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SUMMARY

In this review we discuss the possibility of drug tapering in patients with 
rheumatoid arthritis in remission or low disease activity, for glucocorticoids and 
disease-modifying antirheumatic drugs (DMARDs). Including the background 
of international guidelines and recommendations and remaining uncertainties, 
in an overview of the recent literature. Per drug category, data on three 
strategy types of tapering, defined as de-escalating the dose and/or number of 
medications that have resulted in the patients being in a state of remission or 
at least low disease activity (LDA), are discussed: 1) tapering by discontinuation 
of one of the drugs in combination therapy, 2) tapering by reducing the dose 
of one of the drugs in combination therapy and 3) tapering by dose reduction 
of DMARD monotherapy. We discuss outcomes and robustness of evidence of 
trials and observational cohorts and give a trajectory for further research and 
drug tapering in daily practice.
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Introduction
In the last decades, due to early referral and diagnosis, new therapeutic 
options and treat-to-target strategies with rapid treatment escalation steps, 
disease activity in rheumatoid arthritis can often be effectively suppressed. 
This results in improved long-term outcomes with prevention of joint damage 
and maintenance of functional ability.(1) As a result, new challenges and 
opportunities arise. Long-term continuation of escalated treatment, once 
the disease is effectively suppressed, may result in overtreatment risking 
adverse events (AEs) and unnecessary costs. Therefore, concepts of tapering 
or even discontinuing treatment have been tested in trials and daily practice. 
Several methods of drug tapering are possible: 1) tapering by discontinuing 
one of the drugs in combination therapy, while maintaining the (dose of the) 
other(s). This approach is mostly applied to glucocorticoids, but sometimes to 
biological or targeted synthetic DMARDs or conventional synthetic DMARDs, 
that are stopped while other DMARD(s) are continued unchanged; 2) tapering 
by reduction of the dose of one of the drugs in combination therapy. This 
is most often done by halving the dose or extending the dose interval of a 
biological or targeted synthetic DMARD while the conventional synthetic 
DMARD remains unchanged; 3) tapering by gradual dose reduction of a single 
DMARD in monotherapy until the lowest effective dose is reached, without 
discontinuation, mostly evaluated in treat-to-target study designs. In theory 
and sometimes in practice, a tapering strategy can entail a sequence of (some 
of) these tapering steps. Ultimately, discontinuation of the last (tapered) 
DMARD can result in a state of drug free remission (DFR), which is only briefly 
discussed in this review if included in a trial investigating our tapering definition. 
Tapering or discontinuation of treatment because of adverse effects or lack 
of efficiency falls outside the scope of this review. We conducted a literature 
search, restricted to trials and cohorts, in patients with rheumatoid arthritis, 
including the terms stopping, tapering, discontinuation, reducing and focusing 
on oral glucocorticoids and any approved conventional, biological or targeted 
synthetic DMARD published in the last 5 years. We will discuss the design and 
the outcomes regarding success of the tapering strategy and the strength of 
evidence from these studies. Finally, we will suggests on future studies and 
steps to be made for implementation of tapering strategies in daily practice. 

Glucocorticoid tapering and discontinuation
With the pendulum of time, weighing the benefits and risks of glucocorticoids 
has resulted in various international recommendations for the management of 
rheumatoid arthritis. The 2010 and 2019 European League against rheumatism 
(EULAR) recommendations, both recommend initial use of glucocorticoids, 
but in 2019 with more emphasis on short term use as bridging therapy and 
tapering as rapidly as clinically feasible, aiming at complete discontinuation 
(with or without continuation of other DMARDs) within 3 months.(2,3) The 
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American college of rheumatology (ACR) guidelines from 2015 recommended 
to consider using glucocorticoids in patients with moderate or high disease 
activity starting on a conventional synthetic DMARD, used at the lowest 
possible dose and the shortest possible duration. But the recently updated 
2021 guidelines conditionally recommend to start DMARD treatment 
without short term glucocorticoids, stating that the toxicity associated with 
glucocorticoids outweighs potential benefits.(4,5) The 2018 updated Asia-
Pacific League of Associations for Rheumatology (APLAR) recommendations on 
treatment of rheumatoid arthritis also recommend tapering of glucocorticoids 
timed ‘once symptoms improve’, postponing discontinuation until remission 
is achieved.(6) Thus, there appears to be little discussion about the efficacy 
of initial glucocorticoids (7,8), but more about how to weigh this against the 
risk of adverse effects, even of short term use. Continued reports show that 
even relatively low dosages, as low as 5mg/day, can increase the risk sleep 
disturbance, skin changes, or infection and that there is a (cumulative) dose-
response effect for many AEs.(9-11) In this, glucocorticoids differ from most 
other DMARDs and in general patients and physicians appear to agree on 
minimizing the prolonged use of glucocorticoids.(12)

No comparative studies between various tapering strategies for dose reduction 
or complete glucocorticoid discontinuation have been published and no study 
data are available on the benefit of discontinuation versus continuation of 
(very) low dose steroids. Information is often indirectly derived from individual 
treat-to-target studies where glucocorticoids as well as other DMARDs were 
tapered and discontinued as part of the treatment strategy. This information 
was recently summarized by Wallace et al. (table 1).(13) Observational studies 
report the use of glucocorticoids for over 12 months from diagnosis in up to 60% 
of rheumatoid arthritis patients, suggesting complete discontinuation in daily 
practice to be difficult.(14, 15) However, in the protocolized setting of strategy 
studies, between 70% and 90% of patients discontinued glucocorticoids used 
as bridging therapy without the reported need to restart for disease flare.(16-
18) In the SEMIRA trial, 259 patients with established rheumatoid arthritis 
treated with glucocorticoids and the anti-interleukin(IL)-6 receptor antagonist 
tocilizumab (with or without concomitant conventional synthetic DMARD) 
were randomized to blinded glucocorticoid continuation (prednisone 5mg/
day, n=128) or glucocorticoid tapering (reducing the dose with 1mg every 
4 weeks) to zero (n=131), while continuing the other DMARD(s). After 24 
weeks, a significant greater increase in disease activity score ((DAS)28-ESR) 
was seen in the discontinuation arm (difference in ΔDAS28-ESR 0.61, 95% CI 
0.35;0.88 p <0.001). Low disease activity was maintained in 77% of patients 
who continued compared to 65% who tapered (RR 0.83, 95% CI 0.71;0.97) 
(table 2).(19) During follow-up, limited to 24 weeks, no differences in adverse 
events was seen between the groups. No other randomized controlled studies 
comparing glucocorticoid continuation with tapering/discontinuation have 
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been published. Future studies should clarify which patients can discontinue 
and what is the best tapering strategy to achieve this. Or if discontinuation is 
failing, which is the lowest effective and long-term still safe dose and what is 
the best follow-up treatment step after glucocorticoid tapering.

Biological DMARD tapering and discontinuation
Although biological DMARDs, as much as glucocorticoids, can provide rapid 
clinical improvement and prevent radiographic damage later, biological DMARDs 
are not routinely used as bridging therapy. Also when used as rescue treatment 
in patients who do not sufficiently respond to conventional synthetic DMARDs, 
the high treatment costs of biological DMARDs (20) and risk of (infectious) 
side effects with continued use, provide strong incentives to taper these drugs 
once the desired treatment goal has been reached. The ACR, APLAR and 
EULAR recommendations suggest tapering can be tried and EULAR includes 
possibly discontinuation of biological DMARDs, when remission is achieved 
for sufficiently long time.(2,4,6) Continued treatment with (a) conventional 
synthetic DMARD(s) is ‘preferred’ (2,6), or required.(4) All recommendations 
caution that flares may occur, potentially causing radiographic damage. 

Various trials have studied biological DMARD tapering by dose reduction, 
interval spacing and/or (eventually) discontinuation, recently summarized and 
evaluated in preparation for the 2019 update of the EULAR recommendations 
(table 1).(21) Tapering by discontinuation of the biological DMARD while 
continuing a conventional synthetic DMARD (tapering strategy 1) was studied 
mostly open-label studies. These studies found that discontinuation versus 
continuation resulted in around 30-33% more flares and loss of remission or 
LDA in up to 66% of patients.(22,23) The randomized placebo controlled trials 
(24,25), reported fewer flares overall, with a smaller differences (up to 10%) in 
flare rate between the discontinuation (placebo) and continuation arm than in 
the open label studies. 

Tapering the biologic DMARD by dose reduction while continuing other DMARDs 
(strategy 2), was only studied in open-label studies. In the OPTTIRA trial, patients 
with DAS28≤3.2 that were randomized to 66% dose reduction (n=21) of either 
tumor necrosis factor inhibitor (TNFi) adalimumab or etanercept, had a higher 
risk of disease flare (defined as ≥0.6 DAS28 increase resulting in a DAS28 >3.2) 
(HR 5.10 95% CI 1.81-21.95) than patients randomized to 33% dose reduction 
(n=26).(26) However, in the DRESS study no significant difference was found in 
major flare incidence (defined as a >1.2 DAS28-CRP increase or ≥0.6 increase 
and current DAS28-CRP >3.2, persisting for >12 weeks) after lowering the dose 
of biological DMARDs (by 3-monthly interval increase) (n=115) or continuing 
it unchanged (n=57) in continued follow-up up to 3-years (10% vs. 12%).(27) 
l’Ami et al., reported non-inferiority in maintenance of disease control (ΔDAS28 
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<0.6) of interval increase from 2 to 3 weeks of adalimumab (n=27), compared 
to continuing at every 2 weeks (n=27).(28) The STRASS study an open-label 
non-inferiority trial in which patients were randomized to continue (n=73), or 
progressively space (n=64) etanercept or adalimumab dosages, reported similar 
DAS28 and radiographic damage progression over time, but an increased risk 
for disease relapse (defined as DAS28>2.6 and >0.6 DAS28 increase) was found 
in the spacing group (HR 2.37 95% CI 1.47-3.83).(29) In the TOZURA study, 
patients randomized to continue tocilizumab 162mg weekly (n=89) more 
often maintained DAS28 <2.6 than patients randomized to spacing to 162mg 
biweekly (n=90) (90% versus 73%, p<0.01), but most other efficacy measures 
were comparable.(30) The level of evidence of these studies was limited due 
to open-label design, small numbers and sometimes not achieving the needed 
sample size to provide the power to substantiate the results. 

In 2020, two studies compared methods of tapering rather than investigating 
if tapering is feasible (table 2).(31-33) In the double blind placebo controlled 
PREDICTRA study, in patients who were in remission for at least 6 months, 
a disease flare occurred in 36% of patients who tapered (by increasing the 
interval from 2 to 3 weeks) adalimumab (n=102) compared to 45% of patients 
who discontinued adalimumab (n=20).(32) The single blind TARA trial randomly 
assigned patients in remission on a combination of a biological DMARD and 
conventional synthetic DMARD(s) to either taper and stop the biological DMARD 
first (n=95) or the conventional synthetic DMARD first (n=94), while continuing 
the other, which was then tapered and stopped in the second year.(33) The 
proportion of patients with a disease flare (defined as DAS>2.4 or swollen 
joint count >1) (primary outcome), the mean DAS and Health Assessment 
Questionnaire (HAQ) scores were similar between the groups. After 2 years, 
DFR rates were 20% in the conventional synthetic DMARD first group vs. 11% in 
the biological DMARD first group (p-value=0.07). 

In the EULAR 2019 updated guideline about safety it is reported that biological 
DMARDs carry a higher risk of serious infectious AEs compared to conventional 
synthetic DMARDs. This is based on two studies with moderate or high risk of 
bias.(34) A meta-analysis of Vinson et al. showed that tapering (by either dose 
reduction or interval spacing) of biological or targeted synthetic DMARDs did 
not lower the risk of serious infections in patients with rheumatoid arthritis 
compared to patients who continued treatment dose (risk difference (RD) 0.01 
(95%CI 0.00 to 0.02)).(35) Also in the later conducted PREDICTRA, TARA and 
SEAM-RA studies tapering or stopping biological DMARDs did not appear to 
reduce the number and burden of AEs.(31-33) In light of the relative rareness 
of serious adverse events, however, the numbers of patients selected and 
the follow-up time (maximum of 2 years) of these studies may have been 
insufficient to find a benefit in tapering/stopping.
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Prior assessment of flare risk when considering biological DMARD tapering 
or discontinuation would support treatment decisions. In general in patients 
with early rheumatoid arthritis and/or patients without autoantibodies and/
or Shared Epitopes, tapering and stopping biological DMARDs is more likely 
to be successful.(36-38) Anti-citrullinated protein antibodies are associated 
with worse disease outcomes, but why they affect flare risk is unknown. On an 
individual clinical level, it is still not possible to predict which patient can safely 
taper or discontinue biological DMARDs.

Targeted synthetic DMARD tapering and discontinuation
In the double blinded RA-BEYOND study patients with stable Clinical Disease 
Activity Index (CDAI) ≤10 were randomized to continue full dose baricitinib 
(n=281) or reduce to half dose (n=278) while continuing conventional synthetic 
DMARD(s) and/or glucocorticoids (table 2).(39) More patients who continued 
full dose maintained LDA and remission compared to the half dose group (80% 
versus 67% LDA, p<0.01 and 40% versus 33% remission) and fewer full dose 
patients flared (and also flared later) (23% versus 37% respectively, p=0.001). 
After restoration to full dose, 67% of patients regained LDA or remission. More 
information on targeted synthetic DMARD tapering may emanate in the coming 
years, but currently there are no ongoing intervention trials evaluating tapering 
and/or discontinuation of targeted synthetic DMARDs. 

Conventional synthetic DMARD tapering and discontinuation
The EULAR recommendations state that conventional synthetic DMARD in 
monotherapy, provided that they are tolerated, should not be discontinued 
but that dose reduction can be considered.(2) This is based on a double blind 
placebo controlled study from 1996 (40,41), where patients with longstanding, 
mostly erosive rheumatoid arthritis in stable LDA, were randomly assigned to 
continuation (n=142) or discontinuation (n=143) of the conventional synthetic 
DMARDs of the time. The cumulative incidence of flares was higher in the 
placebo group (38% vs. 22%). Rapid improvement occurred after restarting 
medication.(41) No similar discontinuation studies including treatment 
strategies reflecting current routine of care and other placebo controlled 
studies on stopping conventional synthetic DMARDs as monotherapy, have 
been done since. Several studies, summarized in 2020 by Kerschbaumer et 
al. (table 1) (21), have investigated the option to taper or stop conventional 
synthetic DMARD(s), while continuing biological DMARDs. The open label 
studies showed contradicting results in their non-inferiority designs.(42,43) 
The randomized placebo controlled trials all demonstrated noninferiority of 
discontinuing MTX while continuing the biological DMARD.(44-46) In the more 
recent double blind, placebo controlled SEAM-RA study patients in stable 
Simple Disease Activity Index (SDAI) remission on methotrexate in combination 
with etanercept, were randomized to either discontinuation of etanercept 
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(n=101), methotrexate (n=101) or neither (n=51).(31) Discontinuation of 
etanercept was associated with more loss of SDAI remission compared to 
discontinuation of methotrexate (71% vs. 50%, p<0.01). Also in the TARA study 
tapering a conventional synthetic DMARD first versus the biological DMARD first 
resulted in comparable efficacy outcomes.(33) An open-label randomized non-
inferiority study compared stopping the conventional synthetic DMARD while 
continuing certolizumab pegol (n=45) with continuing both (n=43). For DAS28 
<3.2 and change of DAS28 ≥1.2 at 18 months, the cut-off for non-inferiority was 
not met and comparisons on CDAI and HAQ-DI showed similar results in both 
groups.(43) More recently, the double blind phase of the non-inferiority ORAL 
shift study showed that in patients who achieved LDA on methotrexate with 
the Janus kinase inhibitor tofacitinib, discontinuation of methotrexate (n=267) 
was non-inferior to continuation (n=266) regarding change in DAS28 (table 2) 
(47), which was in line with previous studies.(44,45) 

Recently the open-label ARCTIC REWIND trial randomly assigned patients 
with stable DAS remission to continuing on stable-dose (n=78) of one or more 
conventional synthetic DMARDs (66% on methotrexate monotherapy, baseline 
mean dose 19 mg/week), or on half-dose (n=77).(48) During the 12-months 
study period, 25% of patients in the half-dose group versus 6% in the stable-
dose group flared (risk difference 18%, 95%CI 7-29, p-value <0.01). Dosages 
were restored after a flare. After 12 months follow-up 85% of patients in the 
half-dose group and 92% in the stable-dose group were in DAS remission, but 
over time, remission percentages, disease activity scores, functional ability 
and radiographic progression scores were similar in both groups. More (non-
serious) adverse events were reported in the stable-dose group.(48) 

Gradual tapering of conventional synthetic DMARDs in monotherapy (strategy 
3), ultimately to zero, was introduced in several treat-to-target studies. In the 
first 5 years of the single blind BeSt study (n=508), where treatment was tapered 
as long as DAS <2.4 was maintained and then discontinued when remission was 
maintained, 23% of all patients achieved drug free remission. Although 46% 
of patients later lost remission, restart of the last discontinued conventional 
synthetic DMARD rapidly restored remission in 74% (or LDA in another 21%).
(49) Tapering to DFR seemed more successful if the initial therapy had been 
with a combination of a conventional synthetic and biological DMARD (18% 
DFR vs. 8-14% DFR, results from the first 4 years).(37) In the open-label 
RETRO study, patients with established rheumatoid arthritis, in remission for 
at least 6 months on conventional synthetic and/or biological DMARDs, were 
randomized to DMARD continuation (n=38), to halving the dosages (n=36) and 
to first halving, then discontinuing all DMARDs (n=27). Over 12 months follow-
up 16%, 39% and 52%, respectively, lost remission.(38) The results confirmed 
the possibility to taper or stop conventional synthetic DMARD therapy (mostly 
methotrexate) although flare rates were significantly lower if therapy was 
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continued (16% in continuing group vs. 44% overall in the two tapering groups). 
During 2 years in the open-label tREACH study in early arthritis patients, after 
protocolized tapering of (conventional synthetic) DMARDs, 34/159 patients 
(21%) had achieved drug free remission. Of these, 27 patients within 6 months 
subsequently lost remission and restarted treatment (50). In the single blind 
IMPROVED study (n=610), patients with early arthritis were treated-to-target 
DAS remission (DAS <1.6), which was achieved after 4 months by 63% of 
patients, who then tapered to drug free remission. During 5 years follow-up 
26% of patients achieving sustained (>=1 year) DFR at least once (51,52), but 
independent predictors for long-term successful tapering to DFR could not be 
identified.

 
Patient perspectives
Based on a 2020 review about patient perspectives on treatment changes in 
rheumatoid arthritis (53), it was concluded that patients are most afraid of 
disease flares and limited access to health care after tapering treatment. Also, 
a cumulative effect of earlier negative earlier experience(s) with increased in 
rheumatoid symptoms in the past were observed and made patients more 
reluctant to treatment tapering. Fear of flaring is a significant reason to remain 
on a treatment scheme that has shown to be successful in achieving the desired 
treatment target. A ‘safety net of continued monitoring of disease activity’ and 
the possibility of rapid treatment escalation if necessary are conditions which 
should be guaranteed before tapering should be attempted. Patients declared 
that information provision and shared decision making are important to be 
convinced to taper their medication.(54-56) Patients want to know that the 
biological or targeted synthetic DMARD will be effective again when restarting 
it.(55) Physicians can point out that various studies showed that restarting the 
discontinued biological DMARD is rapidly successful in the large majority of 
cases (between 67% and 91% reported in the C-OPERA study, SURPRISE study, 
POET study and the RA-BEYOND study).(23,25,39,57) 

In general, conventional synthetic DMARDs are regarded as being well tolerated 
and, unlike biological DMARDs, they are not associated with an increased 
risk of serious (infectious) AEs.(58) However, many patients experience, but 
apparently put up with side effects that are (medically) non-serious.(59,60) In 
the TARA study, the side effects of conventional synthetic DMARDs were found 
to have a greater impact on patients’ life compared to side effects of biological 
DMARDs.(33) In a qualitative study from Baker et al. patients appeared to 
desire tapering of medication rather because of concerns regarding potential 
toxicity than because of experienced side effects.(61) This may also explain, 
at least in part, reports on patient non-compliance, which indicate that a 
significant proportion of our patients have tapered or discontinued (or never 
took) prescribed DMARDs.(62,63)
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However, in daily practice, tapering of conventional synthetic DMARDs appears 
to be rare and independent of the current DAS.(64) The costs of conventional 
synthetic DMARDs are certainly lower than of biological DMARDs and targeted 
synthetic DMARDs , although increased by the costs of continued regular blood 
tests to monitor for asymptomatic laboratory abnormalities as (inter)nationally 
recommended and dose will not notably affect this.(5)

Future considerations
After decades where persistent disease activity required constant treatment 
intensifications in most patients with rheumatoid arthritis, we are now in the 
position where we can explore treatment tapering and discontinuation. Still, 
previous experiences and failed earlier attempts of stopping medication, make 
patients and also physicians, cautious. There is still limited information on the 
effects of tapering from clinical trials and with the focus on the occurrence 
of flares or loss of remission after tapering, many appear to warn against 
trying. In placebo controlled studies (24,25), the differences in flare rates and 
other outcomes appear to be smaller compared to open-label studies, where 
a nocebo effect of dose reduction may play a role.(22,23,57) A structured 
assessment of the risk of bias shows that most recent findings on DMARD 
tapering are from open-label or single blind studies, in part not primarily 
focused on studying the option to taper and/or discontinue certain drug(s). 
The potential benefit of lower drug exposure, reducing the risk of AEs, is not 
felt immediately and objectively as the increase in disease activity experienced 
after tapering/discontinuation. We conclude that, placebo controlled trials, 
with sufficiently large groups and long follow-up time, are needed to provide 
unbiased information about the effects of tapering or stopping and comparison 
of observed AEs. 

For glucocorticoids, historical knowledge and continued study reports on 
the risk of complications associated with their continued use support the 
recommendation to discontinue, or at least optimally taper glucocorticoids, as 
soon as possible.(2,5,6,65) Many patients are wary of starting glucocorticoids 
(66,67), yet, once proven effective in suppressing inflammation, glucocorticoids 
are often continued, in particular when the more expensive biological and 
targeted synthetic DMARDs are not available. As well as the optimal initial dose, 
the optimal tapering strategy is yet to be determined. The STAR trial (table 
3) is currently investigating two strategies of glucocorticoid, reducing 1mg/
month versus replacement therapy with hydrocortisone. Early tapering and 
discontinuation of glucocorticoids may be facilitated if other effective therapies 
are available to be used as an alternative, as demonstrated in protocolized 
treatment strategy studies.(8,16) 

Tapering biological DMARDs was not found to reduce the number and burden 
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of AEs. However, this effect can be biased by ‘dilution of the susceptible’ and 
can be due to relatively small numbers and relatively short follow-up. Other 
than glucocorticoids and conventional synthetic DMARDs, tapering biologic 
DMARDs (and targeted synthetic DMARDs) offers financial benefits. Studies 
show that it puts patients at risk of a disease flare and/or radiographic 
progression (27,68-70), although not all radiological progression or functional 
score changes may constitute a clinically significant deterioration and efficacy 
can be rapidly restored after restarting the original dose.(23,25,57,71) And not 
all patients experience disease flares after tapering or discontinuation. Previous 
studies have suggested that patients who had achieved the lowest levels of 
disease activity and patients who are ACPA negative and in early stages of the 
disease, had the lowest risk of flare after discontinuation.(36-38) Still, in clinical 
practice it is still not possible to predict who can successfully stop, nor who can 
definitely not.(72,73) 

It remains unclear how much time a patient needs to be in stable remission or 
LDA before tapering the biological DMARD and it is unclear how fast and how far 
the dose can be reduced or the dose interval for individual biological DMARDs 
can be stretched before the treatment is effectively discontinued. Stretching 
the dose interval of biological DMARDs (guided by drug concentration or 
disease activity) is currently under investigation in several trials (table 3).

Little has been published about the possibility of dose reduction of conventional 
synthetic DMARDs as monotherapy. It may appear illogical to risk a flare by 
lowering the dose of a therapy that has proven to be effective. However, as 
current strategies are aimed at suppression of disease activity as soon as 
possible, slow acting conventional synthetic DMARDs such as methotrexate are 
now often rapidly escalated to a dose that may no longer be required once 
disease control is achieved. A randomized controlled trial should establish 
whether it is better to maintain or gradually taper the DMARD dose. If tapering 
is possible further studies should elucidate the optimal timing and strategy 
for tapering and maybe discontinuation of conventional synthetic DMARDs. 
Following our experience with tapering conventional synthetic DMARDs in 
the BeSt and the IMPROVED study, depending on the conventional synthetic 
DMARD used, at least some dose reduction is now offered to our patients in the 
clinic who achieve persistent (which is mostly defined as at least 6 months) DAS 
remission. In follow-up, DAS results as well as radiologic follow-up, reported 
symptoms and adverse events, steer how far we taper, when we wait, or when 
the dose is again increased. Tapering and stopping medication, even for some 
time, may have a positive impact on how patients feel.(61) But restarting or 
increasing the medication should always be anticipated and not felt as failure.
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Conclusion
In summary, based on current knowledge, tapering and stopping strategies 
of antirheumatic treatments can now be part of daily practice, for different 
treatments for different reasons and with different timings. Patients starting on 
glucocorticoids should be aware that these will be tapered and stopped as soon 
as clinically possible, with treatment alternatives at the ready in case of a flare. 
The option of discontinuation or at least dose reduction of biological DMARDs 
and targeted synthetic DMARDs should be discussed when they are started, to 
be effectuated if the disease has been in remission for the last 6-12 months. As 
long as disease activity remains well suppressed, gradually reducing the dose is 
the safest option. Thus, tight monitoring of disease activity should be in place 
to intensify treatment again as soon as needed. After glucocorticoids, biological 
DMARDs and/or targeted synthetic DMARDs, conventional synthetic DMARDs 
can be gradually tapered, to monotherapy, then to the lowest effective dose 
and if remission is sustained after another 6 months, complete discontinuation 
can be considered. This should all be under strict monitoring of disease activity 
and in tight consultation with the patient.

Search strategy and selection criteria
We searched PubMed, MEDLINE, Embase and the Cochrane Library for 
trials published between June 1997 and June 15, 2021. The principal search 
was performed with five main themes “rheumatoid arthritis”, “tapering”, 
“antirheumatic agents”, “patient preference” and “clinical trial” (see 
supplementary file for the complete search strategy). Relevant articles 
were selected based on title and abstract screening by LO and JMM using a 
prespecified decision rule. We only selected articles published in English. 
Articles without primary analysis or with lacking relevance to the contents of 
this review were excluded. After full-text reading articles recent articles with 
available full text and sufficient relevance to the topic of the current review 
were included and reviewed for bias using the Cochrane Collaborations Risk 
of Bias tool I for randomized controlled trials. The Risk of Bias assessment 
was done by LO and JMM independently and differences were discussed until 
consensus was reached. 



33

Tapering DMARDs

2

Ta
bl

e 
1.

 O
ve

rv
ie

w
 a

rti
cl

es
 o

n 
DM

AR
D 

ta
pe

rin
g 

an
d/

or
 d

isc
on

tin
ua

tio
n 

in
 rh

eu
m

at
oi

d 
ar

th
riti

s 
fr

om
 th

e 
pa

st
 fi

ve
 y

ea
rs

Re
vi

ew
 a

ut
ho

r
Ti

tle
Ye

ar
 o

f 
pu

bl
ic

ati
on

Pu
bl

is
he

d 
be

tw
ee

n
Tr

ia
ls

 re
vi

ew
ed

* 
Re

su
lts

Co
nc

lu
si

on
 

G
lu

co
co

rti
co

id
 ta

pe
rin

g 
an

d/
or

 d
is

co
nti

nu
ati

on

W
al

la
ce

 e
t a

l. 
(1

3)
 - l

ett
er

Ev
id

en
ce

 to
 

su
pp

or
t o

r g
ui

de
 

gl
uc

oc
or

tic
oi

d 
ta

pe
rin

g 
in

 
rh

eu
m

at
oi

d 
ar

th
riti

s 
is 

la
ck

in
g.

20
19

(J
ul

y)
Au

gu
st

 
19

97
 - J

un
e 

20
16

N
um

be
r o

f s
tu

di
es

 in
cl

ud
ed

 in
 re

vi
ew

; 1
4

N
O

RD
-S

TA
R 

(n
=8

12
), 

ST
AR

 (n
=1

22
), 

Ca
re

RA
 

(n
=4

42
)),

 A
CT

-A
LO

N
E 

(n
=6

8)
, C

O
RR

A 
(n

=3
86

), 
CO

BR
A 

(n
=4

00
), 

CU
RE

 (n
=2

51
), 

RI
CE

 (n
=4

3)
, 

SE
M

IR
A 

(n
=2

61
), 

Be
St

 (n
=5

08
), 

CA
RD

ER
A 

(n
=4

67
), 

Pi
nc

us
 e

t a
l. 

(n
=3

1)
, H

ic
kl

in
g 

et
 a

l. 
(n

=1
28

), 
Te

ng
st

ra
nd

 e
t a

l. 
(n

=5
8)

El
ev

en
 st

ud
ie

s 
w

er
e 

fo
un

d 
to

 
ev

al
ua

te
 o

ra
l G

C 
ta

pe
rin

g 
in

 
RA

 p
ati

en
ts

 s
in

ce
 S

ep
te

m
be

r 
20

08
. A

n 
ad

di
tio

na
l 5

 st
ud

ie
s 

w
er

e 
re

vi
ew

ed
 in

 a
 p

re
vi

ou
s 

SL
R.

 N
on

e 
of

 th
e 

st
ud

ie
s 

di
re

ct
ly

 c
om

pa
re

d 
G

C 
ta

pe
rin

g 
st

ra
te

gi
es

.

Ta
pe

rin
g 

of
 G

Cs
 is

 n
ot

 
su

ffi
ci

en
tly

 in
ve

sti
ga

te
d 

to
 g

iv
e 

gu
id

an
ce

 to
 

cl
in

ic
ia

ns
. 

Bi
ol

og
ic

al
 D

M
AR

D 
ta

pe
rin

g 
an

d/
or

 d
is

co
nti

nu
ati

on

Ke
rs

ch
ba

um
er

 
et

 a
l. 

(2
1)

 –
 

sy
st

em
ati

c 
lit

er
at

ur
e 

re
vi

ew

Effi
ca

cy
 o

f 
ph

ar
m

ac
ol

og
ic

al
 

tr
ea

tm
en

t i
n 

rh
eu

m
at

oi
d 

ar
th

riti
s:

 
a 

sy
st

em
ati

c 
lit

er
at

ur
e 

re
se

ar
ch

 
in

fo
rm

in
g 

th
e 

20
19

 
up

da
te

 o
f t

he
 E

U
LA

R 
re

co
m

m
en

da
tio

ns
 

fo
r m

an
ag

em
en

t o
f 

rh
eu

m
at

oi
d 

ar
th

riti
s

20
20

(F
eb

ru
ar

y)
Ja

nu
ar

y 
20

16
 –

 
M

ar
ch

 2
01

9

N
um

be
r o

f s
tu

di
es

 in
cl

ud
ed

 in
 re

vi
ew

: 9
RR

RR
 (n

=3
37

), 
AD

M
IR

E 
(n

=3
2)

, P
O

ET
 (n

=8
17

), 
C-

O
PE

RA
 (n

=1
79

), 
SU

RP
RI

SE
 (n

=1
02

), 
C-

EA
RL

Y 
(n

=2
89

), 
O

PT
TI

RA
 (9

7)
, D

RE
SS

 (n
=1

72
), 

TA
RA

 
(n

=1
89

)

Su
cc

es
s 

ra
te

s 
of

 ta
pe

rin
g 

m
ea

su
re

d 
w

ith
: 

- (
m

aj
or

) fl
ar

e 
ra

te
: 2

5-
80

%
- c

ha
ng

e 
in

 D
AS

28
: -

0.
14

;0
.3

- c
ha

ng
e 

in
 m

TS
S 

0.
66

-3
.0

1
- b

DM
AR

D 
fr

ee
 ra

te
: 2

1-
67

%
 

- fl
ar

e 
fr

ee
 ra

te
: 3

9-
53

%
 

- %
 o

f p
eo

pl
e 

w
ith

 D
AS

28
 <

2.
6:

 
33

%
 

- %
 o

f p
eo

pl
e 

w
ith

 D
AS

28
 ≥

3.
2:

 
51

%
 

Ta
pe

rin
g 

of
 b

DM
AR

Ds
 

is 
ac

hi
ev

ab
le

 in
 p

ati
en

ts
 

w
ith

 lo
ng

 la
sti

ng
 d

ee
p 

re
m

iss
io

n.
 R

em
ai

ni
ng

 
di

se
as

e 
ac

tiv
ity

 c
an

 
ca

us
e 

ta
pe

rin
g 

fa
ilu

re
. 

H
ow

ev
er

, r
em

iss
io

n 
ca

n 
m

os
tly

 o
bt

ai
ne

d 
ag

ai
n 

aft
er

 re
-in

iti
ati

on
 o

f 
th

er
ap

y.
 

Sc
he

tt
 e

t a
l. 

(7
4)

 - r
ev

ie
w

Ta
pe

rin
g 

bi
ol

og
ic

 
an

d 
co

nv
en

tio
na

l 
DM

AR
D 

th
er

ap
y 

in
 

rh
eu

m
at

oi
d 

ar
th

riti
s:

 
cu

rr
en

t e
vi

de
nc

e 
an

d 
fu

tu
re

 d
ire

cti
on

s

20
16

 
(J

un
e)

Fe
br

ua
ry

 
19

96
 - 

Fe
br

ua
ry

 
20

15

N
um

be
r o

f s
tu

di
es

 in
cl

ud
ed

 in
 re

vi
ew

: 2
9

Sa
le

em
 e

t a
l.(

n=
47

), 
Br

oc
q 

et
 a

l. 
(n

=2
1)

, A
gu

ila
r-

Lo
nz

an
o 

et
 a

l. 
(4

5)
, N

ar
ed

o 
et

 a
l. 

(n
=7

7)
, 

Iw
am

ot
o 

et
 a

l. 
(n

=4
0)

, A
liv

er
ni

ni
 e

t a
l. 

(n
=4

2)
, 

va
n 

de
r M

aa
s 

et
 a

l. 
(n

=5
1)

, v
an

 H
er

w
aa

rd
en

 e
t 

al
. (

n=
22

), 
te

n 
W

ol
de

 e
t a

l. 
(n

=2
85

), 
Ah

er
n 

et
 a

l. 
(n

=3
8)

, H
O

N
O

R 
(n

=7
5)

, R
RR

 (n
=1

02
), 

DR
EA

M
 

(n
=1

87
), 

20
TN

F 
(n

=2
0)

, B
eS

t (
n=

24
3)

, I
DE

A 
(n

=1
4)

, E
M

PI
RE

 (n
=9

), 
AC

T-
RA

Y 
(n

=2
38

), 
H

IT
-

H
AR

D 
(n

=1
55

), 
O

PT
IM

A 
(n

=2
07

), 
G

U
ÉP

AR
D 

(6
9)

, 
AV

ER
T 

(n
=2

22
), 

RE
TR

O
 (n

=1
01

), 
PR

IZ
E 

(n
=1

93
), 

ST
RA

SS
 (n

=1
37

), 
PR

ES
ER

VE
 (n

=6
04

), 
DO

SE
RA

 
(n

=9
1)

, D
RE

SS
 (n

=1
80

)

Pr
ef

er
ab

le
 d

os
e 

ta
pe

rin
g 

ph
as

e 
fo

llo
w

ed
 b

y 
gr

ad
ua

l w
ith

dr
aw

al
 

in
st

ea
d 

of
 im

m
ed

ia
te

 
w

ith
dr

aw
al

. 

Th
e 

id
ea

l p
ati

en
t 

ch
ar

ac
te

ris
tic

s 
fo

r 
ta

pe
rin

g 
re

m
ai

n 
un

cl
ea

r. 



34

Chapter 2

Ta
bl

e 
1.

 C
on

tin
ue

d

Re
vi

ew
 a

ut
ho

r
Ti

tle
Ye

ar
 o

f 
pu

bl
ic

ati
on

Pu
bl

is
he

d 
be

tw
ee

n
Tr

ia
ls

 re
vi

ew
ed

* 
Re

su
lts

Co
nc

lu
si

on
 

Co
nv

en
tio

na
l s

yn
th

eti
c 

DM
AR

D 
ta

pe
rin

g 
an

d/
or

 d
is

co
nti

nu
ati

on

Ke
rs

ch
ba

um
er

 
et

 a
l. 

(2
1)

 –
 

sy
st

em
ati

c 
lit

er
at

ur
e 

re
vi

ew

Effi
ca

cy
 o

f 
ph

ar
m

ac
ol

og
ic

al
 

tr
ea

tm
en

t i
n 

rh
eu

m
at

oi
d 

ar
th

riti
s:

 
a 

sy
st

em
ati

c 
lit

er
at

ur
e 

re
se

ar
ch

 
in

fo
rm

in
g 

th
e 

20
19

 
up

da
te

 o
f t

he
 E

U
LA

R 
re

co
m

m
en

da
tio

ns
 

fo
r m

an
ag

em
en

t o
f 

rh
eu

m
at

oi
d 

ar
th

riti
s

20
20

(F
eb

ru
ar

y)
Ap

ril
 2

01
6 

– 
Ju

ne
 2

01
9

N
um

be
r o

f s
tu

di
es

 in
cl

ud
ed

 in
 re

vi
ew

: 7
M

U
SI

CA
 (n

=3
09

), 
CA

M
EO

 (n
=2

05
), 

JU
ST

-A
CT

 
(n

=1
64

), 
CO

M
P-

AC
T 

(n
=2

94
), 

AC
T-

TA
PE

R 
(n

=2
72

), 
Ca

re
RA

 (n
=5

8)
, P

op
e 

et
 a

l. 
(8

1)

 st
ud

ie
s 

ev
al

ua
te

 c
sD

M
AR

D 
co

nti
nu

in
g 

vs
. s

to
pp

in
g 

in
 

pa
tie

nt
s 

tr
ea

te
d 

w
ith

 (b
DM

AR
D 

or
 c

sD
M

AR
D)

 c
om

bi
na

tio
n 

th
er

ap
y.

 N
on

-in
fe

rio
rit

y 
of

 
M

TX
 st

op
pi

ng
 v

s.
 c

on
tin

ui
ng

 
w

as
 s

ho
w

n 
in

 3
 tr

ia
ls 

w
ith

 
to

ci
liz

um
ab

. N
on

-in
fe

rio
rit

y 
w

as
 n

ot
 s

ho
w

n 
fo

r M
TX

 d
os

e 
re

du
cti

on
 v

s.
 fu

ll 
do

se
 in

 
pa

tie
nt

s 
in

iti
ati

ng
 a

da
lim

um
ab

. 

Ta
pe

rin
g 

of
 c

sD
M

AR
Ds

 
is 

m
os

tly
 st

ud
ie

d 
in

 th
e 

co
nt

ex
t o

f c
om

bi
na

tio
n 

(b
DM

AR
D 

or
 c

sD
M

AR
D)

 
th

er
ap

y.
 T

ap
er

in
g 

an
d 

or
 st

op
pi

ng
 c

sD
M

AR
D 

th
er

ap
y 

ca
n 

ca
us

e 
an

 
in

cr
ea

se
 in

 d
ise

as
e 

ac
tiv

ity
, a

lth
ou

gh
 

re
sp

on
se

 c
an

 m
os

tly
 

be
 re

ga
in

ed
 a

fte
r r

e-
in

iti
ati

on
 o

f t
he

 ta
pe

re
d 

dr
ug

.

To
rn

er
o-

M
ol

in
a 

et
 

al
. (

75
) –

 
sy

st
em

ati
c 

lit
er

at
ur

e 
re

vi
ew

 

Ex
pe

rt
s 

do
cu

m
en

t 
on

 m
et

ho
tr

ex
at

e 
us

e 
in

 c
om

bi
ne

d 
th

er
ap

y 
w

ith
bi

ol
og

ic
al

 o
r t

ar
ge

te
d 

sy
nt

he
tic

 d
ise

as
e 

m
od

ify
in

g 
dr

ug
s 

in
 

pa
tie

nt
s

w
ith

 rh
eu

m
at

oi
d 

ar
th

riti
s

20
20

(O
ct

ob
er

)
un

til
 

Ja
nu

ar
y 

20
19

 

N
um

be
r s

tu
di

es
 in

cl
ud

ed
 in

 re
vi

ew
 (r

eg
ar

di
ng

 
ta

pe
rin

g)
: 8

PR
ES

ER
VE

 (n
=6

04
) ,

 O
PT

IM
A 

(n
=2

07
), 

PR
IZ

E 
(n

=1
31

), 
TA

RA
 (n

=1
89

), 
AC

T-
TA

PE
R 

(n
=2

72
), 

JU
ST

-A
CT

 (n
=1

64
), 

SM
AR

T 
(5

8)
, A

G
RE

E 
(8

1)

Fo
r R

A 
pa

tie
nt

s 
w

ith
 s

us
ta

in
ed

 
(a

t l
ea

st
 6

 m
on

th
s)

 re
m

iss
io

n 
th

e 
pa

ne
l r

ec
om

m
en

ds
 ta

pe
rin

g 
of

 b
DM

AR
Ds

 b
ef

or
e 

cs
DM

AR
Ds

.

Ta
pe

rin
g 

sh
ou

ld
 b

e 
co

ns
id

er
ed

 in
di

vi
du

al
ly

 
fo

r e
ve

ry
 p

ati
en

ts
. 

Sc
he

tt
 e

t a
l. 

(7
4)

 - r
ev

ie
w

Ta
pe

rin
g 

bi
ol

og
ic

 
an

d 
co

nv
en

tio
na

l 
DM

AR
D 

th
er

ap
y 

in
 

rh
eu

m
at

oi
d 

ar
th

riti
s:

 
cu

rr
en

t e
vi

de
nc

e 
an

d 
fu

tu
re

 d
ire

cti
on

s

20
16

(J
un

e)
Fe

br
ua

ry
 

19
96

 - 
Fe

br
ua

ry
 

20
15

N
um

be
r o

f s
tu

di
es

 in
cl

ud
ed

 in
 re

vi
ew

: 5
Be

St
 (n

=2
43

), 
te

n 
W

ol
de

 e
t a

l. 
(2

85
), 

Ah
er

n 
et

 a
l. 

(n
=3

8)
, R

ET
RO

 (n
=1

01
), 

PR
IZ

E 
(n

=1
93

)

Pr
ef

er
ab

le
 d

os
e 

ta
pe

rin
g 

ph
as

e 
fo

llo
w

ed
 b

y 
gr

ad
ua

l w
ith

dr
aw

al
 

in
st

ea
d 

of
 im

m
ed

ia
te

 
w

ith
dr

aw
al

. 

Th
e 

id
ea

l p
ati

en
t 

ch
ar

ac
te

ris
tic

s 
fo

r 
ta

pe
rin

g 
re

m
ai

n 
un

cl
ea

r. 

Ab
br

ev
ia

tio
ns

: b
DM

AR
D/

cs
DM

AR
D=

bi
ol

og
ic

al
/c

on
ve

nti
on

al
 sy

nt
he

tic
 d

ise
as

e-
m

od
ify

in
g 

an
tir

he
um

ati
c 

dr
ug

s;
 D

AS
=d

ise
as

e 
ac

tiv
ity

 s
co

re
; E

U
LA

R=
Eu

ro
pe

an
 le

ag
ue

 a
ga

in
st

 rh
eu

m
ati

sm
; 

G
C=

gl
uc

oc
or

tic
oi

ds
; N

/A
=n

ot
 a

pp
lic

ab
le

; m
TS

S=
m

od
ifi

ed
 to

ta
l S

ha
rp

 s
co

re
; M

TX
=m

et
ho

tr
ex

at
e;

 S
LR

=s
ys

te
m

ati
c 

lit
er

at
ur

e 
re

vi
ew

.
* 

n=
 re

po
rt

ed
 n

um
be

r o
f p

ati
en

ts
 in

cl
ud

ed
 in

 th
e 

tr
ia

l a
s 

re
fe

rr
ed

 to
 in

 c
or

re
sp

on
di

ng
 re

vi
ew



35

Tapering DMARDs

2

Ta
bl

e 
2.

 C
lin

ic
al

 tr
ia

ls 
on

 D
M

AR
D 

ta
pe

rin
g 

an
d/

or
 d

isc
on

tin
ua

tio
n 

in
 p

ati
en

ts
 w

ith
 rh

eu
m

at
oi

d 
ar

th
riti

s 
fr

om
 th

e 
pa

st
 fi

ve
 y

ea
rs

 n
ot

 in
cl

ud
ed

 in
 re

vi
ew

s.

Cl
in

ic
al

 tr
ia

l
Tr

ia
l n

am
e

N
o.

 
pa

tie
nt

s
Pa

tie
nt

 
ch

ar
ac

te
ris

tic
s

Tr
ea

tm
en

t g
ro

up
s

Pr
im

ar
y 

ou
tc

om
e(

s)
Se

co
nd

ar
y 

ou
tc

om
e(

s)

G
lu

co
co

rti
co

id
 ta

pe
rin

g 
an

d/
or

 d
is

co
nti

nu
ati

on

Bu
rm

es
te

r 
et

 a
l.,

 
Ju

ly
 2

02
0 

(1
9)

SE
M

IR
A

25
9

RA
 p

ati
en

ts
 w

ith
 

st
ab

le
 L

DA
 o

n 
to

ci
liz

um
ab

 a
nd

 
gl

uc
oc

or
tic

oi
ds

 (5
-

15
m

g)

1)
 C

on
tin

ue
 p

re
dn

iso
ne

 
5m

g/
da

y;
2)

 ta
pe

r m
as

ke
d 

pr
ed

ni
so

ne
 (d

ec
re

as
ed

 
w

ith
 1

 m
g 

ev
er

y 
4 

w
ee

ks
) t

o 
0 

m
g/

da
y

Es
tim

at
ed

 m
ea

n 
in

cr
ea

se
 in

 D
AS

28
 o

ve
r 

24
 w

ee
ks

 w
as

 s
ig

ni
fic

an
tly

 g
re

at
er

 in
 

th
e 

ta
pe

re
d 

vs
. t

he
 c

on
tin

ua
tio

n 
gr

ou
p 

(d
iff

er
en

ce
 0

.6
1 

95
%

CI
 0

.3
5-

0.
88

, p
<0

.0
01

)

M
ai

nt
en

an
ce

 o
f D

AS
28

 ≤
3.

2 
w

ith
ou

t 
fla

re
 w

as
 lo

w
er

 in
 th

e 
ta

pe
re

d 
(6

5%
) v

s.
 

th
e 

co
nti

nu
ati

on
 (7

7%
) g

ro
up

.

Co
nv

en
tio

na
l s

yn
th

eti
c 

DM
AR

D 
ta

pe
rin

g 
an

d/
or

 d
is

co
nti

nu
ati

on

Co
he

n 
et

 a
l.,

 
N

ov
em

be
r 

20
19

 (4
7)

O
RA

L 
Sh

ift
53

3 
M

od
er

at
e 

to
 s

ev
er

e 
RA

 w
ith

 L
DA

 o
n 

to
fa

ci
tin

ib
 a

nd
 M

TX

1)
 to

fa
ci

tin
ib

 +
 p

la
ce

bo
;  

2)
 to

fa
ci

tin
ib

 +
 M

TX
 

LS
M

 c
ha

ng
e 

of
 D

AS
28

(E
SR

) f
ro

m
 w

ee
k 

24
 to

 w
ee

k 
48

 w
as

 g
re

at
er

 in
 a

rm
 1

 (0
.3

, 
95

%
CI

 0
.2

-0
.5

) t
ha

n 
in

 a
rm

 2
 (0

.0
, 9

5%
CI

 
-0

.1
;0

.2
), 

bu
t t

he
 d

iff
er

en
ce

 w
as

 b
el

ow
 th

e 
no

n-
in

fe
rio

rit
y 

m
ar

gi
n.

LS
M

 c
ha

ng
e 

of
 D

AS
28

, S
DA

I, 
CD

AI
, S

JC
, 

Pt
G

A 
an

d 
VA

S-
pa

in
 w

er
e 

gr
ea

te
r i

n 
ar

m
 

1 
fr

om
 w

ee
k 

24
 to

 4
8.

 L
SM

 c
ha

ng
es

 
H

AQ
 a

nd
 C

RP
 w

er
e 

gr
ea

te
r i

n 
ar

m
 1

 
fr

om
 w

ee
k 

24
 to

 3
6.

 

Li
lle

gr
av

en
 

et
 a

l.,
 

M
ay

 2
02

1 
(4

8)

AR
CT

IC
 

RE
W

IN
D

15
5

RA
 p

ati
en

ts
 w

ith
 

st
ab

le
 1

2-
m

on
th

 
re

m
iss

io
n 

on
 (a

 
co

m
bi

na
tio

n 
of

) 
co

nv
en

tio
na

l 
sy

nt
he

tic
 D

M
AR

Ds

1)
 h

al
f-d

os
e 

of
 (a

ll)
 

cs
DM

AR
D(

s)
2)

 st
ab

le
-d

os
e 

of
 (a

ll)
 

cs
DM

AR
D(

s)

Pe
rc

en
ta

ge
 o

f p
ati

en
ts

 w
ith

 a
 D

AS
 d

efi
ne

d 
fla

re
 (D

AS
 in

cr
ea

se
 ≥

0.
6 

an
d 

in
cr

ea
se

 o
f ≥

2 
sw

ol
le

n 
jo

in
ts

 a
nd

 lo
ss

 o
f D

AS
 re

m
iss

io
n)

; 
25

%
 fl

ar
ed

 in
 h

al
f-d

os
e 

gr
ou

p 
vs

. 6
%

 in
 th

e 
st

ab
le

-d
os

e 
gr

ou
p 

(r
isk

 d
iff

er
en

ce
, 1

8%
, 

95
%

CI
 7

-2
9)

. 

Ch
an

ge
 in

 a
re

a 
un

de
r t

he
 c

ur
ve

 fo
r t

he
 

di
ffe

re
nt

 d
ise

as
e 

ac
tiv

ity
 c

om
po

sit
e 

in
di

ce
s.

 A
dv

er
se

 e
ve

nt
s 

w
er

e 
sim

ila
r 

be
tw

ee
n 

th
e 

gr
ou

ps
.

Bi
ol

og
ic

al
 D

M
AR

D 
ta

pe
rin

g 
an

d/
or

 d
is

co
nti

nu
ati

on

Sa
nm

ar
ti 

et
 a

l.
Ap

ril
 2

01
9 

(3
0)

TO
ZU

RA
17

9
RA

 p
ati

en
ts

 in
 

re
m

iss
io

n 
on

 1
62

m
g 

to
ci

liz
um

ab
 p

er
 

w
ee

k.

1)
 C

on
tin

ue
 to

ci
liz

um
ab

 
16

2m
g/

w
ee

k
2)

 ta
pe

r t
o 

to
ci

liz
um

ab
 

16
2m

g 
ev

er
y 

tw
o 

w
ee

ks

Ex
te

ns
io

n 
st

ud
y 

w
ee

k 
24

-4
8 

ha
d 

no
 

pr
im

ar
y 

re
po

rt
ed

 o
ut

co
m

es
.

Pe
rc

en
ta

ge
 o

f p
ati

en
ts

 in
 m

ai
nt

ai
ne

d 
re

m
iss

io
n 

at
 w

ee
k 

48
 (2

4 
w

ee
ks

 a
fte

r 
ra

nd
om

iza
tio

n)
 M

ea
n 

ch
an

ge
 fr

om
 

ba
se

lin
e 

in
 D

AS
28

, S
DA

I, 
CD

AI
, T

JC
, S

JC
, 

CR
P,

 E
SR

, p
ati

en
t a

nd
 p

hy
sic

ia
n 

gl
ob

al
 

as
se

ss
m

en
t o

f h
ea

lth
, H

AQ
, 

Em
er

y 
et

 a
l. 

M
ay

 2
02

0 
(3

2)

PR
ED

IC
TR

A 
ph

as
e 

IV
12

2
RA

 p
ati

en
ts

 in
 

st
ab

le
 re

m
iss

io
n 

on
 

ad
al

im
um

ab
 4

0m
g 

ev
er

y 
2 

w
ee

ks
 fo

r 
≥1

2 
m

on
th

s 

1)
 ta

pe
r t

o 
40

m
g 

ad
al

im
um

ab
 e

ve
ry

 3
 

w
ee

ks
;  

2)
 d

isc
on

tin
ue

 
ad

al
im

um
ab

 (p
la

ce
bo

) 

N
o 

as
so

ci
ati

on
 b

et
w

ee
n 

ba
se

lin
e 

M
RI

 a
nd

 
ha

nd
 &

 w
ris

t s
yn

ov
iti

s,
 o

st
ei

tis
 a

nd
 fl

ar
e 

oc
cu

rr
en

ce
. 

Ti
m

e 
to

 fl
ar

e 
lo

ng
er

 in
 ta

pe
r v

s.
 

w
ith

dr
aw

al
 a

rm
 (N

S)
. A

t w
ee

k 
40

: 3
6%

 
in

 th
e 

ta
pe

r a
rm

 fl
ar

ed
 v

s.
 4

5%
 in

 th
e 

w
ith

dr
aw

al
 a

rm
. 



36

Chapter 2

Ta
bl

e 
2.

 C
on

tin
ue

d

Cl
in

ic
al

 tr
ia

l
Tr

ia
l n

am
e

N
o.

 
pa

tie
nt

s
Pa

tie
nt

 
ch

ar
ac

te
ris

tic
s

Tr
ea

tm
en

t g
ro

up
s

Pr
im

ar
y 

ou
tc

om
e(

s)
Se

co
nd

ar
y 

ou
tc

om
e(

s)

Cu
rti

s 
et

 a
l.,

 
N

ov
em

be
r 

20
20

 (3
1)

SE
AM

-R
A

25
3

RA
 p

ati
en

ts
 in

 
m

ai
nt

ai
ne

d 
(2

4 
w

ee
ks

) S
DA

I 
re

m
iss

io
n 

on
 M

TX
 +

 
et

an
er

ce
pt

.

1)
 M

TX
 m

on
ot

he
ra

py
 

2)
 e

ta
ne

rc
ep

t 
m

on
ot

he
ra

py
 

3)
 M

TX
 +

 e
ta

ne
rc

ep
t 

co
m

bi
na

tio
n 

th
er

ap
y 

SD
AI

 re
m

iss
io

n 
at

 4
8 

w
ee

ks
 in

 s
ig

ni
fic

an
tly

 
m

or
e 

pa
tie

nt
s 

in
 a

rm
 2

 (5
0%

) c
om

pa
re

d 
to

 
ar

m
 1

 (2
9%

) a
nd

 m
or

e 
in

 a
rm

 3
 (5

3%
) v

s 
ar

m
 1

 (2
9%

). 

Ti
m

e 
to

 d
ise

as
e 

w
or

se
ni

ng
 s

ig
ni

fic
an

tly
 

sh
or

te
r f

or
 a

rm
 1

 (m
ed

ia
n 

19
8 

da
ys

) 
co

m
pa

re
d 

to
 a

rm
 2

 a
nd

 a
rm

 3
 (m

ed
ia

ns
 

no
t e

sti
m

ab
le

). 
Re

sti
tu

tio
n 

of
 S

DA
I 

re
m

iss
io

n 
w

ith
 re

sc
ue

 th
er

ap
y:

 7
0-

80
%

 
in

 e
ac

h 
ar

m
. 

Ta
rg

et
ed

 sy
nt

he
tic

 D
M

AR
D 

ta
pe

rin
g 

an
d/

or
 d

is
co

nti
nu

ati
on

Ta
ke

uc
hi

 e
t a

l. 
Se

pt
em

be
r 

20
18

 (3
9)

RA
-B

EY
O

N
D

55
9

RA
 p

ati
en

ts
 in

 st
ab

le
 

LD
A 

or
 re

m
iss

io
n 

on
 

4m
g 

ba
ric

iti
ni

b

1)
 C

on
tin

ue
 b

ar
ic

iti
ni

b 
4m

g/
da

y 
±c

sD
M

AR
Ds

; 
2)

 ta
pe

r t
o 

2m
g 

ba
ric

iti
ni

b 
±c

sD
M

AR
Ds

M
ai

nt
ai

ne
d 

LD
A 

an
d 

re
m

iss
io

n 
w

er
e 

hi
gh

er
 

in
 c

on
tin

ui
ng

 g
ro

up
 (8

8%
 L

DA
; 4

0%
 re

m
.) 

vs
. t

ap
er

 g
ro

up
 (6

7%
 L

DA
; 3

3%
 re

m
.)

Do
se

 re
du

cti
on

 re
su

lte
d 

in
 in

cr
ea

se
d 

di
se

as
e 

ac
tiv

ity
 a

nd
 e

ar
lie

r a
nd

 m
or

e 
fr

eq
ue

nt
 d

ise
as

e 
fla

re
s.

Ab
br

ev
ia

tio
ns

: A
CR

=A
m

er
ic

an
 c

ol
le

ge
 o

f r
he

um
at

ol
og

y;
 C

DA
I=

cl
in

ic
al

 d
ise

as
e 

ac
tiv

ity
 in

de
x;

 C
I=

Co
nfi

de
nc

e 
In

te
rv

al
; D

AS
=d

ise
as

e 
ac

tiv
ity

 s
co

re
; (

cs
)D

M
AR

D=
(c

on
ve

nti
on

al
 sy

nt
he

tic
) 

di
se

as
e-

m
od

ify
in

g 
an

tir
he

um
ati

c 
dr

ug
; E

SR
=e

ry
th

ro
cy

te
 s

ed
im

en
ta

tio
n 

ra
te

; F
AC

IT
-F

=f
un

cti
on

al
 a

ss
es

sm
en

t o
f c

hr
on

ic
 il

ln
es

s 
th

er
ap

y-
fa

tig
ue

; H
AQ

=h
ea

lth
 a

ss
es

sm
en

t q
ue

sti
on

na
ire

; 
LD

A=
lo

w
 d

ise
as

e 
ac

tiv
ity

; L
SM

=l
ea

st
 s

qu
ar

es
 m

ea
n;

 M
TX

=m
et

ho
tr

ex
at

e;
 m

on
o=

m
on

ot
he

ra
py

; N
S=

no
t s

ig
ni

fic
an

t; 
Pt

G
A=

pa
tie

nt
 g

lo
ba

l a
ss

es
sm

en
t o

f d
ise

as
e 

ac
tiv

ity
 R

A=
rh

eu
m

at
oi

d 
ar

th
riti

s;
 R

em
.=

re
m

iss
io

n;
 S

DA
I=

sim
pl

ifi
ed

 d
ise

as
e 

ac
tiv

ity
 in

de
x;

 S
JC

=s
w

ol
le

n 
jo

in
t c

ou
nt

; T
JC

=t
en

de
r j

oi
nt

 c
ou

nt
; V

AS
=v

isu
al

 a
na

lo
gu

e 
sc

or
e.

 
De

fin
iti

on
 o

f t
ap

er
in

g:
 d

e-
es

ca
la

tin
g 

th
e 

do
se

 a
nd

/o
r n

um
be

r o
f m

ed
ic

ati
on

s 
th

at
 h

av
e 

re
su

lte
d 

in
 th

e 
pa

tie
nt

s 
be

in
g 

in
 a

 st
at

e 
of

 re
m

iss
io

n 
or

 a
t l

ea
st

 lo
w

 d
ise

as
e 

ac
tiv

ity
. 

De
fin

iti
on

 o
f d

isc
on

tin
ua

tio
n:

 st
op

pi
ng

 th
e 

ad
m

in
ist

ra
tio

n 
of

 th
e 

dr
ug

 c
om

pl
et

el
y.

 



37

Tapering DMARDs

2

Ta
bl

e 
3.

 O
ng

oi
ng

 tr
ia

ls 
re

ga
rd

in
g 

ta
pe

rin
g 

(R
CT

s 
an

d 
ob

se
rv

ati
on

al
 st

ud
ie

s)

Co
nt

ac
t 

pe
rs

on
 a

nd
 

st
ud

y 
de

si
gn

 

Tr
ia

l 
na

m
e

Ti
tle

Ta
rg

et
 

si
ze

Fo
llo

w
-

up
 ti

m
e

Pa
tie

nt
 

ch
ar

ac
te

ris
tic

s 
Tr

ea
tm

en
t 

gr
ou

ps
Pr

im
ar

y 
ou

tc
om

e(
s)

Se
co

nd
ar

y 
ou

tc
om

e(
s)

G
lu

co
co

rti
co

id
s

A.
 R

uy
ss

en
-

W
itr

an
d

N
CT

02
99

76
05

Do
ub

le
-b

lin
d 

pa
ra

lle
l-g

ro
up

, 
co

nt
ro

lle
d 

ra
nd

om
ize

d 
cl

in
ic

al
 tr

ia
l

ST
AR

Co
m

pa
ris

on
 o

f 
tw

o 
st

ra
te

gi
es

 o
f 

gl
uc

oc
or

tic
oi

d 
w

ith
dr

aw
al

 in
 

rh
eu

m
at

oi
d 

ar
th

riti
s 

pa
tie

nt
s

12
2

12
 

m
on

th
s

RA
 (A

CR
/E

U
LA

R 
20

10
 c

rit
er

ia
) o

n 
st

ab
le

 c
sD

M
AR

D/
bD

M
AR

D 
fo

r a
nd

 
gl

uc
oc

or
tic

oi
ds

 fo
r 

at
 le

as
t 6

 m
on

th
s

1)
 p

re
dn

iso
ne

 
ta

pe
rin

g 
by

 
1m

g 
do

se
 

re
du

cti
on

 p
er

 
m

on
th

 +
 p

la
ce

bo
 

hy
dr

oc
or

tis
on

e
2)

 p
re

dn
iso

ne
 

re
pl

ac
em

en
t 

w
ith

 
hy

dr
oc

or
tis

on
e 

(2
0m

g/
da

y)
 

+ 
pr

ed
ni

so
ne

 
pl

ac
eb

o 
ta

pe
rin

g 

Pr
op

or
tio

n 
of

 p
ati

en
ts

 
w

ho
 c

ou
ld

 
w

ith
dr

aw
 fr

om
 

pr
ed

ni
so

ne
 

an
d 

hy
dr

oc
or

tis
on

e 
at

 o
ne

 y
ea

r

Di
ffe

re
nc

e 
in

:
- p

ro
po

rti
on

 o
f p

ati
en

ts
 w

ith
dr

aw
n 

fr
om

 
pr

ed
ni

so
ne

- p
ro

po
rti

on
 o

f a
cu

te
 a

dr
en

al
 in

su
ffi

ci
en

cy
- p

ro
po

rti
on

 o
f b

io
lo

gi
ca

l a
dr

en
al

 
in

su
ffi

ci
en

cy
- r

es
cu

e 
th

er
ap

y
- p

ro
po

rti
on

 o
f fl

ar
es

- p
ro

po
rti

on
 o

f D
AS

28
 re

m
iss

io
n 

an
d 

LD
A

- m
ed

ia
n 

H
AQ

, R
AI

D,
 E

Q
5D

, F
AC

IT
-F

 s
co

re
s

- p
ro

po
rti

on
 o

f S
AE

s

Bi
ol

og
ic

al
 D

M
AR

Ds

S.
 A

tiq
i

N
CT

04
22

29
20

Si
ng

le
 b

lin
d,

 
no

n-
in

fe
rio

rit
y,

 
ra

nd
om

ize
d 

cl
in

ic
al

 tr
ia

l

AD
DO

RA
-

lo
w

Ad
al

im
um

ab
 

do
se

 re
du

cti
on

 
ai

m
in

g 
lo

w
 s

er
um

 
co

nc
en

tr
ati

on
 w

ith
 

co
nt

ro
l o

f d
ise

as
e 

ac
tiv

ity

89
24

 
w

ee
ks

RA
 (A

CR
 1

98
7/

EU
LA

R 
20

10
 

cr
ite

ria
) u

sin
g 

ad
al

im
um

ab
 (s

er
um

 
co

nc
en

tr
ati

on
 >

 
5m

g/
L)

1)
 d

os
e 

re
du

cti
on

 a
im

in
g 

at
 A

DA
 s

er
um

 
co

nc
en

tr
ati

on
 o

f 
5 

m
g/

l 
2)

 d
os

e 
re

du
cti

on
 a

im
in

g 
at

 A
DA

 s
er

um
 

co
nc

en
tr

ati
on

 o
f 

2 
m

g/
l

Di
ffe

re
nc

e 
in

 
m

ea
n 

tim
e 

w
ei

gh
te

d 
DA

S2
8-

CR
P 

aft
er

 2
4 

w
ee

ks

Di
ffe

re
nc

e 
in

;
- m

ea
n 

tim
e 

DA
S2

8-
CR

P 
aft

er
 1

2 
w

ee
ks

- n
um

be
r o

f fl
ar

es
- d

ire
ct

 m
ed

ic
al

 c
os

ts
- d

ru
g 

le
ve

ls 

S.
 A

tiq
i

N
CT

04
19

48
27

O
pe

n 
la

be
l, 

ra
nd

om
ize

d 
co

nt
ro

lle
d 

tr
ia

l

AD
DO

RA
Ad

al
im

um
ab

 d
ru

g 
op

tim
iza

tio
n 

in
 

rh
eu

m
at

oi
d 

ar
th

riti
s 

us
in

g 
th

er
ap

eu
tic

 
dr

ug
 m

on
ito

rin
g

26
7

80
 

w
ee

ks
RA

 (A
CR

 1
98

7/
EU

LA
R 

20
10

 
cr

ite
ria

) 
in

iti
ati

ng
 

ad
al

im
um

ab
 

1)
 c

on
ce

nt
ra

tio
n 

gu
id

ed
 d

os
e 

re
du

cti
on

 
2)

 d
ise

as
e 

ac
tiv

ity
 g

ui
de

d 
do

se
 re

du
cti

on

Di
re

ct
 

m
ed

ic
al

 c
os

ts
 

as
so

ci
at

ed
 

w
ith

 
ad

al
im

um
ab

 
do

se
 re

du
cti

on
 

(5
2 

w
ee

ks
)

Di
ffe

re
nc

e 
in

;
- m

ea
n 

tim
e 

w
ei

gh
te

d 
DA

S2
8-

CR
P

- d
ire

ct
 m

ed
ic

al
 c

os
t

- i
nd

ire
ct

 m
ed

ic
al

 c
os

ts
- p

ati
en

ts
 w

ith
 D

AS
28

-C
RP

 <
2.

9
- n

um
be

r o
f fl

ar
es

- n
um

be
r o

f d
os

e-
in

te
rv

al
 s

ho
rt

en
in

gs
- d

ru
g 

le
ve

ls



38

Chapter 2

Ta
bl

e 
3.

 C
on

tin
ue

d

Co
nt

ac
t 

pe
rs

on
 a

nd
 

st
ud

y 
de

si
gn

 

Tr
ia

l 
na

m
e

Ti
tle

Ta
rg

et
 

si
ze

Fo
llo

w
-

up
 ti

m
e

Pa
tie

nt
 

ch
ar

ac
te

ris
tic

s 
Tr

ea
tm

en
t 

gr
ou

ps
Pr

im
ar

y 
ou

tc
om

e(
s)

Se
co

nd
ar

y 
ou

tc
om

e(
s)

L.
 U

hr
en

ho
lt

Eu
dr

a 
CT

 2
01

7-
00

19
70

-4
1

Ra
nd

om
ize

d 
co

nt
ro

lle
d,

 
op

en
-la

be
l, 

pa
ra

lle
l-g

ro
up

, 
eq

ui
va

le
nc

e 
st

ud
y

BI
O

DO
PT

Do
se

 re
du

cti
on

 a
nd

 
di

sc
on

tin
ua

tio
n 

of
 b

io
lo

gi
ca

l 
th

er
ap

y 
in

 p
ati

en
ts

 
w

ith
 rh

eu
m

at
oi

d 
ar

th
riti

s,
 p

so
ria

tic
 

ar
th

riti
s 

an
d 

ax
ia

l 
sp

on
dy

lo
ar

th
riti

s

18
0

18
 

m
on

th
s

RA
, p

so
ria

tic
 

ar
th

riti
s 

or
 S

pA
 

tr
ea

te
d 

w
ith

 a
 

bD
M

AR
D 

an
d 

in
 

cl
in

ic
al

 re
m

iss
io

n/
LD

A 
fo

r 1
2 

m
on

th
s

1)
 d

ise
as

e 
ac

tiv
ity

 g
ui

de
d 

ta
pe

rin
g 

(n
ot

 
fu

rt
he

r s
pe

ci
fie

d)
2)

 c
on

tin
ua

tio
n 

of
 b

DM
AR

D(
s)

 a
s 

us
ua

l c
ar

e 

Di
ffe

re
nc

e 
in

 
pr

op
or

tio
n 

of
 p

ati
en

ts
 

th
at

 re
du

ce
d 

bD
M

AR
D 

do
se

 
to

 ≤
50

%
 w

hi
le

 
m

ai
nt

ai
ni

ng
 

re
m

iss
io

n 
or

 L
DA

 a
t 1

8 
m

on
th

s

Di
ffe

re
nc

es
 in

: 
- p

ro
po

rti
on

 re
m

iss
io

n 
in

 p
ati

en
ts

 w
ith

 
re

du
ce

d 
do

se
 b

DM
AR

Ds
 a

nd
 d

isc
on

tin
ue

d 
bD

M
AR

Ds
- c

ha
ng

es
 in

 D
AS

28
, C

DA
I, 

SD
AI

 fo
r R

A.
 

- c
ha

ng
es

 in
 P

RO
M

s -
 c

ha
ng

es
 in

 P
G

A

R.
 W

es
th

ov
en

s
Eu

dr
a 

CT
 2

01
2-

00
46

31
-2

2
O

pe
n 

la
be

l, 
ra

nd
om

ize
d 

co
nt

ro
lle

d 
tr

ia
l

Ta
pE

RA
Ta

pE
RA

: m
ai

nt
ai

ni
ng

 
re

m
iss

io
n 

in
 R

A 
w

hi
le

 ta
pe

rin
g 

Et
an

er
ce

pt
. 

12
0

12
 

m
on

th
s

Es
ta

bl
ish

ed
 R

A 
tr

ea
te

d 
w

ith
 

Et
an

er
ce

pt
 a

nd
 in

 
DA

S 
re

m
iss

io
n 

fo
r a

t 
le

as
t 6

 m
on

th
s

1)
 d

ec
re

as
in

g 
do

se
 E

ta
ne

rc
ep

t 
to

 5
0m

g 
ev

er
y 

2 
w

ee
ks

 
2)

 c
on

tin
ua

tio
n 

of
 E

ta
ne

rc
ep

t 
do

se
 5

0m
g 

w
ee

kl
y

Di
ffe

re
nc

e 
in

 
pr

op
or

tio
n 

of
 p

ati
en

ts
 

re
m

ai
ni

ng
 in

 
re

m
iss

io
n 

at
 6

 
m

on
th

s

Di
ffe

re
nc

es
 in

: 
- p

ro
po

rti
on

 re
m

iss
io

n 
6 

m
on

th
s,

 1
 y

ea
r 

ac
co

rd
in

g 
to

 B
oo

le
an

 d
efi

ni
tio

n,
 to

 S
DA

I 
de

fin
iti

on
 

- p
ro

po
rti

on
 re

ga
in

in
g 

re
m

iss
io

n 
w

he
n 

re
tr

ea
te

d 
in

 c
as

e 
of

 fl
ar

e
- s

af
et

y 
(A

E)
- e

va
lu

ati
ng

 u
se

fu
ln

es
s 

FL
AR

E 
qu

es
tio

nn
ai

re
 

- e
xp

lo
rin

g 
pr

ed
ic

to
rs

 fo
r m

ai
nt

en
an

ce
 o

f 
re

m
iss

io
n

F. 
H

oo
ijb

er
g

N
CT

03
89

58
79

O
pe

n 
la

be
l, 

ra
nd

om
ize

d 
no

n-
in

fe
rio

rit
y 

tr
ia

l

TO
DO

RA
U

se
 o

f t
oc

ili
zu

m
ab

 
dr

ug
 le

ve
ls 

to
 

op
tim

ize
 tr

ea
tm

en
t 

in
 R

A

98
52

 
w

ee
ks

RA
 (A

CR
 1

98
7 

or
 

20
10

 c
rit

er
ia

) u
sin

g 
to

ci
liz

um
ab

 1
62

m
g/

w
k 

fo
r a

t l
ea

st
 6

 
m

on
th

s

1)
 in

cr
ea

sin
g 

to
ci

liz
um

ab
 

do
sin

g 
in

te
rv

al
 to

 
ev

er
y 

tw
o 

w
ee

ks
 

2)
 c

on
tin

ua
tio

n 
of

 to
ci

liz
um

ab
 

w
ee

kl
y 

Al
l p

ati
en

ts
 w

ith
 

co
nc

en
tr

ati
on

 
<1

5m
g/

L 
w

ill
 c

on
tin

ue
 

to
ci

liz
um

ab
 

w
ee

kl
y

Di
ffe

re
nc

e 
in

 
m

ea
n 

tim
e 

DA
S2

8 
aft

er
 

28
 w

ee
ks

 
(b

et
w

ee
n 

ar
m

 
1 

an
d 

2)

Di
ffe

re
nc

es
 in

 ;
- m

ea
n 

tim
e 

DA
S2

8-
ES

R 
at

 5
2 

w
ee

ks
 a

nd
- C

DA
I, 

SD
AI

, H
AW

, d
ire

ct
 m

ed
ic

al
 c

os
ts

, 
nu

m
be

r o
f fl

ar
es

, n
um

be
r a

nd
 s

ev
er

ity
 o

f 
ad

ve
rs

e 
ev

en
ts

, a
fte

r 2
8 

an
d 

52
 w

ee
ks

- d
ru

g 
le

ve
l b

et
w

ee
n 

w
ee

k 
0 

an
d 

52



39

Tapering DMARDs

2

R.
 v

an
 

Vo
lle

nh
ov

en
N

CT
01

49
18

15
/

N
CT

02
46

65
81

Ra
nd

om
ize

d,
 

op
en

-la
be

l, 
bl

in
de

d-
as

se
ss

or
 st

ud
y

N
O

RD
-

ST
AR

Ac
tiv

e 
Co

nv
en

tio
na

l 
Th

er
ap

y 
Co

m
pa

re
d 

to
 T

hr
ee

 D
iff

er
en

t 
Bi

ol
og

ic
 T

re
at

m
en

ts
 

in
 E

ar
ly

 R
he

um
at

oi
d 

Ar
th

riti
s 

W
ith

 
Su

bs
eq

ue
nt

 D
os

e 
Re

du
cti

on

80
0

56
 

w
ee

ks
RA

 (A
CR

/E
U

LA
R 

20
10

 c
rit

er
ia

) 
Tr

ea
te

d 
w

ith
 a

nd
 

ac
hi

ev
in

g 
st

ab
le

 
re

m
iss

io
n 

(2
4w

k)
 

on
:

1)
 c

on
ve

nti
on

al
 

sy
nt

he
tic

 D
M

AR
D 

co
m

bi
na

tio
n

2)
 a

ba
ta

ce
pt

 +
 M

TX
3)

 to
ci

liz
um

ab
 +

 
M

TX
4)

 c
er

to
liz

um
ab

 
Pe

go
l +

 M
TX

1)
 D

e-
es

ca
la

te
 

tr
ea

tm
en

t a
t 

ra
nd

om
iza

tio
n 

(e
ar

ly
 d

os
e 

re
du

cti
on

)
2)

 F
irs

t c
on

tin
ue

 
an

d 
th

en
 

de
-e

sc
al

at
e 

tr
ea

tm
en

t 2
4 

w
ee

ks
 a

fte
r 

ra
nd

om
iza

tio
n 

(la
te

 d
os

e 
re

du
cti

on
)

Di
ffe

re
nc

e 
in

 
th

e 
pr

op
or

tio
n 

of
 p

ati
en

ts
 

w
ho

 m
ai

nt
ai

n 
LD

A 
(C

DA
I) 

at
 

24
 w

ee
ks

 a
fte

r 
de

-e
sc

al
ati

on
 

in
iti

ati
on

.

N
/A

Ta
rg

et
ed

 sy
nt

he
tic

 D
M

AR
Ds

M
.T.

 
N

ur
m

oh
am

ed
ob

se
rv

ati
on

al
 

st
ud

y
N

TR
 ID

: 6
86

8

N
/A

Bi
ol

og
ic

al
s 

an
d 

ts
DM

AR
Ds

 in
 

in
fla

m
m

at
or

y 
rh

eu
m

ati
c 

di
se

as
es

: 
Th

e 
Re

ad
e 

Rh
eu

m
at

ol
og

y 
Re

gi
st

ry

un
kn

ow
n

pa
tie

nt
s 

w
ith

 R
A,

 
ps

or
ia

tic
 a

rt
hr

iti
s 

or
 S

pA

N
/A

di
se

as
e 

ac
tiv

ity
, p

ati
en

t 
re

po
rt

ed
 

ou
tc

om
es

, 
ra

di
ol

og
ic

al
 

pr
og

re
ss

io
n 

an
d 

fu
nc

tio
na

l 
ca

pa
ci

ty
. 

ch
an

ge
s 

in
 b

io
m

ar
ke

rs

Ab
br

ev
ia

tio
ns

: A
CR

=A
m

er
ic

an
 c

ol
le

ge
 o

f r
he

um
at

ol
og

y;
 A

DA
=a

da
lim

um
ab

; b
DM

AR
D/

cs
DM

AR
Ds

/t
sD

M
AR

D=
bi

ol
og

ic
al

/c
on

ve
nti

on
al

/t
ar

ge
te

d 
sy

nt
he

tic
 d

ise
as

e-
m

od
ify

in
g 

an
tir

he
um

ati
c 

dr
ug

s;
 C

DA
I=

Cl
in

ic
al

 d
ise

as
e 

ac
tiv

ity
 in

de
x;

 C
RP

=C
-r

ea
cti

ve
 p

ro
te

in
; D

AS
=d

ise
as

e 
ac

tiv
ity

 s
co

re
; E

U
LA

R=
Eu

ro
pe

an
 le

ag
ue

 a
ga

in
st

 rh
eu

m
ati

sm
; H

AQ
=h

ea
lth

 a
ss

es
sm

en
t q

ue
sti

on
na

ire
; 

LD
A=

lo
w

 d
ise

as
e 

ac
tiv

ity
; N

/A
=n

ot
 a

pp
lic

ab
le

; N
TR

 ID
=D

ut
ch

 tr
ia

l i
de

nti
fic

ati
on

 n
um

be
r; 

PR
O

M
=p

ati
en

t r
ep

or
te

d 
ou

tc
om

e;
 R

A=
rh

eu
m

at
oi

d 
ar

th
riti

s,
 R

CT
=R

an
do

m
ize

d 
Co

nt
ro

lle
d 

Tr
ia

l; 
SD

AI
=s

im
pl

e 
di

se
as

e 
ac

tiv
ity

 in
de

x;
 S

pA
=a

nk
yl

os
in

g 
sp

on
dy

liti
s;

 T
x=

tr
ea

tm
en

t



40

Chapter 2

References

1.	 Aletaha D et al. Diagnosis and 
Management of Rheumatoid Arthritis: A 
Review. Jama. 2018

2.	 Smolen JS et al. EULAR recommendations 
for the management of rheumatoid 
arthritis with synthetic and biological 
disease-modifying antirheumatic drugs: 
2019 update. Ann Rheum Dis. 2020

3.	 Smolen JS et al. EULAR recommendations 
for the management of rheumatoid 
arthritis with synthetic and biological 
disease-modifying antirheumatic drugs. 
Ann Rheum Dis. 2010 

4.	 Fraenkel L et al. 2021 American College 
of Rheumatology Guideline for the 
Treatment of Rheumatoid Arthritis. 
Arthritis Rheumatol. 2021.

5.	 Singh JA et al. 2015 American College 
of Rheumatology Guideline for the 
Treatment of Rheumatoid Arthritis. 
Arthritis Rheumatol. 2016

6.	 Lau CS et al. 2018 update of the APLAR 
recommendations for treatment of 
rheumatoid arthritis. International 
Journal of Rheumatic Diseases. 2019

7.	 Svensson B et al. Low-dose prednisolone 
in addition to the initial disease-modifying 
antirheumatic drug in patients with early 
active rheumatoid arthritis reduces joint 
destruction and increases the remission 
rate: a two-year randomized trial. Arthritis 
Rheumatol. 2005

8.	 Goekoop-Ruiterman YP et al. Clinical and 
radiographic outcomes of four different 
treatment strategies in patients with early 
rheumatoid arthritis (the BeSt study): 
a randomized, controlled trial. Arthritis 
Rheum. 2005

9.	 George MD et al. Risk for Serious Infection 
With Low-Dose Glucocorticoids in Patients 
With Rheumatoid Arthritis : A Cohort 
Study. Ann Intern Med. 2020.

10.	 Huscher D et al. Dose-related patterns of 
glucocorticoid-induced side effects. Ann 
Rheum Dis. 2009

11.	 Best JH et al. Association Between 
Glucocorticoid Exposure and Healthcare 
Expenditures for Potential Glucocorticoid-
related Adverse Events in Patients with 
Rheumatoid Arthritis. J Rheumatol. 2018

12.	 Schäfer M et al. Factors associated with 

treatment satisfaction in patients with 
rheumatoid arthritis: data from the 
biological register RABBIT. RMD Open. 
2020

13.	 Wallace BI et al. Evidence to support 
or guide glucocorticoid tapering in 
rheumatoid arthritis is lacking. Annals of 
the Rheumatic Diseases. 2019

14.	 Wallace BI et al. Patterns of glucocorticoid 
prescribing and provider-level variation 
in a commercially insured incident 
rheumatoid arthritis population: A 
retrospective cohort study. Seminars in 
Arthritis and Rheumatism. 2020

15.	 Caplan L et al. Corticosteroid use in 
rheumatoid arthritis: prevalence, 
predictors, correlates, and outcomes. J 
Rheumatol. 2007

16.	 Boers M et al. Randomised comparison 
of combined step-down prednisolone, 
methotrexate and sulphasalazine with 
sulphasalazine alone in early rheumatoid 
arthritis. Lancet. 1997

17.	 Goekoop-Ruiterman YM et al. 
Comparison of treatment strategies in 
early rheumatoid arthritis: A randomized 
trial. Annals of Internal Medicine. 2007

18.	 Heimans L et al. A two-step treatment 
strategy trial in patients with early 
arthritis aimed at achieving remission: the 
IMPROVED study. Ann Rheum Dis. 2014

19.	 Burmester GR et al. Continuing 
versus tapering glucocorticoids after 
achievement of low disease activity 
or remission in rheumatoid arthritis 
(SEMIRA): a double-blind, multicentre, 
randomised controlled trial. Lancet. 2020

20.	 Westhovens R et al. Costs of drugs for 
treatment of rheumatic diseases. RMD 
Open. 2016

21.	 Kerschbaumer A et al. Efficacy of 
pharmacological treatment in rheumatoid 
arthritis: a systematic literature research 
informing the 2019 update of the EULAR 
recommendations for management of 
rheumatoid arthritis. Ann Rheum Dis. 
2020

22.	 Chatzidionysiou K et al. A multicentre, 
randomised, controlled, open-label pilot 
study on the feasibility of discontinuation 
of adalimumab in established patients 



41

Tapering DMARDs

2

with rheumatoid arthritis in stable clinical 
remission. RMD Open. 2016

23.	 Ghiti Moghadam M et al. Stopping Tumor 
Necrosis Factor Inhibitor Treatment in 
Patients With Established Rheumatoid 
Arthritis in Remission or With Stable Low 
Disease Activity: A Pragmatic Multicenter, 
Open-Label Randomized Controlled Trial. 
Arthritis Rheumatol. 2016

24.	 Weinblatt ME et al. A Phase III Study 
Evaluating Continuation, Tapering, and 
Withdrawal of Certolizumab Pegol After 
One Year of Therapy in Patients With 
Early Rheumatoid Arthritis. Arthritis 
Rheumatol. 2017

25.	 Atsumi T et al. Clinical benefit of 1-year 
certolizumab pegol (CZP) add-on therapy 
to methotrexate treatment in patients 
with early rheumatoid arthritis was 
observed following CZP discontinuation: 
2-year results of the C-OPERA study, a 
phase III randomised trial. Ann Rheum 
Dis. 2017

26.	 Ibrahim F et al. Optimizing treatment 
with tumour necrosis factor inhibitors 
in rheumatoid arthritis-a proof of 
principle and exploratory trial: is dose 
tapering practical in good responders? 
Rheumatology (Oxford). 2017

27.	 Bouman CA et al. Long-term outcomes 
after disease activity-guided dose 
reduction of TNF inhibition in rheumatoid 
arthritis: 3-year data of the DRESS study 
- a randomised controlled pragmatic non-
inferiority strategy trial. Ann Rheum Dis. 
2017

28.	 l’Ami MJ et al. Successful reduction of 
overexposure in patients with rheumatoid 
arthritis with high serum adalimumab 
concentrations: an open-label, non-
inferiority, randomised clinical trial. Ann 
Rheum Dis. 2018

29.	 Fautrel B et al. Step-down strategy 
of spacing TNF-blocker injections for 
established rheumatoid arthritis in 
remission: results of the multicentre 
non-inferiority randomised open-label 
controlled trial (STRASS: Spacing of TNF-
blocker injections in Rheumatoid ArthritiS 
Study). Ann Rheum Dis. 2016

30.	 Sanmarti R et al. Reducing or Maintaining 
the Dose of Subcutaneous Tocilizumab 
in Patients With Rheumatoid Arthritis in 
Clinical Remission: a Randomized, Open-

Label Trial. Arthritis & rheumatology 
(hoboken, NJ). 2019

31.	 Curtis JR et al. Etanercept or Methotrexate 
Withdrawal in Rheumatoid Arthritis 
Patients in Sustained Remission on 
Combination Therapy: A Randomized, 
Double-Blind Trial. Arthritis Rheumatol. 
2020.

32.	 Emery P et al. Adalimumab dose tapering 
in patients with rheumatoid arthritis who 
are in long-standing clinical remission: 
results of the phase IV PREDICTRA study. 
Ann Rheum Dis. 2020

33.	 van Mulligen E et al. Tapering towards 
DMARD-free remission in established 
rheumatoid arthritis: 2-year results of the 
TARA trial. Ann Rheum Dis. 2020

34.	 Sepriano A et al. Safety of synthetic and 
biological DMARDs: a systematic literature 
review informing the 2019 update of 
the EULAR recommendations for the 
management of rheumatoid arthritis. Ann 
Rheum Dis. 2020

35.	 Vinson D et al. Impact of tapering 
targeted therapies (bDMARDs or JAKis) on 
the risk of serious infections and adverse 
events of special interest in patients with 
rheumatoid arthritis or spondyloarthritis: 
a systematic analysis of the literature and 
meta-analysis. Arthritis Res Ther. 2020

36.	 van den Broek M et al. Personalized 
medicine: predicting responses to therapy 
in patients with RA. Curr Opin Pharmacol. 
2013

37.	 van der Kooij SM et al. Drug-free 
remission, functioning and radiographic 
damage after 4 years of response-driven 
treatment in patients with recent-onset 
rheumatoid arthritis. Ann Rheum Dis. 
2009

38.	 Haschka J et al. Relapse rates in 
patients with rheumatoid arthritis in 
stable remission tapering or stopping 
antirheumatic therapy: interim results 
from the prospective randomised 
controlled RETRO study. Ann Rheum Dis. 
2016

39.	 Takeuchi T et al. Dose reduction of 
baricitinib in patients with rheumatoid 
arthritis achieving sustained disease 
control: results of a prospective study. 
Ann Rheum Dis. 2019

40.	 ten Wolde S et al. Randomised placebo-
controlled study of stopping second-line 



42

Chapter 2

drugs in rheumatoid arthritis. Lancet. 
1996

41.	 ten Wolde S et al. Effect of resumption 
of second line drugs in patients with 
rheumatoid arthritis that flared up after 
treatment discontinuation. Ann Rheum 
Dis. 1997

42.	 Pope JE et al. The Canadian methotrexate 
and etanercept outcome study: a 
randomised trial of discontinuing versus 
continuing methotrexate after 6 months 
of etanercept and methotrexate therapy 
in rheumatoid arthritis. Ann Rheum Dis. 
2014

43.	 Pope J et al. An open-label randomized 
controlled trial of DMARD withdrawal 
in RA patients achieving therapeutic 
response with certolizumab pegol 
combined with DMARDs. Rheumatology 
(Oxford). 2020

44.	 Kremer JM et al. Sustained Response 
Following Discontinuation of Methotrexate 
in Patients With Rheumatoid Arthritis 
Treated With Subcutaneous Tocilizumab: 
Results From a Randomized, Controlled 
Trial. Arthritis Rheumatol. 2018

45.	 Pablos JL et al. Efficacy of tocilizumab 
monotherapy after response to combined 
tocilizumab and methotrexate in patients 
with rheumatoid arthritis: the randomised 
JUST-ACT study. Clin Exp Rheumatol. 2019

46.	 Edwards CJ et al. Tapering versus steady-
state methotrexate in combination with 
tocilizumab for rheumatoid arthritis: 
a randomized, double-blind trial. 
Rheumatology (Oxford). 2018

47.	 Cohen SB et al. Methotrexate withdrawal 
in patients with rheumatoid arthritis 
who achieve low disease activity with 
tofacitinib modified-release 11 mg once 
daily plus methotrexate (ORAL Shift): a 
randomised, phase 3b/4, non-inferiority 
trial. The Lancet Rheumatology. 2019

48.	 Lillegraven S et al. Effect of Half-Dose 
vs Stable-Dose Conventional Synthetic 
Disease-Modifying Antirheumatic Drugs 
on Disease Flares in Patients With 
Rheumatoid Arthritis in Remission: The 
ARCTIC REWIND Randomized Clinical 
Trial. Jama. 2021

49.	 Klarenbeek NB et al. Discontinuing 
treatment in patients with rheumatoid 
arthritis in sustained clinical remission: 
exploratory analyses from the BeSt study. 

Annals of the Rheumatic Diseases. 2011
50.	 Kuijper TM et al. Tapering conventional 

synthetic DMARDs in patients with early 
arthritis in sustained remission: 2-year 
follow-up of the tREACH trial. Ann Rheum 
Dis. 2016

51.	 Wevers-de Boer KV et al. Determinants of 
reaching drug-free remission in patients 
with early rheumatoid or undifferentiated 
arthritis after one year of remission-
steered treatment. Rheumatology 
(Oxford). 2015

52.	 Akdemir G et al. Clinical and radiological 
outcomes of 5-year drug-free remission-
steered treatment in patients with early 
arthritis: IMPROVED study. Ann Rheum 
Dis. 2018

53.	 Chan SJ et al. What Are the Preferences 
of Patients With Rheumatoid Arthritis 
for Treatment Modification? A Scoping 
Review. Patient. 2020.

54.	 Chan SJ et al. Tapering Biologic Therapy 
for Rheumatoid Arthritis: A Qualitative 
Study of Patient Perspectives. Patient. 
2020

55.	 Verhoef LM et al. The patient perspective 
on biologic DMARD dose reduction in 
rheumatoid arthritis: a mixed methods 
study. Rheumatology (Oxford). 2018

56.	 Hewlett S et al. Dose reduction of biologic 
therapy in inflammatory arthritis: A 
qualitative study of patients’ perceptions 
and needs. Musculoskeletal Care. 2019

57.	 Kaneko Y et al. Tocilizumab discontinuation 
after attaining remission in patients with 
rheumatoid arthritis who were treated 
with tocilizumab alone or in combination 
with methotrexate: results from a 
prospective randomised controlled study 
(the second year of the SURPRISE study). 
Ann Rheum Dis. 2018

58.	 Ledingham J et al. BSR and BHPR guideline 
for the prescription and monitoring 
of non-biologic disease-modifying 
antirheumatic drugs. Rheumatology 
(Oxford). 2017

59.	 Nikiphorou E et al. Indispensable or 
intolerable? Methotrexate in patients 
with rheumatoid and psoriatic arthritis: 
a retrospective review of discontinuation 
rates from a large UK cohort. Clin 
Rheumatol. 2014

60.	 Sandhu A et al. Clinico-genetic model 
to predict methotrexate intolerance in 



43

Tapering DMARDs

2

rheumatoid arthritis. Clin Rheumatol. 
2020

61.	 Baker KF et al. “Living a normal life”: a 
qualitative study of patients’ views of 
medication withdrawal in rheumatoid 
arthritis. BMC Rheumatol. 2019

62.	 Sun J et al. Investigating the safety 
and compliance of using csDMARDs in 
rheumatoid arthritis treatment through 
face-to-face interviews: a cross-sectional 
study in China. Clin Rheumatol. 2020.

63.	 Katchamart W et al. Rate and causes of 
noncompliance with disease-modifying 
antirheumatic drug regimens in patients 
with rheumatoid arthritis. Clin Rheumatol. 
2020.

64.	 Gvozdenović E et al. DAS steered therapy 
in clinical practice; cross-sectional 
results from the METEOR database. BMC 
Musculoskeletal Disorders. 2016

65.	 George MD et al. Risk for Serious Infection 
With Low-Dose Glucocorticoids in Patients 
With Rheumatoid Arthritis. Annals of 
Internal Medicine. 2020.

66.	 Morrison E et al. Attitude of rheumatoid 
arthritis patients to treatment with oral 
corticosteroids. Rheumatology (Oxford). 
2003

67.	 Costello R et al. Patient perceptions 
of glucocorticoid side effects: a cross-
sectional survey of users in an online 
health community. BMJ Open. 2017

68.	 O’Mahony R et al. Withdrawal of disease-
modifying antirheumatic drugs in patients 
with rheumatoid arthritis: a systematic 
review and meta-analysis. Ann Rheum 
Dis. 2010

69.	 Markusse IM et al. Disease flares in 
rheumatoid arthritis are associated with 
joint damage progression and disability: 
10-year results from the BeSt study. 
Arthritis Research & Therapy. 2015

70.	 van Mulligen E et al. The impact of a 
disease flare during tapering of DMARDs 
on the lives of rheumatoid arthritis 
patients. Semin Arthritis Rheum. 2020

71.	 Kuijper TM et al. Flare Rate in Patients 
with Rheumatoid Arthritis in Low Disease 
Activity or Remission When Tapering or 
Stopping Synthetic or Biologic DMARD: A 
Systematic Review. J Rheumatol. 2015

72.	 de Moel EC et al. Circulating calprotectin 
(S100A8/A9) is higher in rheumatoid 
arthritis patients that relapse within 
12 months of tapering antirheumatic 
drugs. Arthritis Res Ther. 2019

73.	 Rech J et al. Prediction of disease relapses 
by multibiomarker disease activity and 
autoantibody status in patients with 
rheumatoid arthritis on tapering DMARD 
treatment. Ann Rheum Dis. 2016

74.	 Schett G et al. Tapering biologic and 
conventional DMARD therapy in 
rheumatoid arthritis: current evidence 
and future directions. Ann Rheum Dis. 
2016

75.	 Tornero-Molina J et al. Experts document 
on methotrexate use in combined therapy 
with biological or targeted synthetic 
disease modifying drugs in patients with 
rheumatoid arthritis. Reumatol Clin. 2020.




