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ABSTRACT
The aim of the review is to highlight the current
knowledge about established and new biologicals and
to summarise recent advances by focusing on
comparative efficacy, safety and possible
discontinuation of treatment in patients with
rheumatoid arthritis (RA). Up to now, comparative
analyses showed only minor differences with respect to
efficacy and safety among the established biologicals.
Studies confirmed the excellent drug retention rate as
well as efficacy and safety of approved biologicals
including their use in monotherapy. Tapering and in
some instances discontinuation of biologicals is
possible in disease remission. In case of relapse,
patients usually show full response after reintroduction
of the same compound. The development of
biologicals continues fast with several new biologicals
targeting different or established cytokines or cellular
subsets of the immune system. With several new
biologicals in the pipeline and different formulations
for established compounds, treatment options for RA
will become even more versatile and sophisticated.
Although we get closer to the aim of decreasing the
proportion of refractory patients, many questions have
to be addressed in the near future regarding emerging
biosimilars and biologicals with new modes of action.

INTRODUCTION
Disease-modifying antirheumatic drugs
(DMARDs) are the mainstay of rheumatoid
arthritis (RA) therapy. Institution of conven-
tional synthetic DMARDs (csDMARDs) in
therapy was followed by the development of
tumour necrosis factor (TNF) inhibitors
(TNFi), the first biological DMARDs
(bDMARDs) introduced into rheumatology.
Today, five different TNFi (infliximab (IFX),
adalimumab (ADA), etanercept (ETN), cer-
tolizumab (CZP) and golimumab (GLM))
are in use. Although distinct by structure,
route of application and pharmacokinetics,
they show overall excellent effects with
respect to clinical and radiological outcomes
especially when used in comedication with
methotrexate (MTX). TNFi are effective in
all stages of disease including MTX-naïve

patients with early RA and in patients with
an inadequate response to MTX (MTX-IR)
or any csDMARDs (csDMARD-IR).
Following TNFi, new bDMARDs with differ-

ent modes of action were developed.
Abatacept (ABT), targeting the co-stimulation
between T and B cells, rituximab (RTX), tar-
geting CD20+ B cells and finally tocilizumab
(TCZ), an interleukin 6 receptor (IL-6R)
antagonist, confirmed their efficacy in active
RA including patients with an inadequate
response to TNFi (TNFi-IR).

STRATEGY TRIALS
Clinical studies with a predefined strategy
can teach us a lot about the best treatment
approach by using different available com-
pounds. Furthermore, they are usually
designed to answer relevant issues of daily
practice.

Key messages

▸ Biological disease-modifying antirheumatic
drugs (DMARDs) have translated the knowledge
on molecular pathways into targeted therapies
and are increasingly used in patients with
rheumatoid arthritis (RA) with excellent efficacy
and acceptable safety.

▸ Head-to-head studies confirm comparable effi-
cacy of different biological DMARDs in RA treat-
ment, however, with respect to adalimumab
monotherapy the results are favourable for
tocilizumab.

▸ Discontinuation studies show that patients with
RA in sustained remission can successfully
taper and sometimes stop tumour necrosis
factor inhibitor without functional or radiological
deterioration and, in case of relapse, restarting
of biologicals is possible and regularly leads to
rapid improvement.

▸ Several new biologicals are in developmental
status with the potential to further decrease the
proportion of refractory patients.
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Add-on strategies
In a large phase IIIb trial (REALISTIC), patients with
RA with an inadequate response to at least one DMARD
were randomised to receive CZP or placebo plus current
therapy.1 The primary end point (week 12 American
College of Rheumatology 20 (ACR20)) was met, and dif-
ferences were already evident at week 2. Of note, the
disease activity and physical function improved both in
patients with or without previous TNFi use, regardless of
their baseline MTX use.
A recently performed, open-label, prospective study

(GO-MORE) evaluated the efficacy and safety of sub-
cutaneous GLM as add-on therapy in csDMARD-IR
patients with active RA.2 In this large study with 3366
patients, 82.1% achieved good-to-moderate European
League Against Rheumatism (EULAR) responses and
23.9% attained remission at month 6.
In the ACT-RAY study, MTX-IR patients with active RA

were randomised to add-on TCZ or to switch to TCZ
plus placebo.3 After 1 year there was a trend favouring
add-on strategy, however, both strategies demonstrated
meaningful clinical and radiographic responses.
The aforementioned studies confirm efficacy of

add-on strategies with biologicals in csDMARD-IR
patients with RA, however, for TCZ, monotherapy also
has convincing results.

Early aggressive treatment
The TEAR study has been designed to answer whether
early aggressive treatment is comparable to a step-up
approach in early RA.4 Patients were randomised to
receive ETN+MTX or triple therapy (TT) consisting of
MTX, sulfasalazine and hydroxychloroquine, or
MTX-monotherapy. If low disease activity (LDA) was not
reached, patients with MTX-monotherapy were allowed
to advance to one of the combination therapies. Finally,
the clinical outcomes were similar between all groups,
but only the ETN+MTX group showed a significant
radiological benefit. Results of a similar study with IFX
(Swefot) were also consistent with these findings.5 These
two studies support the current strategy of a step-up
therapy beginning with MTX in patients with early RA.

TT versus TNFi+MTX in MTX-IR patients with RA
The RACAT study was designed to answer the critical
question of whether TT is equivalent to ETN+MTX in
patients with RA after MTX failure.6 In this 48-week,
double-blinded, non-inferiority trial, patients were ran-
domised to one of the arms, and if patients did not
improve at 24 weeks they were switched to the other
arm. After 24 weeks, both groups of patients improved
significantly (p=0.001) with a switch rate of 27%. Of
note, the degree of significant improvement and
response rates were similar between both groups after
switching. The primary outcome, changes in disease
activity score 28 (DAS28), at 48 weeks, was similar in
both groups (−2.1 with TT and −2.3 with ETN+MTX,
p=0.26) suggesting non-inferiority for TT compared with

ETN+MTX. However, the higher hurdles such as ACR50,
ACR70, LDA and radiological progression were in favour
of ETN. The study can be criticised for several method-
ical issues including change of outcome parameters and
potentially reduced power due to non-achieved recruit-
ment goal.

Role of MTX dose in combination with bDMARDs
In the CONCERTO trial, biological and MTX-naïve
patients with early RA were randomised to open-label
ADA plus weekly blinded 2.5, 5, 10 or 20 mg MTX.7

With increasing doses of MTX, significant increasing
trends were observed in the proportion of patients
achieving the outcomes. Of note, differences comparing
10 and 20 mg MTX were minimal. ADA serum concen-
trations increased with ascending dose up to 10 mg
MTX. The authors related this significant trend with an
effect of MTX on ADA pharmacokinetic profile.

HEAD-TO-HEAD COMPARISONS OF BIOLOGICALS
First eagerly awaited studies for head-to-head (H2H)
comparisons of biologicals were performed recently. In
the RED SEA trial, 125 adults with active RA despite
treatment with two csDMARDs including MTX were ran-
domised to add-on therapy with ADA or ETN.8 There
was no significant difference between treatment arms.
The 2-year results of the AMPLE study, a H2H com-

parison of ABT and ADA in MTX-IR patients with RA,
confirmed similar efficacy based on clinical, functional
and radiographic outcome.9 Safety outcomes were com-
parable between both groups with fewer local injection
site reactions (ISRs) and slightly lower discontinuation
rate under ABT.
Another H2H trial, ADACTA, compared monotherapy

with TCZ versus ADA in patients with RA who were
intolerant or inappropriate candidates for MTX.10 Of
note, mean DAS28 improvement was significantly higher
in the TCZ (−3.3) than in the ADA group (−1.8) (differ-
ence −1.5, 95% CI −1.8 to −1.1; p<0.0001) from base-
line to week 24, while safety findings were comparable
between the treatment arms.
In summary, these studies confirm comparable efficacy

of different bDMARDs in RA treatment. However, with
respect to monotherapy, the results are favourable for
TCZ.

ALTERNATIVE ROUTES OF ADMINISTRATION
Since different routes of administration allow for more
flexibility, trials for subcutaneous versus intravenous biolo-
gicals were performed in recent years. The ACQUIRE trial
compared efficacy and safety of subcutaneous ABT versus
intravenous ABT in MTX-IR patients with RA with a non-
inferiority design.11 At month 6, similar proportions of
patients in both arms achieved the primary outcome of
ACR20 response (estimated difference: 0.3%, 95% CI −4.2
to 4.8). Both formulations demonstrated equal efficacy
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and safety including similar patient retention rates (94.2%
for subcutaneous ABT vs 93.8% for intravenous ABT).
In the GO-FURTHER trial, MTX-IR patients with

active RA were randomised to receive GLM intravenously
or placebo with background MTX.12 Significantly more
patients on GLM achieved the efficacy outcomes com-
pared with placebo. Adverse events (AEs) were similar,
but serious AEs (most commonly infections) were
reported more frequently under GLM+MTX (4.1%)
than placebo plus MTX (2%).
The SUMMACTA study randomly assigned patients

with RA with an inadequate response to DMARDs
(DMARD-IR) (including TNFi in up to 20% of patients)
to receive TCZ subcutaneously or TCZ intravenously in
combination with csDMARDs.13 At week 24, non-
inferiority of subcutaneous versus intravenous adminis-
tration was confirmed by similar ACR20 response rates.
The safety profile of subcutaneous TCZ was consistent
with the known safety profile of the drug with the excep-
tion of a higher incidence of ISRs.
Thus, in addition to ABT, intravenous and subcutane-

ous forms of TCZ and GLM are already available.

DISCONTINUATION TRIALS
Discontinuation of TNFi in MTX-naïve patients with RA
In recent years, several studies investigated the possibility
of TNFi tapering or discontinuation. In a subanalysis of
the BeST study, 64% of patients with initial IFX treat-
ment and 25% of patients with delayed IFX exposure
were able to discontinue IFX.14 Median time without
IFX treatment was 17 months, and about 60% of
patients paused IFX for at least 1 year. Restarting IFX
resulted in DAS≤2.4 in all patients without any progres-
sion of radiological damage. Presence of shared epitope,
smoking and a long treatment with IFX were independ-
ent predictors for IFX restart.
In another study published recently (PRIZE),

DMARD-naïve patients with early active RA received
50 mg of ETN+MTX for 52 weeks and in case of qualify-
ing responses were randomly assigned to receive 25 mg
of ETN+MTX, MTX alone, or placebo for an additional
39 weeks.15 Patients with maintained responses after this
period stopped all DMARDs and were followed to week
65. As a result, continuing combination therapy at a
reduced dose led to better disease control than switch-
ing to MTX alone or placebo. However, radiological pro-
gression did not differ between groups.
In the OPTIMA study, 44% of MTX-naïve patients

with early RA achieved LDA under ADA+MTX and were
rerandomised to receive placebo plus MTX or to con-
tinue ADA+MTX.16 After 1 year, more patients with con-
tinuous ADA treatment maintained LDA or remission
compared with MTX alone (LDA 91% vs 81%,
p=0·0361; remission 86% vs 66%, p=0·0014).
Interesting data also came from the HIT HARD study,

where patients with early RA were treated with ADA or
placebo with MTX.17 After 24 weeks, both groups

continued with MTX for a second period of 24 weeks.
As a result, 47% of ADA+MTX patients achieved DAS28
remission, and 44% of these patients were still in remis-
sion at week 48. Despite similar results at 48 weeks,
patients on ADA+MTX reached good clinical efficacy
significantly earlier and had better radiographic
outcomes.

Discontinuation of TNFi in csDMARD-IR patients with RA
The RRR study included patients with RA with persistent
LDA for >24 weeks under IFX treatment.18 After IFX
withdrawal, 56 of 102 patients maintained LDA over
1 year. In case of relapse, the majority again reached
LDA by re-treatment with IFX. In fact, this study was the
first to demonstrate the possibility of biological-free
remission in patients with longer disease duration
(mean 4.8 years).
The HONOR study recruited patients treated with

ADA+MTX who agreed to discontinue ADA after sus-
tained remission for ≥6 months (DAS28<2.6).19 It is
noteworthy that in patients with deep remission (DAS28
—erythrocyte sedimentation rate ≤1.98) identified by
receiver operating characteristics analysis following logis-
tic analysis in the study, after 1 year the proportion of
patients with sustained remission or LDA was not signifi-
cantly different between patients who continued or
stopped ADA. In case of relapse, restarting ADA was
effective and safe.
In the CERTAIN study, patients with RA with

low-to-moderate disease activity were randomised to CZP
or placebo plus current csDMARD.20 Patients who
achieved remission stopped study treatment and fol-
lowed up. In the follow-up, only 3 of the 17 prior CZP
patients and 2 of the 6 prior placebo patients main-
tained remission until week 52. However, re-treatment
with CZP was effective in relapsing patients.

Dose reduction of TNFi in MTX-IR patients with RA
In the PRESERVE trial, moderately MTX-IR patients
with active RA pretreated with 50 mg of ETN+MTX were
randomised to receive 50 mg ETN+MTX, 25 mg ETN
+MTX, or placebo plus MTX.21 After 1 year of follow-up,
in both treatment groups on ETN a higher percentage
remained in LDA (82.6% and 79.1%, respectively) com-
pared with MTX monotherapy (42.6%).

Discontinuation of TCZ in MTX-IR patients with RA
In the ACT-RAY study, 50.4% of patients discontinued
TCZ following sustained clinical remission after 1 year.22

Subsequently, 84% of those patients experienced a flare
up with recurrent response to the reintroduced drug.

Discontinuation of ABT in very early active RA
The AVERT study included patients with very early active
RA who were randomised to subcutaneous ABT 125 mg
plus MTX, ABT 125 mg monotherapy, or MTX.23

Patients with LDA at month 12 entered a second
12-month period of withdrawal of all RA therapies.
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A small but significant number of patients sustained
drug-free remission in the ABT+MTX group compared
with MTX alone at both 12 and 18 months (14.8% vs
7.8%, respectively; p=0.045).

Discontinuation of any DMARDs following sustained
remission
The recently published prospective study, RETRO, ana-
lysed the effect of continuing, tapering or stopping
DMARDs in patients with sustained remission.24 In total,
82.2% of patients received MTX, 40.6% received
bDMARDs and 9.9% received other DMARDs. Overall,
66.3% of patients remained in remission for 12 months,
whereas 33.7% relapsed. Of note, anticitrullinated
protein antibody positivity and treatment reduction pre-
dicted relapse.
In summary, the available results show that patients

with greater depth of remission are more likely to suc-
cessfully taper and in some instances to stop bDMARDs.
This is valid for patients with early as well as for patients
with longstanding RA. Owing to limited results for
non-TNFi, it is unclear whether differences with respect
to drug-free remission exist for the available bDMARDs.
However, in patients with relapse, restarting of biologi-
cals regularly leads to rapid improvement.

NEW BIOLOGICALS
Biosimilars
The patents for the earliest antirheumatic biologicals are
expiring, which has encouraged the development of bio-
similars. The IFX biosimilar CT-P13 has been approved
by the European Medicines Agency. The phase III trial

of CT-P13, PLANETRA, demonstrated equivalent effi-
cacy to original IFX with a comparable pharmacokinetic
and safety profile including immunogenicity.25 Clinical
trials are also ongoing for ETN, ADA and RTX biosimi-
lars. Intended copies of ETN and RTX are already in
use in some countries.

Agents targeting IL-6
Apart from the approved bDMARDs, new biologicals tar-
geting different or established cytokines or cellular
subsets of the immune system are currently in clinical
development for treatment of RA (figure 1).
Of these compounds, sarilumab, a fully human mono-

clonal antibody (mAb) against IL-6Rα was effective in
MTX-IR patients with RA in phase II and III trials
showing a safety profile similar to other IL-6 inhibi-
tors.26 27 Published abstracts also confirmed a favourable
efficacy–safety profile.28–30

Sirukumab, another new mAb targeting IL-6 also
showed significant improvement in MTX-IR patients
with active RA in a phase II trial.31 Safety results through
38 weeks were consistent with other IL-6 inhibitors and
phase III trials are ongoing. Phase II trials with olokizu-
mab and clazakizumab targeting IL-6 have also shown
results consistent with other IL-6 inhibitors.32–34

However, with clazakizumab, no clear dose–response has
been observed. Therefore, whether or not direct IL-6
inhibitors are really comparable to IL-6R antagonists has
to be clarified by further studies. Another development
in the field is the monovalent nanobody ALX-0061, also
targeting the IL-6R. The data from a phase I/II study
were promising with an 84% ACR20 response and 58%
DAS28 remission rate.35

Agents targeting B cells
Beneficial results with RTX in RA have facilitated the
development of several new drugs targeting B cells. Of
these, two different humanised CD20 mAbs, ocrelizu-
mab and ofatumumab, followed the same strategy of
depleting B cells. Although ocrelizumab was shown to
be effective, increased rate of serious infections led to
termination of its development in RA.36–38 On the other
hand, in a phase I/II study ofatumumab appeared to be
effective and safe compared with placebo in DMARD-IR
patients with RA.39 Subsequently, ofatumumab was also
tested in biological-naïve MTX-IR patients with RA in a
phase III study.40 ACR20 response rate was 50% versus
27% in the placebo group without any unexpected
safety finding. A trial with subcutaneous ofatumumab in
patients with RA on background MTX showed profound
and prolonged B cell depletion without required gluco-
corticoid premedication.41

In addition to depleting strategies, neutralisation of B
cell cytokines such as B cell-activating factor (BAFF)
represents another alternative approach in RA. As an
example, tabalumab is a fully human IgG4 mAb that
neutralises membrane-bound and soluble BAFF.
Although tabalumab showed some efficacy and

Figure 1 New agents on developmental procedures

targeting different cytokines or cells (GM-CSF, granulocyte–

macrophage colony-stimulating factor; IL, interleukin; TNF,

tumour necrosis factor).
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acceptable safety in phase II trials,42–44 phase III trials
could not confirm a clinical benefit.45–47

Agents targeting IL-17
In a phase I study, ixekizumab (LY2439821), a huma-
nised IgG4 mAb against IL-17A, was effective in
biological-naïve patients with RA, without significant
safety signals.48 Recently published data of a phase II
trial proved the same findings in patients with RA who
were either biological-naïve or TNFi-IR.49 Furthermore,
the published 1 year phase II data of another fully
human IgG1k mAb against IL-17A, secukinumab, have
also provided evidence that this treatment approach
could be of benefit for csDMARD-IR and bDMARD-IR
patients.50 The overall safety profile was acceptable with
an increased rate of mostly mild infections of 31.9% and
serious AEs in 8.9% of patients. Several phase III studies
of secukinumab are ongoing, especially in TNFi-IR

patients. In contrast, a phase Ib and a phase II study
with brodalumab, a fully human IgG2 mAb against IL-17
receptor A (IL-17RA), showed good tolerance but no
clinical relevant response.51 52

Agents targeting GM-CSF
Another cytokine with a close connection to the patho-
genesis and clinical features of RA is granulocyte–
macrophage colony-stimulating factor (GM-CSF).
However, it was a long-time concern that targeted ther-
apies against this cytokine could cause severe side effects
such as neutropaenia or pulmonary alveolar proteinosis.
Nevertheless, different compounds successfully entered
clinical development for RA targeting the cytokine itself
or its receptor. The phase I and phase IIa (EARTH)
trials of mavrilimumab, a human mAb against GM-CSF
receptor, showed profound and rapid onset of response,
normalisation of acute phase reactants and an overall

Table 1 Developmental status of new biologicals for RA treatment

Target Agent Developmental status

IL-6 Sarilumab (human mAb against

IL-6Rα)
Phase II, phase III published26 27; several phase II and III trials ongoing

(clinicaltrials.gov)(some presented with abstracts)28–30

Sirukumab (human mAb against

IL-6)

Phase II published;31 some of phase II presented with abstracts;70–72 several

phase III trials ongoing (clinicaltrials.gov)

Olokizumab (human mAb against

IL-6)

Phase IIb published;32 3 phase II trials completed (no results posted)73–75

Clazakizumab (human mAb

against IL-6)

Phase II trial published;33 1 phase IIb trial abstract presented;34 1 phase IIb

trial, active not recruiting76

ALX-0061 (monovalent IL-6R

targeting nanobody)

Phase I/II study abstract presented35

1 phase II combination therapy77 and 1 phase IIb monotherapy trials

recruiting78

B cells Ofatumumab (human mAb against

CD20)

Phase I/II studies and phase III trial published39–41

Tabalumab (human mAb against

BAFF)

Phase II trials published;42–44 several phase III trials ongoing, no results

posted (clinicaltrials.gov), however some presented with abstracts45–47

IL-17 Ixekizumab (human mAb against

IL-17)

Phase I, phase II published48 49

Secukinumab (human mAb

against IL-17)

Phase II published;50 several phase III trials ongoing (clinicaltrials.gov)

Brodalumab (human mAb against

IL-17R)

Phase Ib published;51 1 phase II published;52 1 phase II terminated for lack

of efficacy in RA79

IL-12/23 Ustekinumab (human mAb against

IL-12/23 p40)

Phase II completed, has results57

CNTO 1959 (human mAb against

IL23p19)

Phase II completed, has results57

GM-CSF MOR103 (human mAb against,

GM-CSF)

Phase Ib/IIa published56

Mavrilimumab (human mAb

against GM-CSFR)

Phase I and phase IIa published;53 54 phase IIb abstract presented;55 one

phase II trial completed, no results posted;80 1 phase II trial recruiting81

IL-21 NNC114-006 (NN8828) (human

mAb against IL-21)

2 phase I completed, no results posted;59 60 phase II completed, no results

posted61

IL-20 NNC109-0012 (human mAb

against IL-20)

2 phase I abstracts presented;63 64 phase IIa abstracts presented;65 66 2

phase II trials terminated, no results posted;67 68 1 phase II trial withdrawn,

no results posted69

BAFF, B cell-activating factor; GM-CSF, granulocyte–macrophage colony-stimulating factor; GM-CSFR, GM-CSF receptor; IL-6R, interleukin 6
receptor; mAb, monoclonal antibody; RA, rheumatoid arthritis.
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good safety profile.53 54 Moreover, the results of the
phase IIb trial met the primary end points (DAS28 and
ACR20) with a clear dose–response effect with excellent
tolerability.55 Another compound is MOR103, a fully
human mAb directed towards GM-CSF. This alternative
approach was tested in a phase Ib/IIa study with promis-
ing results, including imaging data.56

Other agents
Ustekinumab, an anti-IL-12/23 p40 mAb, and CNTO
1959, a compound targeting IL-23 p19 were investigated
in different regimes in patients with active RA on back-
ground MTX therapy in a phase II trial.57 The primary
end point of ACR20 response was not reached; however,
for improvement of DAS28 as a secondary end point, a
significant difference was observed for patients receiving
ustekinumab as well as for the higher dosage group of
CNTO 1959.
Upregulation of IL-21 has been linked to increased

disease activity and radiological damage in RA.58 Two
phase I studies on safety, tolerability, pharmacokinetics
and pharmacodynamics, and a phase II study regarding
efficacy of a fully human anti-IL-21 mAb, NNC114-0006
(NN8828), have been completed, but results have not
been presented so far.59–61

IL-20 and its receptors are present in RA synovial
tissue and IL-20 is thought to play a role in the patho-
physiology of RA.62 A novel human IgG4 mAb against
IL-20, NNC0109-0012, was well tolerated in healthy
respondents and patients with RA in phase I trials.63 64

Efficacy and safety results of phase IIa supported further
trials.65 66 However, two phase II studies in MTX-IR and
TNF-IR patients were terminated,67 68 and one phase II
study investigating the mechanism of action through syn-
ovial biopsies was withdrawn prior to enrolment.69

Table 1 summarises selected new agents and their devel-
opmental phases.
A combined blockade of TNFα and IL-17 by bispecific

anti-TNFα/IL-17 antibodies was tested in human mesen-
chymal cells and in an animal model of arthritis and was
more effective than single blockade in inhibiting cyto-
kine, chemokine and matrix enzyme responses, and in
blocking tissue destruction.82 This observation may
encourage new studies for combined blockade of appro-
priate cytokines.

CONCLUSION
Biologicals offer a new dimension in the treatment of
RA, allowing us to translate the knowledge on the
molecular pathways into targeted therapies. Today,
bDMARDs are increasingly used in patients with an inad-
equate response or intolerance to csDMARDs. Excellent
efficacy and acceptable safety of bDMARDs have been
established in the previous years. They also possess the
chance of tapering and discontinuation in patients with
sustained remission. Beyond approved biologicals,
several new biologicals are in developmental status with

the potential to fill the current treatment gap and help
us to crack the hard nut of patients with refractory RA.
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