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ABSTRACT
Objectives: To evaluate the impact of discontinuation
of adalimumab (ADA) for 1 year in Japanese patients
with early rheumatoid arthritis (RA).
Methods: This 52-week postmarketing study,
HOPEFUL-2, enrolled patients who had completed
HOPEFUL-1 for early RA, in which patients received
either ADA + methotrexate (MTX) or MTX alone in a
26-week randomised phase, followed by ADA+MTX in
a 26-week open-label phase.
Results: A total of 220 patients (ADA
discontinuation: 114 patients vs ADA continuation:
106 patients) were enrolled in this study. The
proportion of patients with sustained low disease
activity (LDA) in the ADA discontinuation group was
significantly lower than that in the continuation group
(80% (64/80 patients) vs 97% (71/73 patients);
p=0.001); however, most patients sustained LDA in
both groups. In patients with 28-joint disease activity
score (DAS28)-C reactive protein ≤2.0 at week 52,
the proportion of patients who achieved sustained
LDA at week 104 was 93%, suggesting that DAS28
remission may be a predictor to indicate biological-
free disease control in patients with early RA. The
incidence of adverse events (AE) was significantly
lower in the ADA discontinuation group than in the
continuation group (34.2% (39/114 patients) vs
48.1% (51/106 patients); p=0.04), most notably for
infection (14.9% vs 27.4%, p=0.031).
Conclusions: Although ADA discontinuation was
associated with an increase in disease activity, a large
proportion of patients maintained LDA with MTX
monotherapy after ADA discontinuation. Since ADA
discontinuation was associated with a lower AE
incidence, physicians should weigh the risks and
benefits of ADA discontinuation.
Trial registration number: NCT01163292.

INTRODUCTION
Rheumatoid arthritis (RA) is a progressive
systemic inflammatory disease that, in the
absence of appropriate treatment, results in
joint destruction and functional disability.1 2

Key messages

What is already known about this subject?
▸ In the treatment of rheumatoid arthritis (RA), an

increasing concern has been raised about the
possibility of successful tapering/withdrawal of
biologic agents. However, sufficient information
is not available to apply this therapeutic
approach to patients with RA in a real-world
medical setting.

What does this study add?
▸ This post-marketing observational study demon-

strated that a large proportion of early RA
patients who had received either adalimumab
(ADA)+methotrexate (MTX) or MTX alone for the
first 26 weeks, followed by 26-week treatment
with ADA+MTX, were able to maintain low
disease activity with MTX monotherapy after 24-
week ADA discontinuation. It was suggested that
28-joint disease activity score (DAS28)-C-reactive
protein remission may be a predictor for suc-
cessful ADA discontinuation.

How might this impact on clinical practice?
▸ The findings imply that, although physicians

should weigh its risks and benefits, they may
consider ADA discontinuation in early RA
patients who had received appropriate initial
therapy.
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It is widely recognised that the combination of antitu-
mour necrosis factor α (TNF-α) antibody with metho-
trexate (MTX) is associated with significantly better
outcomes than MTX monotherapy.3–8 However, often
there are significant barriers (economic reasons, patient
preference, etc) that limit the introduction of biological
therapies in the treatment of RA.
Recent studies have indicated that biological agents

may be tapered or even discontinued in some patients
in certain situations. For instance, intensive therapy early
in the disease course and rapid attainment of stable low
disease activity (LDA) or remission have been associated
with maintenance of response on tapering/withdrawal;9

the biological agent can be restarted at a later date in
the event of disease flare. Such an initial intensive
therapy approach may be favoured economically and by
patients, if it leads to outcomes similar to those experi-
enced by patients who continue biological agents.
Despite several studies assessing biological tapering/

withdrawal, some questions such as whether successful
tapering/withdrawal can be achieved in patients with an
initial inadequate response to MTX monotherapy
remain to be addressed. Furthermore, to date few pre-
dictors of a sustained response following biological
tapering/withdrawal have been identified.
Given these circumstances, we conducted this

follow-up study to assess the effects of discontinuation of
ADA on the effectiveness and safety following the phase
III study, HOPEFUL-1, that evaluated the efficacy and
safety of adalimumab (ADA) in combination with MTX
in Japanese patients with early RA as compared with

MTX monotherapy.10 The HOPEFUL-2 was designed to
follow-up on the effectiveness and safety findings and to
assess the ability to maintain a response after discontinu-
ation of ADA in the period after the HOPEFUL-1, that
is, our aims were to determine in a real-world medical
setting whether patients receiving these ADA regimens
can sustain their clinical responses and to identify
factors contributing to sustained efficacy.

METHODS
Study design
The 52-week postmarketing observational study,
HOPEFUL-2, was conducted to follow-up the phase III
study conducted between March 2010 and October 2012
in accordance with the Declaration of Helsinki and
Good Postmarketing Study Practice in Japan after the
reviews and approval by the Japanese Pharmaceuticals
and Medical Devices Agency. This study is registered
with ClinicalTrials.gov (NCT01163292).
The HOPEFUL-2 enrolled patients who had com-

pleted the 52-week HOPEFUL-1 study (figure 1). The
design and main results of the HOPEFUL-1 study were
previously reported in detail.10 Briefly, the study in
patients with early RA consisted of a 26-week rando-
mised double-blind placebo-controlled phase followed
by a 26-week open-label phase. Eligible patients had
early RA (age ≥20 years, <2 years RA duration) accord-
ing to the 1987 revised American Rheumatism
Association criteria,11 had poor prognostic factors for
RA with high disease activity and had not previously

Figure 1 Study designs of HOPEFUL-1 and HOPEFUL-2. The HOPEFUL-1 study comprised a 26-week randomised phase

(ADA + MTX (intensive therapy) vs MTX alone (standard therapy)) followed by a 26-week open-label phase (all patients received

ADA + MTX). At completion of the HOPEFUL-1 study (at week 52), patients were asked to participate in HOPEFUL-2 and, if

consent was provided, were followed for another 52 weeks (until week 104). ADA, adalimumab; MTX, methotrexate; DAS28,

disease activity score 28; ESR, erythrocyte sedimentation rate; HAQ-DI, Health Assessment Questionnaire disability index;

mTSS, modified total sharp score.
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been treated with MTX. In the randomised phase,
patients received either subcutaneous injections of ADA
40 mg or placebo every other week, both in combination
with oral MTX (ADA + MTX (intensive therapy) vs
MTX alone (standard therapy)) for 26 weeks.
Subsequently, during the open-label phase from week 26
to week 52, all patients received the ADA + MTX com-
bination therapy.
At the completion of the HOPEFUL-1 study (at week

52), patients were asked for their consent to participate
in HOPEFUL-2 and for the use of the data obtained
during the HOPEFUL-1 study. The decision as to
whether to continue or discontinue ADA in the
HOPEFUL-2 was made by informed consent from each
patient. In the ADA continuation group, patients
received subcutaneous injections of ADA 40 mg and
MTX, while patients in the ADA discontinuation group
received MTX alone (figure 1).

Safety and effectiveness assessment
All adverse events (AEs) were recorded and coded
according to the Medical Dictionary for Regulatory
Activities V.14.0.
Disease activity, functional and radiographic effects

were evaluated using the 28-joint disease activity score
(DAS28), health assessment questionnaire-disability
index (HAQ-DI) 12 and mTSS,13 respectively. In patients
who achieved DAS28 C reactive protein (CRP) <3.2 sus-
tainably at weeks 46 and 52 of the HOPEFUL 1 study as
assessed by a post hoc analysis, therapeutic outcomes
were compared between the ADA discontinuation and
continuation groups. LDA was defined as DAS28-CRP
<3.2 and indicating remission as DAS28-CRP <2.6.
Radiographic non-progression was defined as a change
in mTSS ≤0.5, and rapid radiographic progression
(RRP) was defined as an annual progression rate of
>5 units.

Statistical analysis
Demographic and baseline characteristics were analysed
using Fisher’s exact test for categorical variables and the
Wilcoxon rank sum test for continuous variables.
Univariate logistic regression was performed to identify
predictors of sustained LDA. Multivariate regression was
used to analyse factors with p <0.1 in the univariate ana-
lyses. Receiver operating characteristics (ROC) curve
analysis was conducted to determine the DAS28-CRP
cut-off value at week 52. Radiographic progression and
functional outcomes over time were compared using the
Wilcoxon signed rank test. The last observation carried
forward method was used for imputing missing data of
clinical or functional values after the initiation of ADA
discontinuation. Linear extrapolation was used for
missing radiographic outcomes. Analysis of safety
included all patients who participated in this study and
the percentages of AEs were compared between the
ADA discontinuation and continuation groups using
Fisher’s exact test. All reported p values are two-sided
and not adjusted for multiple testing. A difference with
a p value of <0.05 was considered to be significant. The
analyses were performed using StatView for Windows
V.5.0 and SAS 9.3, SAS Institute Inc, Cary, North
Carolina, USA.

RESULTS
Patients
A total of 220 patients agreed to participate in
HOPEFUL-2. Of these, 114 opted to discontinue ADA
(MTX monotherapy), while 106 chose to continue ADA in
combination with MTX (ADA + MTX). The baseline
characteristics (weeks 0 and 52 in HOPEFUL-1) were
similar in the ADA continuation and discontinuation
groups. A total of 157 patients (65 patients in the ADA +
MTX group and 92 patients in the MTX monotherapy
group) completed the 52-week extension period (figure 2).

Figure 2 Patient dispositions throughout HOPEFUL-1 and HOPEFUL-2. ADA, adalimumab.
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Changes in DAS28-CRP and sustainability of LDA
Of the 220 patients enrolled, 188 (96 in the ADA discon-
tinuation group; 92 in the ADA continuation group)
had DAS28 measurement at week 52 (baseline of
HOPEFUL-2) and were followed to allow further assess-
ment (table 1); the mean DAS28-CRP was 2.1 and 2.2,
respectively, and 82 patients (85%) and 77 patients
(84%) were in LDA. At week 104, the mean DAS28-CRP
was 2.5 and 2.0 in the ADA discontinuation and continu-
ation groups, respectively, showing a greater increase in
the former (p=0.006; table 2).
The proportion of patients who achieved indicating

clinical remission (DAS28-CRP <2.6) or LDA
(DAS28-CRP <3.2) was significantly lower in the ADA
discontinuation group than in the ADA continuation
group (DAS28-CRP indicating remission/LDA: 60.4%/
74.0% vs 76.1%/91.3%, p=0.028/0.002; table 2).

Effects of the initial therapy and factors associated with
LDA
To fully rule out the effects of other drugs, all patients
who received rescue treatment during HOPEFUL-1 were

excluded. Table 3 shows the characteristics of patients
who achieved LDA at weeks 46 and 52 of the HOPEFUL
1 study. Patients who received initial intensive therapy
with ADA+MTX showed greater improvement in terms
of inhibition of the structural damage measured by
count of erosion, JSN and mTSS at week 52 as compared
to those who received standard MTX therapy without
ADA, reflecting the results of the HOPEFUL-1 study.10

The proportion of patients who achieved LDA at week
104 was lower in the ADA discontinuation group than in
the ADA continuation group (64/80 patients, 80% vs
71/73 patients, 97%, p=0.001; figure 3). A similar trend
was observed regardless of whether patients received
MTX monotherapy or ADA+MTX combination therapy
during week 0–26 in the HOPEFUL-1 study (data not
shown).
In the ADA discontinuation group, DAS28-CRP dif-

fered significantly between patients with sustained and
failed LDA at week 104 (table 4). Multivariate regression
analysis demonstrated that DAS28-CRP, but not other
markers tested including CRP itself, was a significant
factor that affects sustainability of LDA following

Table 1 Patients’ baseline characteristics at weeks 0 and 52

Measurement Items

Week 0 Week 52

ADA

continuation

ADA

discontinuation

p Value

ADA

continuation

ADA

discontinuation

p Value(n=92) (n=96) (n=92) (n=96)

Sex, female, n (%) 78 (84.8%) 80 (83.3%) 0.844 78 (84.8%) 80 (83.3%) 0.844

Age 55.1±13.5 53.4±11.7 0.281 56.1±13.5 54.4±11.7 0.288

Disease duration (years) 0.3±0.4 0.3±0.4 0.494 1.3±0.4 1.3±0.4 0.841

MTX dose (mg/w) 6.7±0.9 6.4±1.0 0.028* 7.3±2.0 7.2±2.0 0.602

PSL use, n (%) 24 (26.1%) 24 (25.0%) 0.869 29 (31.5%) 26 (27.1%) 0.525

TJC28 13.3±6.1 13.4±5.6 0.734 1.5±2.7 1.9±3.4 0.684

SJC28 11.9±4.7 11.7±4.8 0.625 1.6±2.1 0.8±1.4 0.001**

EGA (VAS, mm) 67.2±17.2 65.0±20.1 0.529 11.0±11.8 10.1±10.7 0.608

PGA (VAS, mm) 63.5±24.7 65.3±24.9 0.660 13.7±15.6 11.2±13.4 0.100

Pain VAS 61.0±24.5 61.3±24.8 0.971 12.6±13.8 11.1±12.7 0.291

CRP (mg/dL) 3.0±3.4 2.2±2.3 0.157 0.4±0.8 0.3±0.7 0.213

ESR (mm/h) 61.2±29.0 56.4±28.4 0.246 24.4±19.3 20.4±15.7 0.215

DAS28–4ESR 6.6±0.9 6.6±0.9 0.862 2.9±1.1 2.7±1.0 0.133

DAS28–4CRP 5.8±0.9 5.8±0.9 0.772 2.2±0.9 2.1±0.9 0.123

HAQ 1.188±0.725 1.117±0.704 0.610 0.277±0.325 0.251±0.327 0.338

EROSION 5.8±8.2 7.6±11.1 0.031* 7.3±9.2 8.5±11.1 0.091

JSN 4.8±8.3 8.2±13.5 0.111 6.3±9.2 9.2±14.0 0.221

mTSS 10.6±15.2 15.8±23.6 0.052 13.6±17.3 17.7±23.7 0.096

MMP-3 (mg/mL) 282.7±321.3 253.5±281.9 0.544 93.1±115.1 87.3±150.0 0.436

RF (U/mL) 171.8±199.0 136.3±166.3 0.505 67.1±97.5 44.2±55.5 0.747

RF(+), n (%) 75 (81.5) 82 (85.4) 0.557 52 (56.5) 59 (61.5) 0.554

ACPA (U/mL) 341.6±552.0 295.7±442.7 0.541 216.3±351.7 235.3±607.9 0.731

Anti-ACPA(+), n (%) 78 (84.8) 82 (85.4) 1.000 70 (76.1) 82 (85.4) 0.138

Data are reported as means±SD, unless otherwise indicated.
Statistical significance was assessed by Fisher’s exact test for categorical data and the Wilcoxon rank sum test for continuous data.
*p<0.05, **p<0.01: ADA discontinuation versus ADA continuation.
ACPA, anticyclic citrullinated peptide antibody; ADA, adalimumab; CRP, C reactive protein; DAS28, disease activity score 28; EGA, evaluator
global assessment; ESR, erythrocyte sedimentation rate; HAQ, Health Assessment Questionnaire; JSN, joint space narrowing; MMP-3, matrix
metalloproteinase-3; mTSS, modified total sharp score; PGA, patient global assessment; PSL, prednisolone; RF, rheumatoid factor; SJC,
swollen joint count; TJC, tender joint count; VAS, visual analogue scale.
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52-week discontinuation of ADA. Subsequent ROC ana-
lysis identified a cut-off value of DAS28-CRP 2.0, with a
sensitivity of 81%, specificity of 75% and area under the
curve of 0.818. The numbers of patients with
DAS28-CRP <2.0 were 27/34 (79.4%) in the sustained
LDA group with ADA+MTX therapy during week 0–26
in the HOPEFUL-1 study and 24/30 (80.0%) with MTX
monotherapy during the same initial period of the
HOPEFUL-1 study. On the other hand, 5/8 patients in
the failed LDA group with ADA+MTX therapy during
week 0–26 of the HOPEFUL-1 study and 7/8 with MTX
monotherapy during the same initial period had
DAS28-CRP >2.0 in the HOPEFUL-1 study.

Changes in ΔmTSS
The within-patient differences in radiographic progres-
sion as assessed by mTSS were compared between the
ADA discontinuation and continuation groups, and also
according to the initial therapy. The proportions of
patients showing radiographic non-progression increased
similarly in these two groups (figure 4A). There were
significant differences in radiographic progression at
week 104 between patients who received initial intensive
and standard therapy (figure 4B). All patients who had
RRP at week 104 had received initial standard therapy. A
similar trend was observed regardless of whether
patients continued or discontinued ADA during weeks
52–104 of the HOPEFUL-2 study (data not shown).

Safety
Table 5 summarises the AEs in patients enrolled in
HOPEFUL-2 (n=220). Overall, there were no cases with
tuberculosis nor any deaths in either the ADA discon-
tinuation group or the ADA continuation group. The
percentage of patients who experienced AEs was signifi-
cantly lower in the ADA discontinuation group than in
the ADA continuation group (34.2% (39/114 patients)
vs 48.1% (51/106 patients); p=0.04), and the difference
was most noted for infection rates (14.9% vs 27.4%,
p=0.031). Nevertheless, there was no significant differ-
ence in the incidence of serious AEs between the two
groups, and most infections observed in the ADA con-
tinuation group did not lead to serious consequences
such as hospitalisation.14

DISCUSSION
HOPEFUL-2, a postmarketing observational study con-
ducted to assess the ability to maintain a response after
discontinuation of ADA administered during the preced-
ing HOPEFUL-1 study, investigated the continuous
effectiveness on joints and safety of ADA in Japanese
patients with early RA. ADA discontinuation was asso-
ciated with a slight increase in disease activity as com-
pared to patients who continued ADA therapy; however,
there were no significant differences in functional or
structural measurements between the two groups. The

Table 2 Clinical, functional and structural outcomes of patients including those who failed to achieve stable LDA at week 52

All ADA continuation ADA discontinuation

p Value(n=188)† (n=92) (n=96)

Week 0

DAS28-CRP 5.8±0.9 5.8±0.9 5.8±0.9 0.772

HAQ 1.131±0.704 1.181±0.722 1.078±0.684 0.454

mTSS 13.7±15.5 10.8±15.3 16.5±24.8 0.096

Week 52

DAS28-CRP 2.1±0.9 2.2±0.9 2.1±0.9 0.123

DAS28<2.6 n (%) 136 (72.3%) 64 (69.6%) 72 (75.0%) 0.420

DAS28<3.2 n (%) 159 (84.6%) 77 (83.7%) 82 (85.4%) 0.841

HAQ‡ 0.248±0.307 0.258±0.296 0.239±0.321 0.379

HAQ≤0.5 n/N (%) 137/160 (85.6%) 73/83 (88.0%) 64/77 (83.1%) 0.500

mTSS‡ 16.0±17.1 14.0±17.7 17.9±24.9 0.301

ΔmTSS≤0.5 n/N (%) 92/164 (56.1%) 42/79 (53.2%) 50/85 (58.8%) 0.530

Week 104

DAS28-CRP 2.2±1.1 2.0±0.9 2.5±1.2 0.006**

DAS28<2.6 n (%) 128 (68.1%) 70 (76.1%) 58 (60.4) 0.028*

DAS28<3.2 n (%) 155 (82.4%) 84 (91.3%) 71 (74%) 0.002**

HAQ‡ 0.222±0.339 0.193±0.291 0.253±0.384 0.610

HAQ≤0.5 n/N (%) 135/160 (84.4%) 72/83 (86.7%) 63/77 (81.8%) 0.514

mTSS‡ 16.7±18.9 14.9±19.6 18.3±25.1 0.276

ΔmTSS≤0.5 (52–104) n/N (%) 117/164 (71.3%) 56/79 (70.9%) 61/85 (71.8%) >0.999

ΔmTSS≤0.5 (0–104) n/N (%) 83/164 (50.6%) 40/79 (50.6%) 43/85 (50.6%) >0.999

Data are reported as means±SD, unless otherwise indicated.
*p<0.05, **p<0.01. ADA discontinuation versus ADA continuation.
†Of 220 patients who agreed to participate in the HOPEFUL-2 study, 188 were eligible for the analysis of disease activity using DAS28-CRP.
‡Patients with baseline HOPEFUL-2 data only were excluded from the analysis. Statistical significance was assessed by Fisher’s exact test
for categorical data and the Wilcoxon rank sum test for continuous data.
CRP, C reactive protein; DAS28, disease activity score 28; HAQ, Health Assessment Questionnaire; mTSS, modified total sharp score.

Tanaka Y, et al. RMD Open 2016;2:e000189. doi:10.1136/rmdopen-2015-000189 5

Rheumatoid arthritis



Table 3 Characteristics of patients with RA who agreed to or declined ADA discontinuation at the start of HOPEFUL-2

Measurement Items

All ADA continuation ADA discontinuation

ADA

continuation

ADA

discontinuation

p Value

Intensive

therapy

Standard

therapy

p Value

Intensive

therapy

Standard

therapy

p Value(n=73) (n=80) (n=34) (n=39) (n=42) (n=38)

Sex, female, n (%) 62 (84.9%) 67 (83.8%) >0.999 31 (91.2%) 31 (79.5%) 0.202 38 (90.5%) 29 (76.3%) 0.129

Age 57.3±13.9 54.6±12.0 0.115 58.6±12.9 56.2±14.7 0.475 53.6±10.7 55.6±13.4 0.394

Disease duration (years) 1.3±0.4 1.3±0.3 0.523 1.3±0.3 1.3±0.5 0.565 1.2±0.3 1.3±0.4 0.124

MTX dose (mg/w) 6.9±1.8 7.1±1.9 0.485 6.5±1.4 7.3±2.1 0.010* 7.0±2.0 7.3±1.8 0.282

PSL use, n (%) 20 (27.4%) 20 (25.0%) 0.854 7 (20.6%) 13 (33.3%) 0.295 8 (19.0%) 12 (31.6%) 0.210

TJC28 0.7±1.1 1.0±1.9 0.740 0.5±0.8 0.9±1.3 0.151 1.2±2.3 0.8±1.4 0.518

SJC28 1.1±1.7 0.4±0.9 0.004** 1.0±1.5 1.1±1.8 0.609 0.5±1.0 0.3±0.8 0.547

EGA (VAS, mm) 8.0±8.5 7.5±7.0 0.372 7.6±9.0 8.2±8.1 0.468 8.0±7.3 7.0±6.7 0.746

PGA (VAS, mm) 9.1±8.9 8.2±10.7 0.493 6.8±7.3 11.2±9.6 0.021* 7.5±8.5 9.0±12.8 0.548

Pain VAS 8.3±7.4 8.3±10.2 0.914 7.0±7.6 9.5±7.2 0.061 7.5±7.4 9.2±12.6 0.618

CRP (mg/dL) 0.2±0.4 0.1±0.2 0.140 0.2±0.2 0.3±0.5 0.484 0.1±0.1 0.1±0.2 0.431

ESR (mm/h) 20.9±15.0 18.5±13.0 0.412 20.0±13.9 21.6±16.1 0.881 19.8±12.6 17.1±13.4 0.156

DAS28–4ESR 2.5±0.8 2.4±0.8 0.176 2.4±0.7 2.6±0.8 0.160 2.5±0.7 2.2±0.8 0.078

DAS28–4CRP 1.9±0.5 1.7±0.6 0.132 1.7±0.5 2.0±0.6 0.084 1.8±0.6 1.7±0.6 0.560

HAQ 0.205±0.268 0.203±0.293 0.546 0.129±0.161 0.272±0.322 0.072 0.220±0.281 0.184±0.309 0.326

EROSION 5.8±6.0 7.9±11.5 0.115 3.9±4.2 7.4±6.9 0.006** 7.1±14.1 8.8±7.8 0.041*

JSN 4.6±5.3 8.6±14.5 0.201 2.2±2.1 6.6±6.4 0.001** 7.5±15.8 9.8±13.0 0.132

mTSS 10.3±10.2 16.5±24.7 0.099 6.1±5.7 14.0±11.8 <0.001** 14.6±29.3 18.6±18.4 0.039*

MMP-3 (mg/mL) 62.9±61.6 59.6±47.3 0.994 53.2±36.1 71.4±76.8 0.674 63.6±48.6 55.2±46.1 0.232

RF (U/mL) 66.8±97.5 43.1±53.4 0.670 45.1±86.3 85.7±103.7 0.024* 43.0±42.5 43.2±63.9 0.347

ACPA (U/mL) 181.3±269.1 226.4±638.6 0.338 119.3±233.0 235.4±289.2 0.035* 197.7±307.9 258.1±874.0 0.032*

RF (+): ADA continuation, 41 patients (56.2%); discontinuation, 49 patients (61.3%).
ACPA (+): ADA continuation, 56 patients (76.7%); discontinuation, 66 patients (82.5%).
Data are reported as means±SD, unless otherwise indicated. Statistical significance was assessed by Fisher’s exact test for categorical data and the Wilcoxon rank sum test for continuous data.
*p<0.05, **p<0.01, ***p<0.001: Intensive therapy versus Standard therapy.
ACPA, anticyclic citrullinated peptide antibody; CRP, C reactive protein; DAS28, disease activity score 28; EGA, evaluator global assessment; ESR, erythrocyte sedimentation rate; HAQ, Health
Assessment Questionnaire; JSN, joint space narrowing; MMP-3, matrix metalloproteinase-3; mTSS, modified total sharp score; MTX, methotrexate; PGA, patient global assessment; PSL,
prednisolone; RF, rheumatoid factor; SJC, swollen joint count; TJC, tender joint count; VAS, visual analogue scale.
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joint destruction progression appeared to be decreased
radiographically during the 2-year period of the
HOPEFUL-1 and HOPEFUL-2 studies.
Recent studies have shown that biological agents can

be tapered or even withdrawn from the therapeutic regi-
mens of patients who have achieved clinical remission.7 8

The impact of discontinuing treatment with biologics in
HOPEFUL-2 cannot be adequately evaluated given the
limited number of patients who were subsequently
divided into two self-selected groups. Nonetheless, the
proportions of patients who sustained LDA and clinical
remission for 1 year after ADA discontinuation (80%
and 65%, respectively) were similar to the findings (81%
and 68%, respectively) obtained in the OPTIMA study.
The fact that approximately half of the patients who had
achieved LDA opted to discontinue ADA in the present
study can be considered to reflect patient choices made
in clinical practice. Therefore, we consider the findings
of our study to be meaningful for understanding patient
outcomes and choices in actual clinical settings.
In this study, the proportion of patients who sustained

LDA in the ADA discontinuation group was significantly
lower than that in the ADA continuation group (80% vs
97%, respectively; p=0.001). However, with the cut-off
value for DAS28-CRP set at ≤2.0, the proportion of
patients who achieved LDA (93%) in the ADA discontinu-
ation group was similar to that of patients with LDA in the
ADA continuation group, suggesting that DAS28 remis-
sion may be a predictor to indicate biological-free disease
control in patients with early RA. Nevertheless, in the RRR
study15 using infliximab and the HONOR study16 using
ADA, both of which involved patients with established RA,
the proportions of patients who maintained LDA without
biologics for 1 year (71.4% and 79% of patients with
DAS28-erythrocyte sedimentation rate (ESR) <2.225 and
≤1.98 defined in the respective studies as sustained LDA
and remission) were lower than those in this study, taking
the difference between DAS-CRP and DAS-ESR into con-
sideration. This suggests that earlier intervention may
increase the success rates of biological-free disease control
without stringent criteria, such as the major remission
required for patients with established RA.
No overall safety profile changes in ADA were recog-

nised. Since ADA discontinuation was associated with a
lower incidence of AEs, particularly infections, we must
weigh the risks and benefits when determining optimal
treatment after patients have achieved early remission or
LDA.
In this study, the within-patient differences in radio-

graphic progression assessed by mTSS were similar in
the ADA discontinuation and continuation groups. On
the other hand, the initial 6-month treatment (week 0–
26) might have affected subsequent changes in mTSS
(week 52–104), because all patients who had RRP at
week 104 received MTX monotherapy from weeks 0 to
26 followed by the ADA + MTX combination therapy
from weeks 26 to 52. In patients receiving the initial
standard therapy, the proportion who achieved ΔmTSS

Figure 3 Time courses of disease activity scores assessed

by the 28-joint disease activity score based on C reactive

protein (DAS28-CRP) in patients who achieved the target low

disease activity at weeks 46 and 52 (80 patients in the ADA

discontinuation group and 73 patients in the ADA continuation

group). ADA, adalimumab.

Table 4 Relationship between patient characteristics at

week 52 and the LDA sustainability outcomes at week 104

in the ADA discontinuation group (n=80)

Sustained

LDA Failed LDA

p Value(n=64) (n=16)

Sex: female,

n (%)

54 (84.4%) 13 (81.3%) 0.717

Age (years) 54.1±11.7 56.3±13.6 0.420

Disease

duration (years)

1.2±0.3 1.3±0.4 0.824

MTX dose

(mg/w)

7.1±1.8 7.4±2.2 0.650

PSL: Use, n (%) 14 (21.9%) 6 (37.5%) 0.211

TJC28 0.7±1.4 2.2±3.0 0.001**

SJC28 0.4±0.9 0.7±1.1 0.139

CRP (mg/dL) 0.1±0.1 0.2±0.2 <0.001***

ESR (mm/h) 18.0±12.8 20.7±14.0 0.330

EGA 6.7±6.7 10.7±7.4 0.040*

PGA 7.0±8.2 13.1±17.1 0.087

Pain VAS 7.1±7.6 13.0±16.6 0.136

DAS28-ESR 2.2±0.7 3.0±0.7 0.001**

DAS28-CRP 1.6±0.5 2.3±0.6 <0.001***

HAQ 0.199±0.280 0.219±0.346 0.821

Erosion 6.9±7.0 11.8±21.7 0.317

JSN 7.2±11.4 14.1±22.8 0.064

mTSS 14.2±16.5 25.9±44.1 0.104

MMP-3 (mg/mL) 53.0±41.5 86.2±60.3 0.056

RF (U/mL) 40.7±45.5 52.4±78.6 0.605

ACPA (U/ml) 190.8±330.8 368.9±1288.9 0.348

Data are reported as means±SD, unless otherwise indicated.
Statistical significance was assessed by Fisher’s exact test for
categorical data and the Wilcoxon rank sum test for continuous
data.
*p<0.05, **p<0.01, ***p<0.001: Sustained LDA versus Failed LDA.
ACPA, anticyclic citrullinated peptide antibody; CRP, C reactive
protein; DAS28, disease activity score 28; EGA, evaluator global
assessment; ESR, erythrocyte sedimentation rate; HAQ, Health
Assessment Questionnaire; JSN, joint space narrowing; MMP-3,
matrix metalloproteinase-3; mTSS, modified total sharp score;
MTX, methotrexate; PGA, patient global assessment; PSL,
prednisolone; RF, rheumatoid factor; SJC, swollen joint count;
TJC, tender joint count; VAS, visual analogue scale.
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≤0.5 (week 52–104) was lower than that in patients
receiving the initial intensive therapy (63% vs 83%;
p=0.008). In addition, 4% of patients who had received
the initial standard therapy had RRP during the later
period (week 52–104), even among those with sustained
LDA at week 52. The reasons for this were not clear, but
the following explanations are suggested: recovery from
severely osteoclast-dominant conditions in RA takes a
long time,17 18 that is, restoration of a balanced osteo-
blast–osteoclast axis is a prolonged process; and therapy
with TNF antagonists reduces matrix metalloproteinase
(MMPs)19 and also modulates the osteoprotegerin/
receptor activator of the nuclear factor (NF) κB ligand
system resulting in bone formation being favoured.20–22

Further investigation may facilitate understanding the
long-term benefits of joint preservation by intensive
therapy with ADA + MTX in addition to earlier preven-
tion of joint destruction.
Finally, the impact of MTX dose (the mean MTX dose

in this study was 7.1 mg/week) on the results should be

considered. The effects of 10 mg and 20 mg/week doses
of MTX in the combination therapy with ADA are
reportedly equivalent in patients with early RA. In the
CONCERTO study,23 24 MTX 10 mg/week was used in
combination with ADA, which is deemed equivalent to
MTX 7 mg/week in this study based on the mean body
weights of the study patients being 78.2 kg and 55.8 kg,
respectively. However, these are the doses when used in
combination with ADA, and a higher MTX dose would
be necessary in monotherapy to prevent joint destruc-
tion in patients with early RA.
In conclusion, this 52-week follow-up study of the

HOPEFUL-1 study involving Japanese patients with early
RA showed sustained effectiveness in terms of joint
damage prevention. Although ADA discontinuation was
associated with a slight increase in disease activity, a
large proportion of patients (80%) maintained LDA
with a low dose (mean 7.1 mg/week) of MTX monother-
apy after ADA discontinuation. This observation sug-
gested that DAS28-CRP indicating remission may be a
predictor to indicate biological-free disease control in
patients with early RA. Since ADA discontinuation was
associated with a lower incidence of AEs, particularly
infections, physicians should weigh the risks and benefits
of ADA discontinuation. Overall, the early intensive-later
maintenance approach appears to be a viable treatment
option for patients with early RA.

Limitations
In this real-world observational study, patients were not
randomised to the adalimumab continuation and dis-
continuation groups, and there could be differences in
terms of financial situation from patient to patient, sug-
gesting potential biases derived from patients deciding
whether or not to continue ADA, including the necessity
of paying their own medical expenses. Thus, clinical pre-
dictors for discontinuation of biologics are required to
provide patients with optimal therapeutic options.
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Table 5 Summary of adverse events

Parameters
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continued
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Infectious adverse

event

29 (27.4) 17 (14.9) 0.031

Serious infection 4 (3.8)* 1 (0.9) 0.199

Gastroenteritis 1 (0.9) 0 NA

Herpes zoster 1 (0.9) 0 NA

Pneumonia 1 (0.9) 1 (0.9) NA

Acute

pyelonephritis

1 (0.9) 0 NA

Sepsis 1 (0.9) 0 NA

*One patient in the ADA continuation group reported two serious
infections.
Statistical significance was assessed by Fisher’s exact test.
ADA, adalimumab; AE, adverse event; NA, not applicable; SAE,
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