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Value of MRI and ultrasound for
prediction of therapeutic response and
erosive progression in patients with
early rheumatoid arthritis managed by
an aggressive treat-to-target strategy
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,'® Espen A Haavardsholm,"? Siri Lillegraven, and the ARCTIC

Tore K Kvien
Study Group

ABSTRACT

Objectives To investigate if inflammation detected by
MRI or ultrasound at rheumatoid arthritis (RA) onset

is predictive of erosive progression or poor response

to methotrexate monotherapy, and to investigate if
subclinical inflammation in remission is predictive of
future treatment escalation or erosive progression.
Methods In a 2-year study, 218 patients with disease-
modifying antirheumatic drug-naive early RA were
treated by a tight-control treat-to-target strategy
corresponding to current recommendations. MRI and
ultrasound were performed at regular intervals. Baseline
imaging-based inflammation measures were analysed
as predictors for early methotrexate failure and erosive
progression using univariate and multivariate regression
adjusted for clinical, laboratory and radiographic
measures. In patients in remission after 1 year, imaging
measures were analysed as predictors of treatment
escalation and erosive progression during the second
year. The added value of imaging in prediction models
was assessed using receiver operating characteristic
analyses.

Results Baseline MRI inflammation was associated
with MRI erosive progression and ultrasound with
radiographic erosive progression. No imaging
inflammation measure was associated with early
methotrexate failure. Imaging inflammation was
present in a majority of patients in clinical remission.
Tenosynovitis was associated with treatment escalation,
and synovitis and tenosynovitis with MRI/radiographic
erosive progression during the second year. Imaging
information did not improve prediction models for any of
the outcomes.

Conclusions Imaging-detected inflammation, both at
diagnosis and in remission, is associated with elements
of future disease development. However, the lack of a
significant effect on prediction models indicates limited
value of systematic MRI and ultrasound in management
of early RA.
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Key messages

What is already known about this subject?

» MRl and ultrasound are sensitive methods to monitor
inflammatory disease activity in rheumatoid arthritis
(RA). Associations between imaging inflammation
measures and structural damage progression have
been documented in previous longitudinal studies,
both in early active disease and in remission.

What does this study add?

» This study provides knowledge on the use of imag-
ing in prediction of future disease course of patients
with RA in a modern treat-to-target strategy. Our
results suggest that although inflammatory imaging
findings are associated with future outcomes, pre-
diction models incorporating imaging information do
not perform significantly better than models based
only on routine clinical and laboratory measures.

How might this impact on clinical practice?

» Based on our results, systematic use of MRI or ul-
trasound does not substantially improve precision of
current individualised treatment strategies.

INTRODUCTION

Rheumatoid arthritis (RA) management has
improved greatly over the last two decades,
and many patients achieve remission by
modern treatment.’ However, a consider-
able portion of patients still fail to adequately
respond to the first-line methotrexate or have
an initial good response, but eventually expe-
rience relapse of disease activity.” Several
studies have shown that progression of struc-
tural joint damage may occur even in patients
who maintain stringent clinical remission
criteria.”™ To increase the precision of
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individualised treatment algorithms, it is necessary to
improve methods for prediction of the patient’s disease
course.

MRI and ultrasound are sensitive methods to monitor
disease activity in RA."*? High disease activity at the time
of treatment initiation is associated with a higher risk
of insufficient methotrexate response,”’ and imaging-
detected synovitis and bone marrow edema (BME) have
been shown to be predictive of progression of joint
damage.'' *'* Studies have also found that a majority of
patients who have been successfully treated to remission
by current clinical index-based criteria have residual joint
inflammation when examined by MRI or ultrasound.'* "
Such subclinical inflammation has been proposed as the
underlying pathology of continued radiographic progres-
sion in patients in remission, and it has been debated
whether RA treatment should target abrogation of
subclinical disease activity.” *® However, three randomised
trials investigating MRI and ultrasound did not find
additional benefit from their use in conventional treat-
to-target strategies.”’ > The value of imaging-detected
inflammation for treatment decision-making in modern
RA treatment is thus uncertain. Imaging, particularly
MRI, is highly resource demanding, and updated knowl-
edge about its value in risk-stratification and outcome
prediction is essential.

We aimed to investigate if MRI or ultrasound examina-
tion at the time of diagnosis is useful in anticipating poor
response to methotrexate monotherapy, or future struc-
tural damage progression, in patients treated by modern
recommendations. Second, we investigated the presence
of imaging-detected residual inflammation in patients
who have achieved clinical remission after 1 year of treat-
to-target therapy, and if such subclinical inflammation is
predictive of treatment escalation or continued erosive
progression during the following year.

MATERIALS AND METHODS

Study design

The ARCTIC trial (clinicaltrials.gov ID: NCT01205854)
was a 24-month multicentre, randomised clinical strategy
study, designed to compare outcomes of an ultrasound
guided and a conventionally guided treat-to-target
strategy in early RA. All included patients (n=230) were
treated according to the same disease-modifying anti-
rheumatic drug (DMARD) escalation strategy,”® which
is consistent with current EULAR recommendations.'
Starting treatment was methotrexate 15 mg/week
increased to 20 mg/week by week 5, with bridging pred-
nisolone. The treatment algorithm further included
increased methotrexate dose to 25 mg/week, triple
conventional synthetic DMARD (methotrexate/sulfasala-
zine/hydroxychloroquine) and biological DMARD treat-
ment. In the conventional treatment arm, the decision
to adjust therapy was based on level of and change in
Disease Activity Score (DAS).” The treatment target
was DAS <1.6 and no swollen joints, and treatment was

escalated in case of insufficient response (defined as a
decrease in DAS from the previous visit of less than 0.6
if DAS £2.4, or less than 1.2 if DAS >2.4) until the target
was reached. In the ultrasound treatment arm, therapy
was additionally escalated if the ultrasound examination
indicated an unacceptable disease activity or unsatisfac-
tory decrease of disease activity from the previous visit
(defined as <10% change in ultrasound score if DAS <2.4,
or <20% change in ultrasound score if DAS >2.4); in such
cases the ultrasound assessment would thus over-rule the
clinical assessment. According to the protocol, inflamed
joints were treated with intra-articular corticosteroids; in
the conventional arm, swollen joints were injected using
a landmark-based approach; and in the ultrasound arm,
joints with clinical swelling or power Doppler signal were
injected with ultrasound guidance.*® As the primary anal-
yses did not show significant differences in treatment
outcomes between the study arms,” all patients were
regarded as one cohortin the current analyses. Sensitivity
analyses were performed on the study arms separately.

Participants

The main inclusion criteria were age 18-75 years, fulfil-
ment of the 2010 American College of Rheumatology/
EULAR classification criteria for RA, DMARD-naivety,
time from first patient-reported swollen joint less than 2
years and indication for DMARD treatment.

Clinical, laboratory and radiographic assessments

The study included 13 visits during the 2-year follow-up
period.*® Clinical, laboratory data and patientreported
outcomes were recorded at every visit. Further assess-
ments included age, gender, body mass index, smoking
status, duration of symptoms (days since first patient-
recorded symptom), swollen joint count (SJC, 44 joints),
Ritchie Articular Index (RAI),*! anti-citrullinated protein
antibody (ACPA) and rheumatoid factor status, patient
global assessment (PGA), physician global assessment,
joint pain (Visual Analogue Scale), calprotectin, eryth-
rocyte sedimentation rate (ESR) and C reactive protein
(CRP). The DAS was calculated as a composite of RAI,
SJC, ESR and PGA.* Remission was defined as DAS <1.6,
low disease activity as DAS 21.6 <2.4, and moderate-high
disease activity as DAS >2.4. Investigators and patients
were aware of the allocated treatment group, and clin-
ical assessments were performed by unblinded study
personnel. Radiographs of hands, wrists and feet were
obtained at baseline, after 12, 16 and 24 months for
all patients, and scored in chronological order by two
readers blinded for clinical data according to the van der
Heijde modified Sharp score (vdHSS).* The average of
the two scores was used for the analyses.

Magnetic resonance imaging

MRI of dominant wrist and hand was performed at 0, 3, 6,
12, 16 and 24 months. Acquisitions were done according
to the Outcome Measures in Rheumatology RA MRI
scoring system (RAMRIS) recommendations,” * with
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coronal and axial T1 pulse sequences without contrast,
transversal T1 turbo spin echo with contrast and coronal
short tau inversion recovery. Images were scored for the
RAMRIS features synovitis, tenosynovitis, BME, bone
erosions and joint space narrowing in known chronolog-
ical order by one reader (US) blinded for clinical data. A
combined inflammation score was computed by normal-
ised summation of the synovitis, tenosynovitis and BME
scores.” Reliability of MRI readings was performed by
calculating intraclass correlation coefficients (ICCs) for
scores of 12 patients scored at all six timepoints separately
by DG and US. Inter-reader comparisons were estimated
by a two-way mixed-effects model, individual measure and
consistency of agreement. Intrareader comparisons were
estimated using readings by US using a two-way mixed-
effects model, individual measure and absolute agree-
ment.”” Of the 230 patients from the ARCTIC primary
analyses, 218 had an MRI assessment at baseline and at
least one of the follow-up visits, and were included in the
current analyses.

Ultrasound

The protocol for ultrasound assessments has been
described previously.”® All patients were assessed by ultra-
sound at baseline and after 12 and 24 months. Joints
were scored according to a validated scoring system with
semiquantitative scoring of grey scale and power Doppler
synovial inflammation in 32 joints of the hands, wrists,
elbows, knees, ankles and feet bilaterally, with a range of
0-96 units for both scores.” In the analyses of ultrasound
data, 5 of the 218 patients were excluded from the base-
line analyses, and two patients were excluded from the
l-year analyses, due to missing data.

Missing data

Less than 10% of observations of clinical, laboratory, radi-
ographic, ultrasound and MRI parameters were missing.
Missing clinical, laboratory and ultrasound data were
imputed using multiple imputation using 10 imputations
drawn from the observed distribution. Missing radio-
graphic scores were imputed using linear intrapolation
or extrapolation. Missing MRI scores were imputed with
50 imputations using a linear mixed-effects model using
available MRI data, with random intercepts for patients
and joints nested within patient.

Baseline MRI and ultrasound as predictors for treatment
escalation and joint damage

We defined three dichotomous outcomes for assessment
of the predictive value of MRI and ultrasound at time
of diagnosis: (a) early methotrexate failure, (b) radio-
graphic erosive progression and (c) MRI erosive progres-
sion. Early methotrexate failure was defined as escalation
from the initial treatment methotrexate monotherapy to
triple therapy, or biological DMARD/tumour necrosis
factor inhibitor, within 6 months after initiation of treat-
ment. Radiographic erosive progression was defined as
an increase of =22 units in vdHSS erosion score during

the 2-year course of the study. MRI erosive progression
was defined as an increase of 22 units MRI erosion score
during the course of the study. To assess the value of
adding MRI or ultrasound information to clinical infor-
mation in predicting the outcomes, we compared a clin-
ical prediction model including variables routinely used
for treatment decision-making, with prediction models
including MRI or ultrasound variables. Predictors used
in the clinical model were age, gender, SJC, RAI, PGA,
CRP, ACPA status and radiographic erosions; the MRI
model additionally included the RAMRIS scores for MRI
synovitis, tenosynovitis and BME, and the ultrasound
model additionally included the ultrasound grey scale
and power Doppler scores as predictors.

MRI and ultrasound as predictors for treatment escalation
and joint damage in patients in remission

For the analyses of the predictive value of MRI and ultra-
sound in patients achieving remission, we used data of
patients in clinical remission (DAS <1.6) after 1 year of
treatment. We defined three outcomes: (a) treatment
escalation, (b) radiographic erosive progression and
(c) MRI erosive progression. Treatment escalation was
defined as change of therapy to a higher level of the
treatment regimen during the second year. The decision
to change treatment was taken by the treating physician
in response to inadequate disease control, based on the
ARCTIC trial’s treatment decision rules.”® Patients who
escalated treatment on the l-year visit were excluded
from the analysis of this outcome. Radiographic erosive
progression was defined as increase =1 units for the
vdHSS erosion score during the second year. MRI
erosive progression was defined as increase 21 units for
the MRI erosion score during the second year. Similar
to the baseline analyses, we compared prediction of the
outcomes between three models: a clinical model with
predictors age, gender, SJC, RAI, PGA, CRP, ACPA status
and radiographic erosions; a clinical+MRI model and a
clinical+ultrasound model. The assessment at the 1-year
timepoint was used for all included predictor variables.
In the analyses of radiographic/MRI erosive progression,
only patients with at least two radiographic/MRI exami-
nations in the second year were included. In exploratory
analyses, we also assessed prediction of sustained DAS
remission between 12 and 24 months.

Statistical analyses

Baseline and l-year patient characteristics, clinical vari-
ables, radiographic and ultrasound scores are presented
as means (SD) or frequencies (%) as appropriate. MRI
and ultrasound scores are described as mean (SD)
values, median (minimum-maximum) values, and
number (%) of patients with positive findings (score
>0) for all patients at baseline and for patients in remis-
sion (DAS <1.6) after 1 year. For each of the outcomes
described in the previous sections, the number of posi-
tive outcomes is presented as n (%). For the MRI and
radiographic erosive progression outcomes, the mean
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score changes and 95% CIs are reported. We used
univariate and multivariate logistic regression to esti-
mate the associations of the continuous MRI and ultra-
sound scores to the binary outcomes. In the univariate
analyses, the linearity of the associations was assessed
by visual and likelihood-ratio comparison of linear
and cubic spline models. In the multivariate analyses,
each of the scores (MRI synovitis, tenosynovitis, BME,
ultrasound grey scale and power Doppler) was tested

Table 1 Patient characteristics of all patients at baseline
and 1-year values in patients in clinical remission after 1
year; dichotomous variables presented as N (%), continuous
variables presented as mean (SD)

Baseline 1-year values,

values, all patients in

patients remission at 1
Variable (n=218) year (n=164)
Age in years 51.7 (13.6) 52.2 (13.7)
Female gender 137 (63%) 96 (59%)
Body mass index (kg/m?) 25.7 (4.4) 25.3 (4.1)
Current smoking 52 (24%) 38 (23%)
Time from disease onset 213 (161) 211 (163)

to inclusion (days)
ACPA-positive
RF positive (IgA or IgM)

180 (83%)
155 (71%)

134 (82%)
114 (70%)

Disease Activity Score (44 3.4(1.1) 0.9 (0.4)
joints)

Simplified Disease Activity  24.3 (12.6) 2.2 (1.9)
Index

Patient global assessment  49.3 (24.3) 10.5 (13.3)
(VAS 0-100 mm)

Physician global 39.7 (20.2) 5.0 (4.5)
assessment (VAS 0-100

mm)

Swollen joint count (44 10.2 (7.1) 0.2 (0.6)
joints)

Total Richie score 8.5(7.0) 0.4 (0.7)
Erythrocyte sedimentation  24.6 (18.5) 9.7 (7.1)
rate (mm/hour)

C reactive protein (mg/L) 15.1 (20.3) 3.4 (3.3)
Calprotectin (ug/L) 2123.8 (4221.1) -

Joint pain (VAS 0-100 47.0 (23.6) 9.6 (13.3)
mm)

Van der Heijde modified 2.6 (3.9) 2.8 (4.1)
Sharp JSN score

Van der Heijde modified 3.8 (3.6) 4.6 (4.2)
Sharp erosion score

Van der Heijde modified 6.4 (6.7) 7.4 (7.3)

Sharp total score

Calprotectin only measured at baseline.

ACPA, anti-citrullinated peptide antibody; JSN, joint space
narrowing; RF, rheumatoid factor; VAS, Visual Analogue
Scale.

separately in multivariate models with the clinical,
laboratory and radiographic variables. To account for
an association between MRI inflammation and MRI
erosions at baseline or at 1 year, the multivariate models
were additionally adjusted for the MRI erosion scores
in analyses of MRI erosive progression. In supplemen-
tary analyses, calprotectin was included as a covariate,
see the online supplemental file. In the I-year anal-
yses, duration of remission was evaluated in sensitivity
analyses. To assess the added value of including MRI
or ultrasound data in prediction of the outcomes, we
used receiver operating characteristic (ROC) analysis
to compare the ROC area under the curve (AUC) of
the clinical model to the AUC of the clinical+MRI
and the clinical+ultrasound models.”” Additionally,
we performed supplementary ROC analyses of models
which only included MRI or ultrasound data. Supple-
mentary analyses were also performed using the vdHSS
total score and the combined MRI damage score
(calculated by summation of the RAMRIS erosion and
joint space narrowing scores) to define radiographic/
MRI damage progression. All analyses were performed
in STATA V.16 (StataCorp, USA).

Table 2 MRI and ultrasound (US) findings in all patients at
baseline (MRI n=218, US n=213)

Median
(min-max)

6 (0-18)

N (%)
positive

208 (95)

Mean (SD)
6.6 (4.2)

MRI synovitis
score (range
0-21)

MRI 6.5 (6.0)
tenosynovitis
score (range
0-42)

MRI bone
marrow oedema
score (range
0-75)

MRI combined
inflammation
score (range
0-750)

US grey scale
score (range
0-96)

US power
Doppler score
(range 0-96)

US total score
(range 0-192)

N (%) positive is the number and percentage of patients with a
score >0 for the corresponding imaging feature.

5(0-28) 196 (90)

3.9 (6.1) 1(0-32) 149 (68)

119.3 (83.4) 99 (0-447) 217 (99.5)

21.2(142) 19(1-78) 213 (100)

10 (10.4)  7(0-60) 196 (92)

31.1(23.3) 25(1-131) 213 (100)
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Table 3 Predictive association of baseline MRI and ultrasound scores to early methotrexate failure, radiographic erosive

progression and MRI erosive progression, ORs (95% Cl)

Univariate Multivariate
OR (95% CI) P value OR (95% CI) P value
Early methotrexate failure
MRI synovitis 1.04 (0.97 to 1.12) 0.30 0.99 (0.89 to 1.11) 0.92
MRI tenosynovitis 1.03 (0.98 to 1.08) 0.26 0.99 (0.92 to 1.07) 0.78
MRI bone marrow oedema 1.00 (0.95 to 1.05) 0.94 0.99 (0.93 to 1.06) 0.81
MRI combined inflammation 1.00 (1.00 to 1.01) 0.31 1.00 (0.99 to 1.01) 0.80
Ultrasound grey scale 1.01 (0.99 to 1.03) 0.54 0.97 (0.94 to 1.00) 0.09
Ultrasound power Doppler 1.01 (0.98 to 1.04) 0.54 0.97 (0.92 to 1.01) 0.14
Radiographic erosive progression
MRI synovitis 1.05 (0.98 to 1.13) 0.17 0.97 (0.88 to 1.08) 0.64
MRI tenosynovitis 1.01 (0.97 to 1.06) 0.57 0.97 (0.90 to 1.04) 0.41
MRI bone marrow oedema 1.02 (0.98 to 1.07) 0.31 0.96 (0.91 to 1.03) 0.26
MRI combined inflammation 1.00 (1.00 to 1.01) 0.22 1.00 (0.99 to 1.00) 0.32
Ultrasound grey scale 1.04 (1.02 to 1.06) <0.001 1.05 (1.01 to 1.08) 0.007
Ultrasound power Doppler 1.05 (1.02 to 1.08) 0.001 1.06 (1.01 to 1.10) 0.02
MRI erosive progression
MRI synovitis 1.23 (1.12 to 1.35) <0.001 1.24 (1.06 to 1.45) 0.007
MRI tenosynovitis 1.11 (1.05 to 1.18) <0.001 1.09 (1.00 to 1.19) 0.06
MRI bone marrow oedema 1.12 (1.06 to 1.18) <0.001 1.10 (1.02 to 1.19) 0.01
MRI combined inflammation 1.01 (1.01 to 1.02) <0.001 1.01 (1.00 to 1.02) 0.002
Ultrasound grey scale 1.05 (1.02 to 1.08) <0.001 1.08 (1.02 to 1.14) 0.008
Ultrasound power Doppler 1.05 (1.02 to 1.08) 0.001 1.04 (0.96 to 1.13) 0.31

Early methotrexate failure: escalation from initial treatment methotrexate monotherapy to triple therapy or bDMARD within the first 6 months
of treatment. Radiographic erosive progression: increase >2 vdHSS erosion score during follow-up. MRI erosive progression: increase >2
RAMRIS erosion score during follow-up. Multivariate model adjusted for clinical model predictors age, gender, SJC, RAI, PGA, CRP, ACPA
status and radiographic erosions. Univariate and multivariate associations between the clinical model predictors and the outcomes are
shown in online supplemental table S3. P values of <0.05 marked in bold typeface.

ACPA, anti-citrullinated protein antibody ; bDMARD, biological disease-modifying antirheumatic drug; CRP, C reactive protein; PGA, patient
global assessment; RAI, Ritchie Articular Index; RAMRIS, rheumatoid arthritis MRI scoring system; SJC, swollen joint count; vdHSS, van der

Heijde modified Sharp score.

RESULTS

At baseline, key clinical and radiographic variables were
consistent with a typical population with early RA. Mean
age (SD) was 51.7 years, 62.8% of the patients were
women and 82.6% were ACPA-positive (table 1).

The overall reliability of the MRI scores was very
good when tested in intrareader and interreader
comparisons  (synovitis/tenosynovitis/BME/erosions
mean inter-reader ICC (baseline) 0.96 (range 0.92-
0.98), mean intrareader ICC 0.94 (range 0.89-0.98)
(online supplemental table S1). Inflammation could
be detected by MRI or ultrasound in a majority of the
patients at baseline. The most frequent inflamma-
tory imaging feature was ultrasound grey scale syno-
vitis, which was present to some degree in all patients
examined by ultrasound (n=213). The least frequent
imaging feature was MRI BME, which was present in
about two out of three patients. Imaging scores gener-
ally had right-tailed skewed distributions (table 2). The

development of the MRI and ultrasound parameters
over the study period has been described in previous
publications.*® %

Baseline MRI and ultrasound as predictors for treatment
escalation and joint damage

Of'the 218 patients, 53 (24%) escalated treatment to triple
therapy or biological DMARD within 6 months of initia-
tion of treatment. There was no indication of an associ-
ation between baseline MRI or ultrasound inflammation
scores and early treatment escalation in either univariate
or multivariate analyses (table 3). Radiographic erosive
progression occurred in 63 (29%) patients during the
2-year follow-up, with a mean (95% CI) change in vdHSS
erosion score of 2.7 (2.5-3.0) in these patients. The
ultrasound, but not the MRI inflammation scores, were
associated with radiographic progression in univariate
and multivariate analyses (table 3). Thirty-three (15%)
patients had MRI erosive progression during follow-up,
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Figure 1 (A-C) ROC curves of the clinical, clinical+ultrasound and the clinical+MRI prediction models for (A) early

methotrexate failure, (B) radiographic erosive progression and (C) MRI erosive progression. Early methotrexate failure:
escalation from initial treatment methotrexate monotherapy to triple therapy or bDMARD within the first 6 months of treatment.
Radiographic erosive progression: increase >2 vdHSS erosion score during follow-up. MRI erosive progression: increase >2
RAMRIS erosion score during follow-up. AUC, area under the curve; bDMARD, biological disease-modifying antirheumatic
drug; RAMRIS, rheumatoid arthritis MRI scoring system; ROC, receiver operating characteristics; US, ultrasound; vdHSS, van

der Heijde modified Sharp score.

and the mean (95% CI) change in MRI erosion score
in these patients was 1.9 (1.7-2.2). All of the MRI and
ultrasound inflammatory scores were strongly associated
with MRI erosive progression in univariate analyses. The
MRI synovitis, BME, combined MRI inflammation and
ultrasound grey scale scores were independently asso-
ciated with MRI erosive progression in the multivariate
analyses (table 3). Sensitivity analyses performed on the
randomised study arms separately showed overall similar
results as the present analysis, although MRI BME was
only independently associated to MRI erosive progression

Table 4 MRI and ultrasound (US) scores in patients in
clinical remission after 1 year (MRl n=164, US n=162)

Median No (%)

Mean (SD) (min-max) positive
MRI synovitis score 3.8 (2.8) 3 (0-15) 149 (91)
(range 0-21)
MRI tenosynovitis 1.9 (2.7) 1(0-19) 100 (61)
score (range 0-42)
MRI bone marrow 2.5(3.3) 1(0-17) 113 (69)
oedema score
(range 0-75)
MRI combined 57.9 (45) 49 (0-325) 159 (97)
inflammation score
(range 0-750)
US grey scale score 5.9 (8.8) 3 (0-70) 126 (78)
(range 0-96)
US power Doppler 1.3 (5.7) 0 (0-52) 35 (22)
score (range 0-96)
US total score 72(13.9) 3(0-122) 126 (78)

(range 0-192)

No (%) positive is the number of patients with a score >0 for the
corresponding imaging feature. Remission defined as DAS <1.6.
DAS, Disease Activity Score.

in the patients treated by a conventional treat-to-target
strategy. Inclusion of calprotectin in the multivariate
baseline prediction models did not significantly affect
the coefficients or significance levels of the imaging vari-
ables (online supplemental table S2).

When comparing the AUC of ROC analysis of the
prediction model using only routine measures with
the model using MRI data, and the model using ultra-
sound data, there was no significant contribution of
MRI or ultrasound for prediction of either early metho-
trexate failure, radiographic erosive progression or MRI
erosive progression. Analyses of outcomes based on the
vdHSS total score and the combined MRI damage score
provided comparable results (online supplemental table
S4 and online supplemental figure S1A,B). The AUC for
the model including MRI data was similar to the AUC
of the model including ultrasound data (figure 1A-C).
Pure imaging models showed low-to-moderate predictive
performance (online supplemental figure S2A-C).

MRI and ultrasound features after 1 year

After 1 year of tight-control targeted therapy, 164 of the
218 patients (75%) were in clinical remission (DAS <1.6).
Signs of inflammation were seen in 159 patients (97%)
on MRI and in 126 patients (78%) on ultrasound. Joints
with ultrasound power Doppler signal were detected in
22% of patients (table 4).

MRI and ultrasound as predictors for treatment escalation
and joint damage in patients in remission

Of 156 patients who were in remission and did not esca-
late treatment at the 1-year visit, 36 patients (23%) esca-
lated treatment during the second year of follow-up.
MRI tenosynovitis was associated with treatment escala-
tion in the multivariate analysis. No associations were
found for MRI synovitis, BME or ultrasound scores
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Table 5 Predictive association of inflammatory MRI and ultrasound scores of patients in clinical remission after 1 year to
treatment escalation, radiographic erosive progression and MRI erosive progression during the second year of follow-up, ORs

(95% CI)
Univariate Multivariate
OR (95% CI) P value OR (95% CI) P value
Treatment escalation
MRI synovitis 0.90 (0.78 to 1.05) 0.19 0.95 (0.80 to 1.13) 0.56
MRI tenosynovitis 1.09 (0.95 to 1.26) 0.20 1.19 (1.01 to 1.41) 0.04
MRI bone marrow oedema 0.98 (0.87 to 1.10) 0.75 1.03 (0.90 to 1.18) 0.65
MRI combined inflammation 1.00 (0.99 to 1.01) 0.60 1.00 (0.99 to 1.01) 0.56
Ultrasound grey scale 1.00 (0.96 to 1.04) 0.94 1.02 (0.97 to 1.08) 0.41
Ultrasound power Doppler 1.01 (0.95 to 1.07) 0.69 1.05 (0.98 to 1.13) 0.18
Radiographic erosive progression
MRI synovitis 1.24 (1.09 to 1.41) 0.001 1.20 (1.03 to 1.40) 0.02
MRI tenosynovitis 1.36 (1.15t0 1.62) <0.001 1.29 (1.08 to 1.55) 0.006
MRI bone marrow oedema 1.14 (1.03 to 1.27) 0.01 1.06 (0.93 to 1.19) 0.38
MRI combined inflammation 1.02 (1.01 to 1.03) <0.001 1.02 (1.01 to 1.03) 0.004
Ultrasound grey scale 1.06 (1.01 to 1.11) 0.03 1.05 (1.00 to 1.12) 0.07
Ultrasound power Doppler 1.12 (0.98 to 1.28) 0.09 1.12 (0.97 to 1.29) 0.12
MRI erosive progression
MRI synovitis 1.41 (1.18 to 1.68) <0.001 1.43 (1.13 to 1.80) 0.003
MRI tenosynovitis 1.30 (1.10 to 1.53) 0.002 1.26 (1.06 to 1.51) 0.01
MRI bone marrow oedema 1.22 (1.08 to 1.38) 0.001 1.18 (1.00 to 1.39) 0.05
MRI combined inflammation 1.03 (1.01 to 1.04) <0.001 1.03 (1.01 to 1.05) 0.001
Ultrasound grey scale 1.02 (0.98 to 1.07) 0.30 1.01 (0.96 to 1.08) 0.61
Ultrasound power Doppler 1.03 (0.96 to 1.09) 0.44 1.02 (0.94 to 1.10) 0.63

Treatment escalation: change to a higher level of therapy during the second year. Radiographic erosive progression: increase >1 vdHSS
erosion score during second year. MRI erosive progression: increase >1 RAMRIS erosion score during second year. Multivariate model
adjusted for clinical model predictors age, gender, SJC, RAI, PGA, CRP, ACPA status and radiographic erosions. Estimates of univariate and
multivariate associations between the clinical model predictors and the outcomes are shown in online supplemental table S5. P values of

<0.05 marked in bold typeface.

ACPA, anti-citrullinated protein antibody; CRP, C reactive protein; PGA, patient global assessment; RAI, Ritchie Articular Index; RAMRIS,
rheumatoid arthritis MRI scoring system; SJC, swollen joint count; vdHSS, van der Heijde modified Sharp score.

(table 5). Similar results were found when assessing
predictors for not sustaining DAS remission between 12
and 24 months. Of 151 patients who had at least two
conventional radiographs during the second year, radio-
graphic erosive progression occurred in 50 (33%) cases,
and the mean (95% CI) increase in vdHSS erosion
score in these patients was 1.7 (1.4-1.9). All of the MRI
inflammation scores and the ultrasound grey scale score
were associated with radiographic erosive progression
in univariate analyses. The MRI synovitis, tenosynovitis
and combined inflammation scores were significantly
associated with radiographic erosive progression also in
multivariate analyses (table 5). Of 149 patients who had
at least two MRI examinations during the second year,
MRI erosive progression occurred in 18 (12%), with a
mean (95% CI) score increase in these patients of 1.4
(1.2-1.7). All of the MRI inflammatory scores, but not
the ultrasound scores, were associated with MRI erosive
progression in univariate and multivariate analyses

(BME borderline significant in multivariate analysis)
(table 5). In analyses performed in the respective study
arms separately, similar associations were found between
the imaging features and the outcomes. Adjustment for
duration of remission did not alter the estimates (data
not shown).

Comparison of the ROC curves of the prediction
models showed a non-significant trend towards higher
AUC values for the model including MRI data, in compar-
ison with the clinical model and the model including
ultrasound data (figure 2A-C). Analyses of outcomes
based on the vdHSS total score and the combined MRI
damage score showed no significant differences between
the prediction models (online supplemental table S6 and
online supplemental figure S3A,B). Pure imaging models
had low-to-moderate predictive performance, with the
exception that the MRI model showed good perfor-
mance in prediction of MRI erosive progression (online
supplemental figure S4A-C).
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Figure 2 (A-C) ROC curves of the clinical, clinical+ultrasound and the clinical+MRI prediction models for (A) treatment

escalation, (B) radiographic erosive progression and (C) MRI erosive progression during the second year in patients in clinical
remission after 1 year. Treatment escalation: change to a higher level of therapy during the second year. Radiographic erosive
progression: increase >1 vdHSS erosion score during the second year. MRI erosive progression: increase >1 RAMRIS erosion
score during the second year. AUC, area under the curve; RAMRIS, rheumatoid arthritis MRI scoring system; ROC, receiver
operating characteristics; US, ultrasound; vdHSS, van der Heijde modified Sharp score.

DISCUSSION

In this study, we found that a majority of patients with RA
in clinical remission after 1 year of treat-to-target therapy
had some degree of joint inflammation on MRI and
ultrasound, and that the level of MRI inflammation was
associated with treatment escalation and radiographic
progression in the following year. MRI inflammation at
the time of treatment initiation was associated with subse-
quent MRI erosive progression and ultrasound inflam-
mation with radiographic erosive progression. Never-
theless, addition of MRI or ultrasound information did
not substantially improve prediction models based on
routine clinical and demographic measures.

Current first-line treatment with methotrexate mono-
therapy in combination with short-term glucocorticoids
is sufficient to achieve clinical remission in approximately
50%-60% of early RA cases,3 39-13 \hile further escalation
of therapy will be necessary to reach the treatment target
in remaining patients. In some patients, disease relapse
and joint damage continue to occur, despite absence of
clinically active disease.” ™ We have investigated whether
supplementing routinely used clinical, laboratory and
radiographic assessments with ultrasound or MRI exam-
inations would improve the ability to predict such adverse
developments. In our ‘clinical’ prediction models, we
chose to include variables age, gender, ACPA-positivity,
radiographic erosions and the components of the DAS
(SJC, RAI, PGA and CRP). The variables in the clinical
models were selected not based on statistical significance
testing, but rather based on clinical reasoning and expe-
rience to represent key factors in treatment decision-
making and prognosis assessment in current practice.
For patients in clinical remission, the duration of remis-
sion may be a predictive factor for future outcomes,44
though in our data, adjustment for remission duration
did not significantly affect the results of the analyses. To
ensure comparability with previously published results

from the ARCTIC trial, where radiographic progression
was defined as an increase of 21 unit of the radiographic
score per year, we used a cut-off of 21 unit increase of
the MRI/radiographic erosion scores per year to define
progression. MRI images were read in known chronolog-
ical order, as this has been shown to increase sensitivity to
change without introducing significant bias.”™*" In our
analyses, imaging-detected inflammation at baseline was
independently predictive of subsequent erosive progres-
sion. In patients in remission, MRI subclinical tenosyno-
vitis was independently predictive of future treatment
escalation, and MRI tenosynovitis and synovitis were
predictive of continued erosive progression, which is
consistent with secondary analyses of the IMAGINE-RA
trial.* However, despite statistically significant associa-
tions to elements of the future disease course, prediction
models incorporating MRI or ultrasound information
were not superior to models using only routine measures.
Our interpretation of these results is that MRI and
ultrasound imaging, by the protocols we applied, have
limited value as an addition to routine examinations for
improving treatment decision-making in current treat-to-
target strategies. This is in line with the main conclusions
of the ARCTIC, TaSER and IMAGINE-RA trials.””* In
future studies, it would be of interest to perform compre-
hensive cost-benefit analyses, examining the cost of MRI
and ultrasound examinations in relation to long-term
medical treatment expenses, clinical and functional
outcomes.

A limitation of this study is that a rescue option in the
ARCTIC trial treatment regimen allowed for patients
with high levels of MRI BME at baseline to be directly
escalated from methotrexate to biological DMARD after
4 or 6 months, passing over triple therapy, in case of
insufficient response to methotrexate. Potentially, this
might have weakened the association between baseline
BME and subsequent erosive progression. Apart from the
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baseline assessment of BME, no MRI data were available
to the treating physicians during the course of the study.
It should also be noted that for 121 of the 218 patients,
treatment was partly guided by ultrasound findings, and
joints with power Doppler signal were treated with intra-
articular corticosteroid injections, which may have nega-
tively biased the associations of ultrasound scores to future
outcomes such as erosive progression. Nonetheless, sensi-
tivity analyses of our data did not indicate stronger predic-
tive associations in the patient group managed without
ultrasound guidance, and earlier analyses of the same
trial have not shown significant differences in treatment
outcomes between the study arms.*® *> Another limitation
is that in the ARCTIC trial, joint tenderness was assessed
using the RAI, which is an infrequently used measure in
clinical practice and therefore may be unfamiliar to some
practitioners. The strengths of this study include the
comprehensive clinical, laboratory and multimodality
imaging examinations at different phases of the disease
course, and at different levels of disease activity, in a study
sample representative of a general population with early
RA treated according to current recommendations.

In conclusion, we found that MRI and ultrasound
inflammation at the time of RA diagnosis is associated
with subsequent erosive progression, but not with poor
methotrexate response. In patients in remission after 1
year of treat-to-target therapy, imaging-detected subclin-
ical inflammation is frequently present, and is associated
with future treatment escalation and continued erosive
progression. We were however unable to establish a
significant benefit of including imaging information in
prediction models, supporting that systematic use of MRI
and ultrasound examinations has limited value in routine
follow-up of patients with early RA.
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