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Abstract The aim of this study is to assess the efficacy of
withdrawing biologics from patients with rheumatoid arthritis
in sustained remission or low disease activity. This is a sys-
tematic review of clinical trials that randomized withdrawal or
continuation of biologics. We searched MEDLINE, Embase,
and other databases. Three authors independently selected and
extracted the data from the studies. The GRADE approach
was employed to assess the quality of the evidence. We cal-
culated meta-analyses of random effects model and estimated
the heterogeneity by I2. The number needed to treat (NNT)
was calculated for significant outcomes. We included six trials
(N=1927 patients), most were industry-sponsored. Compared
to withdrawing, continuing biologics increased the probability
of low disease activity (relative risk [RR]=0.66, 95 % CI
0.51–0.84, I2 = 91 %, NNT = 4, low quality), remission
(0.57, 0.44–0.74, I2 =82 %, NNT=3, low quality), and radio-
graphic progression (RR=0.91, 95%CI 0.85–0.98, I2 =13%,
NNT=12, moderate quality). No significant difference was
detected in the incidence of serious adverse events, serious

infection, malignancy, and scores of improvement of tender
and swollen joints between these strategies (low quality). A
worse profile of outcomes was experienced by those patients
when compared to the ones that continued biologics, but al-
most half of patients maintained low disease activity after
withdrawal. As the quality of evidence was low, the conclu-
sions may change as new results become available. The po-
tential harms and benefits of this decision must be discussed
with patients.

Keywords Antirheumatic agents . Remission . Rheumatoid
arthritis .Withdrawal .Withholding treatment

Introduction

Treatment of rheumatoid arthritis has greatly progressed with
the development of new therapeutic classes and the imple-
mentation of alternative strategies for patient treatment and
follow-up, including intensive disease control and interven-
tion during the initial phase of symptoms [1]. Among the
currently available therapeutic options, biologic drugs have
gained prominence. Current approach has resulted in better
control of rheumatoid arthritis, including the possibility of
sustained remission [2].

Several factors may lead a doctor or a patient to consider
interrupting treatment with biologics, especially after a
prolonged period of sustained disease remission. These factors
may include the high cost of the drugs, their potential adverse
effects, the inconvenience of treatment from the patient’s per-
spective, and the possibility of continuing remission after the
withdrawal of biologics [3, 4].

Although the withdrawal of biologics is a matter of great
importance, it remains a controversial topic, and there is little
data to guide decision-making. There is no consistent
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evidence regarding the best course of action following a com-
plete therapeutic response. Some studies suggest that the with-
drawal of biologics may be considered for patients in
sustained remission, especially if the biological therapy is
combined with conventional synthetic drugs [2, 5].

Previous reviews of the discontinuation of biological ther-
apy have been based on observational, quasi-experimental, or
extended assessments of clinical trials [6–9]. A Cochrane re-
view assessed the tapering and discontinuation of antitumor
necrosis factor (anti-TNF) agents but included non-
randomized studies [10]. To date, no summary of randomized
trials comparing withdrawal with continuation of biologics in
comparable patients has been published.

Our aim was to assess the available evidence on the effica-
cy and the safety of discontinuing the administration of bio-
logic agents to patients with rheumatoid arthritis compared to
continuing the treatment.

Methods

Protocol and registration

The methods for the present study were previously registered
in the International Prospective Register of Systematic
Reviews (PROSPERO) under registration number
CRD42014009883.

Eligibility criteria

We considered randomized clinical trials compared withdraw-
al with continuation of biologic agents in patients with rheu-
matoid arthritis as eligible. The outcomes of interest were
disease activity and other relevant patient outcomes.

To define rheumatoid arthritis, we used the American
Rheumatism Association 1987 revised criteria for the classi-
fication of rheumatoid arthritis or the 2010 American College
of Rheumatology (ACR)/European League Against
Rheumatism (EULAR) rheumatoid arthritis classification
criteria [11, 12].

Patients with early or late rheumatoid arthritis were includ-
ed. Due to differences in physiopathology, patients with juve-
nile idiopathic arthritis were not included.

We considered biological disease-modifying antirheumatic
drugs (bDMARDs) as the major class of drugs that interfere
with the entire rheumatoid arthritis process [13]. For the pres-
ent review, we considered drugs from the following classes to
be eligible: anti-TNF agents (adalimumab, certolizumab
pegol, etanercept, golimumab, and infliximab), anti-B cell
agents (rituximab), T lymphocyte costimulation inhibitors
(abatacept), interleukin-6 receptor blockers (tocilizumab),
and biosimilars (infliximab).

Information sources and search strategy

We searched the following databases from inception to
February 2016: MEDLINE, Embase, Cochrane Central
Register of Controlled Trials (CENTRAL), and World
Health Organization International Clinical Trials Registry
Platform (WHO ICTRP). We also searched the proceedings
of the EULAR congress and ACR annual meeting for the
years 2001–2015. The references of relevant studies were
inspected for eligibility.

The search strategy for MEDLINE (via PubMed) was as
follows: (rheumatoid OR Barthritis, rheumatoid^[mesh])
AND (adalimumab OR humira OR Bcertolizumab pegol^
OR cimzia OR etanercept OR enbrel OR golimumab OR
simponi OR infliximab OR remicade OR inflectra OR
rensima OR rituximab ORmabthera OR rituxan OR abatacept
OR orencia OR tocilizumab OR actemra OR Bdmard^[tiab]
OR Bdmards^[tiab] OR Bdisease modifying antirheumatic
drugs^[tiab] OR Bantirheumatic agents^[mesh] OR
Bbiological products^[mesh] OR Btnf inhibitors^[tiab] OR
Btnf inhibitor^[tiab]) AND (Bwithholding treatment^[mesh]
OR Bremission induction^[mesh] OR Bremission^[tiab] OR
discontinuati*[tiab] or withdraw*[tiab] OR stopping[tiab])
AND ( Br a n d om i z e d c o n t r o l l e d t r i a l ^[ p t ] OR
((Brandomized^[tiab] OR Brandomised^[tiab]) AND
(Bcontrolled^[tiab] AND Btrial^[tiab]))). The search strategies
used in all databases are described in Supplementary Table 1.

Study selection and data collection process

Three authors (TFG, IRZ, and MTS) independently selected
the retrieved studies according to the eligibility criteria.
Disagreements were resolved by consensus. The same authors
independently abstracted data from the studies using a pre-
defined form. The following data were collected: year, coun-
try, design, sample size, mean age, length of follow-up, criteria
for discontinuation, withdrawal and maintenance strategy, and
outcomes. The primary outcomes were low disease activity
and disease remission.

Risk of bias and quality of evidence

We used the Cochrane Collaboration risk of bias tool to ad-
dress six domains that may impact the methodological quality
of individual studies (random sequence generation, allocation
concealment, blinding, incomplete outcome data, selective
outcome reporting, and other potential sources of bias) [14].

The outcomes across studies were ranked as critical, im-
portant, or of limited importance according to their relation-
ships to clinical decision-making and patient preferences
based on previous discussions of rheumatoid arthritis
[15–17]. The quality of evidence of critical and important
ou t comes was a s s e s s ed u s i ng t h e G r ad i ng o f
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Recommendations Assessment, Development and Evaluation
(GRADE) approach [18]. The evidence quality was rated as
high, moderate, low, or very low.

Data analysis

We conducted the meta-analysis using the DerSimonian &
Laird model considering random effects. We summarized di-
chotomous data as the relative risk (RR) and continuous data
as the mean difference (MD) and corresponding 95 % confi-
dence intervals (95 % CIs). When possible, we aggregated all
biologic drugs in the meta-analysis. Statistical heterogeneity
of the results between the studies was assessed using the chi-
squared (p>0.10) and Tau-squared tests; the magnitude of the
effects was estimated using the I2 statistic. For significant
outcomes, we calculated the number needed to treat (NNT)
and the 95 % CI. Data were analyzed using STATA software
(version 13.1).

Results

Study selection

The literature search resulted in 1283 records, 1120 of which
were assessed for eligibility after removing duplicates (Fig. 1).
From the 40 records that were fully assessed, 17 were exclud-
ed. The list of excluded records for each reason is available in
Supplementary Table 2. Four potentially eligible studies could
not be included due to the unavailability of results: three are
ongoing RCTs [19–21] and one study was terminated prior to
patient enrollment [22]. Six RCTs were included in this review

[23–28] (23 individual reports, list of references available in
Supplementary Table 3).

Characteristics of the included studies

The RCTs were multicenter trials conducted from 2006 to
2014 that recruited patients from all continents (Table 1). In
total, 1927 patients with low disease activity or in remission
were randomly allocated to discontinue or continue treatment
with biologic agents. Two RCTs included only patients with
early rheumatoid arthritis who were never treated with meth-
otrexate or biologics prior to the study [23, 25]; the other
studies did not indicate the type of rheumatoid arthritis and
included patients previously treated with methotrexate alone
[24] or with biologics and conventional synthetic DMARD
(csDMARD), mostly methotrexate [26–28]. Five RCTs used
low disease activity as criteria to randomize the discontinua-
tion [23–26, 28], while one considered remission [27].

Four RCTs included an open-label phase in which all pa-
tients were treated with biologics (subcutaneous etanercept
50 mg weekly or adalimumab 40 mg every other week) and
methotrexate 7.5–25mg [23–26]. This phase ranged from 8 to
52 weeks. Three trials also required that the patients had pre-
viously been treated with the biologic agent and csDMARD
from at least 14 to 6 months [26–28]. Methotrexate was ad-
ministered orally in the PRESERVE and PRIZE trials [24, 25],
orally or subcutaneously in the ADMIRE study [27], and oral-
ly, subcutaneously, or intramuscularly in the DOSERA study
[26]. The OPTIMA trial did not indicate the route of metho-
trexate administration [23] as well as the POET study, in
which patients used any concomitant csDMARD [28].

In the OPTIMA, PRESERVE, PRIZE, and DOSERA tri-
als, the patients in the withdrawal group receivedmethotrexate
together with subcutaneous injections of placebo [23–26]. The
PRIZE trial also included a placebo group, in which the pa-
tients received placebo injections and placebo capsules [25].
This group was not included in our analyses. ADMIRE and
POET studies did not administer placebo injections to the
withdrawal group, as their design was open label [27, 28].
Patients who continued biologics were treated with subcuta-
neous injections of adalimumab 40 mg every other week [23,
27] or etanercept 25 or 50 mg weekly [24–26] together with
methotrexate 7.5–25 mg weekly. In POET study, a pragmatic
RCT, patients continued the treatment with etanercept (46 %),
adalimumab (45 %), infliximab (5 %), golimumab (3 %), or
certolizumab (1%), and concomitant csDMARD, in doses not
specified.

Abbott/AbbVie, which markets adalimumab, funded two
trials that investigated the withdrawal of adalimumab [23, 27].
Pfizer, the manufacturer of etanercept, funded three RCTs that
studied the withdrawal of etanercept [24–26]. POET study
was funded by a governmental research agency of the
Netherlands.

1,283 retrieved records 
451 PubMed 403 Embase 
105 CENTRAL  122 Scopus 
135 ACR annual 
meeting 

16 WHO ICTRP  
51 EULAR congress 

Excluded: 1,243 
163 duplicates 
1,080 not relevant to review 
question 

40 reports fully assessed 

17 excluded 
13 did not assess or randomize 
discontinuation 
3 ongoing studies 
1 interrupted study 

23 included reports that 
refer to 6 studies 

[23-28]

Fig. 1 Selection and inclusion of studies
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Risk of bias within studies

Two RCTs were graded as having a low risk of bias in the six
domains assessed [23, 24] (Fig. 2). The PRIZE trial was
judged as high risk of attrition bias: 32 % of the randomly
allocated patients did not complete the study. We considered
that the higher baseline disease status according to the van der
Heijde modification of the Sharp method in the group ran-
domly allocated to receive etanercept 25 mg in the
DOSERA trial could result in residual confounding; therefore,
we rated this trial as having a high risk of other bias. ADMIRE
and POET studies were open-label RCTs, which we rated as
having a high risk of performance and detection bias, based on
the subjective assessments involved on remission evaluations.
ADMIRE exhibited an unclear risk of selection bias due to the
poor description of the randomization strategy. We also could
not rate the risk of reporting bias of POET study. The full risk
of bias assessment is detailed in Supplementary Table 4.

Outcomes and quality of evidence

Maintaining biologics increased the frequency of low disease
activity by 34 % (N=1828, low-quality evidence) and disease
remission by 43% (N=1623, low quality evidence) compared
to withdrawing biologics (Fig. 3). It would be necessary to

continue treating four patients to observe one additional case
of low disease activity (95 % CI 3–6) and three patients to
observe one additional case of remission (95 % CI 2–5) com-
pared to withdrawing the bDMARD therapy (Table 2).

There was no statistically difference between continuing
and discontinuing biologics for serious adverse event, serious
infection, malignancy, and ACR scores of improvement of
tender and swollen joints (low quality evidence). Outcomes
judged as of limited importance presented no statically
significance. The individual effect of discontinuing each
regimen on important and critical dichotomous outcomes,
along with the quality of this evidence is depicted in
Supplementary Table 5.

To continue the therapy resulted in lower risk of radio-
graphic progression (NNT=12, 95 % CI 7–56, moderate
quality evidence) when compared to stopping the treatment
(Table 3). Patient assessments of pain and disability were
poorer in those who interrupted etanercept (moderate quality
evidence), but no difference in this outcome was observed
between patients who continued and discontinued
adalimumab (low quality evidence). The physician global
assessment, which indicates disease activity, was not signifi-
cantly different between withdrawal and continuation of
adalimumab but was lower in the groups that continued
etanercept 25 or 50 mg. The patient general health assessment
revealed more severe disease activity in those that
discontinued etanercept, but no significant difference was
observed for the withdrawal of adalimumab. Patients that
discontinued adalimumab and etanercept 25 mg had more
swollen join counts when compared to those who continued
the therapy. Discontinuing adalimumab increased the number
of tender joint count.

Regarding prognostic variables, POET study found that
having a higher baseline DAS 28 score (hazard ratio
[HR]=1.39, 95 % CI 1.21–1.60) and more than 10 years of
rheumatoid arthritis (HR=1.29, 95 % CI 1.03–1.61) were
predictors of time to flare.

Discussion

Terminating biologics treatment was associated with poorer
patient outcomes when compared to continuing treatment,
but half of patients maintained low disease activity (absolute
risk=52 %, 95 % CI 49–55 %) and one third remained in
remission (absolute risk=35 %, 95 % CI 32–38 %) for 9 to
12 months after withdrawing bDMRADs. This result is con-
sistent with a meta-analysis that examined withdrawing all
types of DMARDs: patients that tapered or stopped
DMARDs had more flares than those who continued, but
one third of the patients were free of flares in this strategy
after 6–12 months [29].Fig. 2 Risk of bias of the included studies
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No increased risk of adverse events was observed for con-
tinuing or discontinuing biologics. When assessing each bio-
logic agent individually, the results had lower significance
than in the meta-analysis of all agents polled. Overall, con-
tinuing etanercept resulted in better outcomes, and most out-
comes were not significantly different between continuing and
discontinuing adalimumab. This pattern may be due to the
smaller number of individuals assessed in the RCTs of
adalimumab.

The main limitation of present systematic review is the low
number of included studies, which is a side effect of our ob-
jective to only access studies that randomized stopping the
biological therapy. In studies of different designs, the decision
to stop the treatment was based on clinical parameters instead
of random allocation. Since these criteria can represent a se-
lection bias, the external validity of the results would be com-
promised. By including solely studies that randomized the
withdrawal of bDMARD therapy, present results are more
easily attributable to the treatment itself, not the clinical con-
dition of the patients.

Some studies assessing tapering or discontinuation of bio-
logics based on non-randomization criteria are available
[30–38]. Present methodological approach led to a restricted
number of patients and comparisons, which contributed to the
lower quality of the resulting evidence. Our decision to only
include trials that randomized the withdrawal was based on
the best attempt to avoid confounding bias by only assessing
settings that allowed similar prognosis in both groups [39].

Most of the outcomes examined in this meta-analysis were
heterogeneous, revealing that there may have been clinical or
methodological differences between the studies. We deliber-
ately analyzed some outcomes of all biologics together, which
may explain the inconsistency observed. However, even in
outcomes analyzed using the same drug and dose regimen, a
significant degree of heterogeneity was observed. The clinical
criteria to consider patients suitable to randomize the discon-
tinuation slightly differed among the RCTs and may represent
a source of heterogeneity.

The companies that market the drugs that were withdrawn
funded most of the included RCTs, which may represent a
potential reporting bias. Financial conflicts of interest often
bias the results in different fields of research [40]. Due to the
small number of RCTs available, it was not possible to objec-
tively assess the risk of publication bias [14], but one trial was
terminated before enrollment [22].

One possible confounder of the present results is previous
treatment with biologics or methotrexate. Patients previously
treated with anti-TNF and methotrexate have a poorer prog-
nosis than treatment-naïve individuals [41]. All RCTs includ-
ed patients who had previously been treated with the assessed
biologic agent and csDMARD before randomization for either
long- or short term. Additionally, the duration of follow-up
was too short to determine the long-term efficacy and safety
of biologic withdrawal.

Concerns of clinicians and patients regarding the discontinua-
tion of bDMARD therapy include the risk of diminished clinical

Fig. 3 Effects of withdrawing
any biologics on rheumatoid
arthritis patients with low disease
activity or in remission compared
to continuing the therapy
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results, infusion reactions after reintroducing the biologics if
needed (for example, in cases of flares) or immunogenicity am-
plification (by the production of antidrug antibodies) [42]. Data
fromobservational studies indicate that a treatment restarted after
interruption remains effective, resulting in reduced disease activ-
ity after several months [43, 44]. Consistent with this finding,
85 % of the patients that restarted anti-TNF in POET study
regained low disease activity within 6months [28].

As half of patients that discontinued biologics remained in
low disease activity, it is a priority to investigate the differences
between patients that succeeded stopping bDMARD therapy
and those that had a flare. The use of imaging to predict flare
would be probably useful to identify patients that would benefit
from discontinuing treatment. An extension of POET study
(POET-US) found that patients with ultrasound signs of arthritis
in one or more joints had a greater risk of flare after 9 months of
discontinuation (HR 1.77 95 % CI 1.16–2.70) and shorter
relapse-free period compared to patients without such signs
[45]. Another study found that ultrasonography allowed

identifying patients to successfully taper and discontinue biolog-
icals after remission in a short period of observation [46]. Future
research should focus on evaluating the best prognostic factors
indicating withdrawal of biologic agents, including all of the
relevant subgroups and biologic agents, and determining long-
term safety of withdrawing bDMARDs, as supported by the
EULAR research agenda [1].

In conclusion, discontinuing biologics appears to rep-
resent a viable approach for patients with sustained re-
mission or low disease activity, but this strategy is as-
sociated with an increased risk of recurrence of rheuma-
toid arthritis. The low quality of the current evidence
must be considered when recommending the continua-
tion or withdrawal of biologics in such patients. Further
research is necessary to improve the quality of evidence
and to identify subgroups that would benefit from the
discontinuation of bDMARDs as well as factors that
would guide this treatment decision. In clinical practice,
discussing the risks and benefits with each patient in

Table 2 Effects of withdrawing any biologics compared to continuing the treatment and quality of the evidence of critical and important dichotomous
outcomes

Outcome (reference to studies) RR 95 % CI N; I2 (%) Importance Quality of evidence

Low disease activity [23–26, 28]a 0.66 0.51–0.84 1828; 91 Critical Lowb, c,

Remission [23–26, 28]d 0.57 0.44–0.74 1623; 82 Critical Lowb, c

Serious adverse event [23, 26–28] 1.11 0.57–2.16 1258; 28 Critical Lowb, e

Serious infection [23, 24, 28] 1.20 0.57–2.52 1628; 0 Critical Lowb, e

ACR70 [23–25] 0.65 0.41–1.02 937; 93 Critical Lowb, c, f

ACR50 [23–25] 0.72 0.47–1.09 937; 89 Important Lowb, c, f

Radiographic progression [23, 24, 26] 0.91 0.85–0.98 800; 13 Important Moderateb, f

Malignancy [23, 24] 0.80 0.26–2.41 1628; 0 Important Lowb, e

Other adverse event [23, 24, 26–28] 0.93 0.78–1.10 1734; 63 Limited Not assessed

Herpes zoster [23, 24, 26, 27] 0.84 0.25–2.82 917; 0 Limited Not assessed

Any non-serious treatment-emergent adverse event [23, 24] 0.88 0.76–1.02 811; 0 Limited Not assessed

Treatment-emergent serious adverse event [23, 24] 1.56 0.86–2.83 811; 0 Limited Not assessed

ACR 20 [23, 24] 0.82 0.63–1.06 937; 92 Limited Not assessed

ACR/EULAR remission [24, 25] 0.46 0.21–1.01 729; 89 Limited Not assessed

Notes:

RR relative risk

95 % CI 95 % confidence interval

ACR American College of Rheumatology

ACR20 ACR score of improvement by 20 % of tender and swollen joints

ACR50 ACR score of improvement by 50 % of tender and swollen joints

ACR70 ACR score of improvement by 70 % of tender and swollen joints
a Disease activity score of 28 joints (DAS28) ≤3.2
b The available evidence is almost limited to adalimumab and etanercept and does not support a general recommendation to any biologic agent
(indirectness)
c Serious inconsistency, probably related with potential subgroup effects due to dosage or biologic agent adopted
dDAS28< 2.6
e Serious imprecision due to a limited number of events
f Suspected publication bias due to potential financial conflicts of interest

Clin Rheumatol



sustained remission appears to remain the more reason-
able option to settle continuing or discontinuing treat-
ment with biologics.
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