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Editorial

Dosing of Biologics in Juvenile
Idiopathic Arthritis: 
Is the Sky the Limit?

In the past decade, biologic therapy has been a valuable new
option in the treatment of both adult and pediatric rheumatic
diseases. Many patients previously refractory to anti-
rheumatic drugs have shown excellent responses to biologic
therapy. However, there remains a significant minority of
patients who do not respond to these drugs or who lose
efficacy after a period of successful treatment. Why are
some patients with inflammatory arthritis primary or
secondary nonresponders? Part of the problem is likely due
to the heterogeneous nature of the disease. But insufficient
dosing might be an issue for some patients. 

In drug research, dosing is evaluated by pharmaco-
dynamic and pharmacokinetic (PK) models and then tested
in humans for a safe dosage range and possible side effects
before a drug is tested for its efficacy1,2. Unfortunately, a
large proportion of medicines (50–90%) used in children
are prescribed outside the terms of the drug license, i.e.,
off-label, which can place children at a direct risk of 
under- or overdosing and a delayed risk of longterm
adverse effects3. The US Food and Drug Administration
(FDA) has provided an incentive to US pharmaceutical
companies since 1997 to study products that could be
beneficial for the pediatric population3,4. The European
Union (EU) enforced the Paediatric Regulation in 20075.
The goals of the EU legislation are similar to those of US
pediatric legislation: to improve children’s health through
advancements in research and to provide a new framework
for evaluating the efficacy and safety of medicines for
children3,6. However, in the EU, it is mandatory to send a
pediatric investigation or development plan as early as the
end of PK studies in adults for all new medicinal products
in development unless a waiver is granted5. The US and EU
regulations were developed to stimulate more pediatric
drug research and development of pediatric medicines. As
a result, many clinical studies have been conducted to
evaluate the clinical pharmacology, efficacy, and safety in
pediatric patients, determine proper dosing, identify the
risks and benefits of therapies, and improve drug labeling
for pediatric patients1. 

The role of clinical pharmacology includes comparing
exposure between adult and pediatric patients, bridging
different formulations and regimens, providing appropriate
dose selection recommendations with a modeling and
simulation approach, and helping design more efficient
studies1. In pediatric rheumatology, the dose selection in the
trial design mostly uses the prior PK and dosing regimen
information from adult patients with rheumatoid arthritis
(RA)1. This poses 2 issues: (1) how to account for the
confounding effect of developmental growth and variability
in individual response regarding the evaluation of pharma-
cogenetics and pharmacogenomics factors in children7; and
(2) that doses in trials are tested for the average patient
aiming for effect with the least toxicity. However, in routine
practice, patients differ in many ways, including genetics,
age, sex, weight, metabolism, liver function, comorbidity,
and co-medication8. 

In the case of biologic agents in the treatment of JIA,
dosages based on trial data have been established. Clinical
trials evaluate drug dosages that have an acceptable level of
toxicity and are efficacious. However, this might not always
produce the desired results for all patients. In clinical
practice, physicians sometimes raise the dose when the drug
effect is insufficient. Little is known about effectiveness
and safety of high doses of biologics in JIA. The current
American College of Rheumatology guidelines for the initi-
ation and safe monitoring of drug treatments in JIA do not
mention changing dose9 but recommend switching biologic
therapies if there is inadequate response after 4 months of
treatment.

In this issue of The Journal, Tambralli, et al present the
results of a retrospective study of 58 children with JIA who
received “high dose” infliximab (range 10–24 mg/kg/dose)10.
Infliximab is approved for use in Crohn disease, RA,
ankylosing spondylitis, psoriasis, psoriatic arthritis, and
ulcerative colitis11. However, unlike 2 other anti-tumor
necrosis factor biologic agents, etanercept and adalimumab,
infliximab is not approved for JIA. In a randomized,
double-blind, placebo-controlled trial performed from 2001
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to 2004, efficacy of infliximab was not proven12. In that
trial, 122 patients with JIA (4–17 yrs) were randomized to
receive infliximab 3 mg/kg plus methotrexate (MTX)
through Week 44 (infliximab group) or MTX plus placebo
for 14 weeks followed by MTX plus infliximab 6 mg/kg
through Week 44 (placebo group)1,12. Remarkably, safety
data indicated that the 6 mg/kg dose may provide a more
favorable risk/benefit profile compared to the 3 mg/kg dose,
although overall infliximab was well tolerated. The
detection of antibodies against infliximab was significantly
associated with the occurrence of infusion reactions in the
group using 3 mg/kg. The trial failure was attributed to
factors such as greater placebo effect and lower PK
exposure. According to retrospective case collections and
open case series, the efficacy of infliximab on articular
symptoms seems to be comparable to that of etanercept in
the treatment of JIA13. However, for treatment of chronic
JIA-associated uveitis and inflammatory bowel disease
(IBD), infliximab seems to be superior to etanercept13,14,15.
Incompatibility reactions during infusions are not rare and
are probably related to the development of human
antichimeric antibodies; therefore, infliximab should be
used only in combination with MTX to prevent the devel-
opment of such antichimeric antibodies13. Dosages of 3 to 6
mg/kg body weight and infusion intervals of 4 to 8 weeks
have been studied, but higher dosages up to 10 mg/kg and
shorter intervals are preferred13,14.

Tambralli and colleagues recognized that studies of
children with uveitis and adults with IBD have shown that
dose intensification can lead to improved responses16,17,18,19,20.
Doses of infliximab as high as 10–20 mg/kg have been
reported to be effective in the management of childhood
uveitis, and the FDA label for RA permits doses as high as
10 mg/kg every 4 weeks. Therefore they evaluated patients
with refractory JIA who received at least 1 dose of
high-dose infliximab (≥ 10 mg/kg) at any time between
January 1, 2006, and June 30, 2012, in a single hospital.
Data were collected from routine visits including serious
adverse events, medically important infections, and disease
activity measures, and examined for the first year following
initiation of high-dose infliximab. The authors conclude that
high-dose infliximab is safe in the management of JIA. The
safety of biologicals, especially in a vulnerable patient
group such as children, has been of general concern. The
fact that the authors have not identified any new short-term
safety concerns in their study is encouraging.

This study is an important contribution to the existing
literature, because data on high doses of biologics in the
treatment of JIA are rare. The goal of optimizing a drug’s
dosage is to find the right therapeutic window: high enough
for the optimal treatment effect but not high enough to cause
adverse effects. Because of between-patient variations in
drug metabolism, the optimal dose will be different for
every patient. Identifying the clinical, biological, and/or

genetic markers that allow tailored dosing is a challenge. It
might improve treatment not only for pediatric patients but
also for adults. 

New legislation concerning drug research in children has
encouraged pharmaceutical companies in the United States
and the EU to perform pediatric drug research. The data
guiding the dosing, efficacy, and safety of medicines for
children have lagged substantially compared to the infor-
mation available for adults21. There is a lack of knowledge
of optimal dosing of biologic agents in JIA; some patients
might benefit from higher doses. Although safety issues are
a big concern, underdosing and therefore not providing an
optimal treatment also harms the patient. We need more
research to find the right therapeutic window for each
patient, making sure that they are treated effectively but not
overdosed, causing avoidable side effects or producing
unnecessary drug costs.
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