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ACPA-negative and ACPA-positive RA patients
achieving disease resolution demonstrate distinct
patterns of MRI-detected joint-inflammation
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Abstract
Objectives. Although sustained DMARD-free remission (SDFR; sustained absence of clinical-synovitis after DMARD-
discontinuation) is increasingly achievable in RA, prevalence differs between ACPA-negative (40%) and ACPA-positive RA
(5–10%). Additionally, early DAS remission (DAS4months<1.6) is associated with achieving SDFR in ACPA-negative, but not
in ACPA-positive RA. Based on these differences, we hypothesized that longitudinal patterns of local tissue inflammation
(synovitis/tenosynovitis/osteitis) also differ between ACPA-negative and ACPA-positive RA patients achieving SDFR. With
the ultimate aim being to increase understanding of disease resolution in RA, we studied MRI-detected joint inflammation
over time in relation to SDFR development in ACPA-positive RA and ACPA-negative RA.
Methods. A total of 198 RA patients (94 ACPA-negative, 104 ACPA-positive) underwent repeated MRIs (0/4/12/
24 months) and were followed on SDFR development. The course of MRI-detected total inflammation, and syno-
vitis/tenosynovitis/osteitis individually were compared between RA patients who did and did not achieve SDFR,
using Poisson mixed models. In total, 174 ACPA-positive RA patients from the AVERT-1 were studied as ACPA-
positive validation population.
Results. In ACPA-negative RA, baseline MRI-detected inflammation levels of patients achieving SDFR were similar
to patients without SDFR but declined 2.0 times stronger in the first year of DMARD treatment [IRR 0.50 (95% CI;
0.32, 0.77); P< 0.01]. This stronger decline was seen in tenosynovitis/synovitis/osteitis. In contrast, ACPA-positive
RA-patients achieving SDFR, had already lower inflammation levels (especially synovitis/osteitis) at disease presenta-
tion [IRR 0.45 (95% CI; 0.24, 0.86); P¼ 0.02] compared with patients without SDFR, and remained lower during sub-
sequent follow-up (P¼0.02). Similar results were found in the ACPA-positive validation population.
Conclusion. Compared with RA patients without disease resolution, ACPA-positive RA patients achieving SDFR
have less severe joint inflammation from diagnosis onwards, while ACPA-negative RA patients present with similar
inflammation levels but demonstrate a stronger decline in the first year of DMARD therapy. These different trajecto-
ries suggest different mechanisms underlying resolution of RA chronicity in both RA subsets.
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Rheumatology key messages

. ACPA-negative RA patients achieving SDFR demonstrate a stronger decline in MRI-detected joint inflammation
after DMARD start.

. ACPA-positive RA patients achieving SDFR have significantly lower MRI-detected inflammation scores from
diagnosis onwards.

. Distinct MRI patterns in ACPA-negative and ACPA-positive RA patients achieving SDFR suggest different
mechanisms underlying disease resolution.
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Introduction

Sustained DMARD-free remission (SDFR), the sustained
absence of clinical synovitis after complete discontinu-
ation of all DMARDs, is currently the best proxy for cure
in RA. It has been observed that, in response to
improved treatment strategies during the last two deca-
des, SDFR prevalence increased among ACPA-positive
RA patients, whereas prevalence remained similar in
ACPA-negative RA [1]. Nonetheless, absolute SDFR per-
centages remain significantly higher within ACPA-
negative RA (40%) compared with ACPA-positive RA (5–
10%) [2]. The mechanisms underlying this disease reso-
lution are unknown.

In order to understand which RA patients are most
likely to achieve SDFR, measures of inflammation (num-
ber of swollen/tender joints, acute-phase reactants,
imaging) at the time of diagnosis have been studied in
relation to SDFR development, while none appeared to
be associated with this outcome [2–4]. A recent study
which stratified for ACPA status and studied the course
of swollen joint counts (SJC) and disease activity after
DMARD-initiation in relation to SDFR, demonstrated that
ACPA-negative RA patients achieving SDFR were char-
acterized by early DAS remission, predominantly caused
by a stronger decline in SJC [5]. In addition, these
patients also had a stronger decline in serum levels of
serum amyloid A (SAA), CRP, matrix-metalloproteinase
(MMP)-1 and MMP-3 after DMARD start [5, 6]. In con-
trast, in ACPA-positive RA, these associations were not
found. These findings possibly suggest that mechanisms
underlying disease-resolution in both types of RA might
be inherently different. More specifically, the more prom-
inent decline in SJC as well as in serum markers derived
from joint tissue (MMP-1, MMP-3), may imply differences
at joint level in ACPA-negative RA patients achieving
SDFR compared with those who do not. Although serial
histological or tissue-based sequencing studies in rela-
tion to this disease outcome could be informative to fur-
ther unravel the etiopathology of SDFR, this is currently
not feasible as biopsy of small joints is clinically chal-
lenging and the burden for patients undergoing repeated
biopsies is high. Moreover, for ACPA-positive RA, so far,
no associations with achieving SDFR have been identi-
fied that can generate a specific hypothesis.

MRI is sensitive in detecting inflammation of synovium,
tenosynovium and bone [7–9], and is feasible for longitu-
dinal studies. To date, serial MRI studies in relation to
SDFR development have not been performed. With the
ultimate aim being to increase understanding of disease
resolution in RA, we studied the course of MRI-detected
inflammation in RA patients who did and did not achieve
SDFR in both ACPA-positive and ACPA-negative RA.
We hypothesized that the trajectories of local MRI in-
flammation over time differ in RA patients achieving
SDFR compared with those who do not, and that these
trajectories might also be different in ACPA-positive and
ACPA-negative RA patients achieving SDFR.

Methods

Patient population

For this study, RA patients were retrieved from two pa-
tient populations: the Leiden Early Arthritis Clinic (EAC)
(an observational inception cohort), and the AVERT-1 (a
randomized controlled trial population) which served as
validation population.

Leiden early arthritis cohort
In short, the Leiden-EAC is an inception cohort including
all patients presenting with recent-onset arthritis with a
symptom duration �2 years and has been previously
described [10]. From all consecutive RA patients
included in the Leiden EAC between August 2010 and
February 2015 (n¼408), and treated with DMARDs, 198
RA patients underwent repeated MRIs during follow-up
and were selected for this study (Supplementary Fig. S1,
available at Rheumatology online). RA was stringently
defined by a clinical diagnosis of RA by an experienced
rheumatologist, plus fulfilment of the 1987 and/or 2010
criteria for RA [11, 12]. Patients diagnosed with condi-
tions other than RA (e.g. reactive arthritis/psoriatic arth-
ritis/inflammatory osteoarthritis), or who had a high
suspicion on these diagnoses, were excluded. Baseline
characteristics of RA patients who did and did not
undergo repeated MRIs in this specific inclusion period
did not remarkably differ (Supplementary Table S1, avail-
able at Rheumatology online).

Research visits took place at baseline, after 4 months
and annually thereafter. During these visits, joint counts
were performed, disease-activity scores calculated, la-
boratory measurements were performed and question-
naires filled out. Visits to the treating rheumatologists
were more frequent, as often as it was found necessary.

Treatment strategies in the Leiden EAC have been pre-
viously described [1]. In brief, RA patients were promptly
treated with conventional synthetic DMARDs (csDMARD)
after diagnosis, in which MTX was first choice.
Subsequently, DAS-steered treatment adjustments were
made. When initial treatment failed, another csDMARD
was initiated or added. A biological DMARD (bDMARD)
was allowed when RA patients failed �2 csDMARDs.
When low disease activity (DAS44<2.4) was sustained,
and clinical synovitis was absent, treatment could be
tapered and eventually discontinued. Guidelines were to
taper DMARDs in case of DAS44<2.4 in subsequent vis-
its to the rheumatologist; decisions on DMARDs cessa-
tion were taken in shared decision making between
rheumatologists and patients.

AVERT-1
Because SDFR prevalence in ACPA-positive RA patients
is relatively low, statistical power can be limited to detect
differences between ACPA-positive RA patients achiev-
ing SDFR and patients who do not. We therefore studied
ACPA-positive RA patients from the AVERT-1 trial as
ACPA-positive validation population [13]. The AVERT-1
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is a randomized controlled-trial with a 12-month, double-
blind treatment period in which ACPA-positive RA
patients were randomized to receive abatacept plus
MTX, abatacept monotherapy or MTX monotherapy [13].
In case of DAS28CRP<3.2 after the 12-month treatment
period, patients entered a 12-month withdrawal period in
which all DMARD treatment was tapered and patients
were followed for 12 months (monthly visits). In case of
a flare (defined as doubling of SJC and TJC relative to
month 12, increase in DAS28CRP� 1.2 or investigators’
judgement of RA flare) patients entered the open-label
treatment (abatacept þ MTX) [13]. Of the 351 patients
initially randomized, 174 entered the withdrawal period
and underwent repeated MRIs during follow-up, thus
were selected as ACPA-positive validation population for
this study.

Sustained DMARD-free remission

Sustained DMARD-free remission (SDFR) was in both
cohorts defined as absence of clinical synovitis (swollen
joints at physical examination) for minimally one year
after cessation of DMARD treatment, and the subse-
quent follow-up thereafter. RA patients experiencing a
flare (defined as reoccurrence of clinical synovitis) after
SDFR development were also included in the non-SDFR
group. These stringent definitions were chosen to ensure
sustainability of DMARD-free remission. Medical files of
the Leiden EAC patients were studied on occurrence of
SDFR during follow-up until September 2021.

MRI

In the Leiden EAC, MRIs were performed at baseline (be-
fore DMARD initiation) and after 4, 12 and 24 months.
MCP (2–5) and wrist joints of the most painful side at
baseline (dominant side in case of symmetric symptoms)
were imaged using a contrast-enhanced 1.5 T MRI (GE
Healthcare, WI, USA). Follow-up MRIs were performed at
the side of the baseline MRI. MRIs were scored for syno-
vitis, osteitis and erosions in line with RAMRIS
(Rheumatoid Arthritis Magnetic Resonance Imaging Score)
and tenosynovitis as described by Haavardsholm et al. by
one reader, with known time order, blinded for any clinical
data. Intrareader reliability was excellent (Supplementary
Table S2, available at Rheumatology online) [14, 15].
Scores were summed per inflammatory feature, per pa-
tient. Total inflammation scores were calculated by the
summation of the synovitis, tenosynovitis and osteitis
scores. Erosion scores were also studied. Supplementary
Data S1, available at Rheumatology online, provides a
detailed scan and scoring protocol.

In the AVERT-1, MRIs were conducted at baseline
(side with most clinically inflamed joints), 6, 12, 18 and
24 months. MCP (1–5) and wrist joints were imaged
using a contrast-enhanced 1.5 T MRI. MRIs were scored
for synovitis, osteitis and erosions by two readers also
according to the RAMRIS method. Inter-reader reliability

was excellent (Supplementary Data S2, available at
Rheumatology online). Synovitis, osteitis and erosions
scores were based on the average of both readers.
Because the MRIs in the AVERT-1 were not scored for
tenosynovitis, total MRI inflammation score included the
sum of the synovitis and osteitis scores. Supplementary
Data S2, available at Rheumatology online, provides a
detailed scan and scoring protocol.

Statistical analyses

Baseline characteristics were compared using student’s t
test or Mann–Whitney U test, as appropriate.

The course of total MRI-detected joint inflammation,
and its individual components (osteitis, synovitis, teno-
synovitis) were analysed using Poisson linear mixed
models considering MRI scores should be regarded as
count data. MRI trajectories were compared between
ACPA-positive and ACPA-negative RA patients who did
and did not achieve SDFR. In these models, levels of
MRI inflammation over time were included as depend-
ent variable and the grouping variable [SDFR (yes/no)
and ACPA-positive (yes/no)] as covariate. Because it is
known from previous research that MRI inflammation
changes most during the first year after diagnosis and
less during the second year [9, 16], linear splines were
used to model the first and second year of follow-up
separately. Poisson mixed-models incorporate log
transformation, and therefore results are represented on
a multiplicative scale, i.e. as incidence risk ratios (IRR)
between the SDFR and non-SDFR patients. In this, an
IRR below 1 indicates relatively less MRI inflammation
in RA patients achieving SDFR compared with RA
patients who did not achieve SDFR, whereas an IRR
above 1 indicates more MRI inflammation. STATA(V16)
was used. P-values<0.05 were considered statistically
significant.

Ethics approval and consent to participate

Leiden Early Arthritis Clinic: ‘Commisie Medische Ethiek’
of the Leiden University Medical Centre (B19.008). All
studied patients gave written informed consent. AVERT-
1: The study protocol was approved by the Institutional
Review Board or Independent Ethics Committee at each
site of participation.

Results

Study population

In total, 198 RA patients from the Leiden EAC were
studied; the mean age was 56 years, 65% were female,
median symptom duration was 14 weeks and 53% were
ACPA-positive (Table 1). Median follow-up was 6.1 years
(IQR 4.2–7.4 years). Among the ACPA-negative RA popu-
lation (n¼ 94), 51% achieved SDFR after median 3.2 years
of follow-up (IQR 2.4–4.4 years). Among the ACPA-
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positive RA population (n¼104), 12% achieved SDFR,
after median 4.7 years of follow-up (IQR 3.9–6.3 years).
After SDFR development, ACPA-negative RA patients
were followed for a subsequent median 4.5 years (IQR
3.0–5.6 years) and ACPA-positive RA patients for 2.8 years
(IQR 1.0–3.8 years), during which no flare occurred, con-
firming the sustainability of this outcome. Baseline charac-
teristics of RA patients who did and did not achieve
SDFR, stratified for ACPA status, are presented in
Table 1.

MRI-detected inflammation in relation to SDFR
development in ACPA-negative RA

At diagnosis, MRI-detected inflammation scores were simi-
lar between ACPA-negative RA patients achieving SDFR
and those who did not (Fig. 1; Supplementary Table S2,
available at Rheumatology online). However, in the first year
after DMARD start, total inflammation scores became sig-
nificantly lower in ACPA-negative RA patients who achieved
SDFR compared with ACPA-negative RA patients who did

TABLE 1 Baseline characteristics study populations, stratified for SDFR development

(i) ACPA-negative RA Total
(n 5 94)

No SDFR
(n 5 46)

SDFR
(n 5 48)

Age (years), mean (S.D.) 61 (15) 57 (13) 62 (13)
Females, % 66 61 65
Symptom dur. (weeks), med

(IQR)
14 (6–27) 17 (8–39) 13 (5–22)

RF-positive, % 34 50 23a

DAS28CRP at baseline,
med (IQR)

4.6 (4.0–5.3) 4.5 (3.7–5.2) 4.6 (4.2–5.8)

SJC at baseline, (0–28),
med (IQR)

6 (3–11) 4 (2–8) 6 (2–11)

TJC at baseline, (0–28), med
(IQR)

9 (4–16) 7 (2–12) 7 (3–12)

CRP (ug/l), med (IQR) 28 (11–39) 7 (3–21) 18 (4–27)
VAS (0–100 mm), med (IQR) 50 (30–70) 40 (30–68) 50 (30–80)
HAQ-DI, med (IQR) 1.0 (0.6– 1.5) 1.0 (0.6–1.4) 1.1 (0.6–1.5)

(ii) ACPA-positive RA Total
(n 5 104)

No SDFR
(n 5 92)

SDFR
(n 5 12)

Age (years), mean (S.D.) 55 (14) 54 (17) 51 (14)
Females, % 65 67 50
Symptom dur. (weeks), med (IQR) 15 (7–35) 15 (7–35) 15 (9–26)
RF-positive, % 85 84 92
DAS28CRP at baseline, med (IQR) 3.9 (3.3–4.7) 4.0 (3.3–4.8) 3.5 (2.9–4.2)a

SJC at baseline, (0–28), med (IQR) 5 (2–8) 3 (1–6) 2 (1–3)
TJC at baseline, (0–28), med (IQR) 7 (3–11) 4 (2–8) 2 (1–5)
CRP (ug/l), med (IQR) 7 (3–15) 8 (3–15) 4 (3–6)
VAS (0 -100 mm), med (IQR) 40 (20–70) 40 (20–70) 50 (10–70)
HAQ-DI, med (IQR) 0.9 (0.4–1.5) 0.9 (0.4–1.5) 0.8 (0.1–1.1)

(iii) ACPA-positive validation-population Total
(n 5 174)

No SDFR
(n 5 160)

SDFR
(n 5 14)

Age (years), mean (S.D.) 46 (12) 46 (12) 46 (12)
Females, % 78 78 71
Symptom dur. (weeks)b, med (IQR) — — —
RF-positive, % 96 95 100
DAS28CRP at baseline, med (IQR) 5.2 (4.5–6.2) 5.4 (4.6–6.3) 4.4 (3.4–5.0)a

SJC at baseline, (0–28), med (IQR) 9 (5–17) 10 (5–18) 5 (3–6)a

TJC at baseline, (0–28), med (IQR) 12 (7–20) 12 (8–20) 8 (5–10)a

CRP (ug/l), med (IQR) 8 (2–20) 9 (3–21) 3 (1–8)a

VAS (0–100 mm), med (IQR) 62 (46–76) 64 (47–78) 55 (31–61)a

Baseline characteristics of the ACPA-negative and the ACPA-positive study population, and the ACPA-positive validationpo-
pulation, stratified for SDFR development. aSignificant difference between SDFR and non-SDFR group. bIn general, symptom
duration was less than 2 years in the AVERT-1. Exact symptom duration was not available. DAS28CRP: DAS based on 28-
joint counts CRP and VAS; HAQ-DI: HAQ disability index; med: median; SJC: swollen joint count; TJC: tender joint count;
VAS: visual analogue scale.
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not; IRR 0.50 (95% CI : 0.32, 0.77/P< 0.01); i.e. within the
first year of DMARD treatment, MRI inflammation levels
declined two times stronger (95% CI : 1.3, 3.1 times) in
ACPA-negative RA patients achieving SDFR. This relatively
stronger decline was seen in all individual MRI features
(Fig. 1; Supplementary Table S2, available at Rheumatology
online); however, especially tenosynovitis and osteitis be-
came significantly lower in ACPA-negative RA patients
achieving SDFR; IRR 0.38 (95% CI : 0.15, 0.96/P¼ 0.04)
and 0.36 (95% CI : 0.19, 0.66/P< 0.01) respectively. In the
second year of follow-up, the course of MRI inflammation,
and its individual features, did not significantly differ be-
tween the SDFR and non-SDFR patients. Erosion scores
over time did not differ between the SDFR and non-SDFR
patients (Fig. 2, Supplementary Table S2, available at
Rheumatology online).

MRI-detected inflammation in relation to SDFR
development in ACPA-positive RA

ACPA-positive RA patients achieving SDFR had sig-
nificantly lower MRI inflammation levels at diagnosis

compared with ACPA-positive RA patients who did
not achieve SDFR (Fig. 3, Supplementary Table S2,
available at Rheumatology online) which remained
significantly lower during follow-up; IRR 0.45 (95% CI:
0.24, 0.86/P¼0.02). That is, total MRI inflammation
levels at baseline and during follow-up were 2.2 times
lower (95% CI: 1.2, 4.2 times) in ACPA-positive RA
patients achieving SDFR. When studying the inflamed
tissues separately, especially synovitis was lower at
baseline and during follow-up in ACPA-positive RA
patients achieving SDFR: IRR 0.35 (95% CI: 0.16,
0.78/P¼ 0.01). A similar effect was seen in osteitis
scores, but this was borderline significant (IRR 0.40,
95% CI: 0.15, 1.09/P¼0.07). Tenosynovitis levels at
baseline, nor during follow-up, did not significantly
differ between the SDFR and non-SDFR group
(P¼ 0.13). Erosion scores were also significantly lower
at baseline and during the subsequent follow-up the
SDFR group compared with the non-SDFR group: IRR
0.38 (95% CI: 0.15, 0.96/P¼0.04) (Fig. 2,
Supplementary Table S2, available at Rheumatology
online).

FIG. 1 Trajectories of MRI-detected joint inflammation in ACPA-negative RA patients achieving SDFR compared with
those who did not
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Trajectories of MRI-detected inflammation during follow-up in ACPA-negative RA patients achieving SDFR compared
to those who did not. Despite similar baseline levels of MRI inflammation, the decline in these levels in the first year of
DMARD treatment was significantly stronger in ACPA-negative RA patients achieving SDFR. This effect was seen in all
individual inflammatory features, but predominantly in osteitis and tenosynovitis. Patterns were visualized based on
estimated marginal means resulting from the Poisson mixed models. *P<0.05. SDFR: sustained DMARD-free
remission.

Marloes Verstappen et al.

128 https://academic.oup.com/rheumatology

https://academic.oup.com/rheumatology/article-lookup/doi/10.1093/rheumatology/keac294#supplementary-data
https://academic.oup.com/rheumatology/article-lookup/doi/10.1093/rheumatology/keac294#supplementary-data
https://academic.oup.com/rheumatology/article-lookup/doi/10.1093/rheumatology/keac294#supplementary-data
https://academic.oup.com/rheumatology/article-lookup/doi/10.1093/rheumatology/keac294#supplementary-data


MRI trajectories in ACPA-negative and ACPA-
positive RA patients achieving SDFR are different

Subsequently, trajectories of MRI inflammation of ACPA-
negative and ACPA-positive RA patients were compared
in relation to SDFR to test our hypothesis that these tra-
jectories are different in ACPA-negative and ACPA-
positive RA patients achieving SDFR. At baseline, levels
of MRI inflammation were significantly lower in ACPA-
positive RA patients achieving SDFR compared with
ACPA-negative RA patients achieving SDFR (IRR 0.29
(95% CI: 0.17, 0.51)/P<0.001) (Fig. 4). In contrast,
ACPA-negative RA patients achieving SDFR MRI inflam-
mation levels declined 2.6 times (95% CI: 1.02, 6.45
times) stronger in the first year of DMARD treatment
compared with ACPA-positive RA patients achieving
SDFR (IRR 0.39 (95% CI: 0.15, 0.98)/P¼0.046).
Comparing ACPA-negative and ACPA-positive RA
patients who did not achieve SDFR, no differences in
baseline MRI levels (P¼ 0.20) or subsequent trajectories
were found (P¼0.50) (Fig. 4).

Validation in external ACPA-positive RA population

A total of 174 ACPA-positive RA patients included in the
AVERT-1 were studied: mean age was 46 years, 78% were
female and symptom duration was <2 years in all patients
(Table 1). Median follow-up was 1.4 years (IQR 1.3–
1.6 years). In total, 14 RA patients (8%) achieved SDFR.
Baseline characteristics of RA patients who did and did not
achieve SDFR are presented in Table 1. Also in this ACPA-
positive RA population, MRI inflammation scores at disease
presentation and in the subsequent follow-up were signifi-
cantly lower in patients achieving SDFR compared with
patients who did not achieve SDFR; IRR 0.23 (95% CI:
0.10, 0.54/P<0.01) (Fig. 5). Both synovitis and osteitis
scores were lower in ACPA-positive RA patients achieving
SDFR: IRR 0.32 (95% CI: 0.16, 0.64/P<0.01) and IRR 0.15
(95% CI:0.04, 0.57/P�0.01) respectively. Again, also ero-
sion scores were significantly lower at baseline and
remained significantly lower during follow-up: IRR 0.49
(95% CI: 0.26, 0.94/P¼ 0.03) (Fig. 2, Supplementary Table
S2, available at Rheumatology online).

FIG. 2 Trajectories of MRI-detected erosion scores in RA patients achieving SDFR compared with those who did not
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Patterns were visualized based on estimated marginal means resulting from the Poisson mixed models. *P<0.05.
SDFR: sustained DMARD-free remission.
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FIG. 3 Trajectories of MRI-detected joint inflammation in ACPA-positive RA patients achieving SDFR compared with
those who did not
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In ACPA-positive RA patients achieving SDFR, significantly lower baseline MRI inflammation was observed, which
remained significantly lower during follow-up. This effect was predominantly seen in synovitis. Patterns were visualized
based on estimated marginal means resulting from the Poisson mixed models. *P<0.05. SDFR: sustained DMARD-
free remission.

FIG. 4 Trajectories of MRI-detected joint inflammation of ACPA-negative ACPA-positive RA patients, in relation to
SDFR
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Comparison of trajectories of MRI-detected joint inflammation of ACPA-negative RA patients and ACPA-positive RA
patients in relation to SDFR development. MRI trajectories in ACPA-negative and ACPA-positive RA patients who do
not achieve SDFR were not statistically different. ACPA-negative RA patients achieving SDFR demonstrate a signifi-
cantly stronger decline in MRI inflammation in the first year of DMARD treatment compared to ACPA-positive RA
patients achieving SDFR (P¼0.046). In contrast, ACPA-positive RA patients achieving SDFR have already lower MRI-
detected inflammation levels from diagnosis onwards (P< 0.01).
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Discussion

Sustained DMARD-free remission has become an in-
creasingly achievable treatment aim and is currently the
best proxy for cure in RA. However, biological mecha-
nisms underlying SDFR development are incompletely
understood. In this study, we demonstrated that ACPA-
positive RA patients and ACPA-negative RA patients
achieving SDFR are characterized by different courses of
MRI-detected joint inflammation compared with patients
not achieving SDFR. ACPA-positive RA patients achiev-
ing SDFR were characterized by lower levels of MRI-
detected joint inflammation at diagnosis and during
follow-up, whereas ACPA-negative RA patients achieving
SDFR were similar in terms of MRI-detected joint inflam-
mation at diagnosis to non-SDFR patients but demon-
strated a stronger decline in inflammation after treatment
initiation. These differences imply that biological path-
ways underlying SDFR development are intrinsically dif-
ferent between these two types of RA.

Although multiple studies attempted to find a link be-
tween patient or disease characteristics at diagnosis and
disease resolution in RA, little associations were found,
except for the association with autoantibodies [2, 3].

However, recently, after analysing ACPA-positive and
ACPA-negative RA patients separately, and including
longitudinal measurements, several associations with
SDFR development in ACPA-negative RA were found [5,
17]. A steeper decrease in SJC, in DAS and in serologic-
al markers after treatment initiation were observed in
ACPA-negative RA patients who, later on, achieved
SDFR, compared with ACPA-negative RA patients with
persistent disease [5, 6]. Because most of these meas-
ures are related to local joint inflammation, we hypothe-
sized that specific joint-level processes might be related
to disease resolution in RA. Our finding that MRI-
detected joint inflammation, especially tenosynovitis and
osteitis, declined stronger in ACPA-negative RA patients
achieving SDFR substantiates this idea. If tissue-based
research would be considered in order to increase
understanding of disease resolution in RA, next to syno-
vium, the tenosynovium might be a target tissue that
may also be feasible to take small biopsies from.
Moreover, because ACPA-negative RA patients achiev-
ing SDFR share distinct patterns of systemic and local
inflammation upon DMARD initiation, which are not pre-
sent in other ACPA-negative RA patients who are treated
similarly, this might suggest that these patients represent

FIG. 5 Trajectories of MRI-detected joint inflammation in ACPA-positive RA patients achieving SDFR compared with
those who did not in the ACPA-positive validation population
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Trajectories of MRI-detected inflammation in ACPA-positive RA patients from the validation population who achieved
SDFR compared to those who did not. In ACPA-positive RA patients achieving SDFR, significantly lower baseline MRI
inflammation was observed, which remained significantly lower during follow-up. This effect was seen in both osteitis
and synovitis. Patterns were visualized based on estimated marginal means resulting from the Poisson mixed models.
*P< 0.05. SDFR: sustained DMARD-free remission.
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a subgroup within ACPA-negative RA with specific fa-
vourable characteristics, prone to achieve disease
resolution.

Until this study was performed, no associations were
found between patient or disease characteristics and
SDFR development in ACPA-positive RA. Our finding
that ACPA-positive RA patients achieving SDFR were
characterized by already less MRI-detected joint inflam-
mation (especially synovitis and osteitis) from the time of
diagnosis suggests that the ability of achieving SDFR in
these patients might already be determined at disease
presentation, before the initiation of DMARDs.
Interestingly, in AVERT-1, ACPA-positive RA patients
achieving SDFR also had significantly less swollen joints
at baseline compared with patients without SDFR
(Table 1). In RA patients from the Leiden EAC who were
selected based on the period in which longitudinal MRIs
were performed, a similar tendency was observed, al-
though this did not reach statistical significance, prob-
ably due to the small number of ACPA-positive patients
with SDFR. Considering the larger group of ACPA-
positive RA patients included in the EAC (irrespective of
the period in which repeated MRIs were made, see
Supplementary Fig. S1, available at Rheumatology on-
line) also a significantly lower number of SJC (–28) was
observed in ACPA-positive RA patients achieving SDFR:
3 (IQR 1–5) vs 5 (IQR 2–8) swollen joints at diagnosis in
ACPA-positive RA patients that did not achieve SDFR
(P< 0.01). Thus, ACPA-positive patients that develop
SDFR have less inflammation from the start of the dis-
ease, while the symptom duration was not shorter com-
pared with patients without SDFR. This could suggest
that the capability of achieving disease resolution in
ACPA-positive RA is determined by patient-specific
characteristics instead of disease-phase characteristics.
Interestingly, a recent study in ACPA-positive RA who
achieved disease resolution demonstrated that also Fab
glycosylation of ACPA was already less pronounced at
diagnosis and continued to be lower until SDFR was
achieved [18]. This also fits with the idea that ACPA-
positive RA patients achieving disease resolution might
represent a subgroup of patients with favorable patient
characteristics.

The fact that MRIs in the Leiden EAC were scored by
a different (single) reader than the MRIs in the AVERT-1,
scored by two readers, could be considered a limitation
as the readers for the different cohorts were not trained
together. In addition, in the Leiden EAC, MRIs were
scored with known time order and in AVERT-1 with ran-
dom time order, the latter is known to be less sensitive
to change over time [19]. However, MRIs in the Leiden
EAC and in the AVERT-1 were all scored according to
the same RAMRIS scoring method, which is a validated
and standardized scoring method [14, 15, 20]. Ideally, for
optimal validation, MRIs should have been scored by the
same reader. Encouragingly, intrareader reliability in the
Leiden EAC and inter-reader reliability in the AVERT-1
were excellent (Supplementary Table S2 and Data S2,

available at Rheumatology online). Importantly, MRI
scores were only compared within the cohorts, not be-
tween the cohorts, and thus potential inter-reader vari-
ability between the readers of the Leiden EAC and the
AVERT-1 presumably did not affect the results.

It has been suggested that SDFR development in
ACPA-negative patients solely reflects spontaneous
resolution of inflammation in patients misclassified as RA
[21]. However, to prevent that we studied patients with
self-limiting disease, we only analysed patients who had
a clinical RA diagnosis after 1 year of follow-up and add-
itionally fulfilled the 1987 and/or 2010 criteria for RA [11,
12]. Patients diagnosed with other conditions than RA
(e.g. reactive arthritis/inflammatory osteoarthritis) were
excluded. Thus, according to current standards, these
patients had RA.

A strength is that a validation set of ACPA-positive RA
patients was included, as SDFR is infrequent in this type
of RA. Similar findings in the validation cohorts support
the robustness of our findings. While tapering was non-
protocolized in the EAC, and protocolized in the AVERT
trial, similar observations were done. In the Leiden EAC,
SDFR was achieved after a median disease duration of
3.5 years (IQR 2.6–4.7 years). Because total median
follow-up was 6.1 years (IQR 4.2–7.4 years) most patients
had sufficient time to achieve the outcome. Importantly,
patients achieving SDFR were followed for an extra me-
dian 4.2 years (IQR 2.3–5.2 years) after SDFR develop-
ment during which no flares occurred, ensuring the
sustainability of this outcome. In the AVERT-1, DMARD
tapering was protocolized and SDFR could already be
achieved after a disease duration of 2 years. However,
follow-up after SDFR development was limited and
therefore flares after SDFR development might have
been missed. The fact that both patients and rheumatol-
ogists were blinded for MRI data avoided an influence of
MRI results on treatment and tapering decisions.

In conclusion, within ACPA-positive and ACPA-
negative RA different patterns of MRI-detected inflamma-
tion are present in patients achieving SDFR, suggesting
that different biological pathways are involved in disease
resolution in these subsets of RA. ACPA-positive RA
patients achieving SDFR are distinguished by less MRI-
detected inflammation already at diagnosis, whereas
negative RA patients achieving SDFR differentiate them-
selves by a larger decline and subsequent milder course
of inflammation over time. ACPA-stratified molecular re-
search seems warranted to further increase understand-
ing of disease resolution, the ultimate treatment aim in
RA.
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