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rheumatoid arthritis for 2 years: The RESUME
study
A case–control study
Kentaro Inui, MD, PhDa,b,∗, Tatsuya Koike, MD, PhDc,d, Masahiro Tada, MD, PhDe, Yuko Sugioka, MD, PhDc,
Tadashi Okano, MD, PhDb, Kenji Mamoto, MD, PhDb, Akira Sakawa, MD, PhDf, Kenzo Fukushima, MD, PhDg,
Hiroaki Nakamura, MD, PhDb

Abstract
To reduce costs of biological disease-modifying antirheumatic drugs (bDMARDs), we evaluated the efficacy of repeated etanercept
(ETN) discontinuation and restarting in rheumatoid arthritis (RA) patients in a case–control study.
Thirty-one bDMARD-naive RA patients with moderate to high disease activity received ETN until low disease activity (LDA) was

achieved, after which ETNwas discontinued. Upon flaring, ETNwas readministered with observation every 2months for 2 years, and
radiographically evaluated in comparison with a historical control group treated continuously with ETN. Statistical methods including
Fisher exact test, analysis of variance (ANOVA), Kruskal–Wallis test, multiple regression analysis, and Student t test were conducted
as appropriate.
Thirteen patients with inadequate response to ETN were withdrawn from the study, and 5 had no flare-up after ETN

discontinuation. In the remaining 13 patients, ETN was used on-demand to maintain LDA. Multivariate analysis revealed that MTX
was significantly correlated with ETN. All 13 patients achieved LDA at final follow-up. Although joint damage progressed in patients
using ETN on-demand, structural damage progression in the on-demand group was not significantly different from that in controls.
On-demand use of ETN for flaring reduced disease activity but not structural damage in 50% of patients (though not significantly).

However, inhibition of joint damage was achieved in 50% of patients after 2 years, supporting on-demand use of ETN as a treatment
option for patients with RA who cannot afford bDMARD or targeted synthetic DMARD therapy.

Abbreviations: ANOVA = analysis of variance, bDMARDs = biological DMARDs, csDMARDs = conventional synthetic DMARDs,
DAS28-ESR = Disease Activity Score-28–erythrocyte sedimentation rate, DMARDs = disease-modifying antirheumatic drugs, ETN
= etanercept, EULAR = European League Against Rheumatism, IFX = infliximab, LDA = low disease activity, mTSS =modified total
Sharp score, MTX = methotrexate, OR = odds ratio, RA = rheumatoid arthritis, tsDMARDs = targeted synthetic DMARDs.
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1. Introduction

Successful treatment with synthetic and biological disease-

3 months. Patients with severe joint destruction of the hands and
feet were excluded because of the limited ability to obtain
modifying antirheumatic drugs (DMARDs) in line with the
concept of “treat to target” has been shown to prevent joint
damage and physical disability in patients with rheumatoid
arthritis (RA).[1–3] To achieve treatment targets, use of biological
DMARDs (bDMARDs) should be considered, as significant
evidence of their efficacy has been demonstrated in recent
years.[2,3] Upon achievement of treatment targets and persistent
remission, tapering of bDMARDs or dose reduction of
conventional synthetic DMARDs (csDMARDs) should be
considered according to European League Against Rheumatism
(EULAR) recommendations.[3]

One reason to consider tapering bDMARDs is their high cost,
both at a national level as well as for patients. In the United States,
the total annual cost for the treatment of RA has increased
threefold since the introduction of bDMARDs.[4] Among other
arguments for the tapering of bDMARDs, Sokka et al[5] reported
that the treatment target of remission/low disease activity (LDA)
and good functional status can be reached in RA patients using
expensive as well as less-expensive antirheumatic drugs.
However, in the BeSt trial, most aggressive treatment arm with
use of infliximab (IFX) achieved significantly better quality of life,
although treatment costs were prohibitive. However, the authors
suggested that these costs would be compensated by reduced
losses in patient productivity in the long term.[6] In this regard,
discontinuation of bDMARDs in RA patients achieving the
treatment target is not warranted.[6] Moreover, in the most
aggressive IFX treatment arm, a high rate of bDMARD tapering
was achieved.[7] Several studies have reported the outcomes of
bDMARD discontinuation in RA patients with sustained clinical
remission or LDA.[7,8] In these studies, disease activity flared in
some patients who discontinued bDMARDs and it was necessary
to restart treatment. It is therefore necessary to determine the
efficacy of readministration of bDMARDs in this patient
population. Conversely, if readministration of discontinued
bDMARDs is shown to be as effective as treatment before
discontinuation, bDMARDs could be administered only when
flares occur in RA patients who cannot afford the cost of
continuous bDMARD treatment.
In clinical practice, patients with RA are reluctant to use

bDMARDs because of their high cost, even when administered
under the Japanese health insurance system.[9] Patients with RA
who cannot afford bDMARDs at the scene of clinics will lose the
therapeutic window of opportunity, and joint damage will
progress irreversibly.
We conducted a prospective study with historical control

patients to examine the sustained efficacy of the bDMARD
etanercept (ETN), following its discontinuation when LDA was
reached and subsequent readministration in patients with RA.
Joint damage was evaluated in these patients at a 2-year follow-
up visit.

2. Methods

2.1. Patients

RApatients included in this studywere aged 20 years or over with
no history of bDMRAD treatment, who met the 1987 American
Rheumatism Association classification criteria for RA,[10] and
whose disease activity was moderate to high (Disease Activity
Score-28 [DAS28]–erythrocyte sedimentation rate [ESR]≥
3.2)[11] after receiving methotrexate (MTX) for more than
2

radiological measurements for these patients. Patients receiving
tacrolimus and/or glucocorticoid at a dose >5mg/day were also
excluded. A total of 32 patients (23 women) were enrolled in this
study protocol and provided written informed consent. One
patient subsequently discontinued from the study following
hospitalization for cerebral infarction before ETN administra-
tion. The remaining 31 patients were analyzed as the full analysis
set, defined as those who received ETN for at least 4 months.
To compare the extent structural damage among this study

population, a series of 16RA patients treatedwith full use of ETN
was used as a historical control. These patients were consecu-
tively enrolled at our institute from 2008 to 2010 and have been
partially described in our previous paper.[12]

Approval for this study was received from the institutional
review board or ethics committee at Osaka City University
Medical School (date of issue: December 6, 2010, Registration
number: #192), and this clinical trial was registered by UMIN-
CTR (http://www.umin.ac.jp/ctr/index-j.htm,UMIN000008164).
The institutional review board or ethics committee at each
participating institute approved the study protocol, and the study
was conducted in accordance with the ethical standards laid down
in an appropriate version of the Declaration ofHelsinki (as revised
in Brazil 2013).
2.2. Study design

This was a prospective, single-arm, multiinstitutional, 2-year
study which used historical control patients. The primary
endpoint of the study was radiographic nonprogression at 2
years. This prospective study was conducted between February 1,
2011 and December 31, 2013 (final follow-up date was October
23, 2014). Patients were administered ETN at 50mg/week, and
treatment was discontinued when LDA (DAS28-ESR<3.2) was
achieved. If disease activity increased over LDA, ETN was
restarted at the same dose, with observation every 2 months. This
strategy was maintained for 2 years (Fig. 1). If patients were
unable to achieve LDA within 6 months of ETN administration,
they were considered to be discontinued from the on-demand use
study, although data were collected from these patients thereafter
(ETN-on group).

2.3. Evaluation

Every 2 months, we evaluated the efficacy of restarting ETN
following a flare in disease activity. Radiographs were obtained at
baseline and at the 1- and 2-year visits. Radiographic evaluation
was performed by 2 of 3 experienced rheumatologists (KI, MT,
YS) using van der Heijde’s modified total Sharp score (mTSS; 0–
448 points)[13] in a blinded manner. Two physicians who were
described in previous sentence masked to the treatment regimens
and imaging sequence separately read the digitized radiographic
images. Lack of progression was defined as change in mTSS�0.5
from baseline, and the nonprogression (structural remission) rate
was calculated.
2.4. Statistical analysis

Univariate analysis of baseline characteristics was conducted using
Fisher exact test for nominal variables, one-way analysis of
variance (ANOVA) for continuous variables with normal
distribution, and the Kruskal–Wallis test for continuous variables

http://www.umin.ac.jp/ctr/index-j.htm


Figure 1. Study protocol. When disease activity score reached low disease activity or remission evaluated by disease activity score-28–erythrocyte sedimentation
rate (DAS28-ESR), administration of etanercept (ETN) was discontinued (ETN-Off). If DAS28-ESR became moderate or higher in these patients, ETN was
readministered with observation every 2months (ETN-On). Patients who could not achieve low disease activity within 6months were considered to be discontinued
from the study.
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with nonnormal distribution. The prognostic factors for discon-
tinuation of ETN more than once were identified with multiple
regression analysis, using the variables of gender, age, disease
duration, anticitrullinated protein antibody positivity, and use of
MTX at baseline. Statistical analysis of structural damage from
baseline was determined by Fisher exact test. Logistic regression
analysis for structural remission at 1 or 2 yearswasperformedwith
variables of disease duration, DAS28-ESR, MTX dose, and
baselinemTSS. The difference of erosion score and joint narrowing
score between on-demand group and historical control group was
analyzed by Student t test. All statistical analyses were performed
using EZR (version 1.28), a graphical user interface for R (version
3.2.0, The R Foundation for Statistical Computing). More
precisely, it is a modified version of R commander (version 2.1-
7) designed to provide statistical functions frequently used in
biostatistics.[14] All statistical analyses were 2-sided and values of
P< .05 were considered significant.
3. Results

3.1. Baseline characteristics of patients

Of the full analysis set of 31 patients, 13 patients did not
discontinue ETN dosage because LDAwas never achieved (ETN-
on group). Of the remaining 18 patients, 5 maintained LDA
throughout the study period after the first instance of ETN
stoppage, indicating that successful discontinuation of ETN
was achieved (ETN-off group). Among the other 13 patients,
ETN was administered repeatedly according to the protocol (on-
demand group) (Table 1).
3

Univariate analysis of the baseline characteristics between the
ETN-on group and the other 2 groups revealed that dose ofMTX
(P= .042), use of any csDMARDs (P= .046), and body mass
index (P= .007) were significantly different (Table 1). Multivari-
ate association for the ETN-on group compared to the other 2
groups was performed by logistic regression analysis using 4
factors as independent variables (DAS28-ESR, disease duration,
dose of MTX, and ACPA). MTX was significantly correlated
with ETN (odds ratio [OR]: 1.29; P= .017), that is, RA patients
taking a lower dose of MTX were less likely to discontinue ETN
at least once (Table 2). Binomial logistic regression analysis for
structural remission at 1 or 2 years was conducted among the on-
demand group and the historical control group together. The
model including age, baseline mTSS, DAS28-ESR, disease
duration, and dose of MTX as explanatory variables, and no
independent factors were found to exist (Table 3).
3.2. Disease activity in on-demand group

The DAS28-ESR courses for all 13 patients in the on-demand
group are shown in Fig. 2A. One solid line indicates one DAS28-
ESR course of one patient, which contained at least one set of a
peak value>3.2 and a trough value<3.2. During the observation
period, 21 sets of peak and trough values in 13 patients (one set: 7
patients; 2 sets: 4 patients; 3 sets: 2 patients) were recorded in the
on-demand group (Fig. 2B). All patients in the on-demand group
had achieved LDA at the end of final ON period (Fig. 2B). Mean
duration of recurrence from LDA after discontinuation of ETN
was 2.7±1.2 months (median value 2 months; max 6 months,
min 2 months) and mean duration of discontinuation of ETN

http://www.md-journal.com


Table 3

Logistic regression analysis for structural remission at 1 or 2 years.

Odds
ratio

95% Confidence
interval P

Structural remission at 1 y
Age 0.968 0.846–1.11 .63

Table 1

Baseline patient characteristics.

ALL (n=31) On-demand (n=13) ETN-on (n=13) ETN-off (n=5) P∗ Historical control (n=16) P†

Female/male 22/9 7/6 11/2 4/1 .200a 13/3 .226a

Age 59.7±14.2 60.2±13.8 57.4±16.5 64.6±9.3 .638b 53.3±8.0 .103b

BMI, kg/m2 22.0±2.9 23.2±2.8 20.2±2.1 23.4±2.4 .007b 21.7±3.9 .266b

Disease duration, y 6.08 [1.71, 19.92] 5.17 [1.75, 10.50] 6.75 [1.67, 19.92] 5.17 [4.33, 24.00] .658c 8.90 [4.95, 17.38] .273c

RF+ (%)/ACPA+ (%) 81/83 77/69 60/80 92/100 .271/.116a 94/88 .299/.364a

DAS28-ESR 5.48±1.0 5.6±1.1 5.5±0.9 5.0±0.7 .44b 5.2±1.4 .386b

MMP-3, ng/mL 173.60 [97.10, 235.70] 173.80 [92.10, 228.90] 173.60 [112.30, 492.10] 113.90 [47.80, 177.30] .327c 150.30 [110.80, 221.40] .895c

HAQ-DI 0.83±0.69 0.82±0.60 0.89±0.79 0.7±0.69 .868b 0.91±0.65 .709b

PSL use, n 16 9 (69%) 6 (46%) 1 (20%) .152a 9 (56%) .702a

csDMARDs use, n, (%) 25 13 (100%) 8 (62%) 4 (80%) .046a 16 (100%) 1a

MTX, mg/wk 9.3 9.3±3.9 4.5±5.3 8.1±4.8 .042b 6.4±3.8 .048b

mTSS 24.50 [12.88, 94.88]
(n=24)

16.75 [5.38, 36.25]
(n=12)

59.75 [14.75, 138.62]
(n=8)

135.00 [33.00, 233.25]
(n=4)

.199c 183.00 [112.38, 248.62]
(n=16)

<.001c

On-demand group included patients who repeated administration of etanercept (ETN) with adherence to the protocol; ETN-on group included those unable to discontinue ETN because low disease activity was not
achieved; and ETN-off group included those in whom low disease activity was maintained throughout the study period after first stopping ETN treatment.
P values obtained by a: Fisher exact test for nominal variables, b: one-way analysis of variance for continuous variables with normal distribution, c: Kruskal–Wallis test for continuous variables with nonnormal
distribution. Values are presented as mean± standard deviation or median [interquartile range].
ACPA+=positivity of anticitrullinated peptide antibody, BMI=body mass index, csDMARDs= conventional synthetic disease modifying antirheumatic drugs, DAS28-ESR=disease activity score-28-erythrocyte
sedimentation rate, HAQ-DI=modified Health Assessment Questionnaire-Disability Index, MMP-3=matrix metalloprotease-3, mTSS=modified total Sharp score, MTX=methotrexate, PSL=prednisolone, RF
+=positivity of rheumatoid factor.
∗
Analysis among on-demand, ETN-on, and ETN-off groups.

† Analysis between on-demand and historical control groups.
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after recurrence was 3.7±2.9 months (median value 2 months;
max 14 months, min 2 months). Total duration of ETN
withdrawn in the ETN-off group was 62 person-months in the
observation period of 88 person-months, and was 102 person-
months in a period of 306 person-months in the on-demand
group. Thus, ETN was halted for 164 person-months out of the
394 person-months of the entire observation period, correspond-
ing to a 42% reduction in ETN use in this study.

3.3. Radiographic evaluation

The interobserver error for the radiographic evaluation was
0.896 (P< .0001), as assessed by Spearman’s rank-correlation
coefficient. Radiographs of 11 patients in the on-demand group
at both baseline and 1 year and of 12 patients at both baseline and
2 years were obtained. At 1 year, 82% of patients in the on-
demand group had achieved radiographic remission, a percent-
age equivalent to that observed in the data from the historical
control group, which used a full ETN regimen (Table 4). Change
in erosion score for the on-demand group and the historical
control group at 1 year was an average of 0.32±9.3 (±SD) and
�1.09±1.93 (P= .027; Student t test), and this difference was
statistically significant (Table 5). At the 2-year final follow up, the
structural remission rate was lower in the on-demand group
(Table 4) than in the historical control group, but the difference
was not statistically significant (P= .114).
Table 2

Logistic regression analysis for stop of ETN at least once.

Odds ratio 95% Confidence interval P

Disease duration 0.990 0.376–2.610 .984
DAS28-ESR 1.020 0.937–1.110 .621
MTX, mg/w 1.290 1.050–1.590 .017
ACPA, U/mL 0.991 0.982–1.000 .059

ACPA=anticitrullinated peptide antibody, DAS28-ESR=disease activity score-28-erythrocyte
sedimentation rate, ETN= etanercept, MTX=methotrexate.

4

4. Discussion

Recent RA treatment strategies, such as treat-to-target,[1] have
emphasized the achievement of at least LDA as soon as possible in
order to avoid further joint damage, especially in patients with
poor prognosis, to avoid permanent disabilities.[15] For achieve-
ment of LDA at an earlier stage of the disease, it is clear that
bDMARDs represent the most potent of the DMARDs.[16] In
patients with an inadequate response to MTX and/or other
csDMARD strategies, with or without glucocorticoid treatment,
bDMARDs administered with MTX is the recommended
treatment for RA.[2,3] Therefore, it is appropriate that bDMARDs
are used in all patients with RA insofar as they can be afforded.
For patients who cannot afford bDMARDs or targeted

synthetic DMARDs (tsDMARDs), an alternative treatment
target is required which accepts some degree of structural
damage, although this contradicts the principles of treat-to-
target. Recent reports of triple therapy with MTX plus
Disease duration 1.02 0.805–1.29 .884
DAS28-ESR 1.1 0.243–4.98 .903
MTX, mg/wk 0.522 0.246–1.10 .0889
Baseline-mTSS 1 0.986–1.02 .667

Structural remission at 2 y
Age 0.843 0.697–1.02 .0786
Disease duration 0.996 0.982–1.01 .586
DAS28-ESR 1.170 0.310–4.43 .816
MTX, mg/wk 1.140 0.933–1.40 .194
Baseline-mTSS 0.738 0.482–1.13 .162

DAS28-ESR=disease activity score-28-erythrocyte sedimentation rate, MTX=methotrexate,
mTSS=modified total Sharp score.
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Figure 2. (A) Courses of all individual cases of disease activity score-28–erythrocyte sedimentation rate (DAS28-ESR) in the on-demand group. Thick dotted line
indicates the mean DAS28-ESR score. Thin dotted straight transverse line indicates DAS28-ESR=3.2. (B) Disease activity score-28–erythrocyte sedimentation
rate (DAS28-ESR) course for 21 sets in 13 patients in the on-demand group of “start-stop-start-stop,” “ON” indicates the time when etanercept was administered,
and “OFF” indicates the time when etanercept was discontinued. All 21 sets achieved low disease activity. During the observation period, 1 set of peak and trough
levels was observed in 7 patients, 2 sets in 4 patients, and 3 sets in 2 patients.
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sulfasalazine and hydroxychloroquine demonstrated results that
were equivalent to combination therapy with bDMARDs.[17–20]

However, data on long-term results with triple therapy are
required because adhesion to this regiment appears to be
suboptimal.[21] Biosimilar DMARDs (bsDMARDs) represent
another option for these patients, although even bsDMARDs are
Table 4

Number of structural remission evaluated by mTSS (difference from

1 y

Structural remission Yes No

On-demand group (n, %) 9 (82%) 2 (18%)
Historical control (n, %) 14 (88%) 2 (12%)

Statistical analysis was conducted by Fisher exact probability test.
mTSS=modified total Sharp score.

5

more expensive than csDMARDs and most patients may
discontinue their use. This study shows that the use of ETN at
a reduced dose or at spaced intervals may be a realistic option for
patients who cannot afford their continuous use.
Emery et al reported sustained efficacy with ETN tapering in

patients with early RA. Furthermore, no significant differences in
baseline).

2 y

P Yes No P

1 6 (50%) 6 (50%) .114
13 (81%) 3 (19%)

http://www.md-journal.com


Table 5

Erosion and joint narrowing score (difference from baseline).

1 y 2 y

Erosion score P Joint narrowing score P Erosion score P Joint narrowing score P

On-demand group 0.32±9.3 .027 0.14±0.5 .174 1.04±1.3 .598 0.58±0.8 .45
historical control �1.09±1.9 0.32±9.3 0.28±4.8 0.09±2.1

Each score is the average± standard deviation. Statistical analysis was conducted using Student t test.
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radiographic progression were observed between a discontinua-
tion group and a reduced ETN dose group after a 52-week
observation.[22] Other studies have shown that a reduced dose of
ETNwas effective in improving clinical measurements in patients
with RA throughout the ETN treatment period[12] and after
achievement of LDA,[23] although joint destruction pro-
gressed.[12,23] Henaux et al[24] mentioned that the risk of losing
remission or LDA and radiographic progression on discontinua-
tion of bDMARDs, however, dose reduction of bDMARDs does
not increase such risk by the meta-analysis.
In this study, all 13 patients with RA in the on-demand group

achieved LDA at the end of final ON period, implying that ETN
efficacy was maintained after several instances of discontinuation
and restart over at least 2 years. Therefore, on-demand use of
ETN seems a suitable choice for treating disease flare only in
patients with RA, for the purpose of reducing the total ETN dose.
Full dose, on-demand use of TNF inhibitors raises concerns

about the risk of anti-TNF inhibitors antibody production.
Readministration of IFX in patients with ankylosing spondylitis
after long-term continuous therapy and withdrawal was reported
to be generally safe and efficacious.[25] Another report[26]

indicated that episodic IFX retreatment in Crohn’s disease—
specifically, a distant second infusion—was associated with high
rates of severe systemic reaction in adults, probably caused by the
development of antibodies to IFX.[27] One reason that the
retention rate of ETN is longer than that of other TNF
inhibitors[28] is that neutralizing antibodies to ETN are less
likely to develop because of its receptor-based structure.[27,29]

Therefore, ETN is an ideal candidate for on-demand use in
patients with RA.[30] Furthermore, given its short half-life
compared with other TNF inhibitors, its administration is
notably easier to control.[31]

Such characteristics of ETN are highly convenient in clinical
practice, as some physicians are willing to use lower doses in
patients with RA for reasons of safety and economy.
The structural damage analysis in this study showed that the

radiographic nonprogression rate was not inferior to that of ETN
50mg/week at 1 year (P=1; Fisher exact probability test), and at
2 years (P= .114; Fisher exact probability test) (Table 4).
However, we assumed that patients with RA could not afford to
pay the full cost of bDMARDs in the first place. If the on-demand
use of ETN for disease flares was not available to these patients,
joint damage would be worse in the absence of any biologics.
Thus, approximately half of the patients in the on-demand group
were deemed to have been rescued from joint destruction.
Our findings must be interpreted in the context of the study

limitations. First, the number of patients enrolled in this study
was small, although our primary objective was to investigate the
efficacy of ETN after several instances of treatment discontinua-
tion and restart. In this regard, the results obtained achieved the
aim of this study. Second, the period of this study was limited to 2
years. It is not clear whether the efficacy of ETN in the on-demand
group would be maintained in the long term compared with the
6

full ETN regimen group, as the overall retention rate for ETN
treatment was reported as approximately 55% at 5 years of
treatment.[28] Finally, we used a historical control group, which
may have introduced bias.
In conclusion, the on-demand use of ETN for RA flares

reduced the disease activity but did not reduce structural damage
in half of the patients over 2 years. However, inhibition of joint
damage was achieved in half of the patients at a lower cost,
supporting the on-demand use of ETN as an option for the
treatment of patients with RA who cannot afford expensive
bDMARD or tsDMARD therapy. Therefore, those patients who
can afford the cost should continue ETN use, while those who
cannot should use ETN on-demand.
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