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Abstract To explore the possibility of step-down method

and low dose of etanercept for long-term stable remission

of patients with juvenile idiopathic arthritis (JIA). Patients

with JIA were enrolled into this study between February

2008 and March 2010 and then followed up for 2 years.

The inclusion criteria were clinical remission and use of

etanercept for therapy. On the first year of the study, the

dose of etanercept was kept at 0.4 mg/kg per week, the half

dose of what those patients had been used. On the second

year, the dose of etanercept was further lowered to 0.4 mg/

kg per month. DMARDs were allowed in this study. MR

images were performed to observe joint changes. The

primary end point was disease flare defined according to

clinical and/or radiological data. The flare rate curve was

analyzed by Kaplan–Meier, and logistic regression model

was used to find factors associating with disease flare. MRI

was performed to prove no active changes or progressions

of bone erosions on joints. Thirty-one patients were

enrolled in this study. There were 4 patients experiencing

disease flare during the first 12th month. During the second

year, disease flare was not occurred. Thus, the cumulative

flare rate was 12.9 % on 12th month and then unchanged

on the second year. Logistic regression model indicates

there are no differences in sex, age of disease initiation,

disease duration, subtypes, DMARDs, HLA-B27, months

of etanercept duration and scores on MRI between patients

with remission and those experiencing flares. At the end of

the study, MRI found no progressions of joints to the

patients keeping stable remission. Step-down method can

be used for etanercept tapering. Long-term remission and

low flare rate can be got by this method.
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Introduction

Juvenile idiopathic arthritis (JIA) is the most common

rheumatic disease in children. It is a diagnosis of exclusion

and defined as inflammatory arthritis with unknown etiol-

ogy occurring in those under 16 years of age, present for

greater than 6 weeks. JIA was grouped on the basis of

clinical and laboratory features into 7 subsets by Interna-

tional League Against Rheumatism (ILAR) [1]. JIA often

persist into adulthood and can lead to severe long-term

disability and is associated with life-threatening compli-

cations [2, 3].

Recent major advances in treatment, especially the advent

of TNF-alpha antagonists, have been greatly improved out-

comes for children with JIA [4–14]. Inactive disease and

remission are now regarded as the objective of therapy, and

biologics have been playing an important role to reach this

objective. Etanercept (recombinant human tumor necrosis

factor-a receptor II: IgG Fc fusion protein for injection,

rhTNFR:Fc) is one kind of TNF-alpha antagonists which is

subcutaneously injected twice a week at a dose of 0.4 mg/kg.

Sufficient advice exists for starting etanercept therapy once

the diagnosis is established. Although etanercept can induce

disease remission to many children with JIA, it still has to be
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used for years, even though patients may respond to initial

therapies [5, 6, 14–17].

Physicians have to balance the risk of doing too little

(i.e., withdrawing medication and provoking flares) versus

the risk of doing too much (i.e., continuing medication

despite a stable remission and thereby accepting the risk of

adverse effects). Actually, there was occasional informa-

tion about patients with rheumatoid arthritis (RA) or JIA

who stopped using biologics after remission [17–19].

Inactive disease was one of the four main reasons for

etanercept withdrawal [17]. However, in a letter to Ann

Rheum Dis., the flare rate after etanercept withdrawal was

described to be as high as 47 % [20], and another article

reported a flare rate of 100 % (11/11) in JIA patients after

etanercept withdrawal [21]. Those results were enough to

discourage any attempting to stop etanercept. But those two

reports both had small samples and stopped etanercept

once for all. Thus, we wanted to explore whether step-

down method and long-term use of low dose of etanercept

could keep stable remission of majority JIA patients.

Methods

Patients

Patients with enthesitis-related subtype (ERA), polyarthri-

tis subtype (pJIA) or extended oligoarthritis subtype of JIA

(extended oJIA) were enrolled into this study between

February 2008 and March 2010. The inclusion criteria were

clinical remission and continuous use of etanercept. Clin-

ical remission was defined as clinically documented ID for

at least 6 months [22]. ID is defined as no joints with active

arthritis; no fever, rash, serositis, splenomegaly or gen-

eralized lymphadenopathy attributable to arthritis; no

active uveitis; no elevation in erythrocyte sedimentation

rate (ESR), C-reactive protein level or both attributable to

arthritis; and disease activity by physician’s global

assessment on a visual analog scale ranging from 0 to

10 cm [22]. Stable remission was defined as the absence of

any flare, that is, continuous remission after dose tapering.

Patients were excluded if they had received glucocorti-

coids, biologics other than etanercept prior to inclu-

sion. DMARDs in this study were methotrexate (MTX

10–15 mg/m2 per week), sulfasalazine (SSZ 30–40 mg/kg/d)

and leflunomide (LEF 10–15 mg/d).

Independent ethics committees at RenJi hospital, Jiao-

tong University, Shanghai, approved the study protocol.

Study design

The study was designed as a prospective, open-label,

observational medication-withdrawal clinical trial. On the

first year, the dose of etanercept was 0.4 mg/kg per week,

the half dose of what those patients had been used at. On

the second year, the dose of etanercept was further lowered

to 0.4 mg/kg per month.

Patients were evaluated clinically in follow-up exam-

inations every 3 months for 2 years. Disease flare was

defined as occurrence of any sign of active arthritis and/or

active systemic symptoms, that is, when any of the criteria

for ID was no longer met. Progressions on MRI, that is,

increasing in bone erosions, bone edema, and synovial

effusion, were also viewed as evidence for poor therapy

effects. The number of patients who had disease flare and/

or progressions on MRI was recorded.

Magnetic resonance imaging

MR images were performed at inclusion, then once per

year or when disease flared. MR images of sacroiliac joints,

hip joints and knees were scanned in a 1.0T Gyroscan

NT whole-body MRI system (Philips Medical Systems).

The sequences obtained were coronal and transverse

T1-weighted TSE, T2-weighted TSE, T2-TSE SPAIR.

The numbers of patients with bone erosions, bone edema

and synovial effusion on MRI were recorded. Synovial

effusion and bone edema were evaluated separately, and one

point was given for one abnormality. On bone erosion, the

subsequent images were compared to the first one and the

severity was scored 0–2; 0 meant no bone erosion, and if

more than 50 % of articular surface was affected, it was

scored as 2. The scoring system was partially based on pre-

vious literature [23, 24]. Two experienced radiologist read-

ers were assigned to evaluate every image independently.

Data collection

Those patients were followed up every 3 months for 2 years,

and data were collected for each patient from each visit. Data

collected at the first clinical visit included sex, age, disease

onset and duration, subtype, imaging results, laboratory test

results and medication use for induction therapy. At each

subsequent clinical visit, data were collected for each of the

ID criterion as published by Wallace et al. [21]. An abnormal

ESR was defined as 20 mm/h. Imaging data were obtained

from imaging reports and original images.

Statistical method

The primary outcome of the study was the flare rate.

Demographic and baseline characteristics were summa-

rized using descriptive statistics. Data are given as mean or

median as well as range. Flare rate was analyzed by

Kaplan–Meier curve. Factors with a P value \0.05

between patients with flares and without flares were
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considered to be associated with disease flare by way of

logistic regression model. Software of SAS 6.12 was used

to analysis in this study.

Results

Thirty-one patients with JIA in remission were enrolled in

this study between February 2008 and March 2010. These

patients were then followed up for 2 years after enrollment.

On the first year, these patients were given etanercept at

0.4 mg/kg per week and there were 4 patients experiencing

disease flare and quitting. On the second year, 21 patients

among the rest 27 patients were administrated etanercept at

the dose of 0.4 mg/kg per month and the other 6 patients

were still given the same dose as the first year due to their

parents’ willingness. Disease flare was not occurred on the

second year. Thus, the cumulative flare rate was 12.9 % on

Fig. 1 Study flow

Table 1 Baseline demographic

and clinical characteristics of

patients

Characteristic Group

Extended

oligoarthritis

Polyarticular Enthesitis-related

arthritis

Cases, no 3 6 22

Male: female, no (%) 3:0 (100 %) 4:2 (66.7 %) 17:5 (77.3 %)

Age at inclusion, year

(median, range)

10.5 (9.0–10.5) 6.3 (5–8.83) 9.15 (4.2–13.6)

Disease duration at inclusion,

year (median, range)

1.75 (1.5–2.5) 1.85 (1.42–3.25) 1.60 (1.17–4.3)

Etanercept duration before

inclusion, year (median, range)

1.5 (1.25–1.66) 1.25 (1.17–1.5) 1.33 (1.17–2)

DMARDs used by patients

at inclusion

Methotrexate, n 1 4 5

Leflunomide, n 2 2 13

Sulfasalazine, n 0 0 4

Laboratory values at inclusion

Positivity of HLA-B27, no (%) 0 (0 %) 0 (0 %) 15 (68.2 %)

Erythrocyte sedimentation rate

at inclusion, mm/h (median,

range)

9 (1–20) 6 (2–18) 6 (1–12)

C-reactive protein at inclusion

(mg/L)

1 (1–3) 1 (1–3) 1 (1–3)
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12th month and then unchanged until the end of the study.

The study flow can be found in Fig. 1.

Among three subtypes, ERA was in the majority of

patients. Among subtypes, there are no differences in age,

disease duration, etanercept duration, erythrocyte sedi-

mentation rate and C-reactive protein at inclusion. HLA-

B27 positivity is only seen in ERA with a rate of 68.2 %.

Due to inactivity status of disease, MRI showed no signs of

bone edema and synovial effusion at inclusion, while bone

erosions definitely occurred to 8 patients. The character-

istics of those patients are shown in Table 1.

The data of 4 patients with disease flare were summa-

rized in Table 2. A cumulative flare rate was 12.9 % (4/31)

at 12th month and then unchanged until 24th month

(Fig. 2). Factors associating with disease flare were ana-

lyzed by way of logistic regression analysis. However, the

result indicated there were no differences in sex, age of

disease initiation, disease duration, subtypes, DMARDs,

HLA-B27, bone erosions on MRI and months of etanercept

use between patients keeping stable remission and those

experiencing flares.

At inclusion, bone edema and synovial effusion were not

found on MRI and bone erosions occurred to 8 patients on

MRI. At the end of the first year, bone edemas were present

to 4 patients who experienced disease flare. At the end of

the second year, there are no progressions of bone erosions

on MRI to the patients keeping stable remission (Table 3).

Discussion

Many chronic inflammatory diseases regularly take a

relapsing course. Treatment over years is often necessary,

even though patients may respond to initial therapies.

Sufficient advice exists for starting therapies once the

diagnosis is established or for escalating treatment if the

therapy is not sufficient to induce remission. However, in

clinical practice, physicians are frequently faced with the

question of what to do with patients who are clinically well

after induction of remission. Physicians have to decide

whether continuation of drug therapy is meaningful. There

really exited phenomenon that some patients stopped using

etanercept due to inactive disease. But the flare rate or

disease course after etanercept stopping in JIA had been

rarely reported before. A brief letter to Ann Rheum Dis.

described a flare rate of 47 % (9/19) in JIA patients after

stopping etanercept [20]. Another article reported a flare

rate of 100 % (11/11) in JIA patients after etanercept

withdrawal [21].

Table 2 Characteristics of

patients with flare
Items Patient number

Patient 7 Patient 17 Patient 19 Patient 25

Sex Male Female Male Female

Age at inclusion (year) 8 8.4 13.6 8.67

Disease duration at inclusion (year) 1 1.16 0.33 1.56

Etanercept duration before inclusion

(year)

1.16 1.16 1.16 1.08

Subtype of JIA ERA ERA ERA Extended

Oligoarthritis

Time points of flare (months) 5 5 8 7

Concomitant DMARDs Leflunomide Leflunomide Leflunomide Methotrexate

Laboratory values at inclusion

Of HLA-B27 Positive Positive Positive Negative

Erythrocyte sedimentation rate at

inclusion (mm/h)

12 5 11 12

C-reactive protein at inclusion (mg/L) 3 1 1 1

Fig. 2 Chart of flare rate
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But the common point of those two reports was that

etanercept was stopped without process of tapering. Evi-

dences from the use of glucocorticoids in arthritis empha-

size step-down method for glucocorticoids tapering. So, we

brought this idea into etanercept therapy, and the whole

process of tapering was divided into two steps of dose, that

is, 0.4 mg/kg per week and 0.4 mg/kg per month. Besides

clinical assessment of disease conditions, MR images were

also performed to prove no disease activity or progression

during the study.

From our study, a cumulative flare rate of 12.9 % (4/31)

was observed among first 12th month. Logistic regression

analysis was used to find out factors associating with dis-

ease flare. But none of factors analyzed had significant

effect on disease flare. On the second year, major patients

(21/27) were given etanercept once a month which is very

close to full withdrawal of etanercept. And the rest 6

patients were given the same dose as the first year due to

parents’ willingness. During the second year, no patient

was found to have disease flare. Our result was superior to

the previous report [20, 21]; especially on the second year,

the dose of etanercept was very low which was close to full

withdrawal of etanercept.

The achievement of low flare rate may be due to strictly

sticking to the ID criteria. Only those patients who had

fully fitted in with ID criteria and kept that status for more

than half year were allowed to taper etanercept both in the

two steps. MR images provided another safe belt to prove

no inflammation on joints.

Foell and his coworkers conducted a clinical trial of

methotrexate withdrawal which found out a flare rate of

16.8 % when MTX was used as only drug for maintenance

therapy on remitted JIA patients [25]. Although direct

comparison cannot be made, our flare rate seems similar to

Foell’s work, which may suggest that low dose of etaner-

cept could be used for long-term maintenance therapy of

JIA.

Our study firstly provided detailed information about

process of etanercept tapering which lasted for 2 years. Our

results of low flare rate proved that step-down method was

effective in etanercept tapering and long-term stable

remission to major patients could be got with the help of

DMARDs. Our results also suggested possibility of eta-

nercept withdrawal after JIA patients had achieved clinical

remission.

Conflict of interest We have no conflict of interests to others.
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