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The predictive role of Ultrasound detected tenosynovitis and joint synovitis for flare in patients with
Rheumatoid Arthritis in stable remission. Results of an Italian multicentre study of the Italian Society for
Rheumatology Group for Ultrasound: the STARTER study.
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Abstract

Objective: to define the role of Ultrasound (US) for the assessment of patients with Rheumatoid Arthritis
(RA) in clinical remission including joint and tendon evaluation.

Methods: a multicentre longitudinal study has been organised by the US study group of the Italian Society
for Rheumatology. 25 Italian centres participated, enrolling consecutive patients with RA in clinical
remission. All patients underwent complete clinical assessment (demographic data, disease characteristics,
laboratory exams, clinical assessment of 28 joints, patient/physician reported outcomes) and Power
Doppler (PD) US evaluation of wrist, metacarpo-phalangeal, and proximal interphalangeal joints, synovial
tendons of the hands and wrists at enrolment, 6 and 12 months. Descriptive statistics were performed for
all variables while the association between US variables and outcomes was evaluated through logistic
regression. In addition, multivariate models were created. Study data were collected using Research
Electronic Data Capture (REDCap). Analyses were performed using STATA software.

Results: 361 patients were enrolled, mean age of 56.19 (£13.31) years, 261 were female, with a mean
disease duration of 9.75 (+8.07) years. In the 12-months follow-up, 98/326 (30.06%) patients presented a
disease flare. The concurrent presence of PD positive tenosynovitis and joint synovitis predicted disease
flare, with an OR (95% Cl) of 2.75 (1.45,5.20) in crude analyses and 2.09 (1.06,4.13) in adjusted analyses. US
variables did not predict the worsening of function or radiographic progression. US was able to predict flare
at 12 months but not at 6 months.

Conclusions: PD positivity in tendons and joints predicts flare in patients with RA in clinical remission.
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Introduction

Management of Rheumatoid Arthritis (RA) has changed dramatically the last 20 years thanks to early
intensive treatment and the availability of new drugs. In order to assess disease activity, the European
League Against Rheumatism (EULAR) recommends ultrasonography (US) for both assessing inflammatory
activity and evaluating patients in remission as it can detect inflammation predicting subsequent joint
damage[1].

On the other hand, the more recent EULAR recommendations for the management of RA[2], state that
Boolean and index-based (SDAI, CDAI) definitions of clinical remission, should be used for defining disease
activity and remission. Further, two recent studies that compared targeting sonographic remission with
targeting clinical remission or low disease activity, aiming at imaging remission had no advantages, but had
economic disadvantages[3,4]. However, such strategic trials in patients in clinical remission are lacking and
there is no recommendation on the use of imaging in patients achieving clinical remission.

Muscolo-skeletal ultrasound (MSUS) can provide diagnostic and prognostic data in terms of risk of flare,
disability and damage progression in RA[5—-8]. Furthermore, MSUS allows the assessment of periarticular
structures such as tendons, that could present inflammatory changes also in clinical remission[9]. In
particular, the prognostic value of US tendon inflammation in patients in clinical remission is not known.

On this basis, the MSUS Study Group of the Italian Society for Rheumatology (SIR) prioritized its research
activities on defining the role of US for the assessment of patients with RA in clinical remission, launching
the Sonographic Tenosynovitis/arthritis Assessment in Rheumatoid Arthritis Patients in Remission
(STARTER) study. The main objective of this study is to determine the prevalence of US tenosynovitis in RA
patients in clinical remission and its association with unstable remission, function and damage. The
secondary aim of the study is to assess joint synovitis and its association with flare, function and damage.

Methods
Patient and study design

This is a longitudinal analysis of the STARTER study, including 25 rheumatology centers. Selection criteria
are fully described elsewhere[10]. Consecutive patients with RA (American College of Rheumatology (ACR)
criteria 1987 [11] or ACR/EULAR 2010 criteria [12]) in clinical remission were recruited between October
2013 and June 2014. Remission was defined as: DAS28<2.6 [13], SDAI<3.3[14], CDAI<2.8[15], ACR/EULAR
Boolean definition[16], absence of swollen/tender joints on 28 joints [17], remission based on clinical
evaluation of an expert rheumatologist[18]. For the present analyses, patients with a baseline DAS28<3.2
were included. A secondary analysis in patients with DAS28<2.6 was performed for the primary and the
functional outcome.

The study was approved by the local ethics committee of all sites. Written informed consent was obtained.

Clinical assessment

A full description of the clinical assessment is reported in the online supplement S1. Demographic (age, sex)
and clinical variables (disease and remission duration, treatment), rheumatoid factor (RF) and anti-cyclic
citrullinated peptide antibody (ACPA) were recorded at baseline. Clinimetric measures (the Italian version
of the health assessment questionnaire (HAQ)[19], visual analogue scale for pain, physician global
assessment, patient global assessment, global health), erythrocyte sedimentation rate (ESR), C-reactive
protein (CRP) and 28-joint count were collected at baseline, 6 and 12 months by a rheumatologist blinded
to US findings. Hands, wrists and feet plain radiographs were collected at baseline and 12 months. The
Sharp van Der Hejide Score (erosion, joint space narrowing (JSN) and total score) was measured in pairs of
radiographs by two external assessors, blinded to clinical and US findings.

Outcome measures
Disease flare, defined as change in DAS2821.2 or 20.6 if final DAS28>3.2[22], was the primary outcome.
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Secondary outcomes included a change in the HAQ>0.23[23] and the change in the Sharp van Der Hejide
Score (total (A>4.3), erosion (A>3) and JSN (A>2))[24]. For all outcomes, US variables were measured at
baseline and outcomes evaluated at 12 months. A secondary analysis evaluated the impact of baseline US
on flare at 6 months and the impact of 6 months US on flare at 12 months.

Ultrasonographic assessment

Ultrasonographers were rheumatologists expert in MSUS, selected by an inter- and intra-observer reliability
exercise against a reference standard (Al) on static images using an e-learning platform. A good to excellent
reliability (weighted kappa 20.7)[25] was required. Centers providing high level US machines (MyLab
70XVG, MylLab Twice, Logiq9, LogiqE9) with high frequency probes (14-18 MHz) were included. Esaote
provided high-level US machines to investigators not having adequate US machines. MSUS following the
EULAR guidelines[26] was performed by a single ultrasonographer blinded to clinical data at the baseline, 6
and 12 months.

A detailed description of the scanning protocol has been published previously[27], and is reported in the
supplementary file S1. The flexors of the fingers, the flexor carpi radialis, the extensor tendons of the wrist
were scanned bilaterally. The dorsal aspects of wrists (radiocarpal and midcarpal joints),
metacarpophalangeal joints (MCP), and the palmar aspects of proximal interphalangeal joints (PIP) was
scanned bilaterally.

Tenosynovitis, joint effusion and synovial hypertrophy were identified according to Outcome Measures in
Rheumatology Clinical Trials (OMERACT) definitions[28]. Power Doppler (PD) assessment was performed
under standardized settings (supplementary file S1). Representative images were recorded.

Grey scale (GS) and PD tenosynovitis (T) and synovitis (S) were semi-quantitatively scored from 0 to 3. Total
scores for GS and PD T and S were obtained as the sum of single sites. An image atlas was distributed to the
sonographers (supplementary material 2 and 3).

T and S were treated as categorical variables, defining their presence in case of GS or PD>1. To test the
solidity of our results, alternative definitions were tested (GS>1, PD>1 for T and S).

Statistical analysis

Descriptive statistics were performed for demographic, clinical and US variables, reporting results as
percentages, mean with standard deviation (SD) or median and interquartile ranges (IQR). Patients
presenting a flare in the first six-month were compared to patients with a flare in the second six-month by
Wilcoxon signed-rank test or Chi-square test.

The association between US variables and the outcomes was evaluated through logistic regression and
results presented as OR and 95%Cl, both crude and adjusted for pre-specified confounders (age, sex,
disease duration, remission duration, musculoskeletal comorbidities, RF, ACPA, disease-modifying anti-
rheumatic drugs (DMARDs), biologics, non-steroidal anti-inflammatory drugs (NSAIDs), systemic and local
injected glucocorticoids) (supplementary file S1). To test the influence of treatment changes on flare, a
secondary analysis adding a dichotomous variable on treatment decrease was performed.

To evaluate the additional impact of US and clinimetric variables on top of clinical findings, a model
predicting the risk of flare including age, gender, disease duration, musculoskeletal comorbidities, RF and
ACPA, remission duration (<12 months or >12 months), DMARDs, biologics, steroid injections, NSAIDs was
created, presenting the results as area under the curve (AUC) with 95% Cl. Each single variable was added
to the null model. Since some of the clinimetric variables are included in DAS28 and relate directly to the
outcome, flare was also defined as intention to change treatment was tested; this definition was correlated
with DAS28-defined flare by Pearson test.

Data were collected and managed using Research Electronic Data Capture (REDCap) [29]. Analyses were
performed using STATA software package (2009, release 11; StataCorp, TX, USA).

Results



Demographic and clinical characteristics
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A total of 361 patients were included, with a mean (standard deviation, sd) age of 56.19 (13.31) years, 261
(72.3%) were female, with a mean (sd) disease duration of 9.75 (8.07) years. The 283 patients with
DAS28<2.6, had a mean (sd) age of 55.85 (13.55) years, 202 (71.3%) were females. Clinical and
demographic features of both populations are presented in Table S4 (online only). After 6 months, 344
patients were still followed, while at 12 months 340. The clinical and US features at each time point are

shown in Table 1.

Baseline 6 months 12 months
(361) (344) (340)

Age, years (mean, sd) 56.20 (13.31)
Female/male (n,%) 261/100 (72.3/27.7)
BMI (mean, sd) 24.42 (4.01)
Current smokers (n, %) 65 (18.06)
Disease duration, years (mean, sd) 9.75 (8.07)
Remission duration, months (mean, sd) 20.30(21.97)
Extra-articular manifestation (n, %) 96 (26.59)
MSK comorbidities (n, %) | Fibromyalgia 8(2.22)

Osteoarthritis 74 (20.50)

Microcrystalline arthritis 3(0.83)
Erosions (n,%) 195 (54.32)
sDMARDs (n,%) 276 (76.45)
bDMARDs (n,%) 156 (43.21)
Combination therapy (n, %) 91 (25.21)
Corticosteroids (n, %) 163 (45.15)
Joint injections in the previous month (n,%) 7 (1.94)
NSAIDs (n, %) On demand 198 (54.85)

Full dosage 6 (1.66)
Anti-citrullinated peptide antibody positive (n, %) 207 (57.66)
Rheumatoid factor positive (n, %) 201 (55.83)
DAS 28 (mean, sd) 2.03 (0.68) 2.26(0.92) 2.33(0.99)
SDAI (median, IQR) 1.7 (0.7-3.5) 1.9 (0.5-5.1) 2.26 (0.71-5.33)
VAS PGA (median, IQR) 4 (0-13) 4.5 (0-20) 7 (0-17.75)
VAS EGA (median, IQR) 4 (0-10) 5(0-12) 6 (0-16.5)
Swollen joint count (28 joints, median, IQR) 0 (0-0) 0(0-1) 0 (0-0)
Tender joint count (28 joints, median, IQR) 0 (0-0) 0(0-1) 0(0-1)
ESR (median, IQR) 11 (5-18) 11 (6-19) 12 (6-20)
CRP (median, IQR) 0.07 (0-0.3) 0.1 (0-0.4) 0.1 (0-0.46)
VAS pain (median, IQR) 6 (0-16) 6 (0-20) 7 (0-20)
HAQ (median, IQR) 0(0-0.38) 0.13 (0-0.38) 0.06 (0-0.38)
van der Heijde modifed Sharp score (median, IQR) 9 (3-28) 12 (4-40.5)
Erosion score (median, IQR) 1(0-4) 2 (0-7)
Joint space narrowing score (median, IQR) 7 (2-21.75) 9 (2-32.5)
GS_T positive patients (n, %) 189 (52.35) 157 (46.18) 153 (46.79)
GS_T score in positive patient group (median, IQR) 2 (1-4) 3(1-4) 3(1-4)
GS_T positive tendons per patient (median, IQR) 1(0-2) 0(0-2) 0(0-1)
GS_T score (median, IQR) 1(0-3) 0(0-2) 0(0-2)
PD_T positive patients (n, %) 85 (23.55) 73 (21.47) 68 (20.80)
PD_T score in positive patient group (median, IQR) 2 (1-4) 2 (1-3) 2 (1-4)
PD_T positive tendons per patient (median, IQR) 0 (0-0) 0 (0-0) 0 (0-0)
PD_T score (median, IQR) 0 (0-0) 0 (0-0) 0 (0-0)
GS_S positive patients (n, %) 260 (72.02) 229 (67.35) 220 (67.28)
GS_S score in positive patient group (median, IQR) 3(2-6) 3(2-6) 4 (2-6.25)
GS_S positive joints per patient (median, IQR) 2 (0-4) 1(0-4) 1(0-4)
GS_S score (median, IQR) 2 (0-5) 2 (0-4) 2 (0-5)
PD_S positive patients (n, %) 161 (44.60) 134 (39.41) 132 (40.37)




PD_S score in positive patient group (median, IQR)
PD_S positive joints per patient (median, IQR)
PD_S score (median, IQR)

GS_T + GS_S positive patients (n, %)

PD_T + PD_S positive patients (n, %)

Patients with flare positive in US (any item)
Patients with positive US (any item) without flare

3(2-5)
0(0-2)
0(0-2)
292 (80.89)
184 (50.97)
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2(1-4)
0(0-1)
0(0-2)

256 (75.07)
157 (46.18)
53 (15.87)
201 (60.18)

2(1-5)
0(0-1)
0(0-2)

240 (73.39)
143 (43.73)
57 (17.81)
182 (56.88)

Table 1. Baseline, 6 and 12 month demographic, clinical and US features. MSK: musculoskeletal, DAS28: Disease Activity Score on
28 joints; sd: standard deviation; n: number; sDMARDs: synthetic disease modifying antirheumatic drugs; bDMARDs: biological
disease modifying antirheumatic drugs; NSAIDs: non-steroidal anti-inflammatory drugs; ACPA: anticitrullinated peptide antibodies;
IQR: interquartile range; ESR: erythrosedimentation rate; CRP: C reactive protein; HAQ: Health Assessment Questionnaire; SDAI:
Simplified Disease Activity Index, VAS: visual analogue scale; PGA: patients’s global assessment; EGA: evaluator’s global assessment;
GS: grey scale; PD: power Doppler; T: tenosynovitis; S: synovitis; US: ultrasonographic.

Primary Outcome: disease flare

In the follow-up, 98/326 (30.06%) patients presented a flare. When comparing the 56 patients with a flare
in the first six-month with patients with a flare in the second six-month (40 patients), there were no
statistically significant differences in the demographic, clinical and clinimetric variables (Table 2). For two
patients with flare at 12 months, the 6 months DAS28 was missing. Table 3 reports the clinical and US
variables in patients with flare at baseline and at flare.

Patients with flare at

Patients with flare at

first 6 months last 6 months * P-value
(N=56) (N=40)

DAS 28 (mean, sd) 2.07 (0.77) 1.86 (0.79) 0.187
SDAI (median, sd) 2.4 (1-4.25) 2.2(1.02-3.52) 0.572
Patient’s global assessment of disease activity
(median, IQR) 8 (2—-15.25) 4(0-12.25) 0.067
Investigator’s global assessment of disease activity
(median, IQR) 10 (0-15) 4(0-11.25) 0.215
Swollen joint count (28 joints, median, IQR) 0(0-1) 0(0-0.25) 0.760
Tender joint count (28 joints, median, IQR) 0(0-0) 0(0-1) 0.322
ESR (median, IQR) 13 (4 -23) 10 (2.75 - 15.25) 0.151
CRP (median, IQR) 0.02 (0-0.19) 0.09 (0-0.31) 0.297
Pain visual analogue scale (median, IQR) 10 (3.75-20) 4(0-12) 0.0536
HAQ (median, IQR) 0(0-0.63) 0.13 (0-0.5) 0.687
van der Heijde modified Sharp score (median, IQR) 11 (4 —24.75) 10 (5-—24) 0.584
Erosion score (median, IQR) 1(0-4.25) 2(0-4) 0.378
Joint space narrowing score (median, IQR) 7.5(3-17.25) 8 (4-19) 0.573
GS_T positive patients (n, %) 31 (55.36) 27 (67.5) 0.323
GS_T positive tendons per patient (median, IQR) 0.12 (0.06 - 0.19) 0.12 (0.04-0.19) 0.8
PD_T positive patients (n, %) 14 (25.00) 13 (32.5) 0.565
PD_T positive tendons per patient (median, IQR) 0.12 (0.05-0.18) 0.08 (0.04 -0.15 0.502
GS_S positive patients (n, %) 45 (80.36) 34 (85.00) 0.752
GS_S positive joints per patient (median, IQR) 0.18(0.09 - 0.36) 0.14 (0.09-0.32) 0.664
PD_S positive patients (n, %) 32 (57.14) 22 (55.00) 1
PD_S positive joints per patient (median, IQR) 0.14 (0.08 — 0.18) 0.11 (0.06-0.31 0.642

Table 2. Baseline clinical and ultrasonographic features in patients with disease flare in the first six-month
and in the second six-month. Sd: standard deviation; IQR: interquartile range; HAQ: Health Assessment
Questionnaire; US: ultrasonographic; GS: grey scale; PD: power Doppler. P-values calculated by Wilcoxon
test, with the exception of US joints GS positive patients, US joints PD positive patients, US tendons GS
positive patients, US tendons PD positive patients, for which Chi-Square test was used.

I Patients with flare at first 6 months

I Patients with flare at last 6 months
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N=56 N=40
Baseline Flare Baseline 6 months Flare
DAS 28 (mean, sd) 2.07 (0.77) 3.65 (0.83) 1.86 (0.79) 2.05 (0.75) 3.52(0.88)
SDAI (median, IQR) 2.2(1.02- 2.55 (0.9 — 7.6(4.75 -
2.4 (1-4.25) 9.4 (5.48 —13.64) 3.52) 5.03) 11.92)
Z:g;’:t ;ﬂgﬁalszsfe;;";f:: 7’;‘;’5_8"58 11.07 (13.23) 28.88 (22.78) 7.25(103) | 11.22 (14.92) 217 54;’ ((72‘;':9
ran e)y ’ ’ 8(2-15.25) 26.50 (10.75 — 40) 4(0-12.25) 5(0-18.5) .46 2'5)
g 0-65 0-95 0-50 0-71 :
0-78
Investigator’s global assessment of 9.89 (9.52) 26.66 (20.36) 6.98 (7.98) 8.25 (9.45) 22.5(19.05)
disease activity (mean, sd — median, 10 (0-15) 20 (10.75-38.5) 4(0-11.25) 5(0-10.5) 20 (10-30)
IQR - range) 0-36 0-79 0-30 0-35 0-82
;s";/;)llenjomt count (28 joints, median, 0(0-1) 1(0-2.25) 0(0-0.25) 0(0-1) 1(0-1)
;r‘;:;ierjomt count (28 joints, median, 0(0-0) 2(1-4) 0(0-1) 0(0-0) 2(1-3.25)
Erythrocyte sedimentation rate 10 (2.75 - 9(4.75 -
(median, IQR) 13 (4-23) 20.5 (12 - 33.25) 15.25) 18.25) 16.5 (9 - 31.5)
C-reactive protein (median, IQR) 0.02 (0-0.19) 0.1(0-0.6) 0.09 (0-0.31) 0.11(0-0.3) 0.3(0-0.71)
;”’efgi:':"zg'l"r’:g";““’e (mean, sd - 13.11 (13.36) 27.57 (21.33) 9.38 (14.4) 151'3'?2(17%7_3) ze‘;.g %5(27353_7)
’ g 10 (3.75 - 20) 28.5 (10— 43.25) 4(0-12) : :
0-65 0-80 0-80 22.5) 41.25)
0-60 0-75
HAQ (median, IQR) 0(0-0.63) 0.38 (0-0.91) 0.13(0-0.5) 0.13 (0-0.25) 0.13 (0-0.5)
van der Heijde modified Sharp score _ _ _
(median, IQR) 11 (4 -24.75) 10 (5-24) 11(7-33)
erosion score (median, IQR) 1(0-4.25) 2(0-4) 2(0-6)
jg;r;t space narrowing score (median, | 7.5(3-17.25) 8(4—19) 10 (6-19)
US joints GS positive patients (n,%) 45 (80.36) 48 (85.71) 34 (85.00) 31(77.5) 32(82.05)
US positive GS joints per patient (mean 0.27 (0.32) 0.23(0.22) 0.26 (0.22)
. 0.26 (0.23) 0.30(0.30)
, sd —median, IQR - range) 0.18(0.09 - 0.36) 0.18 (0.09 — 0.36) 0.14 (0.09 0.18 (0.09 0.18 (0.09
0.05-1.05 0.05-1.14 0.32) 0.27) 0.40)
o o 0.05-1.68 0.05-0.95 0.05-0.73
US joints PD positive patients (n,%) 32(57.14) 35 (62.5) 22 (55.00) 22 (55.00) 23 (58.97)
US positive PD joints per patient (mean 0.19 (0.16) 0.16 (0.17) 0.21(0.22)
- 0.16 (0.15) 0.25 (0.24) ' 4 4
, sd —median, IQR - range) 0.14 (0.08 - 0.18) 0.14 (0.09 — 0.34) 0.11 (0.06 0.09 (0.05 0.09 (0.05
0.05-0.68 0.05-1.05 0.31) 0.22) 0.25)
- - 0.05-0.59 0.05-0.77 0.05-0.77
US tendons GS positive patients (n,%) 31 (55.36) 36 (64.29) 27 (67.5) 24 (60.00) 24 (61.54)
US positive GS tendons per patient (me 0.17 (0.20) 0.13 (0.10) 0.18 (0.29)
; 0.16 (0.16) 0.14 (0.13) . ! 4
an, sd — median, IQR — range) 0.12 (0.06 - 0.19) 0.08 (0.04 — 0.20) 0.12 (0.04 0.10 (0.04 0.10 (0.04
0.04-0.69 0.04-0.65 0.19) 0.16) 0.15)
) ) ) ) 0.04-1.04 0.04-0.35 0.04-1.42
US tendons PD positive patients (n,%) 14 (25.00) 19 (33.93) 13 (32.5) 10 (25.00) 12 (30.77)
US positive PD tendons per patient (me 0.11 (0.10) 0.12 (0.07) 0.25(0.31)
. 0.12 (0.08) 0.15 (0.15)
an, sd — median, IQR — range) 0.12 (0.05 - 0.18) 0.08 (0.04 - 0.25) 0.08 (0.04 0.08 (0.08 0.13 (0.08
0.04-0.27 0.04-0.46 0.15) 0.17) 0.22)
) ) ) ) 0.04-0.35 0.04-0.23 0.04-1.12

Table 3: main clinical and US measures at baseline and at flare. DAS28: disease activity score on 28 joints;
sd: standard deviations; SDAI: simplified disease activity index; HAQ: Health assessment Questionnaire;

IQR: interquartile range; US: ultrasonographic; GS: grey scale; PD: power Doppler.

In the overall population, the concurrent presence of PD t and S and GS T and S predicted disease flare,
with an OR (95% Cl) of 2.75 (1.45,5.20) in crude analyses and 2.09 (1.06,4.13) in adjusted analyses for PD,

and of 2.88 (1.34,6.14) in crude models for GS, which was no longer statistically significant (2.25

(1.00,4.06)) when adjusted (Table 4, Figure 1).
In patients with DAS28<2.6, the concurrent presence of T and S significantly predicted flare in crude models
for both GS and PD (OR 95%Cl 2.59 (1.25,5.35) and 2.64 (1.17,5.96), respectively), but statistical significance
was lost after adjustment (OR 95%Cl 1.87 (0.85,4.12) and 1.94 (0.80,4.68), respectively).

DAS28<3.2

DAS28<2.6
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OR (95%Cl) Adj OR (95% Cl) OR (95%Cl) Adj OR (95% Cl)
PD-T 0.59 (0.16,2.15) | 0.47(0.12,1.82) | 0.23(0.02,1.82) | 0.19(0.02,1.67)
PD-S 1.64 (0.93,2.90) | 1.59(0.86,2.92) | 1.4(0.73,2.67) | 1.42(0.71,2.86)
PD-T + PD-S 2.75(1.45,5.20) | 2.09 (1.06,4.13) | 2.59 (1.25,5.35) | 1.87 (0.85,4.12)
GS-T 1.59 (0.53,4.72) | 1.37(0.42,4.41) | 1.95(0.59,6.41) | 1.63(0.43,6.07)
GS-S 2.18 (0.97,4.92) | 1.88(0.79,4.46) | 1.99(0.82,4.83) | 1.74(0.68,4.48)
GS-T + GS-S 2.88(1.34,6.14) | 2.25(1.00,4.06) | 2.64(1.17,5.96) | 1.94 (0.80,4.68)

Table 4: Odds Ratios and 95% Cl for the occurrence of flare (increase of DAS28>1.2 or 0.6 if final
DAS28>3.2). Analyses adjusted for age, gender, disease duration, musculoskeletal comorbidities, RF
positivity, remission duration, use of SDMARDS, bDMARDs, corticosteroids or NSAIDs. DAS28: disease
activity score on 28 joints. PD: power Doppler; GS: grey scale; T: tenosynovitis; S: synovitis; OR: odds ratio;
95% Cl: 95% confidence interval

Occurence of flare

T | |
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0,1

PD_T PD_S PD_T+
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Figure 1: Odds Ratios and 95% Cl for the occurrence of flare in the overall population. Adjusted for age,
gender, disease duration, musculoskeletal comorbidities, RF positivity, remission duration, use of
sDMARDS, bDMARDs, corticosteroids or NSAIDs. PD: power Doppler; GS: grey scale; T: tenosynovitis; S:
synovitis; OR: odds ratio; 95% Cl: 95% confidence interval.

Secondary Outcome: HAQ

In the follow-up, 70/340 (20.59%) of patients had a significant increase in the HAQ, 33 patients (14.47%) of
the non-flare group and 35 (35.71%) in the flare group (p<0.001). In both cohorts, US variables did not
significantly predict the worsening of function. (Table S5 and Figure S1 online only).

Secondary Outcome: Radiographic progression

For 189 patients, baseline and 12 month radiographs were available. At baseline, the median total SHS
(IQR) was 24.52 (3-31), the median erosion score 1 (0-5) and the JSN score 8 (2-25). At 12 months 39/189
patients (20.63%) had a progression in the total score, 25/189 (13.23%) in the erosion score and 71/189
(37.57%) in the JSN score. The mean (SD) change of the total SHS score was 3.1 (8.28), 1.12 (3.6) for the
erosion score and 1.91 (6.84) for JSN score. In the population of patients with DAS28<2.6 (157 patients with
complete radiographic data), the median (IQR) baseline total SHS was 9 (2-28), while the scores for erosions
and JSN were 1 (0-4) and 7 (2-23), respectively. At 12 months 34/157 (21.66%) patients had a progression in
the total SHS score, 20/157 (12.74%) in the erosion and 59/157 (37.58%) in the JSN score. The mean (sd)
change of the total SHS was 3.06 (6.42), 1.08 (3.7) and 1.98 (4.68) for the erosion and JSN scores,
respectively. Patients with radiographic progression were equally distributed in the groups of patients with
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and without flare (27 - 20.77% and 12 - 21.82 % respectively, p=1). None of the investigated US variables
significantly predicted radiographic progression, also when erosion and JSN scores were examined
separately (Table S6, Figure S2 online only).

Sensitivity analysis — stringent GS and PD definitions

More selective definitions for GS and PD were applied in patients with DAS28 <3.2. In crude and adjusted
models, concurrent GS T and S predicted flare (OR (95% Cl) 2.9 (1.2,7.05)). For PD, in both crude and
adjusted models only the presence of isolated S predicted flare (OR (95% ClI) 1.98 (1.02,3.81)). Three
hundred forty patients were available to assess HAQ progression, but no US variable predicted a significant
progression (Table S7, online only). For progression of the SHS, while in crude analysis GS S predicted
progression of the erosion and JSN score, this was no longer significant when adjusted. In both crude and
adjusted analyses the concurrent presence of GS T and S significantly predicted the progression of the JSN
score (OR (95% Cl) 5.28 (1.26,22.21)) (Table S8, online only).

Sensitivity analysis — risk of 6 and 12 month flare

The risk of flare at 6 months based on baseline US and the risk of flare at 12 months based on 6 months US
were calculated. In crude and adjusted models, flare at 6 months was not predicted by US variables.
Conversely, flare at 12 months was predicted in both crude and adjusted analyses by PD S (OR, 95%Cl 2.86
(1.3,6.33)) and GS T +S (OR, 95% Cl 4.02 (1.37,11.82) (Table 5).

Baseline US - 6 months flare 6 months US-> 12 months flare
OR (95%Cl) Adj OR (95% ClI) OR (95%Cl) Adj OR (95% ClI)
PD-T 0.7 (0.15,3.21) 0.72 (0.15,3.44) 2.07 (0.62,6.94) 3.03 (0.83,11.07)
PD-S 1.84 (0.95,3.6) 1.78 (0.87,3.64) 2.75(1.31,5.77) 2.86 (1.3,6.33)
PD-T + PD-S 1.77 (0.81,3.86) 1.3 (0.56,3.01) 2.27 (0.86,6.01) 1.79 (0.63,5.12)
GS-T 1.89 (0.53,6.76) 2.32(0.59,9.12) 3.15(0.76,13.02) 2.96 (0.67,13.07)
GS-S 2.43 (0.91,6.45) 2.82(0.99,8.06) 2.76 (0.94,8.09) 2.67 (0.89,8.08)
GS-T + GS-S 2.13(0.83,5.46) 1.88(0.69,5.12) 4.06 (1.46,11.26) 4.02 (1.37,11.82)

Table 5: Odds Ratios and 95% Cl for flare (increase of DAS28>1.2 or >0.6 if final DAS28>3.2). Baseline US
over the risk of flare at 6 months and 6 months US over the risk of flare at 12 months. Analyses adjusted for
age, gender, disease duration, musculoskeletal comorbidities, RF positivity, remission duration, use of
sDMARDS, bDMARDs, corticosteroids or NSAIDs. US: ultrasonography; GS: grey scale; T: tenosynovitis; S:
synovitis; OR: odds ratio; 95% Cl: 95% confidence interval.

Sensitivity analysis — treatment decrease

Analyses on the risk of flare at 12 months, predicted by baseline US variables, were repeated inserting a
dichotomous variable on treatment decrease. With the addition of this variable, in adjusted models PD S
(OR95% Cl 3.01 (1.36,6.63)) and GS T+S (OR 95% Cl 3.86 (1.31,11.39) were still significant predictors of flare
(Table S9, online only).

Application of US information in a clinical context

A weak but significant correlation was found between DAS28-defined flare and the intention to change

treatment (rho 0.22, p<0.001). The AUC (95% Cl) of the null model was 0.661 (0.598, 0.725) for DAS28 flare,

0.665 (0.556, 0.774) for treatment change. When adding US and clinical variables to the model, none of the
10



variables led to a relevant increase with both outcomes. An AUC >0.75 was obtained only with the addition

of VAS pain (Table 6).
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AUC (95% Cl) DAS28 flare Change of treatment

Null Model 0.661 (0.598 — 0.725) 0.665 (0.556 — 0.774)

Null model + US
GS T 0.670 (0.608 — 0.733) 0.663 (0.555—-0.772)
GS_S 0.674 (0.612 —0.736) 0.679 (0.576 — 0.781)
PD_T 0.670 (0.606 — 0.733) 0.684 (0.580 — 0.788)
PD_S 0.690 (0.626 — 0.755) 0.716 (0.616 —0.817)
GS 0.680 (0.618 — 0.742) 0.672 (0.568 — 0.777)
PD 0.690 (0.626 — 0.754) 0.720 (0.621 - 0.819)

Null model + clinimetric variables:

VAS PGA 0.661 (0.598 — 0.724) 0.734 (0.644 — 0.824)

VAS EGA 0.686 (0.622 — 0.751) 0.668 (0.562 — 0.775)

VAS pain 0.661 (0.597 — 0.724) 0.768 (0.678 — 0.859)

VAS GH 0.661 (0.598 — 0.725) 0.698 (0.596 — 0.800)
Null model + joint count:

sJC 0.665 (0.602 — 0.728) 0.668 (0.557 — 0.779)

TIC 0.661 (0.598 — 0.725) 0.690 (0.594 - 0.786)

Table 6: areas under the curve with 95% Cl of the prediction models, defining flare as change in DAS28
(increase of DAS28>1.2 or 20.6 if final DAS28>3.2) or as the intention to change treatment by the clinician.
The null model includes age, gender, disease duration, musculoskeletal comorbidities, rheumatoid factor
and anti-cyclic citrullinated peptides, remission duration, DMARDs, bDMARDs, steroid injections, NSAIDs.
AUC: area under the curve; 95% Cl: 95% confidence interval; DAS28: disease activity score on 28 joints; US:
ultrasonographic; GS: grey scale; PD: power Doppler; T: tenosynovitis; S: synovitis; VAS: visual analogue
scale; PGA: patient global assessment; EGA: evaluator’s global assessment; GH: general health; SIC: swollen
joint count; TJC: tender joint count.

Discussion

According to the latest EULAR recommendations, treatment of RA should aim at clinical remission [2],
defined by clinical indices, to prevent joint damage and worsening of function. On the other hand,
subclinical imaging-detected inflammation in clinical remission leads to flare and radiographic progression
[5,7,30-32]. Further, clinical indices do not consider tendon involvement, which is frequent [33,34] and has
an impact on disability [35]. Finally, the cross-sectional results of the STARTER study show the association
between tenosynovitis and FLARE questionnaire in clinical remission [36].

The longitudinal analysis of the STARTER cohort confirmed that the conjunct presence of PD positive
tenosynovitis and synovitis predict disease flare. While this result emerges consistently on the overall
population, it is not confirmed when limiting the analyses to patients with DAS28<2.6, possibly because of a
smaller sample and a baseline lower risk of flare. With more selective definitions for synovitis and
tenosynovitis, a potential predictivity emerged also for GS. This is the first description of the impact of US-
detected tenosynovitis in RA in clinical remission, highlighting a gap in the evaluation of disease activity,
which is limited to joints. Taking also tenosynovitis into account could better drive therapeutic decisions,
since the impact seems to be more relevant in patients in which treatment is tapered. In addition, patients
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with positive PD have a higher risk of flare and should be monitored more tightly. This result was achieved
defining clinical remission heterogeneously, in a multicenter study, using different US machines with
different operators. While this might be regarded as a limitation, it probably implies a larger generalizability
of the result, which is more likely to be reproduced in a clinical setting.

Regarding the secondary outcomes, US tenosynovitis or synovitis did not show any correlation with
function worsening defined by the HAQ. This could be expected, as the sample size was powered to detect
the primary outcome. The detection of a difference in patients that are not likely to progress rapidly would
have required a larger sample as well as a longer follow-up.

The same considerations can be applied to the radiographic outcome, whose relevance has been
questioned very recently[37,38], based on the reduction of its occurrence [39] and our population is not an
exception.

Regarding the timing of US, in our study US predicts flare at twelve months but not at six. This suggests that
in patients without any US inflammation, it could be useful to repeat US.

The addition of US and clinimetric variables to a model predicting flare did not lead to a relevant
improvement of its performance. Neither swollen nor tender joint counts improved the prediction, and
both counts, as well as acute phase reactants, remained substantially unchanged at flare, while greater
changes were see in patient’s reported outcomes. This aspect raises a further very important question: are
the actual clinical indices adequate for defining remission and flare in all patients? In many of our patients,
US did not reveal inflammatory exacerbation and flare was mainly PRO driven. It looks like the hot soup
paradox of the Italian tradition: “who was burn with the soup blows also on the water”.

The need for composite disease activity indexes emerged in the 90’s and in a short period different indexes
appeared [40][41]. All were meant to assess active disease but later emerged as a milestone in
management [2]. Their thresholds for defining remission have been established [42] in randomized clinical
trials and even in this context almost 10% of patients in DAS 28 remission had EGA and PGA scores
compatible with active disease. In our cohort, comorbidities (with 20% of patients with osteoarthritis and
2% with fibromyalgia) could have interfered with the patient and physician’s reported outcomes, shifting
patients from stable to unstable remission.

US has demonstrated to be very sensitive in RA and its value has been acknowledged in the EULAR
recommendations [1]. However, recent studies questioned the added value of US in guiding therapeutic
decision [3,4], since US did not demonstrate to improve the outcomes, despite some possible
methodological limitations [43]. Further, the role of residual US-detectable inflammation in clinical
remission is still not clearly defined, considering that inflammatory changes can also be found in healthy
subjects [44].

The STARTER study demonstrated that tendon and joint US can be useful in assessing inflammatory
changes in RA in clinical remission to predict disease outcome and the impact of these findings on disease
management should be tested in strategic trials.

On the other hand, in this cohort, disease flare is not always accompanied clinical and laboratory worsening
but mainly by a change in the PROs, which might be influenced by comorbidities. In this scenario, US could
confirm active disease and drive the therapeutic decision on top of composite indexes, in accordance with a
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recent proposal by a group of US experts [45].

The research agenda on US in patients with RA in clinical remission is rich in unanswered questions
regarding both the impact of PROs and the role of US. Decision making in RA should not be based on a
single parameter and should be taken after acquisition of as much data as possible regarding not only the
sensations of the patient but also objective and reliable data on disease activity. This is a doctor’s job, not a
machine’s or a number’s.
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