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Abstract

Objective. Ultrasonography (US) can be used for treatment decisions in RA patients. This study investi-

gated the added value of US to clinical variables in predicting flare in RA patients with longstanding low

disease activity when stopping TNF inhibitors (TNFi).

Methods. Cox models with and without using US added to clinical variables were developed in the

Potential Optimization of Expediency of TNFi�UltraSonography study. RA patients (n = 259), using

>1 year TNFi and csDMARD with DAS28<3.2 for 6 months prior to inclusion, were followed for

52 weeks after stopping TNFi. The added value of US was assessed in two ways: first, by the extent to

which individual predictions for flare at 52 weeks with and without US differed; and second, by comparing

how US information improved the prediction to classify patients at 52 weeks in the low risk (<33% flare),

intermediate risk (33�50%) and high risk (50�100%) groups.

Results. Although US was predictive of flare at group level (multivariate hazard ratio = 1.7; 95% CI: 1.1,

2.5), individual predictions for flare at 52 weeks with and without US differed little (median difference 3.7%;

interquartile range: �7.8 to 6.5%). With US, 15.9% of patients were designated low risk; without US,

14.6%. In fact, 12.0% of patients were US-classified as low risk with/without knowing US.

Conclusion. In RA patients with longstanding low disease activity, at time of stopping TNFi, US is a

predictor for flare at group level, but at the patient level, US has limited added value when common

clinical parameters are used already, though the predictive value of clinical predictors is modest as

well.
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Rheumatology key messages

. Ultrasonography is a modest flare predictor at group level in RA patients with DAS28< 3.2 stopping TNFi.

. Ultrasonography has limited added value upon clinical parameters in RA patients with DAS28< 3.2 stopping
TNFi.

Introduction

The primary goal of treating patients with RA is to maxi-

mize long-term health-related quality of life through con-

trol of symptoms, prevention of structural damage,

normalization of function and participation in social and

work-related activities [1]. Since the use of treat-to-

target and tight-control strategies [1], and the availability

of biologic DMARDs, remission is more often achieved

and maintained [2]. Biologics are very efficacious drugs

to suppress disease activity, but they also give rise to

an increased risk of infections and, though small, of skin

malignancy [3]; in addition the cost of these agents are

significant [4].

Based on these concerns, discontinuing biologics ap-

pears a viable approach for patients with sustained remis-

sion or low disease activity (LDA) [5, 6], but then there is a

risk of recurrence of disease activity. However, in most

patients with a disease flare a quick restart is effective

again [7, 8].

The ideal profile of the patient who profits most from de-

escalation or even stopping DMARD treatment remains to

be defined [6]. Longer disease duration, smoking [9],

higher BMI [10], longer use of TNFi [9, 11], higher

DAS28 (ESR [11] and CRP [12]), presence of joint erosions

[9], RF (IgM-RF) positivity [13] and anti-CCP [12], and high

biomarker levels (multi-biomarker disease activity score)

and MMP3 [13]) are markers of a less favourable disease

course and potential predictors for flare. Also joint inflam-

mation on imaging modalities such as MRI, PET and ultra-

sonography (US) [8, 14] is associated with increased risk

of flare. Compared with MRI and PET, US is the most

promising imaging tool to be studied for its capacity to

predict flare, as it is generally readily available, cheaper

and less time consuming.

Literature shows that US-detected residual synovitis is

frequent and predicts at group level the risk of relapse and

structural progression in RA patients with clinical

remission (DAS< 1.6, DAS28-CRP/ESR< 2.3�2.6) [15].

Presence of power Doppler (PD) activity on US was the

most accurate predictor for flare in RA patients in remis-

sion [15]. PD-detected synovitis may predict biologic ther-

apy tapering failure in RA patients in sustained clinical

remission [14]. So US might be promising in identifying

RA patients who are at risk for flare when a biologic treat-

ment is discontinued in case of clinical remission. It may

be hypothesized that subclinical disease activity detected

by US might predict flare.

This study, called Potential Optimization of Expediency

of TNFi�UltraSonography (POET-US), was undertaken to

investigate whether US at the time of stopping TNFi in RA

patients with LDA, has added value in predicting flare to

clinical data at group and individual levels.

Methods

Participants and study design

Two hundred and fifty-nine RA patients randomized to TNFi

cessation were included in this study, the POET-US, from

March 2012 until March 2014. This US cohort study is part

of the nationwide randomized controlled trial (RCT) POET.

This RCT compared stopping TNFi to continuing TNFi

among adult RA patients in LDA or remission who were

on TNFi for at least 1 year with concomitant csDMARDs

without changes in medication at least 6 months prior to

inclusion [7]. LDA or remission was present for at least

6 months, defined as DAS28< 3.2 or rheumatologists’ as-

sessment and CRP<10 mg/l. This study was approved

separately form the POET study by the Commissie

Mensgebonden Onderzoek Arnhem-Nijmegen and partici-

pants gave their written informed consent for this study

according to the Declaration of Helsinki.

At baseline, every 3 months and in case of suspected

flare patients were evaluated by the treating rheumatolo-

gist and/or rheumatology nurse. At these visits, DAS28-

ESR was performed.

Clinical and laboratory covariates

Based on literature, the following prognostic parameters

were collected: age, sex, length, weight, disease duration,

DMARD use, RF and anti-CCP-antibody status and pres-

ence of erosions on X-ray of hands and feet.

US assessment

US was performed in 17 participating centres by

18 experienced ultrasonographers (16 rheumatologists,

1 radiologist and 1 rheumatologist in training), who were

blinded for clinical data. US took place as soon as pos-

sible (at least within 2 weeks after inclusion in the group of

patients who stopped TNFi. US was performed following

the EULAR guidelines concerning patient position and

scanning planes [14]. Joints were evaluated using a

semi-quantitative scoring system: grey scale 0�3 (GS)

and PD 0�3 using Naredo’s modification of Skudlarek’s

scoring system [15]. PD was not performed if GS was 0.

Twenty joints were scanned: bilateral MCP 1�5 (dorsal

and ventral), the radio carpal and intercarpal joints of

both wrists and bilateral MTP 2�5 (dorsal aspect). The

US reliability was optimized by training and calibration

sessions and using Naredo’s modification of Skudlarek’s

scoring system [15]. US arthritis was defined as GS> 1

and/or PD> 0 based on literature [16].

Definition of flare

A flare was defined as a >0.6 point increase of DAS28

since study start and a DAS2853.2. This definition is

according to the proposition of an OMERACT study,
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validating DAS28-based flare criteria [17], and has also

been used in the recently published POET paper [7].

Statistics analysis

Sample size

Literature suggests that 25�56% of patients who discon-

tinue TNFi will have sustained biologic free remission if

csDMARDs are continued. Using a flare rate of 50% in

the first year and the common rule of thumb for including

one predictor per 10 flares, at least 250 patients were

necessary to answer our research question [18].

Patients who were lost to follow-up without flare were

censored at last follow-up date. To assess the added

value of US, a multivariate Cox model including the clinical

and laboratory factors only and a model containing these

and US data was fitted to the data, both models without

covariate selection. The best functional form of and validity

of the proportional hazard assumption of the variables in

each model was determined using cumulative sums of

martingale-based residuals [19]. Each model’s fit was

checked using deviance residuals plots and calibration

plots. For the Cox prediction models the concordance

index (c-index) was used to estimate the discriminative

ability of each model as defined by Harrell [20]. Next, for

each patient the probability of flare within 52 weeks as pre-

dicted from the model with and without US was compared.

Also, (dis)agreement between the two models concerning

classification into 0�33, 33�50 and>50% risk to flare within

52 weeks was assessed. The risk classification boundaries

were motivated by the fact that even when TNFi is contin-

ued patients have a 1-year risk of relapse of 18.4% [7].

Results

Baseline characteristics

DAS28 at baseline was available in 252 out of 259 (97%)

patients. Sixty-six per cent of all patients were female, the

average age was 59 years, median disease duration was

9 years, and 72% RF and 71% ACPA positive (Table 1).

Complete baseline data were available for 226 patients.

Among the 226 patients flare was seen in 112 patients

within 12 months with a median time-to-flare of 14 weeks

(interquartile range (IQR) = 1�27). Baseline characteristics

of non-completers (n = 26) were not significantly different

from the complete cases.

Comparison of predictions with and without US at
52 weeks

Having at least one joint with US inflammation resulted in a

hazard ratio of 1.7 [Fig. 1A (95% CI: 1.1, 2.5)] for flare in the

multivariate Cox model at 52 weeks. Fit of both models to the

data was reasonably good as can be seen from the agree-

ment between observed and predicted flare-free survival

curves (see Fig. 1B). The c-index provides the probability

that for any two patients A and B, of whom A has longer

predicted time to flare than B based on the model, A had a

longer actual time to flare than B. The discriminative ability of

both models was comparable and modest: c-index = 0.62

(95% CI: 0.56, 0.68) without and c-index = 0.64 (95% CI:

0.59, 0.70) with US. Comparing individual predictions of

flare at 52 weeks gave a median difference of 3.7% (IQR =

�7.8 to 6.6%) between using US in the prediction model vs

not including US. When classifying the individual predictions

at 52 weeks into low risk (<33% flare risk), intermediate risk

(533�50%) and high risk (>50%), the overall agreement be-

tween the two models was 73.9%. Prediction with US desig-

nated 15.9% (36/226) patients as low risk compared with

14.6% (33/226) when no US was used; 27 patients were

classified low risk by both models. For the intermediate

risk group, these numbers were 27.9% vs 25.7% and in

the highest group 56.2% vs 59.7%.

Discussion

In this 12-month prospective study 114 (50.4%) of the

patients were able to stop TNFi without a flare in the

first year. Based on their clinical characteristics we were

TABLE 1 Baseline patient’s characteristics who stop TNFi treatment

Patient characteristic No-flare (n = 114) Flare (n = 112) P-value

Age, mean (S.D.), years 58 (12) 61 (10) 0.097

Disease duration, median (IQR), years 8.0 (5�13) 11 (5�19) 0.058

Female, n (%) 75 (66) 74 (66) 0.964

BMI, mean (S.D.) 25.6 (4.81) 26.1 (3.68) 0.242
IgM RF positive, n (%) 77 (67.5) 86 (76.8) 0.121

Anti-CCP positive, n (%) 79 (69.3) 81 (72.3) 0.617

Erosive, n (%) 70 (61) 69 (62) 0.975

DAS28 at inclusion, mean (S.D.) 1.91 (0.88) 2.16 (0.68) 0.015
MTX, n (%) 100 (87.7) 97 (86.6)

TNFi, n (%)

Adalimumab 61 (48) 66 (52)
Etanercept 51 (52.6) 46 (47.4)

Infliximab 7 (53.8) 6 (46.2)

US signs of arthritis 51 joint, n (%) 62 (54) 77 (69) 0.026

IQR: interquartile range.
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able to identify three groups: those with low, medium and

high risk of flare. Adding US to these clinical characteris-

tics was informative at group level (multivariate hazard

ratio for flare 1.7; 95% CI: 1.1, 2.5). However, when clas-

sifying patients in the low, intermediate and high risk

groups for deciding to stop TNFi, this effect disappeared.

It was anticipated that US would be more sensitive to

reveal residual inflammatory activity that would predict a

flare within the first months after cessation of TNFi given

earlier publications [8, 14]. We could not affirm this.

Residual synovitis on US is common in 25�55% of the

patients in LDA or remission [6]. Previously, associations

were found for the risk of flare and structural progression

in RA patients [15]. Also presence of US-arthritis was

found to be a predictor for flare within a short term

[6�12 months) after discontinuation of biologic agents

FIG. 1 Ultrasonography-findings at baseline and calibration plot illustrating fit of Cox-model

(A) Kaplan�Meier curve for non-US-arthritis at baseline vs US-arthritis at baseline (hazard ratio = 1.7; 95% CI: 1.1, 2.5).

(B) Calibration plot illustrating the fit of the Cox model with US (red) and without US (blue) to the observed survival (green)

in quartile groups based on the Cox score from the model with US.
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[14]. All studies evaluated US as a predictor at group level

similar to our study. However, up to now, no data was

provided at patient level necessary for the management

of individual patients. This present study shows that US

has little value as a predictor of flare in the individual pa-

tient when added to clinical data.

We conducted a prospective study design using RA

resembling our daily rheumatology practice, thus allowing

for generalizability. The follow up time of one year was

sufficiently long in order to capture disease flares related

to stop of TNFi. A limitation of the study may be that, since

we selected patients in LDA or remission, little residual US

inflammation was detected, which may have limited the

predictive ability of US. Also, some clinical predictors

were not collected in the POET(-US) study such as smok-

ing, duration of TNFi use and duration of DMARD use

before start of TNFi.

A final limitation could be that the model was developed

on complete cases (n = 226), instead of using imputation

on the full dataset (n = 259). Since only a small number of

patients had data missing (13%), and moreover these pa-

tients had no statistically significant or clinically relevant

difference from patients having complete baseline char-

acteristics, this is not expected to change the developed

models.

In conclusion, US at patient level at the moment of

deciding to stop TNFi did not contribute to identifying

the individual patients with a flare at a subsequent time

point during the first year after TNFi cessation.
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