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Abstract: Juvenile idiopathic arthritis (JIA) is a group of chronic inflammatory diseases 

affecting approximately 300,000 children and adolescents in the United States of unknown 

cause. It can affect children from the age of 0 years up to the age of 16 years. The International 

League of Associations of Rheumatology has defined seven subsets of JIA based on several fac-

tors including the number of affected joints and the involvement of other tissues; the prognosis 

for each affected child also depends on multiple factors including age of onset, number of joints 

involved, and systemic features. As with rheumatoid arthritis in adults, the goal of therapy is 

remission and resolution of disease activity; however, as a cure does not seem attainable in the 

near future, a reasonable goal of therapy is prevention of joint damage, inhibition of inflamma-

tion, and a high level of quality of life. Even with available therapies, many children with JIA 

enter adulthood with persistently active disease, suboptimal function, and impaired quality of 

life. Methotrexate remains the standard of care for children with JIA; etanercept was approved 

in 2000 in the United States for the treatment of JIA resistant to methotrexate. The efficacy and 

safety of etanercept therapy in children with JIA is reviewed and its place in the therapeutic 

regimen is discussed; the available long term data is also presented. The data presented was 

obtained from a PubMed search as well as a review of the references presented in the 2011 

American College of Rheumatology Recommendations for the Treatment of Juvenile Idiopathic 

Arthritis and the 2013 Update. It is hoped that treatment with etanercept and other biologic 

therapies will lead to improved outcomes for children with JIA in the future.

Keywords: juvenile idiopathic arthritis, juvenile chronic arthritis, juvenile rheumatoid arthritis, 

etanercept

Introduction
Juvenile idiopathic arthritis (JIA), called juvenile rheumatoid arthritis in the past, is the most 

common form of arthritis in children and adolescents, affecting over 300,000 individuals 

in the US.1 It is a heterogeneous group of inflammatory arthritides that occur in children 

younger than 16 years of age with no defined cause. The revised International League 

of Associations for Rheumatology classification defines seven subsets of JIA including 

systemic-onset JIA, persistent or extended oligoarthritis, rheumatoid factor (RF)-negative 

polyarthritis, RF-positive polyarthritis, psoriatic JIA, enthesitis-related arthritis, and 

undifferentiated.2 Systemic JIA is diagnosed if there is arthritis in one or more joints 

associated with a fever of at least 2 weeks duration; signs and symptoms must have 

been present daily for at least 3 days and associated with one or more of the follow-

ing: evanescent rash, serositis, hepatosplenomegaly, and generalized lymphadenopathy. 

Persistent or extended oligoarticular JIA is diagnosed if there is synovitis in one to four 
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joints within 6 months of disease onset; the persistent type 

can affect up to four joints during the course of the disease 

and the extended type affects more than four joints after the 

first 6 months of the disease. RF-negative JIA is diagnosed if 

the RF is negative during the first 6 months of the disease and 

five or more joints are affected. RF-positive JIA is diagnosed 

if the RF is positive during the first 6 months of the disease and 

five or more joints are affected. Psoriatic JIA is diagnosed if 

both psoriasis and arthritis are present or arthritis and at least 

two of the following are present: nail pitting, dactylitis, family 

history of psoriasis in a first-degree relative, and/or onycholysis. 

Enthesitis-related JIA is diagnosed if arthritis and at least two 

of the following are present: positive HLA-B27 gene, acute 

symptomatic anterior uveitis, enthesitis-related arthritis, Reiter’s 

syndrome, sacroiliitis with inflammatory bowel disease, onset 

of arthritis in a male over the age of 6 years, presence or history 

of sacroiliac joint tenderness with or without inflammatory 

low back pain, acute anterior uveitis in a first-degree relative 

or a history of ankylosing spondylitis. Undifferentiated JIA is 

diagnosed if there is arthritis that does not meet the criteria in 

any of the categories listed above or that fulfills criteria from 

two or more of the categories listed above. Understanding the 

different subgroups is important as treatment and response to 

therapy varies among the different subgroups.

The American College of Rheumatology published recom-

mendations for the treatment of JIA in 2011 and these were 

updated in 2013, but the most recent update only includes 

recommendations for the medical therapy of children with sys-

temic JIA and tuberculosis screening among children receiv-

ing biologic medications.3,4 These recommendations divide 

JIA into “treatment groups” rather than using the categories of 

JIA defined above by the International League of Associations 

of Rheumatology. Also, many of the recommendations “fall 

outside the present bounds of regulatory agency approved 

labeling,” meaning that they include recommendations to use 

therapies “off-label” that reflect standards of care in pediatric 

rheumatology. The recommendations cover the initiation and 

safety monitoring of therapeutic agents used in treating JIA 

including non-steroidal anti-inflammatory drugs (NSAIDs), 

intra-articular glucocorticoid injections, non-biologic dis-

ease modifying anti-rheumatic drugs (DMARDs), biologic 

DMARDs, and systemic glucocorticoids for the treatment 

of the systemic features of systemic JIA.

Many children respond to therapies including NSAIDs, 

glucocorticoids (intra-articular, oral, or pulsed intravenously), 

and non-biologic DMARDs, of which methotrexate is the 

most commonly prescribed.5 Methotrexate is recommended 

to be used in children with a history of arthritis of four or 

fewer joints only if they have failed NSAIDs and intra-artic-

ular glucocorticoid injections. In children with JIA affecting 

five or more joints, methotrexate is recommended if a child 

has failed 1–2 months of an NSAID, and in systemic JIA 

with active arthritis, methotrexate is recommended after a 1 

month trial of an NSAID in addition to glucocorticoid joint 

injections on an as needed basis. In systemic JIA without 

active arthritis if a child has failed NSAIDs after 2 weeks, 

systemic glucocorticoids followed by biologic DMARDs 

are the recommendation. Biologic DMARDs are recom-

mended for use in patients with JIA affecting four or fewer 

and five or more joints only after failing 3–6 months of 

methotrexate; tumor necrosis factor (TNF)-alpha inhibitors 

are recommended as initial biologic therapy followed by 

a second TNF-alpha inhibitor or abatacept. The biologic 

therapies recommended for systemic JIA in children with 

active systemic features and varying degrees of synovitis 

include an interleukin (IL)-1 inhibitor (anakinra) followed 

by an IL-6 inhibitor (tocilizumab) followed by abatacept. 

Canakinumab is recommended for children with continued 

disease activity after treatment with glucocorticoids, metho-

trexate, or leflunomide, anakinra, or tocilizumab. Initiation 

of a TNF-alpha inhibitor was recommended only after a trial 

of an IL-1 inhibitor and/or tocilizumab. For systemic JIA 

without active systemic features but with varying degrees 

of active synovitis, the recommendations are to begin with 

intra-articular glucocorticoids, followed by methotrexate or 

leflunomide, then anakinra, tocilizumab, and then abatacept. 

In this group, canakinumab was only recommended for 

patients who have had a trial of a non-biologic DMARD plus 

anakinra or tocilizumab, a non-biologic DMARD plus a TNF-

alpha inhibitor, or abatacept. For active sacroiliac arthritis, 

initiation of TNF-alpha inhibitor therapy is recommended 

after failure of 3–6 months of methotrexate or sulfasalazine. 

Unlike in adult rheumatoid arthritis, biologic therapy is often 

given as monotherapy rather than as combination therapy 

(with a non-biologic DMARD), although this is becoming a 

more common practice based on results of the TREAT study 

that will be discussed below.6 This manuscript reviews data 

concerning the pharmacology, efficacy, safety, and use of 

etanercept in children and young adults; the author did not 

participate in any of the studies referenced.

Pharmacology of etanercept  
with reference to children  
and adolescents
A biologic DMARD describes a class of drugs given parenter-

ally that have been designed to have “biologic properties” and 
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include recombinant receptor antagonists, soluble cytokine 

inhibitors, and monoclonal antibodies. These include 

drugs that block TNF-alpha such as infliximab, etanercept, 

adalimumab, certolizumab, and golimumab in addition to 

other agents such as anakinra (IL-1 inhibitor), tocilizumab 

(IL-6 inhibitor), abatacept (a selective T cell co-stimulation 

modulator), and rituximab (a CD20-directed cytolytic anti-

body). TNF is a naturally occurring cytokine that plays an 

active role in normal inflammatory and immune responses. 

It also has an important role in the inflammatory processes 

of rheumatoid arthritis, polyarticular JIA, psoriatic arthritis, 

and ankylosing spondylitis and the resulting joint damage, 

and in the inflammatory process of psoriasis. Elevated levels 

of TNF-alpha, IL-2, IL-6, interferon beta, and interferon 

gamma are found in the involved tissues and joint fluids of 

patients with JIA; elevated levels of IL-1 alpha are also found 

in the synovial fluid of patients with JIA with correspond-

ing impaired production of anti-inflammatory cytokines.7 

Cytokine levels have been reported to correlate with disease 

activity including soluble TNF receptor (TNFR) levels.8 Two 

separate TNFRs exist – a 55 kDa protein (p55) and a 75 kDa 

protein (p75); these occur naturally as monomeric molecules 

on cell surfaces and in soluble forms. The biologic activity 

of TNF is dependent on binding to either of the cell surface 

TNFRs; etanercept and adalimumab are the TNF-alpha 

inhibitors approved for treating JIA in the United States, the 

UK, and the EU and infliximab is approved in the UK for 

the treatment of JIA.

The first TNF-alpha inhibitor approved in the US for 

treatment of polyarticular JIA refractory to methotrexate 

therapy was etanercept. Etanercept is a dimeric soluble 

form of the p75 TNFR that binds TNF molecules; it inhibits 

binding of TNF-alpha and TNF-beta to cell surface TNFRs, 

inactivating TNF.9 Etanercept is indicated for reducing 

the signs and symptoms of moderately to severely active 

polyarticular JIA in children ages 2 years and older. It is not 

indicated for the treatment of juvenile spondyloarthropathy, 

but data are available from an open-label Phase IIIb study, 

other open-label studies, registries, retrospective stud-

ies, and case reports. It is on this basis that the American 

College of Rheumatology recommends use of etanercept 

in this subtype of JIA even though it is not an approved 

indication.

Etanercept efficacy
Trials of etanercept and other biologic therapies were 

conducted as a result of the 1999 Pediatric Rule requiring 

pharmaceutical companies to test biologic agents in children 

with JIA simultaneously with the trials in adults. At present, 

etanercept is marketed in 100 countries for the treatment of 

JIA, starting in 1999. The initial trials of etanercept treatment 

in adults with established rheumatoid arthritis enrolled 

714 patients; the initial trial of etanercept in children with JIA 

enrolled 69 children aged 4–17 years who did not tolerate or 

had an inadequate response to methotrexate.10 Lovell et al per-

formed an open-label trial of etanercept 0.4 mg per kilogram 

of body weight subcutaneously two times a week for up to 

3 months, followed by a double-blind study of etanercept or 

placebo for 4 months or until a flare of the disease occurred.10 

Fifty-one of the 69 patients enrolled in the open-label study 

(74%) met the definition of improvement at the end of that 

part of the study; 44 of the 69 patients (64%) met the defini-

tion of 50% improvement and 25 (36%) met the definition 

of 70% improvement at the end of the open-label part of 

the study. At the end of the study, 72% of the etanercept (18 

patients) and 23% of the placebo patients (six patients) met 

the definition of 50% improvement. Forty-four percent of 

the etanercept (eleven patients) and 19% of the placebo (five 

patients) met the definition of 70% improvement. Measures 

of disease activity continued to improve in the etanercept 

patients during the double-blind part of the study, whereas 

disease activity increased in the placebo patients. At the end 

of the trial, 58 of the original 69 patients entered an open-

label extension; glucocorticoids and NSAIDs were allowed 

during the randomized trial and the open-label extension, 

but very few patients were allowed to re-initiate methotrex-

ate.10 In the open-label extension, 42 of the original patients 

(61%) received at least 4 years of etanercept and 16 (23%) 

received at least 8 years of continuous etanercept. Etanercept 

did not result in drug-free remission; over time many patients 

received non-biologic DMARDs, including methotrexate or 

glucocorticoids. At baseline, patients were not allowed to 

take DMARD therapy, but during the 8 years, 53% of the 

patients received one or more DMARDs, of which 38% were 

on methotrexate. Twenty-nine percent of patients were taking 

glucocorticoids at the beginning of the open-label extension, 

but 60% of patients received glucocorticoids at some time 

during the 8 years of follow-up. Sixteen patients (23%) 

reported adverse events. After 4–8 years of follow-up, one 

severe adverse event of pyelonephritis occurred; there were 

no cases of lupus, demyelinating disorders, tuberculosis or 

other opportunistic infections, malignancy, or death.11 Three 

cases of varicella, however, occurred during the follow-up; 

as a result, the authors suggested that all children be tested 

for varicella antibodies before starting treatment with etan-

ercept and that extra precautions should be taken to avoid 
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exposing non-immune children on etanercept to those with 

active varicella disease.

As a result of the data provided by this one study, the 

National Institute for Health and Care Excellence in the UK 

published guidance on the use of etanercept for the treatment 

of JIA.12 This document recommended etanercept therapy for 

children aged 4–17 years with active polyarticular-course 

JIA whose condition has not responded to, or who have been 

unable to tolerate, methotrexate. This document states that 

etanercept may be given for an indefinite period of time, 

but recommends that once a child with JIA has had two 

disease-free years that the treatment be stopped, although it 

would be expected that 30% of children would be expected 

to relapse.

Schmeling et al studied a combination of etanercept and 

methotrexate for the treatment of refractory JIA.13 This open-

label study enrolled seven children who were not respon-

sive to a combination of methotrexate and sulfasalazine 

or cyclosporine A; they were allowed to continue on their 

NSAIDs, glucocorticoids, and methotrexate. Six out of seven 

children continued the combination treatment for at least 

24 weeks; one child with systemic arthritis stopped etan-

ercept due to fever, joint pain, and rash. In the six children 

who remained on therapy, improvement was seen after two 

injections in joint pain, morning stiffness, and joint swelling. 

Markers of inflammation including erythrocyte sedimentation 

rate (ESR), C reactive protein, and IL-6 were reduced. Two 

children had mild injection site reactions.

Kietz et al presented data concerning the use of etaner-

cept in an open-label study in polyarticular JIA over a 2-year 

period of time in 22 children.14 At study entry, 21/22 of the 

children were receiving methotrexate at a dose of at least 

10–15 mg/m2 body surface area with duration of methotrexate 

treatment ranging from 6 months to 16 years; these doses of 

methotrexate were continued during the open-label study. All 

of the patients were on NSAIDs, 13/22 patients were receiving 

hydroxychloroquine, one patient was on sulfasalazine, five 

were receiving low dose glucocorticoids, and nine additional 

patients had received glucocorticoids in the past. At study 

onset, all patients were started on etanercept 0.4 mg/kg two 

times weekly. At the time of publication, the mean duration 

of treatment with etanercept was 16.7 months with a range 

of 4–26 months; the median duration of treatment was 21 

months with eight patients being treated for 24 months or 

longer. Evaluation at these time points revealed a mean indi-

vidual percentage decrease in swollen joints of 49%, a mean 

percentage decrease in tender joints of 94%, the duration of 

morning stiffness decreased to less than 10 minutes or was 

not present and complains of fatigue significantly improved. 

Inflammatory markers also improved with an average reduc-

tion in ESR of 42 mm (range 2–124 mm) with a mean per-

centage decrease of 64% and the hemoglobin had an average 

increase of 1.4 g/dL with a mean individual percentage 

increase of 15.29%. Mild injection site reactions occurred but 

no serious infections were reported. In most patients, the dose 

of glucocorticoids was reduced or stopped and many patients 

no longer required NSAID therapy. Of note, no attempt was 

made to reduce the dose of methotrexate or etanercept once 

a treatment response had occurred.

Haapasaari et  al studied the addition of etanercept to 

prevailing DMARD therapy in refractory JIA.15 At that time, 

methotrexate was considered the gold standard to treat JIA 

with a response rate of 60%–80% at doses of 15–20 mg/m2 

body surface area weekly.16 In this study, children who did 

not respond to methotrexate were treated with etanercept at 

a dose of 0.4 mg/kg twice per week and followed for 1 year. 

Six of the children had oligoarticular JIA, 22 had polyar-

ticular JIA, and three had systemic JIA. The mean age was 

10 years of age (range 3–15 years) and mean disease duration 

was 6 years (range 1–14 years). At initiation of etanercept, 

28 (90%) children were treated with a combination of two 

or more DMARDs and three received only one DMARD. 

All but one of the children were treated with glucocorticoids 

with a mean dose of 16.3 mg (range 0–45 mg) every other 

day. At the 1-year data point, a positive treatment effect was 

seen with statistically significant reductions in ESR and C 

reactive protein, reduction in the dose of glucocorticoids, 

reduction in the number of intra-articular steroid injections, 

and reduction in the number of inpatient hospitalizations. 

Direct median costs of treating JIA increased during the first 

3 months of etanercept therapy, but decreased later during the 

follow-up period. The estimated median direct costs per child 

increased by $4,200 (US dollars) per year, but the indirect 

costs were reduced by $1,700, a 50% reduction. Therefore, 

the estimated median total cost per child was increased by 

about $2,700 (10%) per year. The authors concluded that this 

minimal increase in the yearly cost of treating JIA should be 

evaluated in light of the reduced inflammatory joint disease 

and the probable reduction in pain and disability over the 

many years of the children’s lives.

Giannini et al also studied combination therapy in treating 

JIA, but rather than a single arm study, these authors studied 

treatment with methotrexate alone, etanercept alone, or etan-

ercept plus methotrexate in an open-label, 3-year study; study 

sites were in the US and Canada.17 Children aged 2–18 years 

were entered in the study with systemic, oligoarticular, or 
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polyarticular JIA; three children less than 2 years of age were 

also included in the study. Children were required to have had 

an adequate trial of NSAIDs and/or glucocorticoids prior to 

study entry. At study entry, children were required to have at 

least three active joints or inactive disease treated with one 

or more DMARDs or etanercept. At study entry, children 

were receiving one of the following therapies with or without 

other DMARDs: sulfasalazine, methotrexate, cyclosporine, 

leflunomide, injectable gold, hydroxychloroquine, and 

azathioprine. Children enrolled in the methotrexate arm could 

switch to etanercept or etanercept plus methotrexate treatment 

and re-enroll into the etanercept or etanercept plus metho-

trexate arms within 30 months of enrollment. Children who 

stopped etanercept and started methotrexate therapy were not 

re-enrolled. A total of 198 children received methotrexate, 

105 received etanercept, and 299 received the methotrexate–

etanercept combination. A total of 66 methotrexate (33%), 

33 etanercept (31%), and 105 etanercept–methotrexate (35%) 

treated children completed the 3-year registry. Withdrawal 

from the study included 18% of the methotrexate group, 

8% of the etanercept group, and 19% of the etanercept–

methotrexate group due to insufficient therapeutic effect; 

in addition, 2% of the methotrexate, 2% of the etanercept, 

and 0.3% of the etanercept–methotrexate treated children 

stopped the study due to adverse events. In addition, 12% 

of the methotrexate, 6% of the etanercept, and 4% of the 

etanercept–methotrexate treated children stopped the study 

as their disease had gone into remission. Rates of serious 

adverse events per 100 patient-years were 4.4 for methotrex-

ate, 7.6 for etanercept, and 5.7 for etanercept–methotrexate 

treated children. Improvements in outcome measures were 

similar among all three treatment groups and were maintained 

at 3 years. The authors concluded that “these data suggest 

etanercept is safe as a long-term, continuous therapy for [the] 

treatment of juvenile rheumatoid arthritis”.

Wallace et  al performed a multicenter, prospective, 

double-blind, randomized, placebo-controlled trial of two 

“aggressive” treatments in 85 children aged 2–16 years with 

polyarticular JIA of less than 1 year duration.6 Children 

received either methotrexate 0.5 mg/kg/week subcuta-

neously, etanercept 0.8 mg/kg/week, and prednisolone 

0.5 mg/kg/day tapered to 0 mg by 17 weeks (arm 1) or 

methotrexate, etanercept placebo, and prednisolone placebo 

(arm 2). The primary outcome was clinically inactive dis-

ease at 6 months, which is defined as no joints with active 

arthritis, no fever, no rash, no serositis, no splenomegaly 

or generalized lymphadenopathy, no active uveitis, ESR in 

the normal range, and physician’s assessment of disease 

activity of zero. Forty-two children were randomized to 

arm 1 and 43 children to arm 2. Twenty-two males and 63 

females with a mean age of 10.5 years and a mean disease 

duration of 5.1 months were enrolled in the study. Children 

who failed to meet endpoints in the pivotal phase (first 6 

months) were given open-label arm 1 medications during the 

second 6 months. By 6 months, clinically inactive disease 

had been achieved in 17 children (40%) in arm 1 and in 

ten children (23%) in arm 2. After 1 year, clinical remis-

sion on medications was achieved in nine children in arm 

1 and in three children in arm 2; there were no significant 

differences in adverse events between the two arms. The 

study did not meet its primary endpoint, but the authors 

concluded that early aggressive therapy in children with 

recent-onset polyarticular JIA resulted in clinically inactive 

disease by 6 months and clinical remission on medication 

after 1 year of treatment in substantial proportions of chil-

dren in both arms.

Although once weekly etanercept was used in the above 

trial, twice weekly etanercept is the approved dose of etaner-

cept for JIA. Horneff et al treated 20 children aged 4–17 years 

with 0.8 mg/kg of etanercept weekly in a 3-month open-label 

trial.18 Active polyarticular JIA was defined as five or more 

swollen, tender, or painful joints combined with limited 

range of motion. Efficacy was assessed using the American 

College of Rheumatology (ACR) Pedi30/50/70 criteria, 

which is similar to the ACR 20/50/70 criteria.19,20 At study 

initiation, the children demonstrated high disease activity. At 

4 weeks, a rapid reduction in disease activity was seen with 

an ACR Pedi30/50/70 response reached by 75%/35%/10% 

of the children, at 8 weeks 90%/75%/35%, and at 12 weeks 

95%/75%/75%. Thirty-seven adverse events were reported, 

none were serious, with injection site reactions and minor 

infections being the most frequent. The children will con-

tinue to be followed in the German JIA Registry. Although 

there was no comparative arm with etanercept 0.4 mg/kg, 

the response rates suggested that once weekly etanercept 

provides an excellent therapeutic response.

Otten et al presented data from a prospective ongoing 

multicenter observational study of patients with JIA treated 

with etanercept from the Dutch registry that a delayed clinical 

response can be seen in patients with JIA who have not had 

a clinical response at 12 weeks.21 One hundred seventy-nine 

children with a median age of 5.8 years were studied at dis-

ease onset. Thirty-four of the children did not respond at 12 

weeks, but 20 children continued therapy and eleven achieved 

response in the ensuing weeks. These authors concluded that 

consideration of continuing therapy for at least 6 months 
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should be given for children who have not responded after 

12 weeks of etanercept therapy.

Solari et  al performed chart reviews of children with 

JIA who were treated with etanercept between January 

2002 and January 2011 with the intent to identify factors 

that were associated with a response to etanercept; these 

clinical characteristics associated with achieving inactive 

disease were determined through univariate analyses and Cox 

regression procedures.22 The charts of 173 children with JIA 

who were treated with etanercept for a median of 2.2 years 

(range 0.5–10.5 years) were reviewed. Eighty-seven children 

(50.3%) achieved inactive disease after a median of 5 months 

of treatment. At last follow-up, 85 children (49.1%) still 

had inactive disease and 70 (40.5%) were in clinical remis-

sion on medication. The probability of achieving inactive 

disease after 6, 12, and 24 months was 24%, 46%, and 57%, 

respectively. By Cox regression analysis, achieving inactive 

disease was associated with lack of wrist involvement and 

age of onset of JIA at less than 3.6 years.

Most studies of JIA have enrolled a small number of 

children compared to the studies of adults with rheumatoid 

arthritis. As a result, much data concerning the efficacy and 

safety of etanercept has been reported in registries from 

around the world; a few examples of registry data have been 

presented above. In 2008, Nielsen et al presented data from 

the Italian Registry that etanercept may reduce radiographic 

progression in JIA.23 The study cohort was composed of 

children with JIA who were treated with etanercept between 

March 1999 (see Table 1 for a summary of efficacy data) 

and January 2004. The clinical response since the beginning 

of etanercept therapy was measured by means of the ACR 

Pedi30/50/70. Radiographic damage was scored using the 

Poznanski method that was specifically developed for use in 

children and has been demonstrated to be valid for the assess-

ment of progression of radiographic damage in JIA.23As of 

June 2004, 211 children with JIA were treated in 17 centers 

and enrolled in the Italian etanercept registry. All clinical 

measures showed a marked improvement ranging from 47% 

to 89%. The median change in Poznanski score between 

baseline and 1 year was +0.3 units, which meant that, on 

average, children experienced improvement in radiographic 

progression. The frequency of ACR Pedi30/50/70 responses 

at 1 year was 77%/72%/50%. In the past, methotrexate was 

shown to be capable of reducing radiographic progression in 

JIA; this study did not have a methotrexate-only comparator 

arm as it was practice to use etanercept in children who had 

failed methotrexate.24,25 Most of the children in the study were 

taking methotrexate in addition to etanercept; thus, it was not 

possible to compare the efficacy of etanercept alone versus 

that of the combination of etanercept and methotrexate.

The German JIA Registry published an open-label, non-

randomized study of children who had previously failed to 

respond to at least one non-biologic DMARD.26 A total of 

722 children with JIA with data from at least one follow-up 

visit were identified; 118 children who had been treated 

with DMARDs were excluded. A total of 504 children were 

treated with a combination of methotrexate and etanercept 

and 100 children were treated with etanercept as the con-

trol group. At 1 year, 55 children in the etanercept group 

and 376 children in the combination therapy group were 

available for comparison. For the intention to treat analysis, 

65 children who stopped therapy prematurely were included. 

All parameters of disease activity improved significantly in 

both treatment groups. At 1 year, the ACR Pedi30/50/70 

was 81%/74%/62% for the combination therapy group 

and 70%/63%/45% for the etanercept monotherapy group. 

The likelihood of achieving an ACR Pedi70 increased with 

combination therapy with an odds ratio of 2.1 (95% confi-

dence interval 1.2–3.5). Twenty-five infections and 23 non-

infectious severe adverse events including three malignancies 

occurred in the combination therapy group and one infection 

and three non-infectious severe adverse events occurred in the 

etanercept monotherapy group. A limitation of this study is 

that there was no methotrexate-only arm for comparison.

The Dutch Registry published a long-term follow-up 

study of the safety and effectiveness of etanercept in JIA.27 

The data from this registry demonstrated, in a real-life setting 

with all Dutch JIA patients being treated with etanercept, an 

initial and sustained response to etanercept in JIA for up to 

75 months. The registry also discusses that the management 

of JIA is complex and often requires a multidisciplinary 

approach and that the impact of these musculoskeletal con-

ditions on an individual’s life cannot be measured only by 

clinical measures of disease activity, but that self-reported 

measures such as pain severity and limitation of daily activ-

ity provide important disease assessments as well. The first 

prospective long-term study of the health-related quality of 

life changes in JIA patients receiving etanercept treatment 

over 27 months was performed as part of the registry. At study 

entry, the children had extremely low health-related quality 

of life levels which improved greatly, sometimes even to the 

same level as in healthy children. The authors stated that it 

was crucial to include health-related quality of life measures 

to understand the complete impact of etanercept treatment on 

children with JIA and their families. The cost of etanercept 

therapy was also investigated. After starting etanercept 
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Table 1 Efficacy data

Citation Study design Drug dosage Age (years) Sample size Results

Lovell et al10 3-month OL, then  
4-month DBPCT

ETN 0.4 mg/kg 2×/week 4–17 69 Pedi ACR50/70 
3 months: 64%/36%, 
.7 months: 72%/44%

Lovell et al11 OLE 4–8 years F/U ETN 0.4 mg/kg 2×/week 4–17 42 Pedi ACR30/50/70/90/100 
.8 years: 78%, 62%, 47%, 31%, 18%

Schmeling et al13 OLE 24 weeks ETN 0.4 mg/kg 2×/week 
MTX 10 mg/m2/week

2.5–9 7 sJIA did not respond

Kietz et al14 OL 4–26 months ETN 0.4 mg/kg 2×/week 5–32 22 Decrease 49% in SJC, decrease  
94% in TJC, decrease 64% in ESR

Haapasaari et al15 1-year OL ETN 0.4 mg/kg 2×/week,  
MTX 15–20 mg/m2/week

3–15 31 Excellent clinical response; outcome 
measures: ESR, CRP, number of steroid 
injections, inpatient days needed

Giannini et al17 3-year OL ETN 0.4 mg/kg 2×/week 
MTX 10 mg/m2/week 
ETN+MTX ETN 0.4 mg/kg 2x/
week plus MTX 10 mg/m2/week

2–18 103 
197 
294

Scores for PGA and AJC improved 
from baseline and sustained up to  
36 months

Wallace et al6 12 months DB, PC Arm 1: ETN 0.8 mg/kg/week +  
prednisolone 0.5 mg/kg/day +  
MTX 0.5 mg/kg/week 
Arm 2: MTX 0.5 mg/kg/week

2–17 85 Did not meet primary endpoint.  
Arm 1, at 6 months 17/42 CID (40%), 
Arm 2 10/43 CID (23%)

Horneff et al18 3-month OL ETN 0.8 mg/kg/week 4–17 20 12-week ACR Pedi30/50/70 
95%,75%,75%

Solari et al22 Chart review ETN 0.4 mg/kg 2×/week 173 87/173 (50.3%) achieved inactive 
disease at 0.6 years. At last F/U, 85/173 
(49.1%) had inactive dz and 70/173 
(40.5%) were in clinical remission

Nielsen et al23 Italian registry OL ETN 0.4 mg/kg 2×/week 2.2–4.3 40 ACR Pedi30/50/70 
at 1 year: 77%, 72%, 50%

Horneff et al26 OL non– 
randomized

ETN 0.8 mg/kg/week +  
MTX 10–15 mg/m2/week  
versus ETN 0.8 mg/kg/week

2–18 504 ACR Pedi20/50/70 
at 1 month: 67%, 54%, 30% 
at 3 months: 79%, 61%, 39% 
at 6 months: 82%, 70%, 50%

Prince27 Observational ETN 0.4 mg/kg 2×/week 0–18 146 .3 months. 77% had ACR Pedi30, 
36% had ACR Pedi100

Bracaglia et al29 23-month OL ETN 0.4 mg/kg 2×/week 1.5–4 25 ACR Pedi30/50/70 
At 6 months: 71.4%, 62%, 43% 
Last F/U: 80%, 72%, 64%

Anink et al30 Registry median  
F/U 13.7 month

14 ETN 0.4 mg/m2 2×/week 
Two ADA 24 mg/m2 q 2 weeks

2.1–13.5 16 63% developed inactive disease

Horneff et al31 OL, two part study 
First part 12 weeks

ETN 0.8 mg/kg/week 2–17 127 
60 eoJIA 
38 ERA 
29 JPSA

ACR Pedi50/70/90 
81.1%, 61.5%, 29.8%

Abbreviations: ACR, American College of Rheumatology; ADA, adalimumab; AJC, acute joint count; CID, clinically inactive disease; CRP, C reactive protein; DB, double-
blind; dz, disease; eoJIA, extended oligoarticular JIA; ERA, early RA; ESR, erythrocyte sedimentation rate; ETN, etanercept; F/U, follow-up; JPSA, juvenile psoriatic arthritis; 
MTX, methotrexate; DBPCT, double blind placebo controlled trial; OL, open-label; OLE, open label extension; PC, placebo-controlled; Pedi, Pediatric ACR; PGA, physician 
global assessment; SJC, swollen joint count; sJIA, systemic JIA; TJC, tender joint count; q, per.

therapy, the total direct medical costs tripled, mostly due to 

the cost of etanercept but other direct medical costs such as 

cost of consultations and hospitalizations decreased 55% 

during the 27 months of etanercept treatment. The authors 

stated that considering the substantial gain in quality of life 

in JIA patients who were refractory to conventional therapy 

and at risk for long-term disability and pain that the costs 

of etanercept were justifiable. They stated that it was also 

expected that early effective treatment of JIA can prevent 

high costs from continuing into adulthood.

Otten et al presented a follow-up to their initial assessment 

of factors associated with treatment response to etanercept in 

JIA as part of the Dutch registry.28 Fifteen months after initia-

tion of treatment with etanercept in 262 children, 85 (32%) 

were considered to be excellent responders, 92 (36%) inter-

mediate responders, and 85 (32%) poor responders. Compared 
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to an intermediate or poor response, an excellent response 

was associated with lower baseline disability score, fewer 

DMARDs being used before starting etanercept, and younger 

age of disease onset. Compared with an intermediate or excel-

lent response, a poor response was associated with systemic 

JIA and female sex. During the first 15 months of etanercept 

therapy, 119 children experienced one or more infectious, non-

infectious, or serious adverse events. During this same period 

of time, 61 children discontinued etanercept therapy.

Bracaglia et  al presented data regarding the safety 

and efficacy of etanercept in a cohort of patients with 

JIA under 4 years of age.29 Data was collected during 

treatment with etanercept in 25 children who began treat-

ment at a mean age of 3 years (18–48 months) for a mean 

period of 23 months. All children received concomitant 

medications: 24 methotrexate, three cyclosporin A, and 

ten glucocorticoids. After the first 6 months of treatment, 

15 (71.4%) children achieved an ACR Pedi30 response; at 

the last observation, 20 (80%) had achieved an ACR Pedi30 

response. ACR Pedi50 responses were observed in 62% 

at 6 months and 72% at the last observation. ACR Pedi70 

responses were seen in 43% at 6 months and 64% at the last 

follow-up. Five children (20%) stopped etanercept due to 

lack of efficacy. Two children (8%) developed adverse 

events, both primary varicella in children who had not been 

vaccinated. No cases of cancer, opportunistic infections, or 

tuberculosis were reported.

Most of data that has been reviewed above addresses the 

use of etanercept in polyarticular JIA as this is the approved 

indication in the US and the largest source of safety and 

Table 2 Safety data

Citation Study design Drug dosage Age (years) Sample size Safety data (events/patient-year)

Lovell et al10 3-month OL, then  
4-month DBPCT

ETN 0.4 mg/kg 2×/week 4–17 69 One depression, one GItis

Lovell et al11 OLE 4–8 years F/U ETN 0.4 mg/kg 2×/week 4–17 42 0.03 medically important infections/
patient-year

Schmeling et al13 OLE 24 weeks ETN 0.4 mg/kg 2×/week 
MTX 10 mg/m2/week

2.5–9 7 One flare JIA, two ISRs

Kietz et al14 OL 4–26 months ETN 0.4 mg/kg 2×/week 5–32 22 No infections, minor ISRs
Haapasaari et al15 1-year OL ETN 0.4 mg/kg 2×/week,  

MTX 15–20 mg/m2/week
3–15 31 Not reported

Giannini et al17 3-year OL ETN 0.4 mg/kg 2×/week 
MTX 10 mg/m2/week 
ETN+MTX ETN 0.4 mg/kg 2x/
week + MTX 10 mg/m2/week

2–18 103 
197 
294

ETN 0.187, ETN + MTX 0.216

Wallace et al6 12 months DB, PC Arm 1: ETN 0.8 mg/kg/week + 
prednisolone 0.5 mg/kg/day + 
MTX 0.5 mg/kg/week 
Arm 2: MTX 0.5 mg/kg/week

2–17 85 Arm 1: one abscess, one elevated LFT,  
OL: one pneumonia, one steroid 
psychosis

Horneff et al18 3-month OL ETN 0.8 mg/kg/week 4–17 20 No SAEs, 37 AEs including one ISR, 
one minor infection

Solari et al22 Chart review ETN 0.4 mg/kg 2×/week 173 Not reported
Nielsen et al23 Italian Registry OL ETN 0.4 mg/kg 2×/week 2.2–4.3 40 Not reported
Horneff et al26 OL non– 

randomized
ETN 0.8 mg/kg/week + MTX  
10–15 mg/m2/week versus  
ETN 0.8 mg/kg/week

2–18 504 ETN + MTX: 25 infectious SAEs,  
23 non-infectious SAEs including three 
malignancies. ETN: one infectious SAE 
and three non-infectious SAEs

Prince27 Observational ETN 0.4 mg/kg 2×/week 0–18 146 Two sarcoidosis, 0.515
Bracaglia et al29 23-month OL ETN 0.4 mg/kg 2×/week 1.5–4 25 Two Zoster, two IBD
Anink et al30 Registry median  

F/U 13.7 months
14 ETN 0.4 mg/m2 2×/week 
Two ADA 24 mg/m2 q 2 weeks

2.1–13.5 16 Two on ETN: one ruptured appendix, 
one restricted pulmonary function 
None on ADA

Horneff et al31 OL, two part study 
First part 12 weeks

ETN 0.8 mg/kg/week 2–17 127= 
60 eoJIA, 
38 ERA, 
29 JPSA

Non-infectious AEs occurred in  
45 patients (35.4%). No difference in 
rates of non-infectious or infectious AEs 
between the three subgroups. Infections 
reported in 58 patients (45.7%)

Abbreviations: ADA, adalimumab; AE, adverse event; DB, double-blind; eoJIA, extended oligoarticular JIA; ERA, early RA; ETN, etanercept; F/U, follow-up; GItis, 
gastroenteritis; IBD, inflammatory bowel disease; ISR, injection site reaction; JIA, juvenile idiopathic arthritis; JPSA, juvenile psoriatic arthritis; LFTs, liver function tests; MTX, 
methotrexate; DBPCT, double blind placebo controlled trial; OL, open-label; OLE, open label extension; PC, placebo-controlled; SAE, serious adverse event; q, per.
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efficacy data. Anink et al selected children from the Dutch 

Registry who had been diagnosed with oligoarticular JIA.30 

As of February 2011, only 16 children with oligoarticular 

JIA were identified. The median age of onset was 8.4 years 

(range 2.1–13.5 years), 56.3% were antinuclear-antibody-

positive, and 18.8% had a history of uveitis. All of the 

children had been treated with methotrexate and 81.3% 

were treated with intra-articular glucocorticoids. Fourteen 

children were treated with etanercept and two children who 

had uveitis in addition to arthritis were started on adali-

mumab. These children had few affected joints (median 

of two active joints), but the patient/parent assessments 

of pain were high with a visual analog score (VAS) of 51 

(on a scale of 0–100) and the well-being VAS was 44; the 

physician evaluation of the disease activity was moderately 

high with a VAS of 36. After 3 months of anti-TNF therapy, 

63% of the children had achieved inactive disease and after 

15 months nine out of ten children had achieved inactive 

disease. Anti-TNF therapy was well-tolerated in this small 

cohort. This registry also reported the results of eight chil-

dren with psoriatic JIA and their response to etanercept was 

similar to that of children with polyarticular JIA.

Data regarding the use of etanercept in the treatment of 

juvenile spondyloarthropathy are available from one open-

label Phase IIIb study, other open-label studies, registries, 

retrospective studies, and case reports. The largest study is the 

CLIPPER study, which is an ongoing Phase IIIB, open-label, 

prospective, multicenter, two-part study that evaluates the 

efficacy and safety of etanercept in 127 children with extended 

oligoarticular JIA (n=60, ages 2–17 years), enthesitis-related 

arthritis (n=38, ages 12–17 years), or juvenile psoriatic arthri-

tis (n=29, ages 12–17 years). In part one of the study, each 

child received etanercept 0.8 mg/kg subcutaneously once 

weekly with a maximum dose of 50 mg/week for 12 weeks.31 

Concomitant therapy with one DMARD, oral glucocorticoid at 

a dose of 10 mg/day or less and one NSAID were allowed. The 

primary endpoint is the proportion of children achieving an 

ACR Pedi30 at week 12. A total of 122 children completed the 

12-week study. At week 12, 88.6% of the children achieved an 

ACR Pedi30 response. An ACR Pedi30 response was achieved 

by 89.7% of children with extended oligoarticular JIA, 83% 

of children with enthesitis-related arthritis, and 93.1% of 

children with psoriatic JIA. The overall ACR Pedi50/70/90 

response rates at week 12 were 81.1%, 61.5%, and 29.8%, 

respectively. Overall, inactive disease was achieved by 12.1% 

of the children, and by 11.9%, 16.7%, and 6.9% of children 

with extended oligoarticular JIA, enthesitis-related arthritis, 

and psoriatic JIA, respectively.

This degree of efficacy may not be generalizable to all 

subtypes of JIA. Lovell et al showed that children with sys-

temic JIA treated with etanercept had a higher rate of disease 

flare (44%) compared to other disease subsets.10 Children 

with systemic JIA enrolled in the Dutch Registry treated with 

etanercept had lower ACR Pedi30/50/70 responses (P,0.01) 

than those with other subtypes, and withdrawal due to lack 

of efficacy was also greater (P,0.001). Of interest, those 

children with systemic JIA who did respond demonstrated 

a similar efficacy compared to other subtypes, in the long-

term, with 38% of the children with systemic JIA attaining 

remission on etanercept.27

Due to the high cost of etanercept and unknown long-

term safety, Pratsidou-Gertsi et al presented data of eleven 

children with JIA who discontinued etanercept due to disease 

remission.32 All eleven patients flared during the follow-up 

period of 12.25–27 months after etanercept withdrawal. The 

median remission after etanercept withdrawal was 3 months. 

The flares were treated and controlled with methotrexate, 

methotrexate plus cyclosporine A in ten children, and metho-

trexate plus a TNF-inhibitor in one child.

Postepski et al also evaluated clinical remission in JIA 

after termination of etanercept therapy.33 They retrospec-

tively analyzed data of 39 children with JIA from two clini-

cal pediatric rheumatology centers in Poland, all of whom 

stopped etanercept therapy as they achieved inactive disease. 

Etanercept therapy was initiated after a mean of 33.7 months 

of disease and the mean duration of therapy with etanercept 

was 34.7 months with a mean duration of remission on medi-

cation of 21.3 months. The mean duration of remission after 

etanercept was stopped was 14.2 months. Twelve children 

(30.8%) did not develop a disease exacerbation until the end 

of the study. Flares less than 6 months after discontinuing 

etanercept were seen in 15 children (38.5%). Twelve children 

(30.8%) restarted etanercept after disease exacerbation and 

all of them responded satisfactorily. This study confirms data 

from other studies that discontinuation of etanercept usually 

results in exacerbation of disease.

Lamot et al assessed the long term efficacy and toler-

ability of etanercept and infliximab in children with JIA.34 

This was a retrospective, observational study of 41 children 

treated with anti-TNF therapy. Six months after initiating 

anti-TNF therapy, 35 children achieved an ACR Pedi20 

(92.1%), 33 children achieved an ACR Pedi30 (86.8%), 

31 children achieved an ACR Pedi50 (81.6%), 28 children 

achieved an ACR Pedi70 (73.7%), and 20 children achieved 

an ACR Pedi90 (52.6%). Eleven children had a flare in the 

study period (28.9%): three on infliximab (7.9%), five on 
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etanercept (13.1%), and three on both medications as children 

were allowed to switch from one biologic therapy to another 

(7.9%). At 1 year, 15 children met the criteria for clinical 

remission on medications; eight on etanercept and seven 

on infliximab. Eleven children met the criteria for clinical 

remission off medications: seven were taking infliximab, 

three were taking etanercept, and one was switched from 

etanercept to infliximab. There was no significant difference 

in the duration, response, flare, resistance, or adverse events 

between both therapies; long remissions were rare.

Safety and tolerability of etanercept
As TNF plays a critical role in inflammation and immunity, 

there is a concern that therapeutic inhibition of TNF with a 

TNF-antagonist such as etanercept may potentially lead to 

immune suppression, resulting in increased risk of infections 

and malignancies. In the study by Lovell et al, there was no 

significant difference between the rates of adverse events 

in the etanercept-treated group versus the placebo-exposed 

group.10 In the open-label study, the most common adverse 

events were injection site reactions (39%), upper respira-

tory tract infections (35%), headache (20%), rhinitis (16%), 

abdominal pain (16%), vomiting (14%), pharyngitis (14%), 

rash (10%), gastrointestinal infection (12%), and nausea 

(12%). The overall infection rate was 22.8% with 32 minor 

infections and two serious infections: bacterial pneumonia and 

a prosthetic hip infection. In the 8-year open-label extension 

trial of etanercept, Lovell et al collected 318 patient-years of 

exposure to etanercept.11 In the original randomized controlled 

trial, severe adverse events occurred in 23% of the original 

cohort, representing 0.12 serious adverse events per patient-

year. In the extension trial, there was no increase in the rate of 

serious adverse events; 7% of the children discontinued etan-

ercept therapy due to adverse events. There were nine cases 

of “medically important infections” including pyelonephritis, 

peritonitis, appendicitis, aseptic meningitis due to varicella, 

acute varicella infection, soft tissue infection, sepsis requiring 

foot amputation, gastrointestinal infection, dental abscess, 

and postoperative wound infection. There were no cases of 

systemic lupus erythematosus, tuberculosis, opportunistic 

infections, demyelination, malignancy, or death.11 Injection 

site reactions were common (28%), but did not usually result 

in termination of the study drug. There was no increase in the 

rate of medically important infections with time.

Kilic et  al retrospectively reviewed the cases of 

144 children in the Turkish database; they were evaluated 

every 6 months for tuberculosis.35 Children included in the 

study had: JIA (n=132), enthesitis-related arthritis (n=14), 

juvenile psoriatic arthritis (n=4), chronic idiopathic uveitis 

(n=4), and chronic arthritis related to familial Mediterranean 

fever (n=8). Mean age was 12.25 years (4.08–19.41 years), 

mean duration of JIA was 5.86 years (0.66–15 years), and 

the mean duration of anti-TNF therapy was 2.41 years (0.6–7 

years). Anti-TNF therapies included etanercept (n=133), 

infliximab (n=30), and adalimumab (n=6). Children could 

be switched from one TNF inhibitor to another if their 

disease was unresponsive to their current therapy. During 

the follow-up period, seven children (4.8%) with a positive 

tuberculin skin test were treated with isoniazid prophylaxis. 

No children treated with etanercept developed tuberculosis; 

one child on infliximab for 2 years with secondary uveitis 

developed a positive QuantiFERON gold test while on 

isoniazid prophylaxis and was started on anti-tuberculosis 

drug therapy. The authors recommended evaluation every 

6 months for tuberculosis of children with JIA treated with 

anti-TNF therapy in Turkey. None of the children studied in 

the Dutch registry developed tuberculosis during etanercept 

therapy. Two children developed sarcoidosis.27

The role of TNF in human cancer biology is not clear but 

it has been hypothesized that TNF inhibition may increase the 

risk of malignancy, particularly with prolonged, continuous 

exposure to TNF blockade.36 Both the published background 

rates of malignancy in children with JIA, as well as the rates in 

those treated with anti-TNF agents, have varied considerably. 

Data from the Swedish registry reported a 4.2-fold increased 

risk of lymphoproliferative malignancy since 1987 and a 

2.3-fold increased risk in overall malignancies in children 

with JIA who had not been treated with anti-TNF therapy.37 

Results from a US commercial claims database demonstrated 

a four-fold increased risk of malignancy in children with JIA 

compared to the general pediatric population.38 On the other 

hand, data from three different Canadian registries demon-

strated no increased risk of malignancy in children with JIA.39 

Based on these concerns, the US Food and Drug Administra-

tion in 2009 required boxed warnings on the labels for the 

TNF-inhibitor therapies that warned patients that lymphoma 

and other malignancies, some fatal, have been reported in 

children and adolescents treated with TNF blocker therapy. 

In 2011, the US Food and Drug Administration mandated 

that the pharmaceutical industry sponsors of TNF-blocker 

studies initiate a 10-year postmarketing commitment to expe-

dite reporting of all global cases of malignancies in children 

and young adults treated with TNF-inhibitor therapy and to 

annually report this data.40

Hooper et al presented data concerning the malignancies 

that were reported in patients exposed to etanercept aged 
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30 years or younger from the Amgen clinical trial data-

base in addition to postmarketing global safety databases 

(PMD).40 Two malignancies were reported in the clinical 

trial database: one in the etanercept treated group and one 

in the placebo group. Postmarketing etanercept exposure 

was 231,404 patient-years (62,379 patient-years in children 

0–17 years; 168,485 patient-years in patients 18–30 years). 

Reporting rates of malignancy per 100,000 patient-years in 

the PMD was 32.0 and in the Surveillance Epidemiology 

and End Results (SEER) database 15.9; of note the SEER 

database is comprised of the general US population so this 

data is not comparing children with JIA treated with etan-

ercept versus children with JIA who are TNF-naïve. This 

is important, as discussed above, as children with active 

JIA may have an increased risk of malignancy due to this 

chronic inflammatory state. Five or more cases of leukemia, 

lymphoma, melanoma, thyroid cancer, and cervical cancer 

were reported; the incidence of all of these malignancies was 

similar between the PMD and SEER databases except for the 

incidence of Hodgkin’s lymphoma. PMD reporting rates per 

100,000 patient-years and SEER incidence rates for Hodgkin 

lymphoma in the 0–17 year age group were 9.54 and 0.9, 

respectively. These data suggest that a relationship between 

etanercept therapy and the development of solid tumors does 

not exist; whether a causal relationship exists between etan-

ercept therapy and Hodgkin’s lymphoma is unknown.

Constatin et al reported the safety and efficacy of etan-

ercept in extended oligoarticular arthritis, enthesitis-related 

arthritis, and psoriatic JIA over 96 weeks.41 The most 

frequently reported non-infectious adverse events were 

headache (5.5%), abdominal pain (3.1%), diarrhea (3.1%), 

fatigue (3.1%), and pyrexia (3.1%). There were no differences 

in the rates of non-infectious or infectious adverse events 

between the three subgroups of JIA. The most commonly 

reported treatment-related infections were upper respiratory 

tract infection (65%), pharyngitis (39%), gastroenteritis 

(17%), bronchitis (14.8%), and rhinitis (13.4%). No cases of 

malignancy, tuberculosis, demyelinating disorders, or deaths 

were reported.

Many case reports have been published of rare adverse 

reactions to etanercept including one case of thymic enlarge-

ment, one case of Crohn’s disease, four cases of musculo-

skeletal infections, six children with uveitis, three cases 

of scleritis, five cases of psoriasis, one case of subacute 

thyroiditis, one case of encephalopathy, two cases of anaphy-

laxis, one case of myelopathy, Blau syndrome, two reported 

cases of systemic lupus, and five cases of inflammatory 

bowel disease.42–54 The latter study54 reported a much higher 

frequency of neuropsychiatric adverse events of 28.1% 

including headaches, anxiety, aggression, fatigue, vertigo, 

depression, and pain amplification syndromes. Aggression, 

pain amplification, and severe headache only were reported 

in children treated with doses of etanercept higher than 

0.4 mg/kg and resolved when the dose was decreased. These 

data are derived from case reports and open-label trials and 

therefore cannot provide information on the incidence of 

these conditions in etanercept-treated compared to control-

treated children with JIA.

Patient-focused perspective
As JIA is associated with impaired growth and development 

depending on the severity of the chronic inflammation, 

disease duration, and greater functional involvement, it is 

important to evaluate the effect of etanercept on these factors. 

Giannini et al conducted a 3-year, open-label, nonrandom-

ized study of 594 children with polyarticular or systemic JIA 

treated with etanercept only, etanercept plus methotrexate, 

or methotrexate alone. Weight, height and body mass index 

were assessed at baseline and at years 1, 2 and 3.55 Statisti-

cally significant increases in the mean height percentiles from 

baseline were seen in the children treated with etanercept at 

year 3 (4.8 percentile points) and in children treated with the 

combination therapy of etanercept plus methotrexate at years 

1, 2, and 3 (2.4, 3.3, and 5.6 percentile points, respectively). 

Statistically significant increases from baseline in the mean 

weight percentiles were seen at years 1, 2, and 3 in the etaner-

cept group (7.4, 10.0, and 13.0 percentile points, respectively) 

and the combination therapy of etanercept and methotrexate 

group (2.9, 6.9, and 8.4 percentile points, respectively). Sta-

tistically significant increases from baseline in the mean BMI 

percentiles were seen in the etanercept group (range 9.6–13.8 

percentile points) and the combination therapy of etanercept 

and methotrexate group (2.1–5.2 percentile points). In the 

methotrexate group, the mean height, weight, and body mass 

percentiles did not change significantly.

Data from Billiau et  al show results consistent with 

those of Giannini et  al.56 Billiau et al studied 16 children 

with methotrexate-resistant polyarticular JIA who were 

given add-on etanercept; the control group was composed 

of eight children recently diagnosed with polyarticular JIA 

who were treated with methotrexate. Baseline patient and 

disease characteristics were similar between the two groups. 

The children were evaluated at baseline and at 1, 6, 12, and 18 

months with respect to linear growth, bone mineral density, 

disease activity, and body composition. Growth velocity 

increased significantly in the etanercept plus methotrexate 
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group allowing catch-up growth but not in the methotrex-

ate group. A significant increase was also seen in the bone 

mineral content and lean: fat mass ratio in the etanercept 

plus methotrexate group but not in the methotrexate group. 

Bone mineral density as measured by lumbar spine Z-score 

improved significantly in both groups.

Burnett et al performed a “discrete choice experiment” 

to examine parents’ preferences for drug treatments and 

health outcomes in JIA and identify health-related and 

demographic factors that significantly affect choice.57 

Attributes evaluated included “days missed from school,” 

side effects, “participation in daily activities,” “drug 

treatment,” “cost to you,” and “child reported pain from 

arthritis.” As expected, parents made tradeoffs between 

health outcomes and characteristics of the drug treatments. 

“Participation in daily activities” was the most important 

attribute, followed by “child reported pain from arthritis” 

and “cost to you.” Parents of older children had stronger 

preferences for improved control of pain, whereas parents of 

children with longer disease durations had stronger prefer-

ences for improved “participation in daily activities.” The 

parents of children with JIA demonstrated strong prefer-

ences for therapies that reduced pain and improved daily 

functioning in spite of the associated adverse reactions, days 

missed from school, and level of responsibility required 

for the administration of the drug. Parents of children with 

longer disease duration and those who had been prescribed 

“aggressive therapies” had a greater preference for effective 

treatment. These findings support the practice of consider-

ing parental preferences in making treatment decisions for 

children with JIA.

Conclusion
Juvenile idiopathic arthritis is a group of heterogeneous 

diseases characterized by arthritis of unknown origin with 

an onset before the age of 16 years. Studies over the last 15 

years have led to significant progress in disease classification 

and new therapies, but presently we are not able to predict 

which child will respond to a certain therapy. New approaches 

are necessary to develop reliable, validated biomarkers that 

can be used to improve and advance the care of children with 

JIA. Until these biomarkers exist, the treatment of children 

with JIA is based on the disease subtype, the duration and 

severity of the disease, and patient/parent/doctor preferences, 

taking into consideration the benefits and risks of the therapy 

in addition to cost. Most guidelines suggest that etanercept 

be used in children with JIA who have failed NSAIDs, oral 

and/or intra-articular glucocorticoids, and methotrexate. 

While some children with JIA are currently being treated 

with etanercept monotherapy after methotrexate failure, the 

data from the TREAT trial suggest that combination therapy 

may be more effective in certain children with polyarticular 

JIA. More long-term safety data is needed for children with 

JIA who are treated with this combination and for children 

with JIA who are diagnosed at a very early age who may be 

exposed to biologic therapy for many years. Despite these 

limitations, at present, treatment with etanercept has been 

shown to significantly improve the quality of life of children 

with JIA and has an acceptable safety profile.
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