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ABSTRACT
Objectives Many patients with rheumatoid arthritis 
(RA) require treatment with tumour necrosis factor 
inhibitor (TNFi) to reach remission. It is debated whether 
tapering of TNFi to discontinuation should be considered 
in sustained remission. The aim of ARCTIC REWIND TNFi 
was to assess the effect of tapering TNFi to withdrawal 
compared with stable treatment on the risk of disease 
activity flares in patients with RA in remission ≥1 year.
Methods This randomised, open- label, non- inferiority 
trial was undertaken at nine Norwegian rheumatology 
departments. Patients with RA in remission ≥12 months 
on stable TNFi therapy were allocated by computer- based 
block- randomisation to tapering to discontinuation of 
TNFi or stable TNFi. Conventional synthetic disease- 
modifying antirheumatic co- medication was unchanged. 
The primary endpoint was disease flare during the 
12- month study period (non- inferiority margin 20%), 
assessed in the per- protocol population.
Results Between June 2013 and January 2019, 99 
patients were enrolled and 92 received the allocated 
treatment strategy. Eighty- four patients were included in 
the per- protocol population. In the tapering TNFi group, 
27/43 (63%) experienced a flare during 12 months, 
compared with 2/41 (5%) in the stable TNFi group; risk 
difference (95% CI) 58% (42% to 74%). The tapering 
strategy was not non- inferior to continued stable 
treatment. The number of total/serious adverse events 
was 49/3 in the tapering group, 57/2 in the stable group.
Conclusion In patients with RA in remission for more 
than 1 year while using TNFi, an increase in flare rate was 
reported in those who tapered TNFi to discontinuation. 
However, most regained remission after reinstatement of 
full- dose treatment.
Trial registration numbers EudraCT: 
2012- 005275- 14 and  clinicaltrials. gov: NCT01881308.

INTRODUCTION
Rheumatoid arthritis (RA) is an inflammatory 
disease, and treatment commonly involves tumour 
necrosis factor inhibitors (TNFis).1 The best clin-
ical approach to treating patients with RA who have 

been in long- term remission using these medica-
tions has not been established.2–4

According to current recommendations, patients 
with RA will be treated with methotrexate mono-
therapy after disease onset. In cases of insufficient 
response or failure to reach remission, therapy will 
be escalated, typically with the addition of a TNFi.3 4 
Such treat- to- target strategies have contributed to 
a marked increase in the proportion of patients 
with RA reaching remission, that is, near absence 
of disease symptoms, but often results in treatment 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ The treatment goal for most patients with 
rheumatoid arthritis (RA) is to reach and sustain 
remission, with prevention of structural joint 
damage and disability.

 ⇒ Several studies have assessed tapering or 
stopping of tumour necrosis factor inhibitor 
(TNFi) in patients with RA in low disease 
activity or who fulfil remission criteria based on 
Disease Activity Score calculated with 28 joints.

 ⇒ There are less data available for the clinically 
relevant group of patients who have been in 
prolonged remission and who do not show 
clinical signs of synovitis.

WHAT THIS STUDY ADDS
 ⇒ The ARCTIC REWIND Trial was conducted 
in patients with RA where remission had 
been sustained for at least 1 year on stable 
medication, and the patient had no swollen 
joints at inclusion.

 ⇒ Despite the stringent inclusion criteria, there 
was a large increase in frequency of disease 
activity flares in patients tapering TNFi to 
discontinuation versus continuation of stable 
TNFi dose.

 ⇒ The response to reinstatement of the initial TNFi 
dose was mostly good without any difference in 
radiographic joint damage progression.
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with a combination of more than one disease modifying anti-
rheumatic drug (DMARD).

Several studies have assessed tapering or stopping of TNFi 
in patients with RA in low disease activity or who fulfil the 
least stringent remission criteria based on Disease Activity 
Score calculated with 28 joints (DAS28). However, according 
to the European Alliance of Associations for Rheumatology 
(EULAR) treatment recommendations DMARDs should not be 
tapered unless the patient has been in a state of stringent remis-
sion for at least 6 months, and there is less evidence regarding 
this clinically relevant group of patients.4–7 In studies when 
patients were not required to be in remission before reducing 
the TNFi dose, tapering of TNFi increased the risk of experi-
encing a disease worsening, especially when tapering TNFi to 
withdrawal.8–11 If patients were treated with a combination 
of methotrexate and TNFi at disease onset, without failing 
methotrexate monotherapy first, results indicate that dose 
reduction or withdrawal of TNFi can be effective.12–15 Data 
on stepwise lengthening of the TNFi administration intervals 
among patients with RA in remission and low disease activity 
(LDA) are mixed.16 17

The primary objective of this study was to compare the effect 
of tapering and withdrawal of TNFi versus continuing stable 
TNFi on the risk of flares among patients with RA in sustained 
clinical remission for at least a year.

METHODS
Study design
This randomised, open- label non- inferiority trial was designed 
to evaluate the effect of tapering of TNFi on disease flares in 
patients with RA who had been in sustained remission for at 
least 1 year. The ARCTIC REWIND (REmission in Rheumatoid 
Arthritis - Assessing WIthrawal of Disease- modifying Antirheu-
matic Drugs in a Non- inferiority Design) study consisted of 
two randomised clinical trials, assessing tapering of TNFi (the 
current study) and tapering of conventional synthetic DMARDs 
(csDMARDs),18 19 respectively. Enrolment of patients took place 
at nine hospital- based rheumatology practices in Norway (online 
supplemental table 1). The study was performed in accordance 
with the Declaration of Helsinki and the International Confer-
ence on Harmonization Guidelines for Good Clinical Practice. 
The Regional Ethical Committee and the Norwegian Medicines 
Agency approved the protocol (online supplemental file 1) and 
patient consent.

Patients
Participants were 18–80 years, fulfilled the American College 
of Rheumatology (ACR)/EULAR classification criteria for RA, 
had been in sustained remission for ≥12 months, and were in 
remission at inclusion with no swollen joints and fulfilment of 
the Disease Activity Score (DAS) remission criteria. DAS is a 
disease activity composite measure (range 0–1020), which incor-
porates evaluation of swelling in 44 joints, the Ritchie Articular 
Index, erythrocyte sedimentation rate (ESR) and patient global 
assessment of disease activity on a Visual Analogue Scale. Higher 
scores indicate more disease activity, remission is defined by 
DAS<1.6. For inclusion into the study, treatment with standard 
dosages of TNFi had to be unchanged in the last 12 months, 
with stable csDMARD co- medication (online supplemental 
appendix 1). The initial protocol required symptom duration 
less than 5 years; this was removed in a protocol update. The 
reasons included that some patients could not be included due 
to difficulties in determining symptom duration, and that the 
protocol update increased the number of patients eligible for 
enrolment. All patients provided a written informed consent 
before inclusion.

Randomisation
Patients were randomly assigned 1:1 to either continued stable 
TNFi treatment or to tapering of TNFi treatment (computer- 
based block randomisation with a block size of 4 and stratifica-
tion for study centre). Inclusion and randomisation of patients 
were performed by study nurses and investigators at the indi-
vidual study sites. The allocated treatment group was revealed 
in the electronic case report form (Viedoc V.3, Uppsala, Sweden) 
after randomisation.

Procedures
If a patient was randomised to tapering, the TNFi was reduced 
to half dose for 4 months, and withdrawn at the 4- month visit 
if the patient was still in remission. Any co- medication with 
csDMARDs was kept stable throughout the study. According to 
the protocol, patients with flares in the tapering group restarted 
their baseline TNFi treatment, while flares in the stable group 
were managed according to current recommendations. If a 
patient regained remission after a flare, no further attempts 
were made to taper medication. Patients were examined every 
4 months, and additional visits scheduled within a week if the 
patient experienced increasing symptoms.

Outcomes
The primary efficacy endpoint was the proportion of patients 
with a disease flare between baseline and 12 months, defined as 
a combination of DAS >1.6 (remission cut point), an increase 
in DAS score ≥0.6 points from the previous visit (measurement 
error for DAS),21 and at least two swollen joints on examination 
of 44 joints at the same visit, with all components having to be 
present to fulfil the definition. A patient could also be consid-
ered to have a flare if the patient and investigator agreed that 
a clinically significant flare had occurred. In a sensitivity anal-
ysis, we assessed the primary outcome according to fulfilment 
of the definition solely based on DAS and swollen joint count. 
Secondary endpoints for disease activity included changes 
and area under the curve (0–12 months) for the composite 
indices DAS, Simplified Disease Activity Index (SDAI, range 
0–86), Clinical Disease Activity Index (CDAI; range 0–76) 
and DAS28 (range 0–9.4). For all disease activity composite 
indices, higher scores reflect higher disease activity. Disease 

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR 
POLICY

 ⇒ Current European Alliance of Associations for Rheumatology 
recommendations for management and American College 
of Rheumatology guidelines for treatment of RA outline 
that tapering of biologic disease modifying antirheumatic 
drugs could be considered in patients with RA in sustained 
remission.

 ⇒ Our findings show that the risk of experiencing a flare if TNFi 
is tapered to discontinuation is significant even in prolonged 
remission, but that most patients regain remission when the 
initial dose is started again.

 ⇒ The results may support shared treatment decisions between 
clinicians and the growing group of patients with RA who 
attain sustained remission using a TNFi.
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activity remission was defined according to cut- offs for DAS, 
SDAI (<3.3),22 CDAI (<2.8)22 as well as ACR/EULAR Boolean 
remission (combination of ≤1 swollen joints, ≤1 tender 
joints, patient global assessment of disease activity ≤1 (0–10 
scale) and C reactive protein (CRP, mg/dL) ≤1).22 Individual 
measures of disease activity included tender joints (Ritchie 
Articular Index, range 0–78),23 swollen joints (0–44), patient 
and physician global assessment of disease activity (0–100), 
ESR (mm/hour) and CRP (mg/L). Joint pain and fatigue were 
recorded by VAS (0–100), and physical function by the Patient- 
Reported Outcomes Measurement Information 20- item short 
form (transformed to a T- score with mean 50 and SD of 10). 

Additionally, the following questionnaires were completed; 
The EuroQol- 5 Dimension, the Rheumatoid Arthritis Impact 
of Disease and the 36- Item Short- Form Survey. Prednisolone 
use and intra- articular injections were recorded consecutively.

Ultrasound examinations (baseline and 12 months) were 
performed by a 32- joint scoring system,24 with joints scored 
0–3 for grey scale (total score 0–96) and power Doppler 
(total score 0–96).24 Radiographs of hands and feet (base-
line and 12 months, known chronological order) were 
scored by two readers blinded for clinical information and 
treatment according to the van der Heijde modified Sharp 
Score (vdHSS).25 The smallest detectable change (SDC) was 

Figure 1 Flow of patients in the ARCTIC REWIND TNFi Study. aRemission according to established criteria should be documented for at least 12 
months. bDAS is a composite measure of disease activity with scores ranging from 0 to 10, higher scores indicate more disease activity, remission 
defined as <1.6. cStratified by study site. DAS, Disease Activity Score. TNFi, tumour necrosis factor inhibitor.
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Table 1 Baseline characteristics of the study population*

Characteristic
Tapering TNFi
(n=47)

Stable TNFi
(n=45)

  Age, years, mean (SD) 57.6 (12.6) 57.4 (10.7)

  Female, no (%) 25 (53%) 30 (67%)

  Time since first swollen joint, years, mean (SD)   11.9 (6.9) 10.0 (7.2)

  Positive for anticitrullinated peptide antibodies, no (%) 36 (77%) 35 (78%)

  Positive for rheumatoid factor, no (%) 32 (68%) 28 (62%)

  Body mass index (kg/m2), mean (SD) 25.9 (3.4) 25.8 (5.0)

  Current smoker, no (%) 8 (17%) 10 (22%)

Measures of disease activity     

  Disease Activity Score†, mean (SD) 0.8 (0.3) 0.9 (0.4)

  Simplified Disease Activity Index‡, mean (SD) 1.1 (1.0) 1.9 (2.3)

  Simplified Disease Activity Index‡remission, no (%) 45 (96%) 34 (76%)

  ACR/EULAR remission§, no (%) 38 (81%) 30 (67%)

  Swollen joint count¶, mean (SD) 0.0 (0.0) 0.0 (0.0)

  Tender joint count (Ritchie Articular Index)**, mean (SD) 0.1 (0.2) 0.2 (0.5)

  ESR, mm/hour††, normal value <17 mm/hour in women and <12 mm/hour in men, median 
(IQR)

7.0 (5.0–14.0) 8.0 (5.0–15.0)

  CRP, mg/dL‡‡, normal value <0.4 mg/dL, median (IQR) 0.1 (0.1–0.3) 0.1 (0.1–0.2)

  Patient’s global assessment (0–100)§§, median (IQR) 3.0 (1.0–12.0) 2.0 (1.0–12.0)

  Physician’s global assessment (0–100)§§, median (IQR) 0.0 (0.0–2.0) 0.0 (0.0–2.0)

Functional outcomes     

  PROMIS Physical Function¶¶, median (IQR) 52.6 (49.0–62.5) 51.2 (44.2–62.5)

  Fatigue Visual Analogue Scale (0–100 mm)***, median (IQR) 7.0 (1.0–22.0) 3.0 (0.0–31.0)

  Pain Visual Analogue Scale (0–100 mm)***, median (IQR) 4.0 (2.0–11.0) 3.0 (1.0–11.0)

Radiographic joint damage     

  Total van der Heijde modified Sharp Score†††, median (IQR) 6.5 (1.5–12.0) 5.0 (1.5–13.5)

  van der Heijde Sharp Erosion, median (IQR) 2.5 (1.0–5.0) 2.0 (0.5–5.0)

  van der Heijde Sharp Joint Space Narrowing, median (IQR) 2.5 (0.5–7.0) 1.0 (0.0–10.5)

Ultrasound outcomes‡‡‡     

  Total power Doppler Signal Score, median (IQR) 0.0 (0.0– 0.0) 0.0 (0.0–0.0)

  Total Grey Scale Score, median (IQR) 1.0 (0.0–3.0) 1.0 (0.0–3.0)

  No power Doppler signal in any joint 44 (94%) 42 (96%)

Medication     

  Etanercept, no (%) 20 (43%) 20 (44%)

  Certolizumab pegol, no (%) 14 (30%) 15 (33%)

  Golimumab, no (%) 1 (2%) 4 (9%)

  Infliximab, no (%) 9 (19%) 0 (0%)

  Adalimumab, no (%) 3 (6%) 6 (13%)

  Co- medication with csDMARDs, no (%) 42 (89%) 41 (91%)

  Co- medication with methotrexate, no (%) 38 (81%) 38 (84%)

*As allocated and initiated treatment. Seven patients who were randomised but did not have verified initiation of treatment were excluded, five from the tapering group and two from the stable 
group.
†Disease Activity Score (DAS, range 0–10) includes a 44 swollen joint count (SJC44), assessment of tender joints by Ritchie Articular Index (RAI), the ESR and patient’s global assessment (PGA) 
of disease activity on a VAS 0–100 mm. It is calculated as follows: DAS=0.54*square root(RAI) + 0.065*(SJC44+0.33*Ln(ESR) + 0.0072*PGA. Remission is defined as any value below 1.6, low 
disease activity 1.6–2.4, moderate disease activity >2.4–3.7, and high disease activity >3.7, thus higher scores indicating more disease activity.
‡Simplified Disease Activity Index (SDAI, range 0–86) includes a 28 swollen (SJC28) and tender joint count (TJC28), CRP, PGA and the physician’s global assessment of disease activity (PhGA) on a 
VAS 0–100 mm. It is calculated as follows: SDAI=TJC28 + SJC28 + PGA/10+PhGA/10+CRP. Remission is defined as a score ≤3.3, with higher scores indicating more disease activity.
§ACR/EULAR remission is defined as tender joint count ≤1 and swollen joint count ≤1 and CRP ≤1 mg/dL and patient global assessment ≤10 (on a 0–100 scale).
¶The swollen joint count is the number of swollen joints out of 44 joints assessed.
**The tender joint count is performed by the Ritchie Articular Index assessing tenderness of 26 joint regions, the index ranges 0–3 for individual measures and the sum 0–78 overall, with higher 
scores indicating more tenderness.
††At the time of baseline visit, normal values may vary among laboratories.
‡‡At the time of baseline visit, normal values may vary among laboratories. To convert CRP to mg/L (SI unit), multiply by 10.
§§The patient’s and physician’s global assessments are self- reported and physician- reported, respectively, overall assessments of disease with use of a VAS that ranges 0–100 mm, with higher 
scores indicating more severe disease.
¶¶PROMIS 20- item short form range 0–100, with scores lower than 50 indicating disability worse than average.
***Fatigue and joint pain are self- reported with use of a VAS ranging 0–100 mm, with higher scores indicating more severe fatigue.
†††van der Heijde modified Sharp scoring method assesses erosions in 16 joints of each hand (range 0–5 for each joint) and 6 joints of each foot (range 0–10 per joint), and joint space narrowing 
in 15 joints for each hand, as well as six joints for each foot (range 0–4 per joint). This gives scores for erosions on a scale of 0–280 and joint- space narrowing on a scale of 0–168, thus the total 
van der Heijde Sharp score range is 0–448 with higher scores indicating greater joint damage.
‡‡‡Two aspects of synovitis can be assessed by ultrasound; morphology and quantity using grey scale and synovial vascularity using power Doppler. The ultrasound examination was performed 
using 0–3 semiquantitative scoring systems for both grey scale and power Doppler in 32 joints.
ACR, American College of Rheumatology; CRP, C reactive protein; csDMARDs, conventional synthetic disease- modifying antirheumatic drugs; DAS, Disease Activity Score; ESR, erythrocyte 
sedimentation rate; EULAR, European Alliance of Associations for Rheumatology; PROMIS, Patient- reported Outcomes Measurement Information Score; TNFi, tumour necrosis factor inhibitor; VAS, 
Visual Analogue Scale.
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calculated to be 1.38, calculations made with an SD of the 
differences between change- scores of two reading sessions.26 
Progression of joint damage was defined as a change of ≥1 
unit per year (average score of the readers), sensitivity analysis 
with cut- offs of ≥0.5, ≥2 and ≥5 units per year, as well as the 
SDC.

Response to treatment was assessed by ACR 20/50/70/90 
response, EULAR good and moderate response, the US Food 
and Drug Administration major clinical response,27 as well as 
disease activity measures in patients who experienced a flare. 
Safety was evaluated at each visit by assessment of clinical and 
laboratory adverse events, coded by the Medical Dictionary 
for Regulatory Activities (V.21.1E).

Data on work productivity and MRI were not yet available.

Statistical analyses
A sample size of 126 patients (63 in each group) was deter-
mined assuming a common flare rate of 20% (estimate based on 
data from the Norwegian Antirehumatic Drug Register, NOR- 
DMARD),28 with 80% power to conclude the non- inferiority of 
tapering. The non- inferiority margin was set to a difference in 
flare risk of 20%, and non- inferiority would be concluded on if 
the 95% CI could exclude a difference of this magnitude. After 
adjustments for a potential dropout rate of up to 20%, the aim 
was to include 80 patients in each group. The non- inferiority 
margin was based on discussions with clinicians, researchers and 
health economists regarding the upper limit of increased flare 
rate that would be acceptable when tapering TNFi treatment, 
guided by the Food and Drug Administration guidance docu-
ment for non- inferiority clinical trials.29

The main analyses were predefined in the statistical analysis 
plan signed prior to the database lock (online supplemental file 
1). If non- inferiority could not be shown it was prespecified to 
assess if there were more statistically significant flares in one of 
the groups compared with the other. Baseline characteristics 
were described by n (%), median (IQR) or mean (SD). The infe-
riority null hypothesis was tested in the per- protocol population. 
The primary analysis was performed by mixed- effects logistic 
regression, with any disease flare during the 12- month follow- up 
as response, and treatment group as fixed factor. Randomisation 
was stratified by centre, and thus was included as a random effect 

in the model. The difference in flare rate was estimated as the 
marginal probability of flare under tapered therapy minus that 
of stable therapy, with 95% CI estimated by the delta method. 
A sensitivity analysis was performed in the population initiating 
treatment, and repeated in patients with csDMARD co- medica-
tion in a post hoc sensitivity analysis. In post hoc analyses we 
repeated the analysis in the restricted definition of the primary 
outcome and for the first 4- month period, corresponding to the 
treatment period for half- dose TNFi.

Mixed- effects logistic regression was used to assess dichoto-
mous secondary outcomes, and linear mixed models (adjusted 
for the baseline value) were used for continuous outcomes. For 
outcomes assessed repeatedly, fixed factors for treatment group, 
time and their interaction were included, in addition to centre 
and patient- level random effects. Examination of model residuals 
were used for model validity checks. The results for analyses of 
secondary endpoints should be interpreted as exploratory, given 
the potential for type 1 errors due to multiple comparisons. The 
variables included in the primary endpoint were fully monitored 
during the study. All analyses were performed in Stata v14.0 
(StataCorp). The trial was registered in EudraCT with identifi-
cation number: 2012- 005275- 14, and in  clinicaltrials. gov with 
identification number NCT01881308.

Role of the funding source
ARCTIC REWIND was an investigator- initiated trial, fully 
funded by governmental research grants as outlined under 
Acknowledgements. The funder of the study had no role in study 
design, data collection, data analysis, data interpretation or 
writing of the report. The corresponding author had full access 
to all the data in the study and had final responsibility for the 
decision to submit for publication.

Patient and public involvement
Patient representatives were involved in the interpretation of the 
results.

RESULTS
During the period from 17 June 2013 to 4 January 2019, 99 
patients were randomly assigned to the two groups. Forty- seven 

Figure 2 Flare rate (primary outcome) in tapered versus stable TNFi treatment flare was defined as a combination of Disease Activity Score (DAS) 
above the cut- off for remission (1.6), a change in DAS of at least 0.6, and at least two swollen joints or that both the treating physician and the 
patient agreed that a clinically significant flare had occurred. The dotted, vertical line represents the non- inferiority margin. aThe primary analysis 
was performed in all randomised patients meeting the study entry criteria and with no protocol deviations affecting the treatment efficacy (defined 
as failure to follow the treatment regimen or withdrawal from the study). bSeven patients who were randomised but did not have verified initiation 
of treatment are excluded (five from the tapering group and two from the stable group). cAnalysis performed in patients within the primary analysis 
population who used methotrexate co- medication. csDMARD, conventional synthetic disease- modifying antirheumatic drug; TNFi, tumour necrosis 
factor inhibitor.
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Figure 3 Secondary endpoints. Analysed in the primary analysis population, defined as all randomised patients meeting the study entry criteria and 
with no protocol deviations affecting the treatment efficacy. Patients were followed up for a median (IQR) of 364 days (358–378 days) in the tapered 
group and 366 days (357–378 days) in the stable group. Variables are displayed based on clinical relevance. Boxes mark first and third quartiles, the 
band inside the box is the second quartile (the median), while the whiskers indicate the highest and lowest values within 1.5 × the IQR. Dots denote 
individual patients (outliers).a Disease Activity Score (DAS, range 0–10) includes a 44 swollen joint count assessment of tender joints by the Ritchie 
Articular Index, the erythrocyte sedimentation rate (ESR) and patient’s global assessment of disease activity on a VAS 0–100 mm. Remission is defined 
as any value below 1.6, low disease activity 1.6–2.4, moderate disease activity >2.4–3.7 and high disease activity >3.7, thus higher scores indicating 
more disease activity. bPROMIS assesses the ability to perform basic and instrumental activities of daily living. The total score is translated into a 
T score with a mean (SD) of 50 (10). A score of 50 equals the average for the general US population. cThe van der Heijde–modified Sharp scoring 
method assesses erosions in 16 joints of each hand and 6 joints of each foot, and the erosions are given a score of 1 to 5. Joint space narrowing 
is assessed in 15 joints for each hand and 6 joints for each foot. This gives scores for erosions on a scale of 0–280 and joint space narrowing on a 
scale of 0–168, thus the total van der Heijde–modified Sharp score ranges from 0 to 448, with higher scores indicating greater joint damage. A good 
radiographic outcome is commonly defined as no progression. dDisease Activity Score at the visit before a flare occurred, at the flare visit, and at 
visits after flare in the half- dose arm in those with all components available to calculate DAS. A flare could be recorded both at regular visits and at 
additional visits. PROMIS, Patient- Reported Outcomes Measurement Information 20- item Short Form Physical Function; TNFi, tumour necrosis factor 
inhibitor; VAS Visual Analogue Scale.
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patients tapered TNFi treatment and 45 received stable TNFi 
treatment (figure 1). Four patients in each group were excluded 
from the per- protocol data set due to major protocol violations. 
Baseline characteristics were overall well balanced, but with 
more patients on infliximab in the tapering group (table 1). 
Mean DAS was 0.8 (0.3) in the tapering group and 0.9 (0.4) in 
the stable group, 45/47 (96%) and 34/45 (76%) were in ACR/
EULAR SDAI remission, while ultrasound power Doppler was 
absent in 44/47 (94%) and 42/44 (96%) of patients, respectively. 
In the tapering TNFi group, 42/47 (89%) received csDMARD 
co- medication, compared with 41/45 (91%) in the stable TNFi 
group, predominantly methotrexate monotherapy. In metho-
trexate users, the mean (SD) baseline dose was 16.3 (5.2) mg/
week in the tapering group and 17.8 (5.3) mg/week in the stable 
group.

Twenty- seven of 43 (63%) patients treated by tapered TNFi 
therapy experienced a flare during the 12- month follow- up, 
compared with 2/41 (5%) in the stable TNFi treatment group, 
risk difference 58% (95% CI 42% to 74%); p value for compar-
ison <0.0001 (figure 2, figure 3A). The lower limit of the CI 
exceeded the non- inferiority margin, and non- inferiority was 
not shown.

At 12 months, 37/42 (88%) patients in the tapering group and 
34/40 (85%) patients in the stable group were in DAS remission 
(figure 3B and C). Composite DAS, physical function and the 
number of patients in remission according to different criteria 

were similar in the two groups at 12 months (online supple-
mental table 2, figure 3D). The mean (SE) DAS at time of flare 
was 2.2 (0.8) in the tapering group and 1.9 (0.2) in the stable 
group (figure 3F), corresponding to low disease activity. Flares 
occurred in patients treated with all types of TNFi (online 
supplemental table 3). In patients with at least one visit postflare, 
23/26 (88%) in the tapering group were in DAS remission at the 
subsequent visit (online supplemental table 4). At the time of 
flare, patients in the tapering group had higher median CRP and 
swollen joint count than at the visit before and after flare (online 
supplemental figure 1).

The mean (SD) increases in total van der Heijde modified 
Sharp Score was 0.3 (1.2) units in the tapering group, compared 
with 0.1 (0.6) in the stable group (online supplemental table 
2), difference (95% CI) 0.2 (−0.2 to 0.6) units. In the tapering 
TNFi group, 34/42 (81%) had no progression of radiographic 
joint damage, compared with 36/40 (90%) of patients in the 
stable TNFi group, risk difference −9% (95% CI −24% to 6%, 
figure 3E). Of the patients with flare and radiographic data avail-
able, 7/29 (24%) had progression of radiographic joint damage, 
compared with 5/53 (9%) without a flare, value of p=0.10 
for comparison between the groups. The mean (SD) change in 
vdHSS in patients with flare was 0.44 (1.29), compared with 
−0.01 (0.61) in those without a flare, value of p=0.03. The 
median (IQR) change in vdHSS in patients with flare was 0 (0.0–
0.5), compared with 0 (0.0–0.0) in those without a flare, value of 
p for comparison =0.04. At 12 months, 35 (85%) patients in the 
tapering group and 35 (90%) in the stable group had no power 
Doppler signal in any joint, risk difference −4% (−19% to 10%, 
online supplemental table 2).

In the tapering group 49 adverse events were reported, and 
57 in the stable group (table 2). Three (6%) of the patients 
in the tapering group experienced a serious adverse event 
(including one serious viral infection), versus two (4%) in the 
stable group. No malignancies or deaths were reported. One of 
the adverse events in the stable group led to study discontinu-
ation. The most frequently reported adverse event were upper 
respiratory tract infections (5 in the tapering group, 14 in the 
stable group).

In a sensitivity analysis of the primary outcome assessing 
patients who were randomised and initiated treatment, similar 
results were found as for the main analysis (figure 2). This also 
applied to the results from a post hoc sensitivity analysis among 
patients receiving co- medication with csDMARDs.

In post hoc analyses, a higher risk of flare was observed in 
the tapering group also for the flare definition based solely on 
DAS and swollen joint counts, with 14/43 (33%) of patients in 
the tapering group having a flare according to this definition, 
compared with 1/41 (2%) in the stable group, risk difference 
30% (95% CI 15% to 45%) (online supplemental figure 2). 
During the first 4 months of the follow- up period, when patients 
in the tapering group received half- dose TNFi, 5/43 (12%) in the 
tapering group flared, compared with none of the patients in the 
stable group. Thus, 5 of the total 27 (19%) flares recorded in the 
tapering to withdrawal group occurred when patients received 
half- dose TNFi. In the tapering group, 26/27 (96%) adjusted 
DMARD medication following the flare, compared with 1/2 
(50%) in the stable group. Among patients with available data 
at 12 months, 25 (60%) in the tapering group were using TNFi, 
compared with 40 (100%) in the stable group. Flare occurred 
after a mean (SD) time of 192 (76) days in the tapering group 
and 371 (1) days in the stable group.

Table 2 Adverse events from month 0 to month 12

Tapering TNFi
(n=47)

Stable TNFi
(n=45)

Adverse events*

  Upper respiratory tract infections, no 5 14

  Diarrhoea, no 3 0

  Fracture, no 3 0

  Influenza, no 0 3

  Urinary tract infection (including pyelonephritis), no 3 1

Patients with adverse events

  1, no (%) 10 (21) 16 (36)

  ≥2, no (%) 13 (28) 15 (33)

Adverse events

  Serious†‡, no 3 2

  Leading to study discontinuation§, no 0 1

  Total, no 49 57

*Adverse events occurring with a frequency of 3 or more in at least one of the groups 
are listed. Additionally, there were three events total of iridocyclitis and joint pain; 
two events total of abdominal pain, back pain, conjunctivitis, dyspepsia, herpes zoster, 
hypercholesterolaemia, infections not otherwise specified, liver enzyme elevation, 
palpitations, skin reaction, upper respiratory tract symptoms and wound infection; one 
event each of angina pectoris, ankle oedema, ankle sprain, atrioventricular block third 
degree, borrelia burgdorferi, bursitis, cardiac pacemaker insertion, carotid artery calcification, 
chest pain, chronic obstructive lung disease, colon polypectomy, depression, fall with 
syncope, forgetfulness, gastrointestinal bleeding, heart attack, haematuria, incontinence, 
insect sting allergy, leucopenia, liver cirrhosis, menstruation irregular, nausea, night sweat, 
nocturia, osteoporosis, otitis media, periodontitis, pneumonia, postoperative infection, 
pruritus cutaneous, rheumatoid vasculitis, shoulder operation, Sjogren’s syndrome, stomach 
influenza, syrinx, rupture of tendon, skin biopsy, tinnitus, tiredness, transient cerebral 
ischaemia, tooth infection and urinary tract pain.
†The serious adverse events were one case of heart attack, one viral infection and one case 
of fall with syncope in the tapering group; one atrioventricular block third degree and one 
case of rheumatoid vasculitis in the stable group. The term serious adverse event included 
any untoward medical occurrence that resulted in death, was immediately life- threatening, 
required inpatient hospitalisation or prolongation of existing hospitalisation, resulted in 
persistent or significant disability or incapacity, was a congenital abnormality or birth 
defect, or was an important medical event that could jeopardise the subject or could require 
medical intervention to prevent one of the outcomes listed above.
‡There were no cancers, and none of the adverse events led to death.
§Rheumatoid vasculitis.
TNFi, tumour necrosis factor inhibitor.
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DISCUSSION
Among patients with RA in long- standing remission without 
clinical synovitis at inclusion, significantly higher flare rates 
during 1 year follow- up were observed in those tapering TNFi 
to discontinuation, compared with patients continuing stable 
TNFi treatment. Tapered TNFi therapy was not non- inferior 
to continued stable TNFi treatment. Patients responded well to 
reinstated treatment, and remission rates in the two study arms 
were comparable at 12 months.

According to current treatment recommendations, dose 
reduction should only be considered if the patient has reached 
the treatment target (specified as ACR/EULAR remission in 
the EULAR recommendations), for at least 6 months,3 as also 
suggested by the results from a post hoc analysis of three etaner-
cept tapering studies.4 30 Patients participating in our study had 
been in sustained remission for at least 12 months, and clinical 
and ultrasonographic examination revealed no signs of inflam-
matory activity, with 81% of those randomised to tapering 
fulfilling the ACR/EULAR Boolean remission criteria at time of 
inclusion. Thus, an outcome of non- inferiority of the tapering 
strategy was perceived realistic. However, an unexpectedly large 
discrepancy in flare rates between the two study groups was 
observed despite the low level of disease activity.

The opportunity to compare flare rates between studies is 
limited by the application of different inclusion criteria, tapering 
strategies and flare definitions.31 In clinical trials assessing patients 
with RA in remission for ≥3 months who continue csDMARDs, 
tapering of TNFi to half dosages led to disease worsening in 
36%–41% of patients,32 33 while 45%–80% experienced a flare 
within a maximum of 12 months after withdrawal.33–35 The flare 
rate observed in the tapering group of the current study was 
thus in the same range as in studies with somewhat less strin-
gent inclusion criteria, while the flare rate in the stable treatment 
group is much lower than what has been observed in previous 
studies, resulting in the large risk difference.6

As csDMARDs were kept unchanged in all patients on combi-
nation therapy in our study, we do not know whether reduction 
of these drugs would have been more successful than tapering 
of the TNFi first. Two studies have compared withdrawal of 
either csDMARD or TNFi in sustained RA remission on combi-
nation therapy; the double- blinded SEAM- RA (Study of Etaner-
cept and Methotrexate in Combination or as Monotherapy in 
Subjects With Rheumatoid Arthritis) trial, assessing patients in 
SDAI remission for 24 weeks, showed that significantly more 
patients continuing combination therapy (53%) or etanercept 
monotherapy (50%) maintained remission compared with meth-
otrexate monotherapy (29%),36 while the order of tapering did 
not affect flare rates in the TARA (TApering strategies in Rheu-
matoid Arthritis) trial.37

Previous studies have supported that reduction of TNFi to half 
dose has limited effect on flare rates.7 Although the ARCTIC 
REWIND Trial did not aim to study the isolated effect of tapering 
TNFi to half dose, explorative data from the first 4 months of the 
trial indicate an increased flare rate also on half- dose TNFi. The 
trend of some increase in radiographic joint damage in patients 
experiencing a flare supports previous data from the PRESERVE 
(A Randomized, Double- Blind Study Comparing the Safety & 
Efficacy of Once- Weekly Etanercept 50 mg, Etanercept 25 mg, 
& Placebo in Combination With Methotrexate in Subjects With 
Active Rheumatoid Arthritis) trial, where patients with flare had 
more structural progression, in addition to poorer clinical and 
functional outcomes.38 This was found across treatment groups 
(50 mg etanercept weekly in combination with methotrexate, 

25 mg etanercept weekly in combination with methotrexate or 
placebo with methotrexate).38

Our results demonstrate excellent long- term outcomes in 
patients with RA who have reached remission on TNFi treat-
ment, and show that most patients need continuous TNF inhi-
bition to maintain remission. We also provide data which show 
very good response to the clinically relevant situation of rein-
statement of the initial TNFi treatment in patients who tapered 
TNFi treatment and flared, with no observed significant differ-
ence in radiographic joint damage or functional outcomes at 
12 months. Both information about increased flare risk and 
the possibility of regaining control of the disease are important 
aspects to address in shared decision making,39 as tapering of 
TNFi should be decided by the patient and clinician based on the 
total situation of the patient.40 In patients tapering treatment, 
the control regimen should take into account the potential of 
disease activity flare, with an aim to capture and treat significant 
flares at an early stage. There is a need for further research to 
personalise medicine within this patient group.

Our study had limitations. First, the open label design might 
influence the evaluation of flares. Study personnel were contin-
uously instructed about the importance of recording flares in a 
similar manner in both groups. This pragmatic approach mirrors 
clinical care where patients know what treatment they are 
receiving. Second, a clinically significant flare could be recorded 
without fulfilment of the formal definition. This option was 
intended to capture increases in disease activity not assessed 
by the joint count, but could be vulnerable to expectation 
bias. The increase in CRP, swollen joint count and ultrasound 
power Doppler at time of flare supports that the flares recorded 
represented a true increase in inflammation. The findings are 
strengthened by the consistency in sensitivity analyses restricting 
the primary outcome to the definition based on DAS and swollen 
joint count. Third, the patient recruitment was closed before the 
target number had been reached due to a lower inclusion rate 
than anticipated, but the conclusions that could be drawn based 
on the data are still clear (online supplemental appendix 2). 
Fourth, heterogeneity is present in treatment regimens, but anal-
yses did not highlight large discrepancies in flare rates between 
the drugs. Fifth, fulfilment of ACR/EULAR Boolean remission 
criteria was not necessary for inclusion into the study. To ensure 
that patients did not have significant disease activity in the feet, 
we required remission according to DAS (based on 44 joints, 
including feet) at inclusion, in addition to no swollen joints.

In conclusion, tapering TNFi therapy to discontinuation in 
prolonged RA remission on stable medication was not non- 
inferior to continuation of stable therapy on the risk of flares. 
Stable treatment with TNFi was associated with a very low risk 
of flare, while significantly more flares were observed when 
tapering of TNFi to discontinuation. However, in those experi-
encing a flare when tapering TNFi therapy, most regained remis-
sion on reinstated full- dose treatment.
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