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Subclinical synovitis in arthralgia: how often does it
result in clinical arthritis? Reflecting on starting
points for disease-modifying anti-rheumatic drug
treatment

Cleo Rogier ® '*, Fenne Wouters ® 2*, Laurette van Boheemen?,
Dirkjan van Schaardenburg®, Pascal H. P. de Jong ® ' and
Annette H. M. van der Helm-van Mil ® 2

Abstract

Objectives. According to guidelines, clinical arthritis is mandatory for diagnosing RA. However, in the absence of
clinical synovitis, imaging-detected subclinical synovitis is increasingly used instead and is considered as a starting
point for DMARD therapy. To search for evidence we studied the natural course of arthralgia patients with subclin-
ical synovitis from three longitudinal cohorts and determined the frequencies of non-progression to clinically appar-
ent inflammatory arthritis (IA) (i.e. ‘false positives’).

Methods. Subclinical synovitis in the hands or feet of arthralgia patients was visualized with US (two cohorts; def-
inition: greyscale >2 and/or power Doppler >1) or MRI (one cohort; definition: synovitis score >1 by two readers).
Patients were followed for 1 year on for IA development; two cohorts also had 3 year data. Analyses were strati-
fied for ACPA.

Results. Subclinical synovitis at presentation was present in 36%, 41% and 31% in the three cohorts. Of the
ACPA-positive arthralgia patients with subclinical synovitis, 54%, 44% and 68%, respectively, did not develop IA.
These percentages were even higher in the ACPA-negative arthralgia patients: 66%, 85% and 89%, respectively.
Similar results were seen after 3years of follow-up.

Conclusion. Replacing clinical arthritis with subclinical synovitis to identify RA introduces a high false-positive rate
(44-89%). These data suggest an overestimation regarding the value of ACPA positivity in combination with the
presence of subclinical synovitis in patients with arthralgia, which harbours the risk of overtreatment if DMARDs are
initiated in the absence of clinical arthritis.
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Rheumatology key messages

o Atotal of 44-68% of ACPA-positive arthralgia patients with subclinical synovitis did not progress to inflammatory
arthritis.

o Replacing the entry criterion in the 2010 criteria for RA with subclinical synovitis did not diminish the aforementioned
false-positive rate.

o This natural course suggests that initiating DMARD treatment in arthralgia patients would result in considerable
overtreatment.
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Introduction

Early start with DMARDs has become key in the treat-
ment of RA because of its association with improved
disease outcomes [1]. It has also fuelled research that
aims to identify patients at risk for RA in the symptomat-
ic phase preceding clinically apparent arthritis in the
hope that even earlier treatment may prevent the devel-
opment of RA. At present, clinically apparent arthritis is
mandatory for diagnosing RA and according to current
guidelines is the regular starting point for DMARD treat-
ment [1].

However, this basic notion seems to be shifting in
some places. A recent Dutch study showed that rheu-
matologists are increasingly willing to initiate ‘preventive’
treatment in the absence of clinical arthritis [2].
Likewise, a survey in the UK demonstrated that up to
73% of consulting rheumatologists would start DMARD
treatment in ACPA-positive patients with musculoskel-
etal symptoms and power Doppler on US in the ab-
sence of clinically apparent arthritis [3].

Subclinical synovitis has indeed been consistently
reported as a predictor for RA development; however,
not all patients with this feature will develop RA [4, 5].
Although we and others have published about predictive
models, the risk of patients with subclinical synovitis
progressing to RA, especially in the presence of ACPA,
cannot be easily deduced from these studies, while this
is the clinical situation where DMARDs are increasingly
considered in clinical practice. Therefore the question
remains how often DMARD treatment in such patients
would be correct and how frequently patients will be
overtreated, as they would not have developed RA in
the absence of DMARD treatment.

It is also suggested to apply the 2010 classification
criteria for RA in patients with subclinical inflammation,
thus replacing the entry criterion of clinical arthritis with
that of subclinical synovitis. It is then conceptualized
that subclinical synovitis and >6 points allow for an ear-
lier classification of RA and could result in less over-
treatment than treatment of subclinical synovitis alone.

Therefore we set out to search for evidence of the
natural course and determined in arthralgia patients with
subclinical synovitis from three longitudinal cohorts the
frequencies of non-progression to clinically apparent in-
flammatory arthritis (IA; i.e. patients who could be con-
sidered as ‘false positives’) both in the presence and
absence of ACPA. Furthermore, we explored if applying
the 2010 criteria in patients with subclinical synovitis in
the absence of clinical arthritis, thus broadening the
entry criterion, diminished the false-positive rate.

Methods
Cohorts

Data from three independent Dutch cohorts of arthralgia
patients with >1year of follow-up for IA development
were used. The cohorts have been described previously
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[6-8]. Details of cohorts and imaging are presented in
Supplementary Data S1, available at Rheumatology
online.

In short, cohort 1 is the SONAR (Sonographic evalu-
ation of hands, shoulders and feet in patients presenting
with inflammatory arthralgia to identify subclinical arth-
ritis) study, a multicentre observational inflammatory
arthralgia cohort. At baseline a bilateral US was per-
formed of MCP joints 2-5, MTP joints 2-5 and the
wrists. Subclinical synovitis was defined as greyscale
(GS) >2 and/or power Doppler (PD) >1.

Cohort 2 is the clinically suspect arthralgia (CSA) co-
hort. Patients underwent contrast-enhanced 1.5T MRI
of the wrists, MCP joints 2-5 and MTP joints 2-5. Scans
were independently scored by two trained readers for
subclinical synovitis according to the Rheumatoid
Arthritis MRI Score and a synovitis score >1 by both
readers was used as the cut-off [9].

Cohort 3 is the seropositive arthralgia cohort, which
included patients positive for ACPA and/or RF. A bilat-
eral US of the wrists, MCP joints 2 and 3 and MTP joints
2, 3 and 5 was performed at baseline, according to a
predefined US protocol [4, 7]. The definition of subclin-
ical synovitis was similar to that in the SONAR study. In
all three cohorts the imaging examiners were blinded to
the clinical details and the treating rheumatologists were
blinded to the imaging results.

Ethics

For cohort 1 (SONAR study), written informed consent
was obtained from the participants according to the
Declaration of Helsinki. The study was approved by the
medical ethics committee of Erasmus University Medical
Center, Rotterdam, The Netherlands (MEC-2010-353)
and was assessed for feasibility by the local ethical
bodies of Maasstad Hospital and Vlietland Hospital. For
cohort 2 (CSA cohort), patient consent was obtained
from all participants. This study was approved by the
local medical ethics committee of Leiden University
Medical Center. For cohort 3 (Amsterdam cohort),
signed informed consent was obtained from all patients
prior to inclusion. This study was approved by the
Slotervaart ethics committee (U/1740/0327). Signed
informed consent was obtained from all patients prior to
inclusion.

Outcome

The primary outcome of all three cohorts was develop-
ment of IA after 1year, determined by physical examin-
ation of the treating rheumatologist. In cohorts 2 and 3
the outcome was also assessed after 3years.
Importantly, DMARD treatment (including glucocorticoid
injections) was not initiated in the phase of arthralgia
and only prescribed after a patient had developed clinic-
ally apparent arthritis.
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Analysis

The true- and false-positive rates were determined.
These were respectively the percentages of patients
that developed and did not develop IA from all patients
with a positive test. Analyses were stratified for ACPA
status. For our second aim we applied the 2010 criteria
at baseline in patients with subclinical synovitis. The
entry criterion that requires the presence of clinical arth-
ritis was replaced by the presence of one or more joints
with subclinical synovitis in patients with arthralgia. The
item ‘number of involved joints’ was solely based on the
tender joint count (44 joints) and not by imaging.

Several sensitivity analyses were performed. First, the
abovementioned analyses in cohort 2 and 3 were
repeated when IA was assessed after 3years of follow-
up. Second, the definition of subclinical synovitis was
evaluated in three ways. Because it is known that power
Doppler could be a stronger predictor, progression to IA
was shown for patients who had GS >2 or PD >1 sep-
arately [6, 10]. In addition, multiple imaging studies in
the general population showed that symptom-free per-
sons can have inflammatory features [11, 12]. Because
this could affect the false-positive rate, analyses were
repeated when features found in the general population
were considered in the definition of the presence of sub-
clinical synovitis. MRI-detected subclinical synovitis was
considered present if it occurred in <5% of the healthy
population of the same age category in the same joint
(see Supplementary Data S1, available at Rheumatology
online for further explanation) [11, 13]. Similarly, the def-
inition of US-detected subclinical synovitis included the
results from a large US study carried out on a
symptom-free population [12]. Based on these results,
the cut-off value for MTP joints 2 and 3 was adjusted
and subclinical synovitis was considered present in MTP
joints 2 and 3 if GS >3 and/or PD >1, while the cut-off
in the MCP joints, wrist and MTP joints 4 and 5
remained unchanged (GS >2 and/or PD >1). Finally, al-
though the threshold for US-detectable subclinical syno-
vitis (GS >2 and/or PD >1) is most frequently used in
the current literature [4, 6, 10], we also evaluated the ef-
fect of a more stringent threshold (GS >3 and/or PD >2)
on the false-positive rate. Stata software version 15
(StataCorp, College Station, TX, USA) and SPSS version
25 (IBM, Armonk, NY, USA) were used.

Results
Baseline characteristics

A total of 166, 473 and 162 patients were included in
cohorts 1, 2 and 3, respectively. Table 1 presents the
baseline characteristics. The percentage of ACPA posi-
tives was 22% in cohort 1, 14% in cohort 2 and 56% in
cohort 3. At baseline, 36%, 41% and 31% of patients
had subclinical synovitis, respectively. After 1year, 22%,
15% and 18%, respectively, had developed IA.
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False-positive rates

Of the ACPA-positive patients with subclinical synovitis,
54%, 44% and 68% did not develop IA in cohorts 1, 2
and 3, respectively (Fig. 1A). In the ACPA-negative
patients with subclinical synovitis, 66%, 85% and 89%,
respectively, did not progress to IA (Fig. 1A).

Evaluation of the use of subclinical synovitis as an
entry criterion for the 2010 criteria

The analyses were also performed within arthralgia
patients in whom subclinical synovitis was used as an
entry criterion and who also had >6 points on the 2010
criteria (imaging was not used to evaluate the number of
involved joints). Within the ACPA-positive patients, 45%,
37% and 63% did not progress to IA (Supplementary
Fig. S1A, available at Rheumatology online). Within the
ACPA-negative patients, 67%, 82% and 89% did not
progress. Hence in both ACPA groups, the false-positive
rates did not decrease when the 2010 criteria were used
in arthralgia patients with subclinical synovitis.

Sensitivity analyses

First, analyses were repeated for cohorts 2 and 3 with
IA development after 3years of follow-up and similar
false-positive rates were observed (Fig. 1B). Also, the
results of the use of the 2010 criteria in patients with
subclinical synovitis after 3years were similar
(Supplementary Fig. S1B, available at Rheumatology
online).

Second, the results for progression to IA were shown
separately for patients having GS >2 and patients hav-
ing PD >1. No important differences were seen in
patients with GS >2 compared with the main analysis
(Supplementary Fig. S2A/S3A, available at
Rheumatology online). The false-positive rate for PD did
decrease somewhat in subgroups of cohort 1 and 3
compared with the main analyses, but remained sub-
stantial (Supplementary Fig. S2B/S3B, available at
Rheumatology online).

Additionally, imaging findings observed in symptom-
free persons were considered in the definition of sub-
clinical synovitis. When using a more stringent definition
for MRI-detected synovitis, 37% of ACPA-positive
patients and 80% of ACPA-negative patients with sub-
clinical synovitis did not progress to IA after 1year
(Supplementary Fig. S4, available at Rheumatology on-
line). Also, when a more stringent definition for US-
detected synovitis was used, a considerable proportion
of ‘false positives’ remained, as 50% of the ACPA-
positive and 71% of the ACPA-negative patients with
subclinical synovitis did not progress to IA after 1year
(Supplementary Fig. S5, available at Rheumatology
online).

Finally, an even more stringent threshold for subclin-
ical synovitis was studied (GS >3 and/or PD >2).
Although the number of patients with arthralgia that had
subclinical synovitis according to this definition
decreased, the high false-positive rates persisted

https://academic.oup.com/rheumatology
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TaBLE 1 Baseline characteristics of arthralgia-patients included in the three cohorts, also stratified for ACPA status

Characteristics All arthralgia patients

Cohort1  Cohort2 Cohort 3
(n=166) (n=473) (n=162)

ACPA positive ACPA negative

Cohort1 Cohort2 Cohort3 Cohort1 Cohort2 Cohort3
(n=37) (n =64) (n=90) (n=129) (n=409) (n=72)

Age, years, mean (s.0.) 45 (12) 44(13)  51(11) 45(11)  48(13) 51 (11) 45 (12) 43(13) 52 (11)
Female, n (%) 136(82)  366(77) 120 (74) 32(86) 52(81) 67 (74) 104 (81)  314(77)  53(74)
Symptom duration, 29 (19-40) 19(9-44) 57 (26-157) 28 (17-40) 24 (13-53) 52 (26-137) 29 (20-39) 18 (9-41) 83 (30-209)

weeks, median (IQR)

TJC44, median (IQR) 5 (3-8) 5 (2-9) 1 (0-5) 4(2-7) 3(1-7) 1 (0-5) 5 (3-8) 5@2-10) 1(0-5)
ACPA positivity, n (%) 37 (22) 64(14) 90 (56) NA NA NA NA NA NA

RF positivity, n (%) 49 (30) 95(20) 119 (74) 22(59)  49(77) 47 (52) 27 (21) 46(11)  72(100)
Increased CRP, n (%) 39 (23) 101 (22) 12 (7) 11(30)  20(32) 8(9) 28 (22) 81200  4(6)
Presence of local sub- 60 (36) 193 (41)  50(31) 13(35)  36(56)  31(34) 47 (36) 157 (38) 19 (26)

clinical synovitis®, n
(%)

@Presence of US- (cohort 1 and cohort 3) or MRI- (cohort 2) detected subclinical synovitis. Joints screened for cohorts 1
and 2: MCP 2-5, radiocarpal, intercarpal, radioulnar (cohort 2) and MTP 2-5. Joints screened for cohort 3: MCP 2-3; MTP
2, 3 and 5 and wrist. IQR: interquartile range; TJC44: 44-joint tender joint count; NA: not applicable.

(Supplementary Fig. S6, available at Rheumatology
online).

Discussion

Although daily practice most likely differs per region,
there is an increasing tendency to start DMARD treat-
ment in arthralgia patients with subclinical synovitis, at
least in some places [3]. This is based on the assump-
tion that the clinical presentation of subclinical synovitis
in ACPA-positive arthralgia is equivalent to imminent RA.
The lack of evidence for this notion prompted us to per-
form a study in multiple cohorts. We observed that
replacing clinical arthritis with subclinical synovitis for
identification of IA introduced a high false-positive rate,
as 44-68% of ACPA-positive and 66-89% of ACPA-
negative arthralgia patients with subclinical synovitis did
not develop IA. These results on the natural disease
course of arthralgia patients with subclinical synovitis
imply that starting DMARD treatment in these patients
would lead to considerable overtreatment, as they would
not progress to |IA without DMARD therapy. Another ar-
gument is the lack of evidence that starting DMARD
treatment in this phase will prevent the development of
RA. However, this is currently being investigated in sev-
eral trials and is outside the scope of this study [14].
Although the inclusion criteria of the three cohorts
were somewhat different, the primary results were com-
parable and this strengthens the validity of the results.
US and MRI are both suitable for detecting subclinical
inflammation in arthralgia [5, 6, 10]. Although MRI is
more sensitive than US, the decrease in sensitivity (with
MRI as reference) is less for the detection of synovitis
than for tenosynovitis and osteitis [15, 16]. Interestingly,
the results for the false-positive rates of the two imaging
modalities were not importantly different. However, for
clinical purposes, MRI can be less attractive compared
with US since it is less easily available, is more

https://academic.oup.com/rheumatology

expensive and requires intravenous contrast administra-
tion [15]. With respect to US, a limitation is that different
machines were used in the two US studies.
Nonetheless, the results were comparable and different
machines are also used in daily clinical practice.

Ideally the definition of subclinical inflammation incor-
porates correction for the symptom-free population to
prevent false-positive findings [11, 12]. For MRI, refer-
ence values were available and considered. For US we
used the results of Padovano et al. [12] and the results
with and without correction were similar. In cohort 3, the
false-positive rate decreased slightly but remained con-
siderable. This suggests that signs of inflammation
found in the normal population do not explain the
observed false-positive rates.

The 2010 criteria are intended for classification and not
for diagnosis/treatment start. Furthermore, to prevent
false-positive classifications, the 2010 criteria should only
be applied in case of a clinical diagnosis of RA with one
or more clinical swollen joints. Nonetheless, in the ‘pre-RA
field’ it is suggested that applying the 2010 criteria to
patients with subclinical inflammation can be helpful.
Previous studies that evaluated imaging as entry criterion
for the 2010 criteria were done in patients with clinically
apparent arthritis or in a mixed population with arthralgia
and arthritis [17, 18]. Our data from three cohorts with
arthralgia patients and subclinical synovitis revealed that a
high proportion of patients with subclinical synovitis and
>6 points did not develop IA/RA. Consequently there is
currently no evidence to change the entry criterion from
clinical synovitis to subclinical synovitis, as the false-
positive rate remained substantial.

Furthermore, the additional benefit of applying imag-
ing in the 2010 criteria in patients with clinical arthritis to
determine the number of involved joints has also been
studied [13]. This is different from the current research
where imaging-detected subclinical synovitis replaces
the entry criterion of clinical arthritis.
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Fie. 1 Percentage of progression and non-progression to inflammatory arthritis in arthralgia patients with subclinical

synovitis at baseline

A ACPA + ACPA -
Eoy 1004 El No IA development
90 - 90 - (‘false positives')
80 80 [ 1A development
('true positives')
70 - 70 4
(] w
+ 60 = 604
2 2
% 50 1 ® 50
o =5
se 40 se 404
30 - 30
20 20 1
10 4 10 4
0 0
Cohort 1 Cohort 2 Cohort 3 Cohort 1 Cohort 2 Cohort 3
B ACPA + ACPA -
Lo 1999 Il No |A development
90 - 90 4 (‘false positives')
80 80 [ |A development
'true positives'
70 4 70 1 ( P )
(7] wn
£ 60+ £ 60
2 2
5 50+ s 504
o =8
52 40 = 40
30 4 30
20 1 20 1
10 4 10 1
0 0
Cohort 2 Cohort 3 Cohort 2 Cohort 3

(A) ACPA-positive patients (cohort 1, n=237; cohort 2, n=64; cohort 3, n=290). Patients with subclinical synovitis at
baseline (cohort 1, n=13; cohort 2, n=36; cohort 3, n=231). Of these, 6, 20 and 10 patients, respectively, developed
IA after 1year of follow-up. ACPA-negative patients (cohort 1, n=129; cohort 2, n=409; cohort 3, n=72). Patients
with subclinical synovitis at baseline (cohort 1, n=47; cohort 2, n=157; cohort 3, n=19). Of these 16, 23 and 2
patients, respectively, developed IA after 1year of follow-up. (B) ACPA-positive patients (cohort 2, n=43; cohort 3,
n=90). Patients with subclinical synovitis at baseline (cohort 2, n=26; cohort 3, n=31). Of these, 17 and 12 patients,
respectively, developed IA after 3years of follow-up. ACPA-negative patients (cohort 2, n=292; cohort 3, n=72).
Patients with subclinical synovitis at baseline (cohort 2, n=121; cohort 3, n=19). Of these, 20 and 3 patients, re-

spectively, developed IA after 3years of follow-up.

In clinical practice, rheumatologists may be inclined to
start DMARDs in ACPA-positive arthralgia patients with
subclinical synovitis. The current data from three cohorts
suggest that ACPA positivity in combination with sub-
clinical synovitis is overestimated in its ability to indicate
the future development of IA/RA. Also, in our sensitivity
analysis where more stringent definitions of subclinical
synovitis were used, high false-positive rates remained.
Altogether, this emphasizes the need for other bio-
markers, in addition to ACPA and subclinical synovitis,
to enhance risk stratification in patients with arthralgia.
For example, imaging-detected tenosynovitis has been
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shown to be a better predictor than imaging-detected
synovitis [5, 19]. Combining imaging with other predic-
tors (e.g. clinical, genetic and serological data) will pre-
sumably result in higher positive predictive values and
true positive rates [14, 19].

A recent study on long-term outcomes of arthralgia
patients with subclinical inflammation that did not
progress to IA showed that 33-38% of these
patients, including those with ACPA positivity, had
symptom resolution [20]. Interestingly, this was also
associated with a reduction in subclinical inflamma-
tion, illustrating that a combination of symptoms,

https://academic.oup.com/rheumatology
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inflammation and presence of autoantibodies can be
self-limiting.

In conclusion, our results showed that the presence of
subclinical synovitis and ACPA positivity is not equal to
RA development. Therefore, in our view, further observa-
tional studies on the natural disease course are neces-
sary to derive accurate and validated risk stratification
for patients presenting with arthralgia. Thus, when
randomized clinical trials show that treatment of arthral-
gia patients prevents progression to IA, we can apply
this treatment to the right patients and avoid significant
overtreatment.
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