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Abstract

Objectives: The multibiomarker disease activity (MBDA) score is an objective tool for monitoring disease activity in RA. Here we report a
systematic review and meta-analysis of the clinical value of the MBDA score in RA.

Methods: \We performed a systematic literature search in five medical databases—MEDLINE (via PubMed), Cochrane Library (CENTRAL),
Embase, Scopus and Web of Science—from inception to 13 October 2021. Original articles reporting on the performance of the MBDA score's
correlation with conventional disease activity measures or the predictive and discriminative values of the MBDA score for radiographic
progression, therapy response, remission and relapse were included.

Results: Our systematic search provided a total of 1190 records. After selection and citation searches, we identified 32 eligible studies. We
recorded moderate correlations between MBDA score and conventional disease activity measures at baseline [correlation (COR) 0.45 (Cl 0.28,
0.59), P=71.0% for the 28-joint DAS with CRP (DAS28-CRP) and COR 0.55 (CI 0.19, 0.78), #=0.0% for DAS28 with ESR] and at follow-up
[COR 0.44 (Cl 0.28, 0.57, #=70.0% for DAS28-CRP) and found that the odds of radiographic progression were significantly higher for patients
with a high baseline MBDA score (>44) than for patients with a low baseline MBDA score (<30) [OR 1.03 (Cl 1.02-1.05), 1>=10.0%].

Conclusion: The MBDA score might be used as an objective disease activity marker. In addition, it is also a reliable prognostic marker of
radiographic progression.
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Rheumatology key messages

* The multibiomarker disease activity (MBDA) score is an objective tool for the monitoring of rheumatoid arthritis.
* The MBDA score showed moderate correlations with conventional disease activity measures.

* The MBDA score may be an independent predictor of radiological progression.
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Introduction

RA is a systemic autoimmune disease affecting ~0.5-1% of
the population [1]. According to the EULAR recommenda-
tions, the aim of the therapy in RA is to achieve remission, or
at least low disease activity [2]. Early treatment with
DMARD:s and a treat-to-target treatment strategy are recom-
mended by current guidelines and are considered to be the op-
timal way to prevent long-term functional decline by
minimizing cartilage and bone damage [3-5].

Given that the treat-to-target therapeutic approach requires
close monitoring of disease activity, the need for reliable, ob-
jective disease activity measures (DAMs) is undeniable. The
currently available, widely used options for monitoring dis-
ease activity and progression are either subjective or non-
specific: the 28-joint DAS (DAS28), Simplified Disease
Activity Index (SDAI), and Clinical Disease Activity Index
(CDAI) all include subjective assessments of disease activity
by the patient and/or the provider [6-8]. Although non-
specific inflammatory markers such as CRP and ESR are used
to calculate the DAS28 and SDAL the incorporation of a scor-
ing system based on the combination of inflammatory
markers and additional biomarkers could further objectify the
measurement of disease activity. Structural damage, a major
factor defining the course of the disease, can be assessed by ra-
diography and quantified with the Sharp-van der Heijde
(SvdH) scoring system [9]. There are several known risk fac-
tors for radiographic progression, including high disease ac-
tivity monitored by non-specific inflammatory markers such
as CRP, RF and ACPA seropositivity [10]. However, RF and
ACPA are not suitable for monitoring disease activity [11].

The multibiomarker disease activity (MBDA) score system
is an algorithm based on the serum level of 12 biomarkers
[IL-6, TNF receptor type 1 (TNFR1), vascular cell adhesion
molecule 1 (VCAM-1), epidermal growth factor (EGF), vas-
cular EGF A (VEGF-A), YKL-40, matrix metalloproteinase-1
(MMP-1), MMP-3, CRP, serum amyloid A (SAA), leptin and
resistin], resulting in a scale from 0 to 100 [12]. The MBDA
score presents an objective disease monitoring system and
thus may contribute to personalized therapeutic plans con-
forming to modern medical views. In addition to monitoring
disease activity, the MBDA score may also predict radio-
graphic progression [13-16].

Several studies have evaluated the utility of the MBDA
score and a meta-analysis has been conducted on the correla-
tion of the MBDA score with conventional DAMs; however,
the predictive and discriminative values of the MBDA score
has yet to be analysed in a comprehensive manner [17]. Here
we report a systematic review and meta-analysis of the clinical
value and utility of the MBDA score for monitoring RA by
determining the correlation of the MBDA score with conven-
tional DAMs and the predictive and the discriminative values
of the MBDA score for radiographic progression, therapy re-
sponse, remission and relapse.

Materials and methods

Our systematic review and meta-analysis are reported accord-
ing to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) 2020 Statement [18]. The rec-
ommendations of the Cochrane Prognosis Methods Group
[19] were followed and the review protocol was registered on
PROSPERO.

We performed a systematic literature search of five medical
databases—MEDLINE (via PubMed), Cochrane Library
(CENTRAL), Embase, Scopus and Web of Science—from in-
ception to 13 October 2021. Original articles reporting on the
performance of the unadjusted MBDA score’s correlation
with conventional DAMs or the predictive and discriminative
values of the MBDA score for radiographic progression,
therapy response, remission and relapse were included in the
systematic review and meta-analysis. Single case reports were
excluded.

RA was defined by the ACR 1987 [20] and ACR/EULAR
2010 [21] classification criteria. Radiographic progression
was measured by the change in the SvdH score per time unit,
therapy response was defined by the EULAR criteria for ther-
apy response and remission and relapse were defined by the
different cut-off values of conventional DAMs.

Study selection and data extraction were carried out by two
independent reviewers and disagreements were resolved by a
third reviewer. The quality assessment of the outcomes was
carried out separately by two reviewers using the Quality
In Prognosis Studies (QUIPS) tool for assessing the risk of
bias [22].

Further details regarding the search and selection strategy,
data extraction, data synthesis and analysis are detailed in the
supplementary methods available at Rheumatology online.

Results
Search and selection and characteristics of the
included studies

Our systematic search provided 1190 records; after duplicate
removal we screened 708 duplicate-free records. Thirty eligi-
ble studies [13-16, 23—-48] were identified after title, abstract
and full-text selection and two additional studies [49, 50] dur-
ing citation search. Of these studies, we included 24 in the
quantitative analysis [13-15, 23-25, 27-29, 31, 32, 34-38,
40, 41, 43, 44, 46,47, 49, 50] and 8 in the qualitative analy-
sis [16, 26, 30, 33, 39, 42, 45, 48]. The summary of the selec-
tion process is shown in Fig. 1. We conducted a meta-analysis
assessing the correlation of MBDA scores with conventional
DAMs and the predictive value of the MBDA score for radio-
graphic progression. Studies that could not be included in the
meta-analysis and reports of other outcomes are detailed in
the systematic review.

The characteristics of the identified studies for the system-
atic review and meta-analysis and the patient characteristics
of included studies are detailed in Table 1 and Supplementary
Table S1, available at Rheumatology online.

MBDA score for the assessment of disease activity

Studies assessing the utility of the MBDA score for disease
activity monitoring calculated the correlation of MBDA
scores with conventional DAMs. Studies using Pearson’s
correlations could not be included in the meta-analysis due to
a lack of statistical power, but are displayed in forest plots
for visualization (see Supplementary Figs S1-S3, available at
Rheumatology online). The results of studies using
Spearman’s correlation are detailed below.

Six study groups in five publications [27, 29, 36, 46, 47]
with a total of 667 subjects showed a moderate correlation
between baseline MBDA score and baseline DAS28-CRP
[correlation (COR) 0.45 (CI 0.28, 0.59), I*=71.0%] (see
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Figure 1. PRISMA flow diagram of the screening and selection process according to PRISMA 2020 guidelines [18]

Fig. 2A). Excluding conference abstracts from the analysis,
similar results were observed; four publications [27, 36, 46,
47] with a total of 324 subjects demonstrated a moderate cor-
relation between baseline MBDA score and baseline DAS28-
CRP [COR 0.46 (CI0.10, 0.72), I* = 81.0%].

Assessing the correlations of baseline MBDA scores with
baseline DAS28-ESR, a moderate correlation was found
based on the results of two publications with a total of 127
subjects [COR 0.55 (CI 0.19, 0.78), I> = 0.0%] (see Fig. 2A).

Further metrics associated with disease activity [CRP, ESR,
28-joint swollen joint count,28-joint tender joint count, pa-
tient global assessment (PtGA), CDAI, power Doppler ultra-
sound (PDUS)] showed low and moderate correlations and
are detailed in Supplementary Fig. S4, available at
Rbheumatology online.

Six study groups from four publications [29, 36, 46, 47]
with a total of 287 subjects revealed a moderate correlation
between follow-up MBDA score and follow-up DAS28-CRP
[COR 0.44 (CI 0.28, 0.57), I*=70.0%] (see Fig. 2B). After
the exclusion of conference abstracts from the analysis, three
articles [36, 46, 47] with a total of 137 subjects showed a
moderate correlation between baseline MBDA score and
baseline DAS28-CRP [COR 0.38 (CI -0.02, 0.68),
’=18.0%].

The only study investigating the correlations of follow-up
MBDA scores with follow-up DAS28-ESR found a moderate
correlation [COR 0.49 (CI 0.22, 0.69)] between MBDA score
and DAS28-ESR (Fig. 2B) [47].

Other parameters associated with disease activity (ESR,
SJC28, TJC28, PtGA, PDUS) showed low—moderate correla-
tions and are detailed in Supplementary Fig. S5, available at
Rbeumatology online.

Ten study groups from six articles [14, 28, 29, 36, 47, 50]
with a total of 698 subjects demonstrated a moderate correla-
tion between the change in MBDA score and the change in
DAS28-CRP [COR 0.40 (CI 0.32, 0.48), I*=19.0%]. Seven
study groups from six articles [25, 35, 38, 47, 49, 50] with a

total of 543 subjects exhibited a moderate correlation be-
tween the change in MBDA score and the change in DAS28-
ESR [COR 0.56 (CI 0.51, 0.60), I>=71.0%] (see Fig. 2C).
Excluding conference abstracts from the analysis, similar
results were recorded. The change in MBDA score moderately
correlates with the change in DAS28-CRP [COR 0.43 (CI
0.25, 0.59), I*=47.0%] based on the results of six study
groups of four publications [14, 36, 47, 50| with a total of
418 subjects, and with DAS28-ESR [COR 0.52 (CI 0.43,
0.60), I*=0.0%] based on the results of four publications
[35,47,49, 50] with a total of 298 subjects.

Further parameters linked to disease activity (CRP, CDAI,
SDAI, HAQ) showed low-moderate correlations and are
shown in Supplementary Fig. S6, available at Rheumatology
online.

The results of the subgroup analysis based on the length of
the follow-up showed similar results and are displayed in
Supplementary Figs S7 and S8, available at Rheumatology
online.

MBDA score for the assessment of radiographic
progression

Three study groups of three articles with a total of 22 subjects
showed a low correlation between baseline MBDA score
and baseline SvdH score [COR 0.13 (CI —0.25-0.47),
I =79.0%] and five study groups of four articles with a total
of 307 subjects demonstrated a low correlation between the
change in MBDA score and the change in SvdH score [COR
0.08 (CI —0.06-0.21), I* =79.0%] as well (see Fig. 3).

When evaluating the predictive value of the MBDA score
for radiographic progression, three studies [13-15] with a to-
tal of 481 subjects showed that the odds of radiographic pro-
gression are significantly higher for patients with a high
baseline MBDA score (>44) than for patients with a low
baseline MBDA score (<30) [OR 1.03 (CI 1.02, 1.035),
I>=10.0%] (see Fig. 4). In contrast, the odds of progression

$20z Jaquieoa( /0 uo 1sanb Aq //£+969/8102/9/29/31911e/ABojojewnay/woo dno olwapeoe//:sdiy Woll papeojumoc]


https://academic.oup.com/rheumatology/article-lookup/doi/10.1093/rheumatology/keac715#supplementary-data
https://academic.oup.com/rheumatology/article-lookup/doi/10.1093/rheumatology/keac715#supplementary-data
https://academic.oup.com/rheumatology/article-lookup/doi/10.1093/rheumatology/keac715#supplementary-data
https://academic.oup.com/rheumatology/article-lookup/doi/10.1093/rheumatology/keac715#supplementary-data

Table 1. Characteristics of included studies

First author, year Type of Original ~ Original study Clinical trial Study duration Time points Country Treatment Outcome
of publication publication study name registration of study
type number of RCT
Studies included in the meta-analysis
Baker, 2021 [23] Journal POS Pennsylvania and - N/A Baseline® USA MTX, bDMARD, GC  Spearman’s correlation with
article Philadelphia (Pennsylvania) conventional DAMs
VA Medical
Centre
Bakker, 2012 Journal RCT CAMERA N/A 2 years Baseline?, Netherlands MTX, CsA, intra-articu- Pearson’s correlation with con-
[13] article month lar GC, NSAID ventional DAMs® predicting
1,3,6°, radiographic progression and
year 2° remission®
Bechman, 2018  Journal POS REMIRA - 1year Months 3,6, UK c¢sDMARD, bDMARD, Spearman’s correlation with
[24] article 9 and 127 GC conventional DAMs, relapse®
Bijlsma, 2013 Conference ~ RCT CAMERA-II https://isrctn.com 1year Baseline?, Netherlands Group A: MTX +PBO;  Spearman’s correlation with
[25] abstract (ISRCTN 70365169) months group B: MTX 4+ GC conventional DAMs
1-122
Bouman, 2017  Journal RCT DRESS https://trialregister.nl 18 months Baseline?, Netherlands MTX, csDMARD, Spearman’s correlation with
[27] article (NTR3216) months 3, ADA, ETN, NSAID, conventional DAMs, predict-
6,9,12,15 GC ing radiographic progression®
and 18 and relapse®
Brahe, 2016 [28] Conference ~ RCT OPERA https://clinicaltrials.gov ~ 1year Baseline?, Denmark Group A: MTX +PBO;  Spearman’s correlation with
abstract (NCT00660647) months 3%, group B: conventional DAMs
6 and 12° MTX+ADA
Brahe, 2019 [14] Journal RCT OPERA https://clinicaltrials.gov 1 year Baseline?, Denmark Group A: MTX +PBO;  Spearman’s correlation with
article (NCT00660647) months 1, group B: conventional DAMs, predict-
2,3%6%9 MTX + ADA ing radiographic progression
and 12 and remission®
Genovese, 2017 Conference ~ RCT DARWIN 1, https://clinicaltrials.gov 24 weeks Baseline?, USA Group A: MTX +PBO;  Spearman’s correlation with
[29] abstract DARWIN 2 (NCT01888874; week 12° group B: MTX + conventional DAMs
NCT01894516) 100 mg filogitinib;
group C:
MTX +200mg
filogitinib
Hambardzumyan, Conference ~ RCT SWEFOT https://clinicaltrials.gov  1year Baseline?, Sweden MTX, other DMARD,  Spearman’s correlation with
2013 [31] abstract (NCT00764725) year 1° IFX conventional DAMs
Hambardzumyan, Conference  RCT SWEFOT https://clinicaltrials.gov ~ 1year Month 3, Sweden MTX, HCQ, SSZ,IFX  Predicting radiographic
2015 [15] abstract (NCT00764725) year 1b progression
Hirata, 2013 Journal RCT BEST N/A 1year Baseline?, Netherlands, DMARD, IFX Spearman’s correlation with
[49] article year 17 Japan conventional DAMs,
remission®
Hirata, 2015 Journal ROS UOEH - 1year Baseline?, Japan ADA, ETN, IFX, MTX  Spearman’s correlation with
[50] article weeks 24 conventional DAMs, therapy
and 527 response*
Hirata, 2016 Journal ROS UOEH - 7 years Baseline?, Japan MTX, ADA, ETN, IFX Spearman’s correlation with
[34] article week 527 conventional DAMs, predict-

ing radiographic
progression®

(continued)
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Table 1. (continued)

First author, year Type of Original ~ Original study Clinical trial Study duration Time points Country Treatment Outcome
of publication publication study name registration of study
type number of RCT
Jurgens, 2020 Journal RCT CAMERA-II https://www.isrctn.com  1year Baseline?, Netherlands MTX, GC, CsA, ADA, Spearman’s correlation with
[35] article (ISRCTN 70365169) months 1, conventional DAMs
2,3% 4-12
Krabbe, 2017 Journal POS HURRAH - 52 weeks Baseline?, Denmark MTX, ADA Spearman’s correlation with
[36] article weeks 26 conventional DAMs, predict-
and 52* ing radiographic
progression®
Lee, 2016 [37] Journal POS BRASS - 2 years Baseline® USA (Massachusetts) c¢sDMARD, bDMARD
article
Spearman’s cor-
relation with
conventional
DAMs
Li, 2013 [38] Conference  POS EIRA - 3 months Baseline?, Sweden Spearman’s correlation with
abstract month 3% conventional DAMs, therapy
response*
Ma, 2014 [41] Conference ~ POS REMIRA - 1year Baseline?, UK Spearman’s correlation with
abstract year 17 conventional DAMs
Maijer, 2013 Conference ~ POS Academic - 2 years Baseline® Netherlands Spearman’s correlation with
[43] abstract Medical conventional DAMs
Centre
Amsterdam
Reiss, 2016 [46]  Journal RCT ACT-RAY N/A 24 weeks Baseline?, USA (California) TCZ, MTX, GC Spearman’s correlation with
article weeks 4, 12 conventional DAMs
and 247
Roodenrijs, 2018 Journal POS LUMC, UMC, - 1year Baseline?, Netherlands, UK RTX, GC Spearman’s correlation with
[47] article HORUS month 6% conventional DAMs, therapy
response*
Studies included only in the systematic review
Boeters, 2019 Journal POS LUMC - N/A Annually Netherlands csDMARDS, Relapse
[26] article bDMARDS
Hambardzumya- Journal RCT SWEFOT https://clinicaltrials.gov 3 months months 0,3  Sweden MTX, HCQ, SSZ,IFX  Therapy response
n, 2019 [30] article (NCT00764725)
He, 2020 [32] Conference ~ Database N/A - N/A Baseline® USA DMARD Pearson’s correlation with con-
abstract analysis ventional DAMs
Hirata, 2012 Conference ~ RCT BEST N/A 1year Baseline, year Netherlands remission
[33] abstract 1

(continued)
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Table 1. (continued)

First author, year Type of Original ~ Original study Clinical trial Study duration Time points Country Treatment Outcome
of publication publication study name registration of study
type number of RCT
Li, 2016 (48) Journal POS LUMC - N/A Annually Netherlands csDMARD, TNFi predicting radiographic
article progression
Luedders, 2020  Journal POS N/A - 16 weeks Baseline?, USA (Nebraska) MTX, FA, GC, NSAID Pearson’s correlation with con-
[40] article weeks 8 ventional DAMs, remission
and 16*
Ma, 2020 [42] Journal POS REMIRA - 1year Baseline, UK, Singapore c¢sDMARDs, TNFi, GC Remission
article months 3
and 6
Markusse, 2014 Journal RCT BEST N/A 1 year Baseline, year Netherlands csDMARD, IFX, GC predicting and discriminating
[16] article 1 radiographic progression
Ghiti Journal RCT POET https:/trialregister.nl 1year Baseline, Netherlands c¢sDMARD Relapse
Moghadam, article (NTR3112) months 3,
2018 [48] 6,9 and 12
Razmjou, 2020  Journal POS N/A - 12 weeks Baseline?, USA (California) c¢sDMARD, tofacitinib ~ Pearson’s correlation with con-
[44] article weeks 2, 6 ventional DAMs
and 12°
Rech, 2016 [45]  Journal RCT RETRO https://www.clinical 1year Baseline, Germany c¢sDMARDS, Relapse
article trialsregister.eu months 3, bDMARDS
(2009-015740-42) 6,9 and 12

# Time point used for calculating correlation.
Time point used for calculating radiological progression.

¢ Not included in the meta-analysis.
ADA: adalimumab; CsA: ciclosporin A; bDMARD: biological DMARD; csDMARD: conventional synthetic DMARD; ETN: etanercept; FA: folic acid; GC: glucocorticoid; IFX: infliximab; N/A: no data available;
PBO: placebo; POS: prospective observational study; RCT: randomized clinical trial; ROS: retrospective observational study; RTX: rituximab; TCZ: tocilizumab; TNFi: TNF-« inhibitor.
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Study Total

Bouman, 2017 171
Genovese, 2017 (study 1.) 193
Genovese, 2017 (study 1l.) 150

Reiss, 2015 78
Roodenrijs, 2018 25
Krabbe , 2016 50
Roodenrijs, 2018 46

Maijer, 2013 81

Heterogeneity: I = 66% [27%; 84%], p < 0.01
Test for subgroup differences: ;(f =262,df=1(p=0.11)

Study

Reiss, 2015

Genovese, 2017 (study II., group B)
Roodenrijs, 2018

Genovese, 2017 (study I, group A)
Krabbe, 2017

Genovese, 2017 (study Il., group C)

Roodenrijs, 2018

Total

42

Heterogeneity: I = 16% [0%; 60%], p = 0.31
Test for subgroup differences: ;(f =0.15,df =1

Study

Krabbe, 2017

Brahe, 2016 (group A)

Brahe, 2019 (group A)

Genovese, 2017 (study Il, group C)
Genovese, 2017 (study II, group A)
Brahe, 2019 (group B)

Brahe, 2016 (group B)

Hirata, 2015

Roodenrijs, 2018

Krabbe, 2017

Hirata, 2015

Hirata, 2013

Jurgens, 2020

Bijlsma, 2013 (group A)
Bijlsma, 2013 (group B)
Li, 2013

Roodenrijs, 2018

Total

Heterogeneity: 12=37% [0%; 65%], p = 0.06
Test for subgroup differences: xf =14.83,df =1 (p <0.01)

Correlation

Correlation

I
-1

-0.5 0 0.5

(p=0.70)

Correlation

[
-1

-0.5

COR

0.20
0.43
0.48
0.50
0.51
0.65

0.52
0.57

COR

0.26
0.33
0.45
0.49
0.52
0.60

0.49

COR

0.20
0.30
0.33
0.36
0.39
0.39
0.43
0.46
0.48
0.71

0.48
0.55
0.56
0.57
0.57
0.60
0.60

95%-Cl

[0.05; 0.34]
[0.31; 0.54]
[0.35; 0.59]
[0.31; 0.65]
[0.14; 0.75]
[0.45; 0.79]

[0.27; 0.70]
[0.40; 0.70]

95%-Cl

[0.04; 0.46]
[0.06; 0.56]
[0.06; 0.72]
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Figure 2. Forest plot for the correlation of MBDA score with DAS28-CRP/ESR. (A) Forest plot for the correlation of baseline MBDA score with baseline
DAS28-CRP/ESR. (B) Forest plot for the correlation of follow-up MBDA score with follow-up DAS28-CRP/ESR. (C) Forest plot for the change in baseline
MBDA score with the change in DAS28-CRP/ESR
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Figure 3. Forest plots for the correlations of MBDA score with SvdH score. (A) Forest plot for the correlation of baseline MBDA score with baseline SvdH
score. (B) Forest plot for the correlation of the change in MBDA score with the change in SvdH score
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Figure 4. Forest plot of the predictive value of MBDA score for radiographic progression

for patients with a high baseline DAS28-CRP were not
significantly higher than for patients with a low baseline
DAS28-CRP [OR 1.12 (CI 0.91-1.37), 2=0.0%] (see
Supplementary Fig. S9, available at Rbheumatology online).
The characteristics of the studies evaluating the predictive
value of the MBDA score and DAS28-CRP for radiographic
progression are detailed in Table 2.

Five additional studies evaluating the utility of the MBDA
score for the assessment of radiographic progression could
not be included in our quantitative synthesis [16, 27, 34, 36,
39]. Markusse et al. [16] found that higher MBDA scores at
baseline were associated with an increased risk of radio-
graphic progression in the subsequent year, therefore the

MBDA score can be considered an independent predictor for
radiographic progression. The discriminative value of the
MBDA score was also assessed and the results showed that
the MBDA score discriminated more between radiographic
progression and no radiographic progression than the DAS at
baseline and 1year. Hirata et al. [34] reported that patients
with moderate or high MBDA scores had a greater risk of ra-
diographic progression than patients with low or moderate
MBDA scores. Li ef al. [39] also found that radiographic pro-
gression was not frequent when MBDA scores were low; uni-
variate and multivariate analyses showed that high MBDA
scores were strongly associated with radiographic progres-
sion. In a study by Krabbe et al. [36], none of the patients
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Table 2. Characteristics of studies evaluating the predictive value of MBDA score and DAS28-CRP for radiographic progression

First author, year of Time of Definition Low MBDA  High MBDA Low High
publication evaluating RP of RP score score DAS28-CRP  DAS28-CRP
Studies included in the meta-analysis

Bakker, 2012 [13] 2 years >0 units increase of SvdH score <30 >44 <2.7 >2.7
Brahe, 2019 [14] 1year >2 units increase of SvdH score <30 >44 <51 >5.1
Hambardzumyan, 2015 [15]  1year >5 units increase of SvdH score <30 >44 <2.7 >4.1
Studies included in the systematic review

Bouman, 2017 [27] 1.5 years >0.5 unit increase in SvdH score <30 >44 <2.7 >4.1
Hirata, 2016 [34] 1 year >3 unit increase in SvdH score <30 >44 <3.2 >5.1
Krabbe, 2017 [36] 0.5, 1year N/A <30 >44 <3.2 >5.1
Li, 2016 [39] 1 year >3 unit increase in SvdH score <30 >44 <2.67 >4.09
Markusse, 2014 [16] 1 year >0.5 unit increase in SvdH score <30 >44 <2.4 >3.7

N/A: no data available; RP: radiographic progression.

with radiographic progression had low MBDA scores. In con-
trast, Bouman et al. [27] found no association between base-
line MBDA score and radiographic progression.

MBDA score for the assessment of therapy
response, remission and relapse

We identified four studies [30, 34, 38, 47] investigating the
utility of the MBDA score for the assessment of therapy re-
sponse, six studies [13, 14, 33, 40, 42, 49] for remission and
five studies [24, 26, 27, 45, 48] for relapse. However, these
studies were not eligible for quantitative synthesis due to the
widely varying outcome measures.

The change of MBDA score from baseline to 6 months was
significantly associated with good or moderate EULAR re-
sponse vs non-response at 6 months by Roodenrijs et al. [47];
however, the baseline MBDA score was not associated with
EULAR response ws non-response. Similar results were
recorded by Li et al. [38]. Although the baseline MBDA score
was not associated with EULAR response at 3 months,
changes in MBDA scores differentiated responders from non-
responders. Hambardzumyan et al. [30] also reported that the
MBDA score was significantly associated with treatment out-
comes at 3 months. In the study of Hirata et al. [49], EULAR
good responders were found to have significantly greater
reductions in the MBDA score from baseline than EULAR
moderate responders and EULAR moderate responders had
significantly greater reductions than EULAR non-responders.

The MBDA score was found to be an appropriate discrimi-
nator of remission/low disease activity and moderate/high dis-
ease activity, according to two studies [13, 42]. Ma et al. [42]
reported that the baseline MBDA score and the time-
integrated MBDA score discriminated between remission and
non-remission at 1year as well. Two studies found no signifi-
cant association between baseline MBDA score and remis-
sion, although, according to Brahe et al. [14, 40], the change
in MBDA score was associated with clinical remission. Hirata
et al. [33, 49] recorded the association of MBDA remission
with clinical remission.

High baseline MBDA scores were associated with signifi-
cantly greater proportions of patients experiencing relapse
based on the results of Ghiti Moghadam et al. [48] and signifi-
cantly higher MBDA scores were recorded in relapsed
patients by Rech et al. [45]. Boeters et al. [26] found that high
MBDA scores during DMARD treatment and before treat-
ment reduction were associated with an increased risk of
relapses in patients who reduced or stopped DMARD treat-
ments. Bouman et al. [27] reported the borderline positive

predictive value of baseline MBDA score for flare of patients
with low disease activity at baseline. According to Bechman
et al. [24], baseline MBDA scores were not predictive of flare.
However, a sensitivity analysis limited to flares with an in-
crease in high disease activity determined by MBDA score (>
44) did show an association between baseline MBDA value
and flare risk.

Funnel plots and leave-one-out analysis

No evidence of publication bias was observed in the funnel
plots for the correlations of MBDA scores with conventional
DAMs (see Supplementary Figs S10-S12, available at
Rbheumatology online). The results of the leave-one-out analy-
sis are detailed in Supplementary Tables S2-S4, available at
Rheumatology online, showing no outlier article.

Risk of bias assessment

The majority of the outcomes of the studies included in the
meta-analysis (#=79) and the systematic review (n=37)
were rated as having a low or moderate risk of bias. The risk
of bias was low in 35 outcomes of the studies included in the
meta-analysis and 29 outcomes of the studies included in the
systematic review, moderate in 32 outcomes of the studies in-
cluded in the meta-analysis and 5 outcomes of the studies in-
cluded in the systematic review and high in 12 outcomes of
the studies included in the meta-analysis and 3 outcomes of
the studies included in the systematic review. Common meth-
odological limitations across studies were attrition rates,
study confounding and statistical analysis and reporting. The
quality assessment scores for all outcomes are shown in
Supplementary Tables S5 and Sé6, available at Rheumatology
online.

Discussion

Since the recommendation for the treatment of RA—the treat-
to-target therapeutic approach—requires close monitoring of
disease activity, the importance of objective scoring systems is
indisputable. By conducting a systematic review and meta-
analysis on the utility of the MBDA score to assess disease ac-
tivity, radiographic progression, remission and relapse, we
aim to promote decision making on the applicability of the
MBDA score in clinical practice.

When analysing the correlations of MBDA score with con-
ventional DAMs by a random-effects model, moderate corre-
lations were recorded, similar to the meta-analysis conducted
by Johnson et al. [17]. DAS28-CRP and DAS28-ESR, which
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are considered the gold standard DAMs in RA, both showed
moderate correlations with MBDA at baseline and follow-up,
as well as in the change in DAS28-CRP and DAS28-ESR with
the change in MBDA. Other DAMs detailed in the supple-
ment showed weaker correlations with MBDA score, except
for CRP. The correlation of the MBDA score with CRP indi-
vidually was stronger than with DAS28-CRP. As the MBDA
score does not contain the results of clinical assessment, its de-
viation from the conventional DAMs is not surprising.
However, the MBDA score was designed to complement, not
replace conventional DAMs, therefore its deviation from con-
ventional DAMs can even be advantageous [51].

Since the MBDA score contains markers of cartilage and
bone damage, such as MMP-3, in addition to the inflamma-
tory markers implemented in currently used DAMs, such as
CRP, it is a realistic possibility that it can outperform conven-
tional DAMs in predicting radiological progression [52]. The
results of our meta-analysis suggest that the MBDA score can
be an independent predictor of radiological progression, as
the odds of radiographic progression were significantly higher
for patients with a high baseline MBDA score than for
patients with a low baseline MBDA score, while there was no
significant difference between low- and high-baseline DAS28-
CRP. However, while the cut-off values for high and low
MBDA scores were the same in the included studies, different
cut-off values were used to define DAS28-CRP subgroups,
which may influence these results and highlight the need for
further investigations (see Table 2). Furthermore, the SvdH
score showed a low correlation with the MBDA score at base-
line and at follow-up, which suggests that these data should
be interpreted with caution. These results are in line with the
results of the studies included in our systematic review and
also with the results of the previous meta-analysis by Curtis
et al. [53] and the systematic review by Abdelhafiz et al. [54].
The limitation of both our study and the study by Curtis et al.
[53] is the lack of included studies investigating the efficacy of
DAS28-CRP for predicting radiographic progression indepen-
dent of the MBDA score, potentially leading to biased results.

Based on the studies included in the systematic review, the
change in MBDA score is associated with therapeutic re-
sponse and seems to discriminate between therapy responders
and non-responders [30, 38, 47, 49]. However, baseline
MBDA scores were not predictive of therapy response [38,
47]. Similarly, while the change in MBDA score was found to
be associated with remission and MBDA score discriminated
remission/low disease activity and moderate/high disease ac-
tivity [13, 14, 33, 42, 49], no significant associations were
found between baseline MBDA scores and remission [14, 40].
In contrast, in the case of relapse, the baseline MBDA score
was reported to be a predictor, although no clear conclusions
can be drawn due to the heterogeneity of study designs and
the potential for false positivity due to multiple testing [24,
27,48].

There are several strengths of our study. We implemented a
rigorous methodology to achieve the highest quality of evi-
dence and provide a structured analysis of the outcomes dis-
cussed in the literature. We provide a comprehensive
summary on the utility of the MBDA score for monitoring
RA disease activity and also the predictive and discriminative
value of the MBDA score for radiographic progression, ther-
apy response, remission and relapse, presenting the results of
quantitative analysis for both the correlation of the MBDA

score with conventional DAMs and the predictive value of the
MBDA score for radiographic progression.

Our main limitation is the heterogeneity of the populations.
A wide range of anti-rheumatic drugs was used in the in-
cluded studies, with potentially varying effects on the MBDA
score: the IL-6 receptor-blocker tocilizumab may increase the
serum level of IL-6 by preventing receptor binding, therefore
influencing the change in MBDA score via one of the 12 in-
cluded biomarkers [46]. TNF inhibitors may also influence
MBDA score indirectly by decreasing the serum level of TNF-
o. Hirata et al. [34] compared anti-TNF-« and anti-TNF-¢-re-
ceptor drugs and found no significant difference between the
two groups; however, further studies are needed to assess the
effect of targeted therapies on the serum level of the bio-
markers included in the MBDA score and therefore their ef-
fect on the change of MBDA score [34]. Furthermore, the
different follow-up times used for the assessment of disease
activity may also increase the heterogeneity.

By including a higher number of patients and uniformizing
the follow-up time for evaluation and the cut-off values of
DAS28-CRP for remission, future studies would enable fur-
ther comprehensive analysis to urge implementation of the
MBDA score in daily clinical practice.

Conclusion

The MBDA score can be highly valuable in RA patient care,
both for monitoring disease activity and for predicting radio-
logical progression. However, further studies are needed to
better assess the utility of the MBDA score and also the poten-
tial role of individual biomarkers in disease activity
monitoring.
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Supplementary material is available at Rheumatology online.
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