Rheumatology 2013;52:839-846
doi:10.1093/rheumatology/kes378
Advance Access publication 3 January 2013

RHEUMATOLOGY

Original article

An evaluation of molecular and clinical remission
in rheumatoid arthritis by assessing radiographic
progression

Annette H. M. van der Helm-van Mil', Rachel Knevel', Guy Cavet?,
Tom W. J. Huizinga' and Douglas J. Haney?

Abstract

Objectives. To determine whether molecular remission defined by a multi-biomarker disease activity
(MBDA) score predicts a reduced risk of joint damage progression, and whether the MBDA score can
augment existing classifications of remission.

Methods. The study examined 271 visits for 163 RA patients in the Leiden Early Arthritis Cohort. The
MBDA score and other variables from each visit were evaluated for prediction of progression [change in
Sharp-van der Heijde Score (ASHS) >3] over the ensuing 12 months. Positive likelihood ratios (PLRs) for
non-progression were calculated for remission based upon DAS based on 28-joint counts and CRP
(DAS28-CRP <2.32), EULAR/ACR Boolean criteria and MBDA score (<25).

Results. Ninety-three per cent of patients in MBDA-defined remission did not experience progression,
compared with 70% of patients not in MBDA remission (P=0.001). There were no significant differences in
the fraction of non-progressers between patients in remission and those not in remission using either
DAS28-CRP or EULAR/ACR criteria. The PLR for non-progression over 12 months for MBDA remission
was 4.73 (95% CI 1.67, 15.0). Among patients in DAS28-CRP remission, those with a high MBDA score
were 2.3 times as likely (95% CI 1.1, 3.7) to have joint damage progression during the next year.

Conclusion. MBDA-defined remission was an indicator of limited radiographic progression over the fol-
lowing 12 months. For patients in DAS28-CRP remission, high MBDA scores were a significant indicator of
elevated risk of progression. MBDA results may provide a useful adjunct to clinical assessment to identify
progression-free remission and assess subclinical disease.
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Introduction

RA is a chronic inflammatory disease that principally
attacks the synovial joints, resulting in joint damage, phys-
ical disability and premature mortality [1-4]. There is no
known cure for RA, and hence a primary aim in the treat-
ment of RA is to achieve a state of remission [5-7].
Identifying patients in true remission has been a
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challenge, however, despite the development of an as-
sortment of definitions [8].

To address this issue, a joint committee of the ACR and
the European League Against Rheumatism (EULAR) has
made suggestions for defining remission in clinical
practice and has proposed consensus definitions of
remission for use as outcome measures in clinical trials
[9]. The recommendations of the joint committee were
based on a systematic review of the prognostic validity
of current remission definitions [10] and the goal was to
create stringent definitions of remission that would predict
good functional outcomes and the absence of radio-
graphic progression [11]. Although excluded from the
consensus definitions, measures of physical function
and radiographic damage were used to validate the
candidate remission definitions. These measures are
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particularly important since studies have shown that RA
patients who meet established criteria for clinical remis-
sion may nonetheless experience progressive structural
damage [12-17].

We recently developed and validated a multi-biomarker
disease activity (MBDA) blood test that could be valuable
in the management of patients with RA [18]. The MBDA
test employs an algorithm to combine the levels of 12
serum biomarkers into a single score from 1 to 100 to
provide an objective measure of RA disease activity.
A score of <25 indicates remission, whereas scores fall-
ing into the ranges 26-29, 30-44 and >44 indicate low,
moderate and high RA disease activity, respectively. The
MBDA test is intended to be used in conjunction with
existing symptom-based disease activity measures with
the objective of improving long-term outcomes for RA pa-
tients. Since the biomarkers can reflect the activity of bio-
logical pathways underlying the disease, low MBDA
scores might define a state of molecular remission indica-
tive of true disease quiescence [19].

In the present study we sought to examine the relation-
ship between three different definitions of RA remission
and radiographic progression in early RA patients.
Remission was defined using the MBDA score, the ACR/
EULAR Boolean-based consensus definition [9] or the
modified DAS based on 28-joint counts and CRP
(DAS28-CRP) [20]. Our aims were to compare the fre-
quency of joint damage progression observed in remis-
sion and non-remission patients for each of the three
remission definitions and to determine whether the
MBDA test provides information about the risk of progres-
sion that is complementary to established clinical defin-
itions of remission.

Methods

Patient population

The study population was selected from the Leiden Early
Arthritis Clinic (EAC) cohort, a group of patients with
recent-onset arthritis who were enrolled at the
Department of Rheumatology of Leiden University
Medical Center beginning in 1993 [21]. Enrollees in the
EAC cohort had a symptom duration of <2 years and ful-
filled the ACR 1987 revised criteria for the classification of
RA [22]. Follow-up visits were performed yearly and the
median time between enrolment in EAC and the first study
visit included in this analysis was 4.6 years. Subject visits
that were eligible for inclusion in the analysis had available
serum samples for biomarker analysis, clinical data
enabling calculation of the 28-joint DAS, Sharp-van der
Heijde score (SHS) and an additional SHS 1 year later to
allow assessment of radiographic progression. These eli-
gible subject visits were sampled with the intention of ob-
taining a study population in which ~60% of patients were
positive for anti-CCP and ~40% of patients had a change
in DAS of at least 1.2 over 12 months. The intended pro-
portion of anti-CCP-positive patients is representative of
early RA populations [23] and of early RA in the Leiden
EAC. The criterion related to the change in DAS was
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added to facilitate analysis of changes in disease activity
for work that is outside the scope of this article. In this
cohort, the correlation between 1-year change in DAS and
change in SHS (ASHS) over the same year was extremely
weak, with r=—0.11 (R*=0.01; n =98 subjects with com-
plete data). Because of the weakness of this correlation,
the employed sampling mechanism should have negli-
gible impact on the analyses of radiographic progression
in this article. Subject visits for this study were selected
without any knowledge of biomarker concentrations or
changes in SHS. The patients studied here are represen-
tative of the set of RA patients included in the Leiden EAC
in the concomitant time period. Informed consent was ob-
tained for all patients and the study was approved by the
local ethics committee for the Leiden University Medical
Center.

Sample size

The sample size of 271 visits was chosen to enable de-
tection of associations between biomarker-based meas-
ures of disease activity and clinical variables. The
probability of detecting a significant difference between
a group with a true event rate of 50% and a group with
a true event rate of 30% with 135 visits per group (270
total visits) at an alpha level of 0.05 is >90%.

Radiographic assessment

Radiographic damage in the hands and feet was scored
chronologically according to the Sharp-van der Heijde
method [24] by one experienced reader. Four hundred
and ninety-nine randomly selected X-rays were scored
twice, and the within-reader (intraclass) correlation coeffi-
cient (ICC) was 0.91. The scorer was blinded to the clinical
data and was not aware of the study questions [21].

Radiographic progression

Radiographic progression was quantified using the ASHS
over the 12 months following sample collection and clin-
ical assessment [25]. In the primary analyses, patients
with a 12-month ASHS <3 were classified as non-pro-
gressors. Supplemental analyses were performed using
ASHS cut-off values of 0 and 5 to define non-progression.
The performance of the various remission criteria was as-
sessed using three different ASHS cut-offs in order to
evaluate the robustness of the results and conclusions
of the study across different definitions of radiographic
progression.

MBDA score

MBDA scores were generated using the same platform,
reagents and algorithm as the Vectra DA test (Crescendo
Bioscience, Inc., South San Francisco, CA, USA), which
combines the concentrations of vascular cell adhesion
molecule-1, epidermal growth factor, VEGF-A, IL-6,
TNF-receptor 1 (TNF-RI), MMP-1, MMP-3, cartilage
glycoprotein-39 (YKL-40), leptin, resistin, SAA and CRP
in a pre-specified algorithm to generate a score between
1 and 100 [26]. Quantification of the 12 biomarkers was
performed with sandwich assays in three separate
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multiplex panels and the MBDA score was calculated as a
multi-linear combination of analyte concentrations [27]. A
pre-specified algorithm was applied in which measured
serum concentrations from the Leiden samples were
used with optimized weights to estimate the 28-joint
tender joint count (TJC28), 28-joint swollen joint count
(SJC28) and patient global (PG) health score. Different
subsets of biomarkers were used to estimate the TJC28,
SJC28 and PG. The biomarkers and weightings used to
predict these components of the DAS28-CRP were previ-
ously determined and validated in a multi-step process
in independent cohorts. Lastly, predicted values for
the TJC, SJC and PG were combined with the CRP
concentration in a formula analogous to the equation
for the DAS28-CRP and then converted to a score from
1 to 100. For this study, modifications were made to the
information systems and review procedures as follows:
data were captured in a database that is different from
the one used for reporting clinical patient results, and
quality control of assay results included multi-plate,
experiment-wise consistency checks that are not built
into the plate-wise quality control of the clinical reporting
system.

Disease activity was categorized using the MBDA
score as follows: >44 (high), 30-44 (moderate) and
26-29 (low). Patients with MBDA scores <25 were con-
sidered to be in molecular remission as defined by the
MBDA test.

DAS28-CRP

DAS28-CRP scores were derived from the TJC28 and
SJC28, the patient’s general health status measured
with a visual analogue scale and the CRP concentration
(in mg/l) [5]. The DAS28-CRP scores for each patient were
calculated using the following formula from the DAS web-
site (http://www.das-score.nl/):

DAS28 —4(CRP)=0.56 * sqri(TJC28)+0.28 % sqri(SJC28)

+0.36 * In(CRP+1)+0.014 « GH+-0.96.

Disease activity based on the DAS28-CRP was classified
as high (DAS28-CRP >4.09), moderate (DAS28-CRP
2.67-4.09) or low (DAS28-CRP 2.32-2.67) and patients
with DAS28-CRP scores <2.32 were considered to be in
remission according to the adjusted thresholds described
by Inoue et al. [28].

ACR/EULAR score

The Boolean-based definition of remission proposed by
the ACR/EULAR committee was determined as described
[9]. Patients were considered to be in remission by the
ACR/EULAR criteria if they satisfied all of the following:
TJC28 <1, SJC28 <1, CRP <1mg/dl and PG assess-
ment <1 (on a 0-10 scale).

Statistical analysis

The pre-test and post-test odds of progression were cal-
culated for definitions of remission based on the
DAS28-CRP score, the ACR/EULAR Boolean criteria and
the MBDA score. Pre-test odds were calculated as the
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total number of non-progressors divided by the total
number of progressors. Post-test odds were calculated
as the number of non-progressors who met the corres-
ponding set of remission criteria divided by the number of
progressors who met the remission criteria. Definitions of
remission were evaluated using the positive likelihood
ratio (PLR), where the PLR is the ratio between the
post-test and pre-test odds of non-progression [29].

The incremental value of the MBDA test was assessed
by calculating the relative risk (RR) [30] of radiographic
progression in the subset of patients with high MBDA
scores and DAS28-CRP scores indicating remission vs
all patients in remission as defined by the DAS28-CRP.
This nested analysis provides an answer to the question:
for patients who are known to be in DAS28-remission,
does the prognosis change if they are found to have a
high MBDA score?

To evaluate the relationship between disease activity
and radiographic progression, the RR was calculated as
the percentage of patients with high disease activity who
experienced radiographic progression divided by the per-
centage of patients in remission who experienced radio-
graphic progression.

Cls and associated P-values for PLRs and RRs were
derived using bootstrap resampling [31]. This method-
ology relaxes the need for assumptions of normality and
facilitates nested analysis by taking account of the overlap
between groups. P-values for differences in the proportion
of good outcomes between patients in remission and
those not in remission were calculated using Fisher’s
exact test. All statistical calculations were performed
using the package R (www.r-project.org).

Results

A total of 271 study visits were evaluated for 163 subjects
with recent-onset arthritis. A summary of the clinical char-
acteristics of the study population is provided in Table 1,
along with corresponding characteristics for the overall
EAC cohort. The median SHS at entry into the EAC was
6, with an interquartile range (IQR) over the 25th-75th per-
centile of 2-11 in the analysis data set, vs a median SHS
of 5 (IQR 2-12) in the unanalysed patients from the EAC.
During the time between enrolment in the EAC and the
first study visit in the analysis, the median SHS increased
to 23 (IQR 11-47). None of the patients was receiving
anti-TNF therapy at the baseline visit in the analysis data
set. During follow-up the registered frequency of anti-TNF
use was <5%. Patients in the study were treated with
D-Pen, HCQ, SSZ or MTX. Because of the infrequent
use of anti-TNF therapies in this cohort, with most patient
visits occurring in the 1990s, these data may be more
representative of the natural course of RA than data ob-
tained in the post-2000 biologic era.

Overall, the patients in the analysis appeared to be rep-
resentative of those in the larger EAC population. The
increased proportion of patients who were anti-CCP
positive or RF positive in the analysis data set is consist-
ent with the observation that analysed patients were
enrolled relatively early in the course of the EAC study
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TasLe 1. Clinical characteristics of the study population

Unanalysed patients in

Characteristic® Patients analysed parent EAC population

Unique subjects, n 163 809

Gender, female, % 67 67

Age, mean (s.n.) 55 (14) 57 (16)

RF positive, % 65 55

Anti-CCP positive, % 66 50

Inclusion year, mean 1998 (1993-2004) 2003 (1993-2010)
(min-max)

@Age, gender and rates of anti-CCP and RF positivity were assessed at the time of
enrolment into the Early Arthritis Cohort. min-max: minimum-maximum.

TasLE 2 Comparison of remission and non-remission groups using a 12-month radiographic non-progression threshold

of ASHS < 3 (n=271 total visits)

Percentage of patients with good radiographic outcome (n/n)

Test for remission Remission group

Non-remission group

MBDA < 25 93 (40/43)
DAS28-CRP <2.32 80 (66/83)
ACR/EULAR? 83 (25/30)

70 (160/228) 0.001
71 (134/188) 0.18
73 (175/241) 0.27

2ACR/EULAR remission criteria were TJC28, SJC28, PG and CRP < 1.

and that rates of anti-CCP and RF positivity in the EAC
have dropped somewhat over time.

Risk of non-progression using different definitions of
remission

A comparison of the rates of radiographic non-progres-
sion (ASHS < 3) for patients meeting each of the three
sets of remission criteria—DAS28-CRP <2.32, ACR/
EULAR (TJC28, SJC28, PG, CRP<1) and
MBDA < 25—is given in Table 2. Eighty-three patients
met the definition of remission based upon DAS28-CRP,
43 patients were in MBDA-defined remission and 30 pa-
tients met the ACR/EULAR remission criteria. Patients in
MBDA-defined remission had significantly greater rates of
non-progression than patients who did not meet the
MBDA remission criterion (P=0.001). Similar results
were observed for ASHS cut-off values of 0 and 5 (sup-
plementary Table S1, available as supplementary data at
Rheumatology Online). There were no significant differ-
ences in the rate of non-progression between patients in
remission and those not in remission for DAS28-CRP and
ACR/EULAR.

The PLRs associated with each definition of remission
for identifying patients that did not progress [9] are shown
in Table 3. The PLRs were 4.73, 1.78 and 1.38 for remis-
sion defined by MBDA score, ACR/EULAR criteria and
DAS28-CRP, respectively. Only the PLR for MBDA score
remission was significantly greater than 1 (P=0.001).
Similar patterns were observed for other ASHS cut-offs,
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and MBDA score remission was also the only remission
definition with a PLR significantly greater than 1 with a
ASHS cut-off of 5 (supplementary Table S2, available as
supplementary data at Rheumatology Online). None of the
PLRs for the three definitions of remission was signifi-
cantly greater than 1 when a ASHS cut-off value of 0
was used.

Risk of radiographic progression and different
measures of disease activity

The relationship between risk of radiographic progression
and disease activity as measured by the MBDA and the
DAS28-CRP is shown in Fig. 1. Among the 43 subjects
who met the MBDA remission criterion (MBDA < 25), only
3 (7%) experienced radiographic progression over the
ensuing 12 months. The risk of radiographic progression
increased steadily with increasing disease activity as
defined by MBDA, from subjects with low disease activity
(2/13, 15% risk) to moderate (19/105, 18%) to high
(47/110, 43%). An assessment of RR showed that sub-
jects with high MBDA scores were six times more likely to
experience an increase in SHS as those in remission as
defined by the MBDA (RR=43%/7% =6.1).

The risk of radiographic progression also increased with
disease activity classification as assessed by the
DAS28-CRP, from remission (17/83, 20% risk) to low
(8/30, 27%) to moderate (23/95, 24%) to high (23/63,
37%). However, subjects with high DAS28-CRP values
were only twice as likely to experience radiographic
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TasLe 3 Comparisons of positive likelihood ratios using a 12-month radiographic non-progression threshold of
ASHS < 3 (n=271 total visits)

Odds of non-progression

PLR (ratio of post-test

Test for remission Pre-test Post-test to pre-test odds) 95% ClI

MBDA < 25 2.82 (200/71) 13.3 (40/3) 4.73 1.67, 15.0
DAS28-CRP <2.32 2.82 (200/71) 3.88 (66/17) 1.38 0.90, 2.38
ACR/EULAR? 2.82 (200/71) 5.00 (25/5) 1.78 0.72, 5.17

2ACR/EULAR remission criteria were TJC28, SJC28, PG and CRP < 1.

Fiec. 1 A high MBDA score for subjects in DAS28-CRP remission indicates increased risk of radiographic progression.
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ASHS >0 ASHS >3 ASHS >5
RR (95% Cl):  1.50* (1.16, 1.85) 2.28* (113, 3.69) 3.07* (1.08, 5.47)

Sharp score change threshold for progression

progression as those in DAS28-CRP remission (ASHS > 3) over the ensuing 12 months. By comparison,
(RR=37%/20% =1.8). The increase in the risk of radio- 7 of 15 (47%) subjects who both met the DAS28-CRP
graphic progression for patients with high disease activity remission criteria and had high MBDA scores experienced
relative to those in remission was significantly greater for radiographic progression. Thus a subject in DAS28-CRP
MBDA than for DAS28-CRP (RR=6.1 vs RR=1.8, remission was more than twice as likely to experience

P <0.05). progression if he/she also had a high MBDA score

(RR=47%/20% =2.28; 95% CI 1.13, 3.68). Using different
Risk of radiographic progression among subjects in ASHS cut-offs for defining radiographic progression (0, 3
DAS28-CRP remission or 5) produced different estimates of RR, but in all cases

Among the 83 subjects in this study who met the the risk of progression for subjects who met the
DAS28-CRP remission criteria (DAS28-CRP <2.32), a DAS28-CRP remission criteria was significantly greater
subset of 15 subjects also had a high MBDA score for those who also had high MBDA scores.

(MBDA > 44). Figure 2 shows the risk of radiographic pro- Among the 30 subjects in this study who met the ACR/
gression for all subjects with a DAS28-CRP < 2.32 vs the EULAR remission criteria, 2 subjects also had a high
subset of subjects with high MBDA scores. Twenty per MBDA score. Both of these subjects experienced radio-
cent (17/83) of subjects who met the DAS28-CRP remis- graphic progression (one subject had a ASHS of 3, the
sion criteria experienced radiographic progression other had a ASHS of 8). By comparison, the median
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Fic. 2 Risk of radiographic progression vs level of disease activity.

50 - P

Risk of radiographic progression
(change in SHS > 3)

Remission Low Mod High
n=43 n=13 n=105 n=110
MBDA

ASHS was equal to 1 for the other 28 subjects in ACR/
EULAR remission. Because of the small number of sub-
jects in ACR/EULAR remission with high MBDA scores, it
was not possible to perform a formal analysis of RR.

Discussion

Reliable assessment of remission is important for the op-
timal management of patients with RA. Both composite
indices such as the DAS28-CRP and the new remission
criteria proposed by the ACR/EULAR committee rely on
clinical evaluation of tender and swollen joints in the as-
sessment of remission among patients with RA [9].
However, recent studies have shown that these clinical
measures are not sufficiently sensitive for classifying re-
mission since they cannot exclude the presence of active
disease as evidenced by imaging-detected inflammation
or radiological progression [15, 32]. For example, radio-
graphic progression was observed during a 2-year
follow-up period for many patients in the Swedish
Pharmacotherapy (SWEFOT) trial who had responded
well clinically (DAS28 < 3.2) to initial treatment with MTX
[33]. Other studies have shown that the majority of pa-
tients in drug-assisted remission had active inflammation,
whether the administered therapy was a DMARD or a bio-
logical agent [13, 34]. These findings indicate that patients
can have subclinical disease despite displaying few

844

Remission Low Mod High
n=2383 n =30 n=95 n=63
DAS28-CRP

clinical signs and symptoms, and illustrate the importance
of identifying new measures to supplement traditional
symptom-focused evaluations in the assessment of re-
mission status. Using subjects from the Leiden Early
Arthritis Cohort, this study evaluated the relationships be-
tween three different definitions of remission and radio-
graphic progression. It was shown that MBDA-defined
remission was a significant predictor of radiographic
non-progression, whereas remission defined by traditional
DAS28-CRP or ACR/EULAR criteria was not. Moreover,
the MBDA test was useful in assessing the risk of radio-
graphic progression among patients who met clinical re-
mission criteria—subjects with DAS28-CRP scores <2.32
were more than twice as likely to experience radiographic
progression if they also had an MBDA score >44.
Several limitations should be taken into account when
interpreting the results from this study. First, it focused on
patients with RA relatively early in the disease and did not
include patients with long duration of disease. Secondly,
the population selected for this study had a higher rate of
progression than many other cohorts, particularly those
with greater use of biologic therapies. Since the infer-
ences of the analysis are based on the RRs of progression
we would expect the same trends (in terms of increased or
decreased risk) to hold true in other patient populations.
However, further studies are required to determine the
magnitude of the risks observed in cohorts with different
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patient characteristics. Thirdly, we did not evaluate remis-
sion definitions based on Clinical Disease Activity Index
(CDAI) or Simplified Disease Activity Index (SDAI) because
the physician global assessment, which is required for the
calculation of these indices, was not available. These two
measures of disease activity are commonly used and
should be included in future studies. Finally, the small
numbers of patients in some categories (e.g. in clinical
remission but with high MBDA scores) limit our ability to
address some questions of interest. It will be important to
determine whether the MBDA test can identify patients at
high risk of radiographic progression in larger cohorts of
patients with early as well as long-duration RA since there
is evidence to suggest that patients in the latter group may
be more recalcitrant to treatment. It will also be important
to evaluate the MBDA test together with clinical criteria in
trials focusing on the achievement of remission.

In conclusion, patients in molecular remission by MBDA
have favourable radiographic outcomes, and the MBDA
score provides complementary information to clinical as-
sessments of remission. Further studies are needed to
enable better predictions of radiographic progression in
patients who meet the criteria for clinical or molecular
remission.

Rheumatology key messages

e RA patients in remission by the MBDA score had
favourable radiographic outcomes.

e For RA patients in clinical remission, high MBDA
scores indicated an elevated risk of progression.

o MBDA results may provide an adjunct to clinical
assessment to identify remission in RA patients.
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