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Do magnetic resonance imaging-detected erosions predict progression
to rheumatoid arthritis in patients presenting with clinically suspect
arthralgia? A longitudinal study

F Wouters1, XME Matthijssen1, DM Boeters1, RM Ten Brinck1, AHM Van Der Helm-Van Mil1,2*, E Niemantsverdriet1*

1Department of Rheumatology, Leiden University Medical Centre, Leiden, The Netherlands
2Department of Rheumatology, Erasmus University Medical Centre, Rotterdam, The Netherlands

Objective: Radiographic joint erosions are a hallmark of rheumatoid arthritis (RA). Magnetic resonance imaging
(MRI) is more sensitive than radiographs in detecting erosions. It is unknown whether MRI-detected erosions are
predictive for RA development in patients with clinically suspect arthralgia (CSA). Therefore, we investigated the
prognostic value of MRI-detected erosions, defined as any MRI erosion, or MRI erosion characteristics that were
recently identified as specific for RA in patients with evident arthritis.
Method: Patients presenting with CSA (n = 490) underwent contrast-enhanced 1.5 T MRI of the wrist, metacarpo-
phalangeal (MCP) and metatarsophalangeal (MTP) joints. MRIs were scored according to the Rheumatoid Arthritis
Magnetic Resonance Imaging Scoring system (RAMRIS). Presence of any MRI erosion (present in < 5% of symptom-
free controls) and RA-specific erosion characteristics as identified previously (grade ≥ 2 erosions, erosions in MTP5,
erosions in MTP1 if aged < 40 years) were studied with clinically apparent inflammatory arthritis development as
outcome. Analyses were corrected for age and MRI-detected subclinical inflammation.
Results: Erosions were present in 20%. Presence of any MRI erosion was not associated with arthritis development
[multivariable analysis hazard ratio (HR) 0.97 (95% confidence interval 0.59–1.59)]. The different RA-specific erosion
characteristics were not predictive [grade ≥ 2 HR 1.05 (0.33–3.34), erosions in MTP5 HR 1.08 (0.47–2.48), and MTP1
if aged < 40 years HR 1.11 (0.26–4.70)]. Erosion scores were higher in anti-citrullinated protein antibody (ACPA)-
positive than in ACPA-negative patients (median 2.0 vs 1.0, p = 0.002), and related to more subclinical inflammation.
Within both subgroups, MRI erosions were not predictive.
Conclusions: MRI-detected erosions in hands and feet were not predictive for inflammatory arthritis development.
Therefore, evaluating MRI for erosions in addition to subclinical inflammation does not provide added clinical value
in CSA.

Rheumatoid arthritis (RA) is characterized by inflam-
mation of synovial joints and subsequent bone damage.
Bone erosions are frequently detectable on radiographs,
even in the early disease phase (1). Currently, a lot of
effort is being undertaken to diagnose RA very early
and imaging is increasingly being used in the prompt
identification of RA. Moreover, the focus in research is
shifting towards the identification of patients who will
progress to RA already in the phase of arthralgia. Mag-
netic resonance imaging (MRI) is sensitive in detecting
subclinical joint inflammation (2), which is an

established predictor for RA development (3). The
value of different types of inflammatory features (syno-
vitis, tenosynovitis, and bone marrow oedema) has been
investigated; of these, tenosynovitis has been shown to
be most predictive for disease progression (3). MRI also
provides information on bone erosions. Thus far, it is
unknown whether MRI-detected erosions are also pre-
dictive for progression to clinically apparent inflamma-
tory arthritis and RA. However, we hypothesize that
erosions may reflect previous episodes of early subcli-
nical inflammation and thereby possibly provide addi-
tional value for the prediction of inflammatory arthritis
and RA development.
The sensitivity of MRI to depict erosions is higher

than that of radiographs (4). A recent study revealed
that small MRI-detected erosions in hand and foot joints
are also present in symptom-free persons from the
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general population (5), underlining the need to differ-
entiate generally occurring bone erosions from disease-
associated bone erosions. A subsequent case–control
study compared MRI erosions of early RA patients to
MRI erosions of symptom-free volunteers and patients
with early arthritides other than RA. This study identi-
fied several erosion characteristics with a high specifi-
city for RA, as these almost never occurred in both
reference groups: grade ≥ 2 erosions, erosions in meta-
tarsophalangeal joint 5 (MTP5), and erosions in MTP1
in persons aged < 40 years (6).
With the ultimate aim of determining whether the

prognostic value of MRI could be improved by evaluat-
ing MRI-detected erosions, this study investigated
whether MRI-detected erosions are predictive for RA
development in patients with clinically suspect arthral-
gia (CSA) and whether the prognostic accuracy of MRI
could be improved by assessing MRI-detected erosions
in addition to subclinical inflammation. We evaluated
both the presence of any MRI erosion and the presence
of MRI erosion characteristics that were recently iden-
tified as RA specific. Because it has been shown that
erosions occur early in anti-citrullinated protein anti-
body (ACPA)-positive patients in particular (7–9), the
analyses were stratified for ACPA.

Method

Patients

Between April 2012 and October 2018, 613 patients were
included in the Leiden CSA cohort. CSA patients had
recent-onset (< 1 year) arthralgia in the small joints,
which was likely to progress to RA based on the clinical
expertise of the rheumatologist. By definition, patients
were excluded if arthritis was detected upon physical
examination or if a different explanation for the joint
pain was more likely. The baseline visit consisted of
physical examination, questionnaires, blood sampling,
and MRI. Follow-up visits were scheduled at 4, 12, and
24 months. When necessary, for instance in case of an
increase in symptoms or when patients experienced joint
swelling, additional visits were planned. Follow-up ended
when patients developed arthritis, or after 2 years. The
cohort has been described in detail previously (10).
All patients gave written informed consent. The study

was approved by the local medical ethics committee.

MRI

Within 2 weeks after inclusion, CSA patients underwent
contrast-enhanced 1.5 T MRI of wrist, second to fifth
metacarpophalangeal (MCP) and first to fifth MTP joints
of the more painful side (in case of equally severe symp-
toms on both sides, the dominant side was scanned). For
a detailed scanning protocol, see Supplementary file S1.
Erosions, bone marrow oedema, and synovitis were scored

according to the Rheumatoid Arthritis Magnetic Resonance
Imaging Scoring system (RAMRIS) (11), and tenosynovitis
according to Haavardsholm et al (12). Scoring was per-
formed independently by two trained readers. Interreader
and intrareader intraclass correlation coefficients were
≥ 0.91 and ≥ 0.92, respectively (Supplementary file S2).

MRI erosion characteristics

Mean total erosion scores were studied, calculated by
summation of mean erosion scores from both readers
from all individual bones.
Next, as MRI erosions can also be present in the

general population, scores were dichotomized with
MRI erosion data of symptom-free controls as
a reference (n = 193, as published previously) (5).
Then, patients were considered positive for MRI ero-
sions if they had at least one erosion that is uncommon
in symptom-free controls, i.e. present in < 5% of symp-
tom-free controls in the same bone and in the same age
category (< 40, 40–59, ≥ 60 years).
Lastly, erosion characteristics recently identified as RA

specific were evaluated: presence of grade ≥ 2 erosions,
MTP5 erosions, andMTP1 erosions when aged < 40 years.

Outcome

The main outcome was development of inflammatory
arthritis, determined by the rheumatologist at physical
examination (66 swollen joint count ≥ 1). The second-
ary outcome was RA development (fulfilment of 1987
or 2010 criteria) (13, 14).
During follow-up (and before the main outcome was

reached), treatment with disease-modifying anti-rheu-
matic drugs (DMARDs) (including steroids) was not
allowed. Since April 2015, CSA patients with MRI-
detected subclinical inflammation could participate in
a randomized double-blind placebo-controlled trial
(RCT; TREAT EARLIER), studying the effect of meth-
otrexate in preventing RA development. This RCT is
still ongoing; patients enrolled in this trial (n = 89) were
excluded from the present study because of their 50%
chance of DMARD use.

Statistics

Total erosion scores and prevalence of MRI erosions were
evaluated with Mann–Whitney U and chi-squared tests.
Cox proportional hazards regression was used to investi-
gate predictive value. Multivariable models were adjusted
for age and presence of MRI-detected subclinical inflam-
mation (defined as synovitis, tenosynovitis, and/or bone
marrow oedema present in < 5% of symptom-free controls
in the same bone and in the same age category). Here, all
follow-up data were used. Analyses were stratified for
ACPA. After 1 year follow-up, the area under the curve
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(AUC) and the net reclassification index (NRI; the added
value of MRI-detected erosions to subclinical inflamma-
tion) were determined.
Three subanalyses were performed. First, subanalyses

were performed with the secondary outcome RA devel-
opment. Secondly, analyses were performed in the sub-
group of CSA patients who fulfilled the European
League Against Rheumatism (EULAR) definition of
arthralgia suspicious for progression to RA (three or
more out of seven items present) (15), to study the
results in a more homogeneous CSA population. Lastly,
analyses were performed in patients included between
April 2012 and April 2015, i.e. before the start of the
RCT, to investigate whether excluding patients with
subclinical inflammation affected the results.
A p-value < 0.05 was considered statistically signifi-

cant. IBM SPSS Statistics version 23 (IBM Corp.,
Armonk, NY, USA) was used.

Results

Patients

Of 613 included patients, 123 were excluded (no
MRI, participation in RCT) (Supplementary file S3).
Baseline characteristics are shown in Supplementary
table S1. In total, 83 patients developed inflammatory
arthritis after a median follow-up of 14 weeks [inter-
quartile range (IQR) 3–23 weeks]. The median fol-
low-up duration of patients who did not progress to
inflammatory arthritis (n = 407) was 103 weeks [IQR
51–113 weeks].

Total erosion scores and arthritis development

The median total erosion score in patients who progressed
to inflammatory arthritis was 1.5 versus 1.0 in patients who
did not progress. Erosion scores were associated with
arthritis development in univariable analysis [hazard ratio
(HR) 1.12 (95% confidence interval 1.01–1.23)], but not
after adjustments for age and subclinical inflammation
[HR 0.97 (0.85–1.10)] (Table 1).

Presence of MRI erosion and arthritis development

Next, only those erosions present in < 5% of the general
population in the same bone and age category were
considered. These MRI erosions were present in 20%
of CSA patients. In 60% of these patients subclinical
inflammation was also present, while in 40% there was
no subclinical inflammation. The presence of MRI-
detected erosions was not associated with arthritis devel-
opment in univariable analysis [HR 1.40 (0.86–2.28)] or
in multivariable analysis adjusted for age and subclinical
inflammation [HR 0.97 (0.59–1.59)] (Table 1, Figure 1).Ta
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RA-specific erosion characteristics and arthritis
development

Subsequently, we studied the predictive value of erosion
characteristics previously defined as RA specific. Grade ≥ 2
erosions, MTP5 erosions, and MTP1 erosions in patients
aged < 40 years were not associated with progression to
inflammatory arthritis [multivariable HR 1.05 (0.33–3.34),
1.08 (0.47–2.48), and 1.11 (0.26–4.70), respectively]
(Table 1).

Analyses of ACPA-positive and ACPA-negative patients

As ACPA-positive and ACPA-negative RA are different
subsets, analyses were stratified for ACPA. ACPA-positive
patients had significantly higher erosion scores than ACPA-
negative patients (median 2.0 vs 1.0, p = 0.002) (Figure 2A).
However, when subclinical inflammation was also consid-
ered, this difference was only seen in patients with subcli-
nical inflammation but not in ACPA-positive CSA patients
without subclinical inflammation (Figure 2B). Thus pre-
sence of ACPA without inflammation did not result in
a higher erosion score.
Subsequently, the predictive value of presence of MRI

erosions was assessed within each ACPA subset, and
neither the presence of any MRI erosion nor RA-specific
erosions were predictive for arthritis development in uni-
variable and multivariable analyses (Supplementary tables
S2 and S3).

Prognostic accuracy of MRI erosions when added to
MRI inflammation

After 1 year follow-up (n = 434), the AUC of any MRI
erosion to predict inflammatory arthritis development

was 0.54. For comparison, the AUC of MRI-detected
subclinical inflammation was 0.73. The AUC of both
erosions and subclinical inflammation was also 0.73. To
determine whether MRI erosions improved the prognos-
tic accuracy, the NRI was also determined. When ero-
sion data were added to the presence of subclinical
inflammation, 35 patients (8.1%) were reclassified,
two correctly and 33 incorrectly. This resulted in an
NRI of −5.8, revealing no improved prognostic accu-
racy. Thus, the prognostic accuracy of MRI-detected
subclinical inflammation did not improve, but rather
created a high number of false-positive predictions,
when MRI-detected erosions were also assessed.

Subanalyses

MRI erosions were not predictive with the outcome RA
development (n = 490), within CSA patients who ful-
filled the EULAR definition (n = 317), and in patients
included before the start of the RCT (n = 225) (Supple-
mentary tables S4–S6).

Discussion

This study investigated whether MRI-detected erosions
in CSA patients are predictive for development of
inflammatory arthritis or RA. No association was
found and MRI-detected erosions did not improve the
prognostic accuracy of MRI-detected subclinical
inflammation. This implies that evaluating MRI ero-
sions of CSA patients is superfluous if MRI-detected
subclinical inflammation is assessed.
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Until now, the predictive value of MRI-detected ero-
sions in CSA has not been studied longitudinally.
A recent longitudinal study in patients presenting with
undifferentiated arthritis (UA) showed that also in these
patients MRI erosions were not predictive for RA devel-
opment (16). The frequencies of any MRI erosion or
RA-specific erosions found in UA were quite similar as
currently observed in CSA. Although we did not deter-
mine the frequency of the presence of any MRI erosions
during inflammatory arthritis development, the finding
of similar prevalences in UA and CSA suggests that the
frequency of erosions did not increase over time. This
would be in line with results from a previous study
showing that the total MRI erosion score did not
increase during progression from CSA to RA (17).
Most importantly, the data together demonstrate that
MRI erosions in CSA and UA are not predictive for
progression to the disease stage of RA. This result is
different from previous findings on radiographic ero-
sions in early RA, which are highly predictive for
further radiographic progression.
Previous studies identified ‘RA-specific erosions’ by

comparing patients with RA with other early arthritides.
The present study revealed that RA-specific erosions
(which were identified in the phase of clinically appar-
ent arthritis) are infrequent in the CSA phase and not
prognostically valuable.
Even though MRI-detected erosions were not asso-

ciated with RA development, higher erosion scores
were present in ACPA-positive compared to ACPA-
negative patients, which is similar to our previous find-
ing in the same cohort (7). In our view, these data
suggest that the presence of subclinical inflammation

in ACPA-positive arthralgia is mediating the develop-
ment of erosions. Whether ACPA can directly induce
erosions, without an intermediary effect of inflamma-
tion, remains questionable and our data could not find
support for this notion. Furthermore, this study added
novel data to the field by demonstrating that MRI ero-
sions were not associated with progression to RA within
ACPA-positive CSA patients or within ACPA-negative
CSA patients.
Mouse models have suggested that osteoclast forma-

tion occurs early in the preclinical phase and before the
development of inflammatory arthritis (18). In the pre-
sent cohort, of the CSA patients with erosions (20%),
40% had no concomitant subclinical inflammation. This
concerned both ACPA-positive and ACPA-negative
patients (Figure 2). It can be speculated that erosions
in these patients were the result of preceding subclinical
inflammation. However, in the absence of subclinical
inflammation, RA development was low (3). This sug-
gests that the presence of grade 1 MRI-detected ero-
sions, without subclinical inflammation, is often not
a feature of imminent RA. Perhaps additional stimuli
needed for progression were lacking.
Since April 2015, CSA patients with MRI-detected

subclinical inflammation could participate in an RCT
studying methotrexate. Patients who entered this trial
were excluded from the present analyses (Supplemen-
tary file S3). The patients in the present study who were
included after April 2015 less often had subclinical
inflammation than patients included before April 2015
(33% vs 51%), demonstrating that some of the patients
with subclinical inflammation, a risk factor for arthritis
development, had been excluded. This may have
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resulted in overestimation or underestimation of the
association between erosions and arthritis development.
Although the frequency of subclinical inflammation was
lower since the start of the RCT, the ratio of erosion
presence within strata of patients with or without sub-
clinical inflammation generally remained unchanged. In
addition, known risk factors for arthritis development
were comparable for patients with subclinical inflam-
mation who did and did not participate in the RCT.
Hence, a possible influence on the effect in the total
cohort can be eliminated by stratifying for subclinical
inflammation; also then MRI erosions were not predic-
tive (Supplementary tables S7 and S8). Furthermore,
subanalyses evaluating only patients included before
April 2015 revealed similar results. Therefore, we con-
sider it unlikely that exclusion of patients because of the
RCT caused false-negative results.

Conclusion

This large longitudinal study showed that MRI-detected
erosions in the hands and feet of patients with CSA are
not predictive for arthritis development. Therefore, eval-
uating MRI for erosions in addition to subclinical inflam-
mation does not provide added prognostic value in CSA.
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