
RESEARCH ARTICLE Open Access

Tapering and discontinuation of TNF-α
blockers without disease relapse using
ultrasonography as a tool to identify
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Abstract

Background: In this study, we assessed whether clinical and ultrasonography (US)-based remission could be used
to select patients with rheumatoid arthritis (RA) eligible to taper and discontinue anti-TNF-α therapy after
achievement of remission, looking at disease relapse.

Methods: Forty-two patients with RA in sustained remission who were receiving anti-TNF-α treatment (Disease
Activity Score <1.6 at three visits 3 months apart) underwent US evaluation of synovial hypertrophy (SH) and power
Doppler (PD) signal presence. Five SH+/PD− patients with RA underwent US-guided knee synovial tissue biopsy to
assess histological features of residual synovitis (CD68, CD3 and CD20 immunostaining) after sustained clinical
remission was achieved. All patients were enrolled to taper first then discontinue anti-TNF-α. They were followed
every 3 months afterwards, and the relapse rate was recorded.

Results: Selected SH+/PD− patients showed low-grade synovitis as demonstrated by the presence of CD68+ cells
in the lining layer and few infiltrating CD3+ and CD20+ cells at the time sustained clinical remission was achieved.
After anti-TNF-α tapering, 13 patients (30.9 %) relapsed and 29 (69.1 %) SH+/PD− patients maintained disease
remission after 3 months and discontinued anti-TNF-α treatment. Among them, 26 patients (89.7 %) maintained
disease remission status after 6 months of follow-up. All patients who relapsed were retreated with the previous
biologic, following the last effective therapeutic regimen, again reaching a good European League Against
Rheumatism response within 3 months.

Conclusions: US evaluation using PD signalling allows the identification of patients with RA in clinical and
histological remission after tapering and discontinuing biologics.
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Background
Persistent disease remission is the major goal of rheuma-
toid arthritis (RA) treatment. Current scoring methods
based on composite indices cannot provide information
on inflammation at the primary site of RA pathology,
and joint damage progression can occur despite appar-
ent clinical remission [1]. To date, no clear clinical pa-
rameters have been identified as being associated with
disease flares [2]. Ultrasonography (US) has superior
sensitivity in detecting the presence of synovial hyper-
trophy (SH) and its activity through power Doppler (PD)
techniques in patients with RA [3, 4]. It has been dem-
onstrated that patients with RA in clinical remission
continue to have synovitis detectable through US and
PD signalling, and that synovitis may be present in more
than 50 % of subjects in remission on the basis of their
Disease Activity Score in 28 joints (DAS28) [1]. We have
previously demonstrated that US-PD remission occurs
in half of patients with early RA and in a minority of
patients with long-standing RA in clinical remission.
Moreover, significantly fewer patients with RA with a
negative PD signal detected by US evaluation had a flare
during the 12-month follow-up period, compared with
patients with RA who had a positive PD signal at the
time remission was achieved [5]. Despite the known effi-
cacy of anti-tumour necrosis factor (TNF)-α therapy for
RA, cost [6] and safety issues [7] are among the con-
cerns associated with prolonged use, which may lead
physicians to consider discontinuation of anti-TNF-α
treatment for patients with RA reaching sustained re-
mission. Therefore, when, how and for whom to discon-
tinue anti-TNF-α therapy are still unanswered questions
in RA management.
On the basis of these concerns, we had four aims in

the present study. First, we assessed the histological fea-
tures of residual SH in patients with long-standing RA
in clinical remission under combination therapy with
methotrexate and anti-TNF-α agents. Second, we evalu-
ated the percentage of patients who were selected on the
basis of US and had successful discontinuation of ther-
apy after biologic tapering. Third, we assessed whether
US characteristics at the time of disease remission could
help us to better discriminate final outcomes after anti-
TNF-α therapy discontinuation. Fourth, we wanted to
see whether reintroduction of the biologic could be suc-
cessful in all patients.

Methods
Patient enrolment
Our monocentric, observational, prospective study co-
hort included 42 consecutive patients with long-
standing RA (disease duration >12 months) in clinical
remission (DAS <1.6 in three consecutive evaluations
3 months apart) who fulfilled the American College of

Rheumatology (ACR) 2010 revised criteria for RA [8]. All
patients with RA received combination therapy with
methotrexate and TNF-α inhibitors (adalimumab 40 mg
2 weeks apart or etanercept 50 mg weekly). All patients
with RA were taking methotrexate (mean dose 11.3 ±
2.6 mg/week). Demographic and clinical data were re-
corded for all the enrolled patients. Patients with RA in
stable clinical remission (as previously assessed) were first
tapered on anti-TNF-α therapy (adalimumab 40mg/4 weeks
or etanercept 50 mg/2 weeks) for 3 months. After
3 months from biologic tapering, patients who were still
PD− discontinued anti-TNF-α therapy and were followed
every 3 months afterwards while maintaining stable doses
of methotrexate. The relapse rate was recorded for each
patient (defined as change in DAS >1.2 from DAS value at
time of US assessment) [9]. During the follow-up period,
treatment modifications were not allowed. The study was
approved by the ethics committee of Catholic University
of the Sacred Heart, Rome, Italy, and informed consent
was obtained from all patients before study entry.

Laboratory assessment
Rheumatoid factor (RF) immunoglobulin A (IgA) and IgM
(ORGENTEC Diagnostika, Mainz, Germany) and anti–
cyclic citrullinated peptide (anti-CCP) autoantibodies
(Axis Shield Diagnostics, Dundee, UK) were measured
using a commercial enzyme-linked immunosorbent assay
and performed according to the manufacturer’s instruc-
tions with the following proposed cut-off levels: 20 U/ml
for IgA-RF and IgM-RF and 5 U/ml for anti-CCP.

US assessment
All enrolled patients underwent US assessment according
to the same protocol. Briefly, once clinical remission was
achieved, each RA patient underwent US evaluation using
greyscale and PD-US techniques in the following joint sites
bilaterally: transverse and longitudinal scanning of dorsal
and volar views of the second and third metacarpophalan-
geal (MCP) and proximal interphalangeal (PIP) joints and
longitudinal and transverse scanning of the dorsal aspect
of the wrist (radiocarpal–intercarpal), bilateral knee and
second to fifth metatarsophalangeal (MTP) joints. We col-
lected images of the ulnocarpal site (including assessment
of tenosynovitis of the extensor carpi ulnaris tendon) to
compare them with data from our previous study [5]. US
assessment was performed by one rheumatologist (GP)
experienced in US who was unaware of the clinical and
laboratory findings. A commercially available real-time
scanner (LOGIQ 9; GE Medical Systems, Milwaukee, WI,
USA) equipped with a multi-frequency linear probe was
used at 10–14 MHz. To reduce the possibility of bias, the
patients were asked not to talk about their clinical symp-
toms with the US examiner. Each patient evaluation took
nearly 30 minutes. Intra-reader reliability was evaluated by
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scoring 30 US images twice 1 month apart, and reliability
was evaluated using the weighted κ statistics. Intra-reader
reliability was 0.77.
The presence and location of any SH were quantified

as thickness expressed in millimetres. SH was also
graded on the basis of greyscale images using a semi-
quantitative scoring method consisting of a 0–3 scale
where 0 = no SH (defined as SH <2.0 mm for radiocarpal
and intercarpal joints, SH <0.8 mm for second and third
PIP joints and SH <0.5 mm for second and third MCP
and second to fifth MTP joints), 1 =mild SH (defined as
2.0 mm < SH < 2.9 mm for radiocarpal and intercarpal
joints, 0.8 mm < SH < 1.4 mm for second and third PIP
joints and 0.5 mm < SH < 1.9 mm for second and third
MCP and second to fifth MTP joints), 2 =moderate SH
(defined as 3.0 mm < SH < 5 mm for radiocarpal and
intercarpal joints, 1.5 mm < SH < 3.0 mm for second and
third PIP joints and 2.0 mm < SH < 4.0 mm for second
and third MCP and second to fifth MTP joints) and 3 =
severe hypertrophy (defined as SH >5 mm for radiocar-
pal and intercarpal joints, SH >3.0 mm for second and
third PIP joints and SH >4.0 mm for second and third
MCP and second to fifth MTP joints). PD imaging was
performed by selecting a region of interest that included
the bone margins and the articular space. PD parameters
were adjusted at the lowest permissible pulse repetition
frequency to maximize sensitivity (900 Hz); low wall fil-
ters were used; Doppler frequency was 6.7 MHz; and the
colour gain was set just below the level at which colour
noise appeared under the bone surface. PD was recorded
using a semi-quantitative technique consisting of a 0–3
scale where 0 = no PD signal, 1 =mild PD signal, 2 =
moderate PD signal and 3 =marked PD signal. Two
overall SH and PD scores were calculated as the sum of
scores obtained from each joint for SH and PD [5].

Synovial tissue biopsy of patients with RA in clinical
remission and CD68, CD20 and CD3 immunostaining
At study entry, five SH+/PD− patients with RA (in clinical
and US remission) provided informed consent and under-
went knee synovial tissue (ST) biopsy according to the
published standard procedure [10]. In this way, we
assessed the histological features of residual SH of patients
with RA in clinical remission (DAS <1.6). ST specimens
were stained for cluster of differentiation 68 (CD68) mouse
anti-human monoclonal antibody (clone 514H12), CD20
mouse anti-human monoclonal antibody (clone L26) or
CD3 mouse anti-human monoclonal antibody (clone LN
10) (all from Leica Biosystems, Newcastle upon Tyne, UK)
using Immunostainer BOND-MAX (Leica Biosystems).

Statistical analysis
All statistical analyses were done using IBM SPSS 20.0
software (IBM, Armonk, NY, USA). Categorical variables

were expressed as number and quantitative variables as
mean ± standard deviation. Continuous data were analysed
using parametric tests (independent t test), and ordinal data
were analysed using a non-parametric Mann-Whitney U
test. Categorical data were analysed using χ2 tests. Cor-
relations were determined by Spearman’s rank order
correlation. A p value <0.05 was considered statistically
significant.

Results
Baseline demographic, immunological, US and
histological characteristics of the RA cohort reaching
DAS-based disease remission
Forty-two patients with RA [33 women (78.6 %)] who
achieved persistent clinical DAS remission were enrolled
in the study. Of note, using a more stringent definition
such as Clinical Disease Activity Index (CDAI) remission,
15 patients with RA (35.7 %) in the general cohort were
confirmed as being in clinical remission. The clinical and
demographic characteristics of the patients are summa-
rized in Additional file 1: Table S1. Five SH+/PD− patients
with RA underwent ST biopsy at study entry. Immuno-
staining revealed very low-grade residual synovitis, as
demonstrated by the presence of one to three layers of
CD68+ cells (resident macrophages) in the lining and few
CD3+ and CD20+ cells (T and B lymphocytes, respect-
ively) (Fig. 1).

Relapse rate after anti-TNF-α tapering in SH+/PD− patients
with RA
After 3 months from tapering, 13 patients with RA
(30.9 %) had disease relapse (Fig. 2). Patients with RA who
relapsed were not different from patients with RA who
did not relapse with regard to anti-CCP (p = 0.89), IgA-RF
(p = 0.86) or IgM-RF (p = 0.86) positivity; smoking habit
(p = 0.34); or biologic type (53.8 % adalimumab-treated
patients vs. 46.2 % etanercept-treated patients had disease
relapse; p = 0.79). However, SH values were significantly
higher at the second MCP and fifth MTP joints in the
relapse group compared with the patients who did not
relapse after 3 months on the lower-dose anti-TNF regi-
men (Table 1).

Relapse rate after anti-TNF-α discontinuation in SH+/PD−
patients with RA
Patients with RA who were still SH+/PD− after tapering
discontinued anti-TNF-α therapy. After 6 months from
anti-TNF-α discontinuation, 26 patients (89.7 %) main-
tained disease remission and 3 (10.3 %) had disease re-
lapse (one patient at 3 months and two patients at
6 months, respectively) (Fig. 2). All patients who re-
lapsed had a flare in the joint clinically involved at dis-
ease onset (66.7 % in MCP joints and 33.3 % in knee
joints, respectively). Patients with RA who relapsed did
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not differ with respect to demographic and immunologic
parameters or biologic type (66.7 % adalimumab-treated
patients vs. 33.3 % etanercept-treated patients had dis-
ease flare; p = 0.41). However, higher SH scores at the
fifth MTP joint were noted in the relapse group (Table 1).
On the basis of CDAI remission criteria, despite PD

negativity, 2 (13.3 %) of 15 patients with RA experienced
disease relapse after tapering TNF blocker treatment
and 1 (7.7 %) of 13 patients with RA had disease relapse
after biologic discontinuation, compared with 30.9 %
and 10.3 % of patients with RA in DAS remission after
biologic tapering (p = 0.18) and discontinuation (p =
0.79), respectively.
All patients with RA who relapsed were retreated with

the previous anti-TNF-α following the last effective
therapeutic regimen and within 3 months again had a
good response as defined by European League Against
Rheumatism (EULAR) criteria. None of the patients with
RA who underwent ST biopsy experienced disease re-
lapse after anti-TNF-α tapering or discontinuation
within the 6-month follow-up period.

Discussion
In a 6-month follow-up prospective study, we found that
US evaluation at the time of clinical remission could be
an important tool to select patients with RA in clinical
and histological remission eligible to undergo biologic
therapy tapering and discontinuation after US-based se-
lection, without experiencing disease relapse.
To date, treatment strategies for RA have been aimed at

reaching disease remission and preventing further joint
damage. However, the definition of remission has been
based exclusively on clinical indexes. Although the
availability of composite scores allows definition of clinical
remission based on DAS44 or DAS28, it has been demon-
strated that progression of joint damage can occur despite
DAS-based remission achievement [2]. Moreover, it is
known that most patients with RA in clinical remission
continue to have synovitis detectable by US [4]. Recently,
PD-US evaluation was noted to have additional value in
daily clinical practice to establish true disease remission
[11]. Moreover, it is known that US-detected residual

Fig. 2 Changes in Disease Activity Score (DAS) values over time
during the tapering and discontinuation of biologic treatment in
synovial hypertrophy–positive (SH+)/power Doppler–negative (PD−)
patients with rheumatoid arthritis (RA). Forty-two SH+/PD− patients
with RA were tapered on anti-tumour necrosis factor (TNF)-α therapy
for 3 months. Among them, 29 SH+/PD− patients with RA (69.1 %)
maintained disease remission 3 months after anti-TNF-α tapering. All
SH+/PD− patients still in disease remission after anti-TNF-α tapering
discontinued anti-TNF-α treatment and were followed every
3 months afterwards. Among them, 26 (89.7 %) maintained disease
remission for 6 months, whereas 3 (10.3 %) had disease relapse
within 6 months. Among patients with RA who completed the
12-month follow-up, 16 SH+/PD− patients (38.1 %) had a chance of
disease relapse after anti-TNF-α tapering and discontinuation.
US ultrasonography

Fig. 1 Cluster of differentiation 68 (CD68), CD20 and CD3 immunohistochemical staining of synovial tissue (ST) of patients with rheumatoid
arthritis (RA) in clinical remission after undergoing therapy with tumour necrosis factor-α blockers. Five synovial hypertrophy–positive/power
Doppler–negative patients with RA underwent ultrasonography-guided knee ST biopsy at study entry. a CD68 immunohistochemical staining
of ST (original magnification, ×40). b CD20/CD3 double immunohistochemical staining of ST [CD20 diaminobenzidine (brown) and CD3 (red);
original magnification, ×40]
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synovitis is frequent and predicts the risk of relapse and
structural progression in patients with RA in clinical re-
mission [11].
The presence of SH seems to be a frequent finding in

patients with long-standing RA with DAS-based remis-
sion status, owing to the contribution of significant
long-standing disease to synovial membrane hyper-
trophy. Recently, Anandarajah et al. demonstrated, in a
limited cohort of patients with RA in clinical remission
according to the ACR criteria after various treatments
(anti-TNF-α therapy or conventional disease-modifying
anti-rheumatic drugs (DMARDs)], that imaging and
histological assessment documented a persistently active

disease state mainly in patients with RA receiving con-
ventional DMARD treatment [12]. In our study, we in-
cluded a subgroup of patients with RA who reached
sustained remission with combined methotrexate and
anti-TNF-α treatment, showing that the absence of US
activity was associated with almost normal findings at
the synovial level in terms of CD68-, CD3- and CD20-
positive cell infiltration [13, 14].
Moreover, an important aim in daily practice is the

management of patients with RA with long-term bio-
logic treatment in terms of long-standing safety and effi-
cacy. To date, there is no clear evidence that helps in
the selection of patients with RA in clinical remission

Table 1 Characteristics of SH+/PD− patients with RA who relapsed or did not after tapering or discontinuation of anti-TNF-α
therapy

RA cohorta (n = 42) Relapse in tapering cohort (n = 42) Relapse in discontinuation cohort (n = 29)

No (n = 29) Yes (n = 13) P valueb No (n = 26) Yes (n = 3) P valuec

Age, yr 53.4 ± 11.4 53.7 ± 10.0 0.89 53.1 ± 11.0 53.4 ± 10.1 0.87

Disease duration, yr 9.8 ± 7.0 10.1 ± 6.9 0.75 9.8 ± 6.8 10.1 ± 6.7 0.86

Anti-TNF-α duration, yr 4.9 ± 1.9 5.0 ± 2.0 0.81 4.8 ± 1.7 5.2 ± 1.8 0.91

Females 23 (79.3) 10 (76.9) 0.86 20 (76.9) 3 (100.0) 0.35

Smoking 9 (31.0) 6 (46.2) 0.34 2 (7.6) 1 (33.3) 0.17

Baseline anti-CCP+ 18 (62.1) 9 (69.2) 0.89 12 (46.2) 2 (66.7) 0.50

Baseline IgM-RF+ 12 (41.4) 5 (38.5) 0.86 10 (38.5) 2 (66.7) 0.35

Baseline IgA-RF+ 12 (41.4) 5 (38.5) 0.86 8 (30.8) 2 (66.7) 0.22

Low-dose prednisone <5 mg/day 3 (10.3) 3 (23.1) 0.28 2 (7.6) 0 (0.0) 0.62

Etanercept use 14 (48.3) 6 (46.2) 0.87 11 (42.3) 1 (33.3) 0.77

Adalimumab use 15 (51.7) 7 (53.8) 0.64 12 (46.2) 2 (66.7) 0.50

US parametersd

Second MCP joint SH (V), mm 0.5 ± 0.2 0.6 ± 0.1 0.25 0.6 ± 0.2 0.7 ± 0.1 0.39

Second MCP joint SH (D), mm 0.4 ± 0.2 0.6 ± 0.1 0.05 0.5 ± 0.1 0.6 ± 0.1 0.53

Third MCP joint SH (V), mm 0.5 ± 0.2 0.6 ± 0.2 0.91 0.7 ± 0.3 0.7 ± 0.5 0.78

Third MCP joint SH (D), mm 0.5 ± 0.2 0.6 ± 0.4 0.77 0.5 ± 0.2 0.5 ± 0.3 0.38

Second PIP joint SH (V), mm 0.5 ± 0.2 0.4 ± 0.3 0.52 0.5 ± 0.2 0.6 ± 0.2 0.26

Second PIP joint SH (D), mm 0.7 ± 0.6 0.5 ± 0.5 0.48 0.5 ± 0.4 0.6 ± 0.2 0.52

Third PIP joint SH (V), mm 0.7 ± 0.3 0.5 ± 0.3 0.77 0.6 ± 0.4 0.5 ± 0.5 0.48

Third PIP joint SH (D), mm 0.5 ± 0.1 0.4 ± 0.2 0.65 0.5 ± 0.1 0.5 ± 0.3 0.23

Intercarpal SH, mm 2.0 ± 0.4 1.8 ± 0.8 0.59 1.9 ± 0.7 1.9 ± 0.9 0.38

Radiocarpal SH, mm 0.5 ± 0.3 0.4 ± 0.2 0.36 0.5 ± 0.2 0.5 ± 0.2 0.84

Knee SH, mm 2.6 ± 4.8 2.7 ± 4.7 0.59 2.6 ± 4.1 2.7 ± 4.3 0.81

Second MTP joint SH, mm 1.2 ± 0.9 1.1 ± 0.7 0.16 1.3 ± 0.7 1.2 ± 0.9 0.41

Fifth MTP joint SH, mm 0.4 ± 0.2 0.7 ± 0.4 0.01 0.4 ± 0.3 0.7 ± 0.4 0.04

Total SH score 1.1 ± 1.7 1.2 ± 1.6 0.76 1.1 ± 1.6 1.2 ± 1.7 0.59

RA rheumatoid arthritis, TNF tumour necrosis factor, US ultrasonography, CRP C-reactive protein, CCP cyclic citrullinated peptide, Ig immunoglobulin, RF rheumatoid
factor, MCP metacarpophalangeal joint, PIP proximal interphalangeal joint, MTP metatarsophalangeal joint, SH synovial hypertrophy, D dorsal view, V volar view
Data are presented as mean ± standard deviation or count (%). The values refer to both sides as a mean. Boldface type indicates p < 0.05.
aPatients with RA with Disease Activity Score <1.6 in three consecutive evaluations 3 months apart
bRelapsed vs. no relapsed patients after anti-TNF-α tapering
cRelapsed vs. no relapsed patients after anti-TNF-α discontinuation
dUS assessment done on the same day of treatment modification
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who will maintain their remission status over time and
then will be eligible first to taper and then to interrupt
biologic treatment. Naredo et al. recently suggested that
the presence of PD-detected synovitis is an independent
predictor of biologic therapy tapering failure in a hetero-
geneous cohort of patients with RA in sustained clinical
remission using different biologic agents [15]. We previ-
ously found that PD positivity was higher in patients
with RA in DAS-based clinical remission who experi-
enced short-term disease flares [5].
The daily management of patients receiving long-term

biologic treatment is still a matter of debate. It is not clear
how to select patients with RA in remission who are eli-
gible for interruption of biologic treatment. The majority
of the published studies are long-term extension clinical
trials powered to test efficacy and not the success of
anti-TNF-α therapy discontinuation once remission is
achieved. To date, the PRESERVE trial [16] is the only
study in which researchers have compared the effect of
etanercept continuation (50 mg or 25 mg weekly) and dis-
continuation in patients with long-standing RA. The trial
showed that 43 % of patients maintained remission or low
disease activity after discontinuation.
In our study, 69.1 % of patients who tapered anti-

TNF-α therapy using US selection criteria maintained
remission within 12 weeks afterwards, suggesting that
there is a meaningful, large patient population with
established RA in remission for whom anti-TNF-α dose
can be decreased without clinical and functional worsen-
ing [16]. The US selection criteria seem to be a more
realistic parameter to consider in patients with long-
standing RA who are less likely to fulfil the CDAI remis-
sion criteria, mainly because of the patients’ reported
CDAI item values.
Moreover, no clear data are available about the wisest

strategy for tapering biologics without increasing the re-
lapse rate. In our study, despite limitations linked to the
single evaluating sonographer, we combined serial US
evaluation with DAS as an additive decisional tool to se-
lect SH+/PD− patients eligible for tapering and discon-
tinuation of anti-TNF-α therapy. Through this strategy
69.1 % of patients with RA maintained remission after
anti-TNF-α tapering. Among patients with RA who suc-
cessfully tapered anti-TNF-α treatment, 89.7 % maintained
disease remission at 6-month follow-up after anti-TNF-α
discontinuation. In addition, disease flares after anti-TNF-
α discontinuation occurred in the joints with higher SH
scores and clinically involved at disease onset, despite the
fact that no SH cutoff discriminated patients who relapsed
from those who did not. This finding suggests the possible
utility of following US with indices of joints [17] initially
involved at disease onset with higher likelihood of relapse.
This study has some limitations. It must be taken into

account that increased SH score was associated with

disease relapse only at certain joint sites. In particular,
the fifth MTP joint was informative (in both the tapering
and discontinuation groups) and the second MCP joint
was informative for the tapering group only. US evalu-
ation of all other assessed joints seemed not to predict
relapse. Clearly, the fifth MTP joint is an important site
for erosion [18], but the difference in SH measurements
between the groups was small at 0.3 mm. While inter-
reader reliability of US SH measurements was could not
be assessed in our study, Ikeda and co-workers investi-
gated this at the second MCP joint and found an intra-
class correlation coefficient of 0.63, suggesting only
moderate agreement between readers [19]. Finally, all
the patients who relapsed after anti-TNF-α discontinu-
ation reached a good EULAR response once anti-TNF-α
therapy was reinitiated following the last effective
scheme. This finding suggests that if an attempt to dis-
continue anti-TNF-α fails, a return to the previous dis-
ease control therapy is possible.

Conclusions
Our study shows that US is a useful tool in the routine as-
sessment of patients with long-standing RA who have
achieved clinical remission while on combination therapy.
US evaluation of SH and PD can be used to identify those
patients in real clinical and histological remission. More-
over, the combination of PD-US evaluation and ACR/
EULAR remission criteria could help identify patients on
biologics who are likely to achieve drug-free remission. In
these patients, withdrawal of therapy may be possible.
Finally, the use of three sequential US evaluations may
allow identification of an even higher proportion of those
likely to reach persistent drug-free remission compared
with using current clinical methods of disease activity as-
sessment [20]. Confirmation of these findings is required
in other patient cohorts.

Additional file

Additional file 1: Table S1. Demographic, immunological, and US
characteristics of patients with RA included in the observational study
cohort. (DOC 51 kb)
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