. The algorithm was 
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trained through a multi-step process using DAS28-CRP as 

the reference (Figure 1).19,20,22 The strength of this approach 

is the large and independent cohorts of patients used and the 

statistical modeling methodologies applied.

The 12 biomarkers (vascular cell adhesion molecule 1 

[VCAM-1], epidermal growth factor [EGF], vascular endothe-

lial growth factor A [VEGF-A], interleukin 6 [IL-6], 

TNF-alpha receptor 1A [TNF-R1], leptin, resistin, matrix 

metalloproteinases [MMP] 1 and 3, human cartilage glyco-

protein 39 [YKL-40], serum amyloid A [SAA], and CRP, 

Table S1) are measured by immunoassays using multiplex 

panels on the Meso Scale Discovery platform. The follow-

ing MBDA categories were validated: low disease activ-

ity, MBDA score ,30; moderate disease activity, MBDA 

score 30–44; and high disease activity, MBDA score .44. 

These cut-offs were determined based on the corresponding 

DAS28-CRP values23 using the relationship specified in the 

MBDA algorithm: MBDA = round (DAS28-CRP*10.53+1), 

and validated independently.19,20 Table 1 illustrates the clini-

cal characteristics of patients based on this MBDA score 

classification in validation studies. Based on the same math-

ematical reasoning, MBDA scores ,26 would be associated 

with disease in remission, although this threshold has yet to 

be formally validated.19,24,25

Correlation of MBDA score with 
other measures of disease activity
The MBDA score was shown to correlate with current clinical 

disease activity measures in several cross-sectional analyses. 

The first statistically significant correlations of the MBDA 

score with DAS28-CRP, SDAI, CDAI, and Routine Assess-

ment of Patient Index Data 3 were reported by Curtis et al, 

who studied a validation cohort of 426 patients; significant 

associations were observed in both seropositive and serone-

gative patients (Table 2).20 These results were corroborated 

by the analyses reported in early RA patients from the BeSt 

cohort.24 In this work, a cross-analysis of 179 patient visits 

showed significant correlations between the MBDA score 

and DAS28-ESR (r=0.66), SDAI (r=0.67), CDAI (r=0.56), 

and HAQ-DI (r=0.50), all with P,0.0001 (Figure 2). A cor-

relation between MBDA score and DAS28-CRP was also 

reported in the early RA patient population from the Com-

puter Assisted Management in Early Rheumatoid Arthritis 

cohort.21 In this study, performance of the MBDA score 

COHORTS
OKC

268

20
Extensive literature and database screening
and molecular profiling identified nearly
400 viable candidate biomarkers

Candidates were assayed to identify
association with DAS28-CRP and other
measures of disease activity

Select biomarkers
(Centola et al19)

Finalize algorithm
(Centola et al,19

Bakker et al21)

Evaluate vectra DA in
independent patients
(Curtis et al20)

25 candidates with the most consistent
and strongest association with DAS28-CRP
were advanced

Algorithms were developed based on the
prioritized biomarkers, resulting in a final
12 biomarker algorithm, which was
validated in an independent cohort
of patients

396 candidate biomarkers

130 candidate biomarkers

25 candidate biomarkers

12 candidate biomarkers

265

162

205 144 77

541 74

Screening
(Curtis et al,20

Centola et al19)

Feasibility

Development

Validation

BRASS InFoRM CAMERA Leiden

Figure 1 Description of the multi-step process used in determination of the MBDA score algorithm.
Note: Numbers in column represent number of patients (in some instances, patients might contribute to more than one visit). 
Abbreviations: BRASS, Brigham and women’s RA Sequential Study; CAMeRA, Computer Assisted Management in early RA; inFoRM, index for RA Measurement-
Crescendo Bioscience Study; Leiden, Leiden early Arthritis Cohort; MBDA, multi-biomarker disease activity; OKC, Oklahoma City Community Cohort; DAS28, 28-joint 
disease activity score; CRP, C-reactive protein; RA, rheumatoid arthritis; DA, disease activity.
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algorithm relative to DAS28-CRP was evaluated by Pearson 

correlation (r=0.72; P,0.001), and area under the receiver 

operating characteristic curve showed discrimination between 

patients with moderate/high disease activity and those with 

remission/low disease activity (0.86, P,0.001). In addition, 

Bakker et al21 showed that MBDA score, unlike CRP, was 

an independent predictor of DAS28-CRP as evaluated by 

multivariate analysis.

Performance of the MBDA score  
in patients with comorbidities
The impact of comorbidities on any clinical disease activity 

assessment tool is important to consider. For example, it is 

known that acute-phase proteins such as CRP or SAA are 

a reflection of systemic inflammation. Likewise, cytokines 

such as IL-6 can be elevated in conditions other than RA. 

To date, limited data have been published on the impact of 

comorbidities on the MBDA score. The impact of hyperten-

sion, osteoporotic fracture, degenerative joint disease, dia-

betes, and asthma were assessed as part of the development 

of the MBDA algorithm.19 Evaluation of the ratios of median 

MBDA scores in RA patients with and without comorbidities 

showed that none of these comorbidities was associated with 

significant and meaningful influences on the score (Table 3). 

However, further studies are needed to confirm this and to 

assess the impact of infections, vaccinations, and other condi-

tions that could potentially affect the score.

Monitoring treatment response 
with the MBDA score
It is important that performance of a disease activity scor-

ing system be evaluated in the context of available and 

forthcoming treatments to demonstrate a change (∆) in 

disease activity over time in treated patients who respond 

to the treatment, and to determine whether interpretation 

of the changes is consistent across treatments. A scoring 

system with objective interpretation guidelines will be 

valuable for clinicians. Because ∆MBDA score reflects 

the underlying biological changes in treated patients rather 

than just changes in the signs and symptoms, it is relevant 

not only to study the score in treated patients, but also to 

assess its relationships with current measures of treatment 

response.

The overall association between MBDA score and clini-

cal response has been reported for cohorts of patients treated 

with different therapeutic modalities, including non-biologic 

and biologic DMARDs, administered to treatment-naïve 

patients as well as inadequate responders. The MBDA score 

has been shown to track disease activity following  treatment 

Table 1 Clinical characteristics of patients based on classification of disease activity by multi-biomarker disease activity score in 
validation studies

n TJC28  
(mean)

SJC28  
(mean)

PG  
(mean)

Median CRP  
level (mg/L)

DAS28-CRP 
(mean)

Seropositive validation
 Low: #29 51 3.9 3.0 29 1.4 2.65
 Moderate: .29 to 44 66 8.3 5.9 42 4.9 3.92
 High: .44 113 12.0 9.1 48 17.0 5.01
Seronegative validation
 Low: #29 54 3.6 5.7 27 0.7 2.81
 Moderate: .29 to 44 46 5.4 7.2 41 3.9 3.73
 High: .44 41 9.8 11.0 52 15.0 4.98

Note: Reprinted from Curtis JR, van der Helm-van Mil AH, Knevel R, et al. validation of a novel multi-biomarker test to assess rheumatoid arthritis disease activity. Arthritis 
Care Res (Hoboken). 2012;64(12):1794–1803, copyright © 2012, with permission from John wiley and Sons.20

Abbreviations: CRP, C-reactive protein; DAS28, 28-joint disease activity score; PG, patient global assessment; SJC28, 28-joint swollen joint count; TJC28, 28-joint tender 
joint count. 

Table 2 Cross-sectional correlations with additional clinical 
disease activity measures for the MBDA score and CRPa

Biomarker 
measure

Clinical 
measure

Pearson’s 
correlation

P-value n

Seropositive validation
 MBDA score SDAi 0.55 ,0.001 148
 MBDA score CDAi 0.48 ,0.001 148
 CRP CDAi 0.44 ,0.001 148
 MBDA score RAPiD3 0.47 ,0.001 92
 CRP RAPiD3 0.37 ,0.001 92
Seronegative performance
 MBDA score SDAi 0.29 ,0.001 139
 MBDA score CDAi 0.21 0.02 139
 CRP CDAi 0.20 0.02 139
 MBDA score RAPiD3 0.26 0.003 127
 CRP RAPiD3 0.26 0.003 127

Note: aCRP was log-transformed prior to analysis because Pearson’s correlation 
assumes normally distributed data. Reprinted from Curtis JR, van der Helm-van Mil 
AH, Knevel R, et al. validation of a novel multi-biomarker test to assess rheumatoid 
arthritis disease activity. Arthritis Care Res (Hoboken). 2012;64(12):1794–1803, 
copyright © 2012, with permission from John wiley and Sons.20

Abbreviations: CDAi, clinical disease activity index; CRP, C-reactive protein; 
MBDA, multi-biomarker disease activity; RAPiD3, Routine Assessment of Patient 
index Data 3; SDAi, simple disease activity index.
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 initiation, to distinguish changes in disease activity for 

patients stratified by EULAR response criteria, and to reflect 

dose effects in patients treated with a novel therapeutic under 

investigation.20,21,24,26,27 Curtis et al20 reported on the ∆MBDA 

score from baseline to the final visit (week 6 or 12) in a 

group of 45 patients with active disease from the Nested-1 

substudy of the Brigham Rheumatoid Arthritis Sequential 

Study (BRASS),28 a prospective observational study of 

MTX and anti-TNF treatment designed to identify treatment 

response. In this work, Curtis et al showed that the ∆MBDA 

score was significantly associated with ∆DAS28-CRP (Spear-

man’s r=0.51, P,0.001) and ACR-N (index of improvement 

of rheumatoid arthritis) scores at week 6 or 12 (r=0.45, 

P=0.002).20 Furthermore, they showed that ∆MBDA score 

could discriminate clinical responders from non-responders. 

Similarly, in Hirata et al,24 a significant correlation between 

∆MBDA score from baseline to 1 year and ∆DAS28-ESR 

was reported for a cohort of 54 patients receiving either MTX 

or MTX plus infliximab (r=0.55, P,0.0001). A significant 

correlation was also reported with ∆SDAI (r=0.35, P=0.0158) 

but not with ∆CDAI (r=0.18, P.0.05). In addition, the 

authors showed that MBDA scores were associated with 

ACR/EULAR Boolean remission (28-joint tender joint count 

(TJC28) ,1, 28-joint swollen joint count (SJC28) ,1, VAS-

GH (visual analog scale-global health) ,1, CRP ,1 mg/dL; 

P,0.0001) and that remission by MBDA score (,26) was 

also associated with remission by DAS28-ESR, SDAI, and 

CDAI.24

The ability of the MBDA score to detect changes in 

response to treatment was also reported in Bakker et al.21 

In this controlled study, patients with early RA were ini-

tially treated with MTX while randomly assigned to either 

an intensive or a conventional treatment strategy. Analysis 

of a group of 46 patients with MBDA score at baseline 

and 6 months showed that the mean ± standard deviation 

MBDA score dropped significantly from 53±18 to 39±16 

(P,0.0001). In addition, separate analyses of the intensive 

and conventional treatment groups showed that there was a 

significant decrease in MBDA score in the intensive strategy 

group (P,0.0001; Figure 3).

More recently, changes in MBDA score in 147 MTX 

inadequate response patients treated with TNF inhibitors 

for a period of 1 year in clinical practice were reported.27 

A significant association was observed between ∆MBDA 

score and EULAR response, with a greater median decrease 

in MBDA score reported in EULAR good responders than in 
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Figure 2 Relationship between the MBDA score and clinical disease activity indices. Correlation and linear regression of MBDA score with DAS28-eSR (A), SDAi (B), and 
CDAi (C). 
Note: Hirata S, Dirven L, Shen Y, et al. A multi-biomarker score measures rheumatoid arthritis disease activity in the BeSt study. Rheumatology. 2013(7);52:1202–1207, by 
permission of Oxford University Press.24

Abbreviations: CDAi, clinical disease activity index; DAS28, 28-joint disease activity score; eSR, erythrocyte sedimentation rate; MBDA, multi-biomarker disease activity; SDAi, 
simple disease activity index. 

Table 3 Ratios of median disease activity measuresa between RA 
patients with and without common comorbidities

Comorbidity n (%) CRP CDAI DAS28- 
CRP

MBDA  
score

Hypertension 223 (44) 0.98 1.32b 1.14b 1.05
Osteoarthritisc 172 (34) 0.88 1.17 1.13 1.05
Osteoporotic bone 
fractures

131 (26) 0.91 1.05 1.02 1.05

Degenerative joint 
diseasec

113 (22) 1.20 1.18 1.11b 1.07

Diabetes 73 (14) 1.01 1.09 1.04 1.07b

Asthma 50 (10) 1.28 1.11 1.05 1.05

Notes: avalues close to 1.0 indicate that the measurement or test is not affected by 
the comorbidity; bnominal P,0.05 adjusted for age and sex; when adjusted for multiple 
comparisons, none was statistically significant; costeoarthritis and degenerative joint 
disease were listed as separate conditions on the case report forms. Reprinted 
from Centola M, Cavet G, Shen Y, et al. Development of a multi-biomarker disease 
activity test for rheumatoid arthritis. PLoS One. 2013;8(4):e60635.19

Abbreviations: CDAi, clinical disease activity index; CRP, C-reactive protein; 
DAS28, 28-joint disease activity score; MBDA, multi-biomarker disease activity; RA, 
rheumatoid arthritis.
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EULAR non-responders (Figure 4). A significant decrease in 

MBDA score and a correlation between ∆MBDA score and 

∆DAS28-ESR (r=0.48) and DAS28-CRP (r=0.46) were also 

reported. In addition, the authors studied the relationships 

between ∆MBDA score and ∆DAS28-ESR or ∆DAS28-

CRP in response to adalimumab, etanercept or infliximab, 

which were used in the study, and showed that there were 

no significant differences in the linear relationships between 

these changes. These findings support the conclusion that 

the biomarker-based score behaved in a similar manner in 

patients treated with any of these three TNF inhibitors.

Predicting radiographic damage 
with the MBDA score
One of the primary goals of RA treatment has been to prevent 

or limit joint damage and functional disability. Availability 

of measurements that would easily identify patients at most 

risk of radiographic progression and those with lesser risks 

would allow for a more personalized therapeutic approach, 

including rapid treatment adjustments, and would contrib-

ute to improving patient outcomes. Several publications 

on the MBDA score have indicated that remission or low 

disease activity as categorized by the MBDA score was 

associated with limited radiographic progression in patients 

with early RA or established RA treated with DMARDs and, 

conversely, that higher MBDA scores were associated with 

an increased risk of radiographic progression.25,29,30 van der 

Helm-van Mil et al evaluated the radiographic progression of 

163 patients (271 visits) in the Leiden Early Arthritis cohort 

and assessed whether the MBDA score was predictive for 

risk of radiographic progression. The authors reported that 

among patients in DAS28-CRP remission (,2.32), having 

a high (.44) MBDA score was a significant indicator of 

elevated risk of radiographic progression over the follow-

ing 12 months, and the patients were 2.28 (95% confidence 

interval 1.13, 3.68) times as likely to experience joint dam-

age progression. This finding demonstrates the potential 

clinical utility of a biomarker-based score for detecting 

patients with subclinical disease activity versus those who 

are in clinical remission and do not experience radiographic 

progression.25

In a study conducted by Markusse et al, 180 serum 

samples were analyzed from patients enrolled in the BeSt 

study. The authors reported that in patients initiating treat-

ment at baseline, the MBDA score predicted radiographic 

damage progression from baseline to year 1 and from year 

1 to year 2.29 Similar findings were published by Ham-

bardzumyan et al, who demonstrated that among patients 

(n=235) from the Swedish Farmacotherapy (SWEFOT) trial, 

a randomized study of treatment strategies in MTX-naïve 
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MF, Cavet G, Jacobs Jw, et al. Performance of a multi-biomarker score measuring 
rheumatoid arthritis disease activity in the CAMeRA tight control study. Ann Rheum 
Dis. 2012;71(10):1692–1697, copyright © 2012, with permission from BMJ Publishing 
Group Ltd.21

Abbreviations: MBDA, multi-biomarker disease activity; MTX, methotrexate. 
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treatment response at 52 weeks as defined by EULAR criteria. Statistical significance 
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range (iQR); and whiskers indicate the most extreme points within 1.5 times the 
iQR from the limits of the box. Hirata S, Li w, Defranoux N, et al. A multi-biomarker 
disease activity score tracks clinical response consistently in patients with rheumatoid 
arthritis treated with different anti-tumor necrosis factor therapies: A retrospective 
observational study. Mod Rheumatol. 2015;25(3):344–349, copyright © 2014, informa 
Healthcare.27 Reproduced with permission of informa Healthcare.
Abbreviations: BL, baseline; eULAR, european League Against Rheumatism; iQR, 
interquartile range; MBDA, multi-biomarker disease activity; TNF, tumor necrosis 
factor. 
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patients with early RA, the baseline MBDA score was an 

independent predictor of the risk of rapid radiographic 

progression (change in Sharp-van der Heijde score .5) 

at 1 year, with rapid progression observed in none of the 

patients with low (,30) MBDA scores, 3% of those with 

moderate (30–44) MBDA scores, and 21% of patients with 

high (.44) MBDA scores.30 The authors also reported that 

the baseline MBDA score was more effective than baseline 

CRP or DAS28-ESR at differentiating between rapid pro-

gressors and non-progressors (Figure 5).

Reported impact on clinical 
decision-making
In addition to reports showing the benefit of the MBDA 

score as a tool to assess disease activity, a small number of 

studies have evaluated the impact of the MBDA score on 

the physician decision-making process.31,32 In particular, Li 

et al reported that incorporating the MBDA score as part of 

patient assessment can result in changed treatment plans and 

treatment decisions by office-based rheumatologists.32

Discussion
Since the MBDA score is entirely based on concentration of 

serum markers, one can expect a certain level of discordance 

at times between this score and clinical disease activity 

 measures. Observed clinical manifestations could be the 

result of processes other than RA, such as in patients with 

fibromyalgia or other comorbidities. Preliminary results, 

published in a review by Segurado and Sasso, indicated that 

the MBDA score might not be influenced by fibromyalgia 

and thus may provide a more accurate evaluation of RA 

disease activity than other composite clinical measures in 

patients with RA and fibromyalgia.33 Use of the MBDA score 

would thus allow for better management of these patients. 

In contrast, other conditions that affect the level of inflam-

matory mediators might also impact the disease activity 

score; and it would be valuable to see some work exploring 

the potential impact of cancer, infection, or vaccination on 

this multi-biomarker-based score. Likewise, it is known that 

some blood tests, such as ESR, can be influenced by age, sex, 

or conditions such as anemia, which raises the question of 
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Figure 5 Probability plots of radiographic progression at year 1 for high, moderate, and low disease activity patient (n=235) grouped according to baseline MBDA (A), CRP 
(B), DAS28 (C), and eSR (D).
Notes: each black circle represents a patient with low disease activity, the red triangle indicates moderate disease activity, and the blue square indicates high disease activity. 
Horizontal dashed line represents ∆SHS =5 from baseline to 1 year, above which the change is considered as rapid radiographic progression (∆SHS .5). Reproduced from 
Hambardzumyan K, Bolce R, Saevarsdottir S, et al. Pretreatment multi-biomarker disease activity score and radiographic progression in early RA: results from the SweFOT 
trial. Ann Rheum Dis. 2015;74(6):1102–1109, copyright © 2014, with permission from BMJ Publishing Group Ltd.30

Abbreviations: CRP, C-reactive protein; DA, disease activity; DAS28, 28-joint disease activity score; eSR, erythrocyte sedimentation rate; MBDA, multi-biomarker disease 
activity; SHS, Sharp-van der Heijde score.
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whether factors other than comorbidities potentially influ-

ence the MBDA score. Although Curtis et al showed that the 

association between the MBDA score and the DAS28-CRP 

in subgroups of seronegative or seropositive patients defined 

by sex, age (,65 versus $65 years), body mass index (#25 

versus .25 kg/m2), or RA therapy, were for the most part 

statistically significant (P,0.05),20 no study to date has been 

published that reports the influence of sex, age, obesity, or 

presence of extra-articular manifestations on the MBDA 

score. Such studies would be useful to provide further context 

for interpretation of the MBDA score. In view of these con-

siderations, the MBDA score and clinically-based measures 

provide complementary information for assessing disease 

activity in patients with RA.

It is also important for a disease activity measure to be 

consistent in patients regardless of their duration of disease 

and/or the nature of their treatments. A score based on 

biomarkers might be particularly influenced by biologic 

treatment. Calculation of the MBDA score is based on the 

serum concentration of multiple biomarkers representing 

different pathways involved in the pathophysiology of RA, 

a factor that could confer more robustness to the score. It 

is, however, important to assess the performance of such a 

disease activity measure under new treatment conditions. 

Literature on the MBDA score has shown that it tracked 

changes in disease activity after response to MTX and can 

therefore be used to assess changes in disease activity. In 

patients with incomplete response to oral DMARDs, the 

MBDA score was shown to be consistent in measuring 

response to different TNF inhibitors. In another study, the 

MBDA score was found to decrease significantly more 

(P=0.008) and in a dose-dependent manner (P,0.001) 

in subjects treated with the investigational drug mavrili-

mumab than in the placebo group.26 Understanding the 

change in individual biomarkers as well as in the overall 

score under different conditions would need further 

confirmation.

A new application for the biomarker-based disease 

activity measure is in the arena of clinical trial design, 

where this measure could potentially add value as an inclu-

sion criterion for patient eligibility. The recent medical 

literature suggests that, contrary to conventional thought, 

among RA patients who are DMARD-experienced, acute-

phase reactants such as CRP frequently do not correlate 

with disease activity measures, including joint counts and 

global assessments.16 Based on this finding, Kay et al specu-

lated that using elevated CRP as an inclusion criterion for 

clinical trials of experimental RA treatments may exclude 

some patients with active disease.16 Using a high MBDA 

score as a complementary inclusion criterion might help 

to identify those patients who would have been otherwise 

excluded. This approach may lend new insights into RA 

clinical trial design.

In a 2013 review, Murray and Lopez addressed the 

challenge of measuring the burden of global disease and 

the importance of disease-specific metrics.34 Such measures 

have become standard in medical fields from cardiology 

and diabetes to management of human immunodeficiency 

virus. In addition to other benefits, objective measures of 

disease have helped control undertreatment and overtreat-

ment of patients. Rheumatology is lagging in that regard, 

with limited objective metrics available to practitioners 

to assess disease activity and treatment response. The 

development and validation of the MBDA score is a step 

forward for the field of rheumatology in that it represents 

an objective tool that can help physicians perform regular 

objective disease assessments in the clinical setting aimed 

at the treat-to-target strategy and ultimately resulting in 

improved patient outcomes.
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Table S1 Twelve biomarkers reflect the heterogeneity of RA

Biomarker Biomarker category Primary role

vCAM-1 Adhesion molecules Cellular influx and tissue 
expansion

eGF, veGF-A Growth factors Cellular influx and tissue 
expansion

iL-6, TNF-R1 Cytokine-related  
proteins

Local inflammation  
and destruction

MMP-1, MMP-3 Matrix  
metalloproteinases

Cartilage degradation  
and joint damage

YKL-40 Skeletal-related  
proteins

Stromal activity and 
regulation (fibroblasts,  
chondrocytes,  
vascular cells)

Leptin, resistin Hormones Systemic inflammatory 
response

SAA, CRP Acute-phase proteins Systemic inflammatory 
response

Abbreviations: CRP, C-reactive protein; eGF, epidermal growth factor; iL-6, 
interleukin 6; MMP, matrix metalloproteinase; SAA, serum amyloid A; TNF-
R1, tumor necrosis factor alpha receptor 1A; vCAM-1, vascular cell adhesion 
molecule 1; veGF-A, vascular endothelial growth factor A; YKL-40, human cartilage 
glycoprotein 39; RA, rheumatoid arthritis.
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