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Abstract

Objective. To assess the ability of ultrasound to predict successful tapering and successful discontinuation of bio-
logical DMARDs (bDMARDs) at the 2-year follow-up in RA patients in sustained remission.

Methods. Patients in sustained remission (DAS28-CRP <2.6) and with no radiographic progression the previous
year tapered bDMARDs according to a standardized regime. A total of 119 of these patients were included in this
ultrasound substudy. At baseline, clinical assessment, MRI, X-ray and ultrasound of 24 joints were performed.
Ultrasound-detected synovitis was defined and scored 0-3 using the OMERACT scoring system at the joint level
for both grey-scale and Doppler activity. Sum scores for each ultrasound modality were calculated for 24 joints at
the patient level. The final state of treatment was assessed after 2years. The predictive value of ultrasound meas-
ures for successful tapering and discontinuation at the 2-year follow-up was assessed via logistic regression
analyses.

Results. Negative IgM-RF [odds ratio (OR)=0.29, 95% CI: 0.10-0.85; P = 0.024] and lower Doppler sum score of
24 joints (OR=0.44, 95% CI: 0.15, 0.87; P=0.014) were independent predictors for successful discontinuation of
bDMARDs at the 2-year follow-up. The predictive value of the Doppler sum score was independent of MRI findings.
Previous numbers of bDMARDs were predictive of successful tapering (OR=0.58, 95% CI: 0.35, 0.91; P=0.018),
whereas ultrasound was not. Clinical parameters were not predictive of successful tapering/discontinuation.
Conclusion. Doppler sum score was an independent predictor for successful discontinuation of bDMARDs at the
2-year follow-up—the odds for achieving successful discontinuation decreased by 56% per one-unit increase in
Doppler sum score. Ultrasound could not predict successful tapering.
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Rheumatology key messages

o Doppler sum score was an independent predictor for successful discontinuation of bDMARDs at the 2-year

follow-up.
o Ultrasound could not predict successful tapering.

Introduction

EULAR treatment recommendations advise tapering of
biological DMARD (bDMARD) therapy in patients with
RA who have achieved stable clinical remission [1]. In
addition, tapering is relevant to reduce costs and be-
cause of safety issues for long-term use of bDMARDs
[2, 3]. Several randomized clinical trials have reported
successful dose tapering or discontinuation in some, but
not all, patients [4-10]. A recent systematic literature re-
view highlighted that discontinuation (but not tapering of
bDMARDs) was associated with radiographic progres-
sion and increased risk of losing remission [11]. Data are
needed to correctly identify those patients who may
successfully taper or discontinue their bDMARDs.

Previously, we have reported that the number of previ-
ous bDMARDs, gender and baseline MRI combined in-
flammation and combined damage scores may be
valuable in predicting successful tapering [12]. However,
ultrasound is more widely used as a clinical tool in
rheumatology routine care. Previous studies have shown
that the majority of RA patients in clinical remission have
subclinical synovitis by ultrasound, independent of
applied clinical composite scores [13-16]. This subclin-
ical synovitis has been demonstrated to be related to
clinical flare and erosive progression on X-ray [17-22],
and follow-up studies of 6-12 months have explored its
potential predictive value for successful tapering or dis-
continuation of bDMARDs [23-26]. Different definitions
of ultrasound remission exist, and different numbers of
joints have been assessed for detecting subclinical in-
flammation [13-16].

In the current substudy, the aim was to assess
whether ultrasound had a predictive value in addition to
(i) clinical and demographic parameters and (i) clinical,
demographic and MRI parameters in a cohort of RA
patients in longstanding clinical remission on bDMARD
therapy for (a) successful tapering at 2-year follow-up
and (b) successful discontinuation at 2-year follow-up.

Methods

The Capital Region of Denmark implemented in 2013 a
guideline for mandatory tapering of bDMARDs in all RA
patients in stable remission for at least 1year [A Dose
OPTimization of Biological Therapy (ADOPT)] (see refer-
ence [12] for details). Patients covered by the tapering
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guideline were offered participation in the current ultra-
sound substudy.

Of the 143 patients tapered according to the ADOPT
guideline [12], 132 patients accepted participation in the
ultrasound substudy, while 11 declined. Of the 132
patients included in the substudy, 13 patients were
excluded from the analysis (5 patients had missing
baseline ultrasound visits, 5 had a missing 2-year clinical
visit and 3 were lost to follow-up). Thus, 119 patients
were eligible for analysis.

The ultrasound assessments did not influence the
tapering regimen. The ultrasound substudy was a re-
search project approved by the research ethical commit-
tee of the Capital Region of Denmark (Protocol number:
H-1-2012-127) and the Danish Medicines Agency. All
patients gave written informed consent, and the study
was carried out following the Declaration of Helsinki and
the Good Clinical Practice guidelines. For the main study
[12], which was published separately, as this was based
on the mandatory clinical treatment guideline, no ethical
approval was needed according to Danish law.

ADOPT guideline

In Denmark, bDMARDs are provided for RA patients by
public hospitals and are paid for by a tax-based system,
with no bDMARD-related expenses for the individual pa-
tient. The patients are monitored in the clinical DANBIO
registry [27].

The ADOPT guideline was implemented in the Capital
Region of Denmark between April 2013 and February
2015. The included patients fulfilled the ACR 1987 crite-
ria and/or ACR/EULAR 2010 classification criteria for RA
[28, 29] and had achieved and maintained clinical remis-
sion (DAS28-CRP <2.6) for at least 1year as docu-
mented by at least three consecutive clinical visits in the
DANBIO registry, while being treated with bDMARDs
(adalimumab, etanercept, infliximab, tocilizumab, certoli-
zumab, golimumab or abatacept). Patients who had pre-
viously unsuccessfully attempted tapering, patients with
erosive progression on X-ray the previous year despite
clinical remission, and patients who had received gluco-
corticoid treatment 6months prior to baseline were
excluded from the mandatory tapering regimen.

Treatment algorithm

According to the ADOPT guideline [12], bDMARDs were
tapered stepwise following a predefined algorithm. At
the time of inclusion (baseline), the dose was tapered to
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two-thirds of the standard dose; at week 16 the dose
was tapered to half the standard dose; and at week 32
the bDMARD was discontinued (Supplementary File S1,
available at Rheumatology online). Dose reduction was
only carried out if the patient was still in clinical remis-
sion. Flare was defined as a DAS28-CRP >2.6 with
ADAS28-CRP > 1.2 from baseline, and it resulted in
bDMARD dose escalation to the previous step, with no
further tapering being attempted. The same applied if
erosive progression on MRI or conventional radiography
was reported by a radiologist during the period of the
tapering. The bDMARD dose was escalated, if needed,
every 4 months until the patient achieved remission, and
the final treatment dose was assessed after 2 years.

Clinical and laboratory assessments

Patient-reported outcomes (HAQ), Visual Analogue Scale
score for pain, fatigue and global assessment of disease
activity, DAS28 joints using CRP (DAS28-CRP),
Simplified Disease Activity Index, Clinical Disease
Activity Index, ACR/EULAR Boolean remission together
with number of swollen and tender joints, physician glo-
bal assessment (Visual Analogue Scale) and CRP were
assessed at baseline and at weeks 4, 8, 16, 24, 32, 40,
48 and 70. In the case of disease flare, a flare-visit was
performed, with subsequent follow-up at 8, 16 and
24 weeks after the flare. All patients (with or without
flare) had a final clinical visit as a 2-year follow-up
(96 weeks).

Imaging

Ultrasound

GE Logig® E9 R5 (Milwaukee, Wisconsin, USA) ultra-
sound machines with a 5-16 ML linear array transducer
were used for all examinations. Colour Doppler settings
for slow flow were kept unchanged throughout the
study. The Doppler frequency was set at 7.5 MHz, pulse
repetition frequency at 0.4 kHz, colour priority at 100%,
and Doppler gain just below the noise level. The size
and position of the colour box was set to go to the top
of the image to recognize artefacts caused by vessels
above the joint [30].

Signs of synovitis were assessed at baseline prior to
tapering. Grey-scale (GS) and Doppler ultrasound were
performed in 24 joints [elbow, wrist (radiocarpal, midcar-
pal, distal radio-ulnar joint, using the highest score as
representative for the wrist), MCP joints 2-5, knee, ankle
and MTP joints 2-5, bilaterally]. Each joint was scored
using the OMERACT-EULAR semi-quantitative scorings
system (0-3) for GS synovial hypertrophy and for
Doppler activity—separately and in combination using
the Global OMERACT-EULAR combined Synovitis Score
(GLOESS) [31, 32]. At the patient level, an ultrasound
sum score of the 24 joints was made for GS synovial
hypertrophy, Doppler activity and the GLOESS—each
with a range from 0 to 72. To assess whether evaluating
hands-only sufficed, a sum score was subsequently cal-
culated for the hands-only—ranging from 0 to 30.

https://academic.oup.com/rheumatology

To assess the impact of different ultrasound remission
criteria for predicting successful tapering and discontinu-
ation, we applied three different remission definitions for
the 24 assessed joints: Strict ultrasound remission (no
joints with a GS score >0 and a Doppler score >0);
Semi-strict US remission (no joints with a GS score >1
and no joints with a Doppler score >0); Doppler ultra-
sound remission (no joints with a Doppler score >0, irre-
spective of the GS score).

Ultrasound was performed by eight sonographers
(from four centres) with longstanding experience in mus-
culoskeletal ultrasound (>10years) and trained in the
OMERACT-EULAR synovitis scoring system. Agreement
on scoring was obtained prior to study initiation. No in-
ter- or intra-reader agreement statistics are available.

Ultrasound examinations were performed at the same
follow-up visits as the clinical examinations. The examin-
ation time was ~20 min per patient.

The rheumatologists performing the ultrasound exami-
nations were not involved in the clinical evaluation or the
clinical decisions made in the main study.

MRI and X-ray
Conventional radiographs of the hands, wrists and fore-
feet and MRI of the dominant wrist and MCP 2-5
joints were acquired at baseline, week 16 (only MRI),
week 32 and year 2, and evaluated after each examin-
ation for absence/presence of erosive progression [12].
After study completion, radiographs were scored by a
trained reader according to the Sharp van der Heijde
method [33], and baseline MRIs were scored according
to the OMERACT RAMRIS (rheumatoid arthritis MRI
scoring system) [34-36] by another experienced reader.
For MRI, a combined inflammation score and a com-
bined damage score were calculated (see reference [12]
for details). The readers were blinded to patient data
and chronologic order.

Statistical analysis

According to a predefined Statistical Analysis Plan, the
analyses included the predictive value of the sum scores
for 24 joints and for the hands-only. Additionally, the
predictive value of ultrasound remission was assessed.

Descriptive statistics were applied for demographics
and baseline disease activity measures. The Kruskal-
Wallis test, x2 test and Fisher’s exact test were used, as
appropriate, for comparisons at the 2-year follow-up:
patients on a reduced dose of bDMARDSs vs those on a
full dose, and patients who had discontinued bDMARD
therapy vs those who had not. Changes in clinical and
ultrasound inflammatory parameters from baseline to the
2-year follow-up were assessed via the Wilcoxon
signed-rank test and McNemar’s test, as appropriate; P
< 0.05 was considered statistically significant.

Logistic regression analyses on imputed data were
used to identify variables associated with successful
tapering and successful discontinuation at the 2-year
follow-up. For all models, 13 demographic, clinical and

5551

20z Iudy 01 uo 1senb Aq 0616/ 1 9/6%/55/Z L/09/9191Ee/ABojojewNaY/WO2"dNo"olWaped.)/:Sdny Wol) papeojumoq


https://academic.oup.com/rheumatology/article-lookup/doi/10.1093/rheumatology/keab276#supplementary-data

Lene Terslev et al.

radiographic variables were included as potential predic-
tors: gender, current smoking status, IgM-RF positivity,
anti-CCP positivity and ACR/EULAR remission were
tested as categorical variables, while age, time since
diagnosis, time in remission before tapering, number of
previous bDMARDs, HAQ score, DAS28-CRP and Total
Sharp van der Heijde Score (TSS) were tested as numer-
ic variables.

For each of the two dependent variables, two models
were considered that relied on the independent ultra-
sound variables included in the analyses: ultrasound for
24 joints and ultrasound for hands-only. In the main
analyses, GS and Doppler sum scores were included as
ultrasound inflammatory variables for 24 joints and
hands-only assessments. Additional analyses were per-
formed, including MRI variables (combined inflammation
and combined damage), and by replacing GS and
Doppler scores with GLOESS.

Missing data in independent baseline variables were
imputed with multiple imputation by chained equations
(40 imputed datasets, i.e. approximately the percentage
of patients with incomplete data). Variables with a P <
0.25 in univariate analyses were included in the initial
multivariate model. Backward selection with a signifi-
cance level of 0.05 was performed in stacked imputed
datasets after applying a fixed weight to all observa-
tions, accounting for the average fraction of missing
data across all variables under consideration. The poten-
tial significance of each baseline variable excluded in
univariate analyses was tested by reintroducing these
variables one at a time into the multivariate model. The
linearity of continuous predictors in the logit scale was
checked and, whenever the linearity assumption was
violated, non-linear continuous predictors were catego-
rized based on quartiles (when applicable). The statistic-
al significance of interactions between predictors was
also tested. Once the final multivariate model was
selected, the model was fitted in one of two ways: if
missing values were present in predictors, all imputed
datasets were used and the results were pooled using
Rubin’s rules; if there were no missing values in predic-
tors, the non-imputed data were used. Internal validation
by bootstrapping was performed for all models, and the
area under the receiver operating characteristic curve
(AUC) was estimated along with its 95% CI. All models
were assessed via likelihood ratio tests. The results of
logistic analyses are presented by odds ratio (OR), 95%
Cl of the OR and P-value of the likelihood ratio test.

The statistical analyses were performed using R soft-
ware version 3.6.1.

Results

Baseline parameters and group differences are shown in
Table 1. At the 2-year follow-up, 45 patients (38%) had
been re-escalated to the standard dose, 56 patients
(47%) had tapered to a lower dose than the standard
dose (23 patients to two-thirds dose and 33 patients to
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one-half dose), and 18 patients (15%) had been able to
discontinue bDMARDs.

The GS sum score was median 5 [interquartile range
(IQR) 2-9] and the Doppler sum score was 0 (IQR = 0-
2). Eight percent of the patients were in strict ultrasound
remission, 14% in semi-strict ultrasound remission and
56% in Doppler remission.

Baseline differences in patients in relation to
successful tapering and successful discontinuation

In the group of patients who were back on the full dose
at the 2-year follow-up, the number of previous
bDMARDs (P=0.021) was statistically significantly
higher, more were women (P=0.012), and the combined
inflammation MRI scores (P=0.020) and combined
damage MRI scores (P=0.006) were higher than in the
group of patients who had successfully tapered at the 2-
year follow-up. There were no statistically significant dif-
ferences in ultrasound parameters. The number of avail-
able observations for each baseline parameter is shown
in Supplementary Table S2, available at Rheumatology
online.

Patients who could not discontinue bDMARDs were
statistically significantly more frequently IgM-RF positive
(P = 0.009) and had higher 24-joint Doppler sum scores
(P=0.009) than patients who could discontinue treat-
ment. Significantly more patients were in Doppler remis-
sion among those who could discontinue treatment
(P=0.018).

Changes over time for clinical and ultrasound
measures

At baseline, subclinical synovitis was found in 92% of
the patients i.e. only 8% were in strict ultrasound remis-
sion, whereas 56% of the patients were in Doppler re-
mission. This did not change at the 2-year follow-up
(Table 2). The Doppler 24-joint sum score was un-
changed between baseline and follow-up, whereas the
GS 24-joint sum score increased significantly from base-
line to the 2-year follow-up (P=0.001), as did the
GLOESS 24-joint sum score (P=0.001). Though small, a
statistically significant increase was also seen in tender
and swollen joints, patient pain, physician global and in
all clinical composite scores for remission except ACR/
EULAR remission—see Table 2. No significant change
was seen in the TSS from baseline to 2-year follow-up.

Predictors for successful tapering

Final multivariate logistic regression models for success-
ful tapering at the 2-year follow-up are shown in Table 3.
All univariate and multivariate logistic regression analy-
ses in stacked imputed datasets can be seen in
Supplementary Tables S3 and S5, available at
Rheumatology online.

GS and Doppler sum scores for both 24 joints and for
the hands-only did not have a predictive value for suc-
cessful tapering at the 2-year follow-up (Table 3). Nor

https://academic.oup.com/rheumatology
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were GLOESS sum scores independent predictors for

Performance of statistical models

The performance of the models was assessed by AUC.
The estimated AUCs of all models were considered as
acceptable. For successful discontinuation, AUC was
0.73 when including ultrasound measures (either 24
joints or hands-only) as independent variables. For suc-
cessful tapering, an AUC of 0.69 (respectively 0.67) was
estimated when MRI measures were introduced (re-
spectively excluded) in the models.

Doppler sum score hands-only (0-30), median (IQR)

Doppler sum score (0-72), median (IQR)
GLOESS hands-only (0-30), median (IQR)

GLOESS (0-72), median (IQR)

Ultrasound strict remission
Ultrasound semi-strict remission

Ultrasound Doppler remission

0 and Doppler sum score

S HLBR
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TasLe 2 Changes from baseline to 2-year follow-up

Clinical measures

Tender joints count (0—-28), median (IQR)
Swollen joints count (0-28), median (IQR)
Patient global (0-100), median (IQR)
Patient pain (0-100), median (IQR)
Physician global (0-100), median (IQR)
CRP (mg/l), median (IQR)

HAQ (0-3), median (IQR)

DAS28-CRP, median (IQR)

SDAI, median (IQR)

CDAI, median (IQR)

ACR/EULAR remission

Radiographic measures

TSS (0-448), median (IQR)

JSN (0-84), median (IQR)

X-ray erosion, median (IQR)

Presence of X-ray erosion

Ultrasound inflammatory measures
Grey-scale sum score hands-only (0-30), median (IQR)
Grey-scale sum score (0-72), median (IQR)
Doppler sum score hands-only (0-30), median (IQR)
Doppler sum score (0-72), median (IQR)
GLOESS hands-only (0-30), median (IQR)
GLOESS (0-72), median (IQR)

Ultrasound strict remission, %

Ultrasound semi-strict remission, %
Ultrasound Doppler remission, %

2
1

Baseline (n = 119) 2-year follow-up (n =119) P-value
0 (0-0) 0 (0-0) <0.001*
0 (0-0) 0 (0-0) 0.005*

12 (4-25) 13 (5-26) 0.159
11 (3-20) 11 (5-24) 0.001*
0 (0-4) 2 (0-6) 0.003*
5 (2-6) 4 (1-7) 0.540
2 (0.0-0.8) 0.4 (0.0-0.9) 0.285
8(1.6-2.1) 1.9 (1.6-2.3) 0.011*
2(1.2-3.5) 2.4 (1.3-5.0) 0.011*
7 (0.6-3.0) 2.0(0.8-4.5) 0.008*
37% 34% 0.735
14 (4-45) 14 (3-47) 0.451
9 (2-34) 9 (2-34) 0.513
3(0-12) 4(0-13) 0.402
73% 71% 0.617
2 (0-5) 2(1-5) 0.229
5(2-9) 7 (3-10) 0.001*
0(0-1) 0(0-1) 0.993
0(0-2) 0(0-2) 0.628
2 (0-5) 3 (1-5) 0.246
5(2-9) 7 (3-10) 0.001*
8 4 0.267
14 8 0.383

56 57 1

P-values for differences between visits from modified Wilcoxon signed-rank test (Pratt method to handle ties) for numeric
variables and McNemar’s test for binary variables; *P <0.05. CDAI: Clinical Disease Activity Index; GLOESS: Global
OMERACT/EULAR ultrasound Synovitis Score; IQR: Interquartile Range; JSN: Joint Space Narrowing; SDAI: Simple Disease
Activity Index; TSS: Total Sharp van der Heijde Score. Ultrasound strict remission: Grey-scale sum score equal to 0 and
Doppler sum score equal to 0. Ultrasound semi-strict remission: Grey-scale sum score less than or equal to 1 and Doppler
sum score equal to 0. Ultrasound Doppler remission: Doppler sum score equal to 0.

Discussion

In this prospective study of longstanding RA patients in
sustained DAS28-CRP remission on a bDMARD for at
least 1year, a lower Doppler sum score of 24 joints prior
to tapering was an independent predictor for successful
discontinuation of bDMARDs at the 2-year follow-up.
Thus, a one-unit increase in the Doppler 24-joint sum
score decreased the odds for achieving successful dis-
continuation at 2 years by 56%. Ultrasound had no inde-
pendent predictive value for successful tapering to two-
thirds or one-half of the dose. Adding MRI variables
along with US variables to the prediction model for suc-
cessful discontinuation did not affect the predictive value
of the Doppler 24-joint sum score.

We found that 92% of the patients had subclinical
synovitis, and 56% were in Doppler remission at base-
line. Ultrasound-detected residual synovitis is frequent in
RA patients in clinical remission and has been shown to
predict flare and structural progression [17]. The pres-
ence of subclinical synovitis assessed by ultrasound led
in general to explore its value for predicting the patients

https://academic.oup.com/rheumatology

who could successfully taper and discontinue
bDMARDs. The first study to address this was unable to
find any predictive value of ultrasound, and the only par-
ameter with predictive value for successful discontinu-
ation was short duration of untreated symptoms [26].
Later, two studies found Doppler activity to be related to
unsuccessful tapering, both at short-and long-term
follow-up [24, 37]. Doppler activity but also GS synovial
hypertrophy have in one study been predictive for un-
successful discontinuation of bDMARDs without prior
tapering [25]. In our study, a lower Doppler 24-joint sum
score was found to be an independent predictor for dis-
continuation without flare, but not for tapering to a
reduced dose of a bDMARD. Furthermore, the GS 24-
joint sum score had no predictive value, not even when
eliminating Doppler from our predictive analyses and
only considering the GS 24-joint sum score. This finding
indicates that ultrasound equipment with insensitive
Doppler has limited value when assessing patients in
remission. in general

Though our data cannot predict successful tapering,
our results alone do not indicate that having some
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TaBLE 3 Multivariate logistic regression analyses for successful tapering and successful discontinuation, including US
variables

Independent
variables

Successful tapering

Ultrasound? Ultrasound (hands-only)?

OR (95% ClI) P-value®

OR (95% CI) P-value®
Female 0.37 (0.14-0.91) 0.031 0.37 (0.14-0.91) 0.031
Number of previous 0.58 (0.35-0.91) 0.018 0.58 (0.35-0.91) 0.018

bDMARDs

AUC (95% CI)° 0.67 (0.57-0.77) 0.67 (0.58-0.77)

Successful discontinuation

Ultrasound? Ultrasound (hands-only)®

Smoking (current) - - 4.46 (1.14,17.91) 0.027
RF positive 0.29 (0.10-0.85) 0.024 0.16 (0.04-0.51) 0.001
Doppler sum score 0.44 (0.15-0.87) 0.014 - -
AUC (95% CI)° 0.73 (0.60-0.83) 0.73 (0.62-0.83)

®Results derived from non-imputed data. Predictors were selected by applying backward selection in stacked data.
Cls given as profile likelihood Cls. AUC estimated based on internal validation by bootstrapping with 1000 samples. °P-val-
ues by likelihood ratio tests. °The bootstrap 0.632-+ estimate was calculated to correct for optimism. “Results derived
from imputed datasets, where model estimates were pooled based on Rubin’s rules. Predictors were selected by applying
backward selection in stacked data. Profile likelihood Cls calculated according to the Pseudo-Variance modification of
Rubin’s rule (PVR). AUC estimated based on internal validation by bootstrapping with 100 samples per imputed dataset.

AUC: area under the curve; bDMARD: biological DMARD; OR: odds ratio.

Doppler activity precludes attempted tapering of
bDMARDs. All the patients that were on a reduced dose
(but had not discontinued) at the 2-year follow-up had
experienced a flare during the tapering regimen. We
subsequently plan to investigate whether the status be-
fore each dose-reduction step can predict flaring in the
subsequent period.

Compared with more widespread ultrasound assess-
ment of joints, ultrasound of the hands-only has been
shown to detect >90% of subclinical synovitis in patients
in remission [38], suggesting that ultrasound of the hands
could be sufficient for examination in routine care.
However, neither GS, Doppler nor GLOESS sum scores
of the hands had any predictive value in our study, which
indicates that assessing the hands-only is not sufficient
when considering tapering or discontinuation.

There is no consensus on how to define ultrasound re-
mission and hence we assessed three different defini-
tions at baseline. However, only Doppler ultrasound
remission was tested as a predictor for successful dis-
continuation, and no independent predictive value was
found. The decision to eliminate strict and semi-strict
ultrasound remission as items in the prediction analyses
was based on the Doppler 24-joint sum score being an
independent predictor while GS sum score was not.
Furthermore, only a few patients were in the strict and
semi-strict ultrasound remission groups. The fact that
Doppler ultrasound remission had no predictive value
indicates that when applying high-end ultrasound equip-
ment with a sensitive Doppler modality, a Doppler score
equal to 0 might not be the correct cut-off. The
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presence of Doppler activity has been reported in
healthy controls—more frequently in the wrist than in the
PIP joints [39, 40], and a cut-off between healthy find-
ings and pathology may prove helpful for determining
what constitutes ultrasound remission.

Only demographic parameters but no clinical parame-
ters had predictive value for successful tapering or dis-
continuation. This contrasts with the study by Naredo
et al., in which the DAS28 prior to tapering was predict-
ive for successful tapering [24]. However, our findings
are in line with the study by Saleem et al., in which only
short symptom duration was of predictive value [26].
The lack of clinical predictors could be related to the
sparse clinical residual disease activity in our cohort
(only 11 and 3 out of 119 patients had tender and swol-
len joint counts, respectively). Though the patients were
all in DAS28CRP remission at the 2-year follow-up with-
out significant change in TSS, we found a statistically
significant increase in tender and swollen joints, patient
pain, physician global and in all clinical composite
scores for remission except ACR/EULAR remission.
Furthermore, an increase in GS 24-joint sum score but
not Doppler was found. Whether any of these parame-
ters have a predictive value for flare or persistent remis-
sion beyond the 2-year follow-up needs to be
established in the future.

The strengths of this study are the homogeneous pa-
tient cohort, the long follow-up time, and that the study
was done in routine care. We have used the OMERACT-
validated synovitis scoring system (GS, Doppler and
GLOESS) and assessed multiple joints, providing a

https://academic.oup.com/rheumatology
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TaBLE 4 Multivariate logistic regression analyses for successful tapering and successful discontinuation, including MRI
and ultrasound variables

Independent
variables

Successful tapering

MRI and Ultrasound? MRI and Ultrasound (hands-only)?

OR (95% ClI) P-value®

OR (95% ClI) P-value®
Number of previous 0.47 (0.28-0.75) 0.001 0.47 (0.28-0.75) 0.001
bDMARDs
MRI combined struc- 0.99 (0.98-1.00) 0.017 0.99 (0.98-1.00) 0.017

tural damage score

AUC (95% CI)° 0.69 (0.59-0.79) 0.69 (0.59-0.79)
Successful discontinuation

MRI and Ultrasound (hands-only)?
Smoking (current) - - 4.46 (1.14,17.91) 0.027
RF positive 0.29 (0.10-0.85) 0.024 0.16 (0.04-0.51) 0.001
Doppler sum score 0.44 (0.15-0.87) 0.014 - -

AUC (95% ClI)° 0.73 (0.61-0.83) 0.73 (0.62-0.83)

MRI and Ultrasound®

MRI combined damage score refers to the sum of bone erosions (0—10) and joint space narrowing (JSN) (0—4), total range
0—314. ®Results derived from imputed datasets, where model estimates are pooled based on Rubin’s rules. Predictors
were selected by applying backward selection in stacked data. Profile likelihood Cls calculated according to the Pseudo-
Variance modification of Rubin’s rule (PVR). AUC estimated based on internal validation by bootstrapping with 100 samples
per imputed dataset. °P-values obtained by likelihood ratio tests. °The bootstrap 0.632+ estimate was calculated to cor-
rect for optimism. “Results derived from non-imputed data. Predictors were selected by applying backward selection in
stacked data. Cls given as profile likelihood Cls. AUC estimated based on internal validation by bootstrapping with 1000
samples. AUC: Area Under the Curve; bDMARD: biological DMARD; OR: odds ratio.

comprehensive ultrasound status of the patients. A
study limitation is the relatively small patient cohort, al-
beit larger than in previous ultrasound studies.
Furthermore, the ultrasound examinations were per-
formed by eight ultrasonographers. However, all were
trained in musculoskeletal ultrasound and calibrated in
the applied scoring system.

In conclusion, Doppler sum score was an independent
predictor for successful discontinuation of bDMARDs at
the 2-year follow-up—the odds for achieving successful
discontinuation decreased by 56% per one-unit increase
in Doppler sum score. Ultrasound could not predict suc-
cessful tapering. This study suggests a role for Doppler
ultrasound for identifying patients who can discontinue
bDMARDs.
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