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ABSTRACT

BACKGROUND

Tumor necrosis factor (TNF) has a pathogenic role in juvenile rheumatoid arthritis.
We evaluated the efficacy and safety of adalimumab, a fully human monoclonal anti-
TNF antibody, in children with polyarticular-course juvenile rheumatoid arthritis.

METHODS

Patients 4 to 17 years of age with active juvenile rheumatoid arthritis who had previ-
ously received treatment with nonsteroidal antiinflammatory drugs underwent strat-
ification according to methotrexate use and received 24 mg of adalimumab per square
meter of body-surface area (maximum dose, 40 mg) subcutaneously every other week
for 16 weeks. We randomly assigned patients with an American College of Rheu-
matology Pediatric 30% (ACR Pedi 30) response at week 16 to receive adalimumab
or placebo in a double-blind fashion every other week for up to 32 weeks.

RESULTS

Seventy-four percent of patients not receiving methotrexate (64 of 86) and 94% of
those receiving methotrexate (80 of 85) had an ACR Pedi 30 response at week 16 and
were eligible for double-blind treatment. Among patients not receiving methotrexate,
disease flares (the primary outcome) occurred in 43% of those receiving adalimumab
and 71% of those receiving placebo (P=0.03). Among patients receiving methotrex-
ate, flares occurred in 37% of those receiving adalimumab and 65% of those receiv-
ing placebo (P=0.02). At 48 weeks, the percentages of patients treated with metho-
trexate who had ACR Pedi 30, 50, 70, or 90 responses were significantly greater for
those receiving adalimumab than for those receiving placebo; the differences be-
tween patients not treated with methotrexate who received adalimumab and those
who received placebo were not significant. Response rates were sustained after 104
weeks of treatment. Serious adverse events possibly related to adalimumab occurred
in 14 patients.

CONCLUSIONS
Adalimumab therapy seems to be an efficacious option for the treatment of children
with juvenile rheumatoid arthritis. (ClinicalTrials.gov number, NCT00048542.)
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ADALIMUMARB IN JUVENILE RHEUMATOID ARTHRITIS

UVENILE RHEUMATOID ARTHRITIS IS THE

most common rheumatic disease of childhood

and is an important cause of disability among
children.* Weekly methotrexate (oral or parenteral),
at dosages of up to 15 mg per square meter of body-
surface area per week for parenteral administra-
tion, has been established as an effective therapy
in polyarticular juvenile rheumatoid arthritis.23
During the past decade, the use of tumor necrosis
factor (TNF) antagonists in adult rheumatoid ar-
thritis has shifted the paradigm of care.*® More
recently, TNF blockade has been shown to be an
efficacious treatment option for polyarticular ju-
venile rheumatoid arthritis.” Adalimumab (Humira,
Abbott Laboratories) is a fully human, IgG,, mono-
clonal anti-TNF antibody. In patients with adult
rheumatoid arthritis, adalimumab, with or with-
out concomitant methotrexate, reduces the signs
and symptoms of disease, improves the quality of
life and physical functioning, and inhibits radio-
graphic progression.>#1° Sustained efficacy has
been demonstrated during long-term administra-
tion.** We conducted this study to evaluate the ef-
ficacy and safety of adalimumab in children with
polyarticular-course juvenile rheumatoid arthritis.

METHODS

PATIENTS

Patients 4 to 17 years of age with polyarticular-
course juvenile rheumatoid arthritis (with any type
of onset) who had active disease (at least five swol-
len joints and at least three joints with limitation
of motion) that had not responded adequately to
treatment with nonsteroidal antiinflammatory
drugs (NSAIDs) were eligible for enrollment. The
patients either had not previously been treated with
methotrexate or had been previously treated with
methotrexate and had had adverse events or an in-
adequate response. Patients were excluded from
participation if they had clinically significant de-
viations in hematologic, hepatic, or renal indica-
tors; if they had an ongoing infection or had
recently had a major infection requiring hospital-
ization or intravenous antibiotics; if they had re-
cently received live or attenuated vaccines; or if they
had been previously treated with other biologic
agents at any time or recently treated with intra-
venous immune globulin, cytotoxic agents, inves-
tigational agents, disease-modifying antirheumatic
drugs other than methotrexate, or corticosteroids
administered by the intraarticular, intramuscular,

or intravenous route. All sexually active study par-
ticipants were required to use contraception, and
serum pregnancy tests were performed before dos-
ing and during the trial in all girls of reproductive
potential.

STUDY DESIGN
This was a randomized, double-blind, stratified,
placebo-controlled, multicenter, medication-with-
drawal study with a 16-week open-label lead-in
phase, a 32-week double-blind withdrawal phase,
and an open-label extension phase. Study visits oc-
curred at screening, at baseline (day 1), between
days 2 and 10, at weeks 2 and 4, and every 4 weeks
through week 48 or withdrawal from the study.
For those who withdrew from the study, another
visit occurred 30 days after the last dose of study
medication. In the open-label extension phase, vis-
its occurred every 8 weeks through the first year
and then every 16 weeks throughout the remain-
der of the patient’s participation in the open-label
phase. The dosage was based on body-surface area
during the first part of the extension phase; in the
later part, patients received a fixed dose based on
body weight (20 mg for patients weighing <30 kg,
and 40 mg for patients weighing >30 kg).

Patients who entered the fixed-dose phase at an
increased dosage were also seen 12 weeks after the
beginning of that phase. Drs. Lovell, Ruperto,
Carcereri-De-Prati, Giannini, and Martini were
directly involved in the design of the study. Drs.
Lovell, Ruperto, Medich, Carcereri-De-Prati, Mcll-
raith, Giannini, and Martini analyzed the data.
The academic authors vouch for the completeness
and accuracy of the data and data analyses.

At the beginning of the open-label lead-in
phase, the patients underwent stratification into
two groups according to methotrexate use. Pa-
tients in the stratum not receiving methotrexate
either had never received methotrexate or had dis-
continued methotrexate at least 2 weeks before
administration of the study drug. Patients in
the methotrexate stratum had received methotrex-
ate at a stable dosage of at least 10 mg per square
meter per week for the 3-month period before
screening and continued to receive methotrexate
at the same dosage during the open-label lead-in
and double-blind phases. During the open-label
lead-in phase, all patients received 24 mg of adalim-
umab per square meter (to a maximum of 40 mg)
subcutaneously every other week for 16 weeks. The
adalimumab dosage was selected with the use of
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pharmacokinetic data that determined the effec-
tive dosage of adalimumab in adults with rheuma-
toid arthritis.

Stable dosages of NSAIDs and low-dose corti-
costeroids (£0.2 mg of prednisone or prednisone
equivalent per kilogram of body weight per day to
a maximum of 10 mg per day) were permitted.
Pain medications were also allowed except for the
12 hours preceding an assessment of the joints.

At week 16, patients with an American College
of Rheumatology Pediatric 30% (ACR Pedi 30) re-
sponse underwent randomization at a 1:1 ratio
within their respective strata to receive subcutane-
ous injections of either adalimumab or placebo
every other week in a 32-week, double-blind treat-
ment phase. A separate randomization schedule
for each stratum was generated by the study spon-
sor before the start of the study. The investigators,
study coordinators, assessors, patients, and par-
ents were unaware of the treatment assignment
during the double-blind phase of the study.

During the double-blind phase, patients were
monitored for disease flares. Patients who enrolled
in the double-blind phase were eligible to receive
open-label treatment with adalimumab in an ex-
tension phase of the study.

The study protocol was approved by an inde-
pendent ethics committee or institutional review
board at each study site. Each parent or guardian
provided written informed consent, and an inde-
pendent data and safety monitoring board re-
viewed adverse events that occurred during the
study. The study complied with the Consolidated
Standards of Reporting Trials statement.!?

ASSESSMENT, OUTCOME, AND SAFETY MEASURES
ACR Pedi responses were assessed throughout the
study. An ACR Pedi 30 response is defined as an
improvement of 30% or more in at least three of
the six core criteria for juvenile rheumatoid arthri-
tis and a worsening of 30% or more in no more
than one of the criteria. The criteria are the phy-
sician’s global assessment of disease activity and
the patient’s or the parent’s global assessment of
overall well-being (both measured with the use of
a 100-mm visual-analogue scale, in which 0 rep-
resented no disease activity or an assessment of
“very well” for overall well-being, and 100 repre-
sented the most disease activity or an assessment
of “very poor” for overall well-being), the number
of joints with active arthritis (defined as joints
with swelling not caused by deformity or joints, in

the absence of swelling, with limitation of pas-
sive motion accompanied by pain, tenderness, or
both), the number of joints with limitation of pas-
sive motion, physical function (measured by the
Disability Index of the Childhood Health Assess-
ment Questionnaire), and a laboratory assessment
of inflammation (C-reactive protein concentrations
were used in this study).*®> ACR Pedi 50, 70, 90, and
100 levels of response also were evaluated and were
defined as improvements of 50% or more, 70% or
more, 90% or more, and 100%, respectively, in at
least three of the six core criteria for juvenile rheu-
matoid arthritis, with worsening of 30% or more
in no more than one criterion.

The primary efficacy end point was the per-
centage of patients not receiving methotrexate
who had a disease flare during the double-blind
phase of the study (weeks 16 to 48). A disease flare
was defined as a worsening of 30% or more in
at least three of the six core criteria for juvenile
rheumatoid arthritis and an improvement of 30%
or more in no more than one of the criteria. If the
number of joints with active arthritis was used as
a criterion of flare and the patient initially had no
active joints or only one active joint, an increase
in the number of active joints to at least two was
required. The same approach was used if the num-
ber of joints with loss of motion was used as a
criterion of flare. If either of the global assess-
ments was used as a criterion of flare, any increase
of more than 30% in the visual-analogue scale of
0 to 100 was sufficient, and no minimum clini-
cally important increase was required (e.g., an in-
crease from 2 to 4 would qualify for use of that
criterion in the determination of flare).

The safety of adalimumab was evaluated
throughout the study on the basis of physical ex-
aminations, laboratory results, vital signs, and
adverse events. All patients who discontinued
study medication were followed for adverse events
for 70 days after their last dose.

STATISTICAL ANALYSIS
On the assumption of a 70% rate of response to
adalimumab, 42 patients would need to enroll in
the open-label lead-in phase to yield the 29 pa-
tients needed in each treatment group in the dou-
ble-blind phase. This estimate was based on a 40%
difference in the rate of flare between the place-
bo and the adalimumab groups and provided a
power of 80% at an alpha level of 0.05. Demo-
graphic and baseline characteristics were summa-
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196 Patients were screened

25 Were ineligible

171 Underwent randomization

!

85 Patients receiving
methotrexate were enrolled in
open-label lead-in phase

'

86 Patients not receiving
methotrexate were enrolled in
open-label lead-in phase

) 9 Withdrew
2 Withdrew 2 Had an adverse event
> 1 He}d an adverse event 1 Was lost to follow-up
1 Withdrew consent 6 Had lack of efficacy
83 Completed open-label 77 Completed open-label
lead-in phase lead-in phase
19 Withdrew
8 Withdrew 2 Had an adverse event
1 Had an adverse event 5 Had lack of efficacy
1 Had a protocol violation 1 Had a protocol violation
6 Had other reason 2 Withdrew consent
9 Had other reason

l l

l l

37 Underwent randomization 38 Underwent randomization 28 Underwent randomization 30 Underwent randomization
to placebo in to adalimumab in to placebo in to adalimumab in
double-blind phase double-blind phase double-blind phase double-blind phase
1 Withdrew consent 3 Withdrew for 1 Withdrew bgcaU§e
other reason of a protocol violation
36 Completed double-blind 35 Completed double-blind 28 Completed double-blind 29 Completed double-blind
phase and entered phase and entered phase and entered phase and entered
open-label extension phase open-label extension phase open-label extension phase open-label extension phase

Figure 1. Enrollment of Patients and Completion of the Study.

rized by descriptive statistics. Efficacy analyses
were performed on the intention-to-treat popula-
tion, which was defined as all patients who re-
ceived at least one dose of the study drug during
the phase of the study for which the analysis was
being conducted. The following types of imputa-
tion were performed. For the primary efficacy end
point and for all secondary analyses of disease
flare, missing values were treated as disease flares.
For secondary analyses of ACR Pedi 30, 50, 70, and

90 responses during the open-label lead-in and
double-blind phases, missing values were imputed
as nonresponses. In addition, patients in whom a
flare occurred according to the protocol defini-
tion during the double-blind phase were classified
as having no response (ACR Pedi <30) at week 48,
regardless of their actual ACR Pedi responses. ACR
Pedi response rates during the open-label exten-
sion phase were calculated by using the last ob-
servation carried forward for missing values. Con-
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Table 1. Baseline Demographic and Clinical Characteristics of the Patients.*
Characteristic Open-Label Lead-in Phase Double-Blind Phase
Methotrexate No Methotrexate Methotrexate No Methotrexate
adalimumab  adalimumab placebo adalimumab placebo  adalimumab
(N=85) (N=86) (N=37) (N=38) (N=28) (N=30)
Age —yr 11.4+3.3 11.1+3.8 10.8+3.4 11.7+3.3 11.3+3.8 11.1+4.1
Age group — no. (%)
4-8yr 19 (22) 21 (24) 12 (32) 6 (16) 8 (29) 8 (27)
9-12yr 30 (35) 32 (37) 10(27) 17 (45) 7 (25) 10 (33)
13-17yr 36 (42) 33 (38) 15 (41) 15 (40) 13 (46) 12 (40)
Female sex — no. (%) 68 (80) 67 (78) 30 (81) 30 (79) 20 (71) 23 (77)
Race —no. (%)
White 81 (95) 76 (88) 36 (97) 36 (95) 27 (96) 26 (87)
Black 0 3(3) 0 0 1 (4) 1(3)
Other 4(5) 7(8) 103) 2 (5) 0 3 (10)
Body weight — kg 43.8+18.3 40.9+19.3 443+189  42.1+17.9 45.4+24.4 41.3x17.3
Negative for rheumatoid factor — no./total no. (%)  64/83 (77) 67/85 (79) 30/36 (83) 27/37 (73) 21/27 (78)  24/30 (80)
Duration of juvenile rheumatoid arthritis — yr 4.0+3.7 3.6+4.0 4.0+3.5 4.3:4.1 2.9+3.3 3.6+4.0
Previous medication use — no. (%)
Methotrexate 85 (100) 18 (21) 37 (100) 38 (100) 4 (14) 3 (27)
Other disease-modifying antirheumatic drugs 8(9) 8 (9) 7 (19) 1(3) 3(11) 4 (13)
Methylprednisolone 4 (5) 2 (2) 2 (5) 2 (5) 1(4) 0

* Plus—minus values are means +SD.
Race was determined by the patient or the parent.

814

tinuous variables were compared by means of
analysis of covariance. Categorical data, including
those used for the primary end-point analysis, were
analyzed with either the Pearson chi-square test
or Fisher’s exact test, as appropriate. All compari-
sons were two-sided at an alpha level of 0.05. The
safety analyses included all patients who received
the study drug during the designated study phase.
We report prespecified analyses for the blinded
phase and report other analyses, such as that for
ACR Pedi 100, for the extension phase.

RESULTS

BASELINE CHARACTERISTICS OF THE PATIENTS

The open-label lead-in and double-blind phases of
the study occurred from September 19, 2002, to
January 13, 2005; the open-label extension phase
was ongoing at the time of publication of this ar-
ticle. A total of 171 patients from 31 study sites
participated in the open-label lead-in phase, and
160 completed this phase (Fig. 1). Of these 160 pa-
tients, 133 entered the double-blind phase. The rea-

N ENGLJ MED 359;8 WWW.NEJM.ORG

sons for discontinuation of the study are listed in
Figure 1. Demographic characteristics and dis-
ease activity at baseline are described in Tables 1
and 2. Among patients entering the double-blind
phase, there were no significant differences in
baseline characteristics between the placebo and
the adalimumab groups within either stratum
(methotrexate or no methotrexate). Disease dura-
tion was shorter and disease activity, as measured
by the numbers of affected joints, was greater
among patients not receiving methotrexate (sta-
tistical comparison not performed). All patients
enrolled in the study had chronic, very active, wide-
spread joint inflammation at baseline.

OPEN-LABEL LEAD-IN PHASE

The patients improved according to all levels of
ACR Pedi response during the open-label lead-in
phase (Fig. 2A). Twenty-two of 86 patients not re-
ceiving methotrexate (26%) and 24 of 85 receiving
methotrexate (28%) had an ACR Pedi 90 response.
The percentage improvements from baseline to
week 16 in the core criteria for juvenile rheuma-
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Table 2. Changes from Baseline in Disease-Activity Variables during the Open-Label Lead-in Phase of Adalimumab Treatment.*

Variable

Physician’s global assessment of disease
activityf

Parent’s or patient’s global assessment
of disease activityT

No. of joints with limitation of passive
motion

No. of joints with active arthritis

Disability Index score in Childhood Health
Assessment Questionnaire:;

Serum C-reactive protein (mg/dl)§

No. of swollen joints

No. of tender joints

No. of joints with pain on passive motion

Parent’s or patient’s assessment of pain{

No. of Joints

Evaluated

69

75

66
75
75

Methotrexate (N=85)

Baseline

58.0

43.2

12.7

15.0
0.9

0.7
13.2
9.5
8.0
433

Wk 16

17.0

15.9

4.5

4.3
0.4

0.1
3.6
2.7
1.6
13.9

Mean %
Change

-71
-59
—65

-71
—64

=72
=75

No Methotrexate (N=86)

Baseline

59.7

53.4

143

19.4
1.2

0.8
16.3
13.3
12.6
55.7

Wk 16

19.4

20.6

7.1

7.3
0.5

0.1
6.0
3.1
3.8
213

Mean %
Change

* All values are means except those for C-reactive protein, which are medians.
1 A 100-mm visual-analogue scale was used in which higher scores indicated more active disease.

i Scores range from 0 (best) to 3 (worst).

§ The normal median value for C-reactive protein is less than 0.287 mg per deciliter.
9 A 100-mm visual-analogue scale was used in which higher scores indicated more severe pain.

toid arthritis and other efficacy variables are shown
in Table 2.

DOUBLE-BLIND PHASE AND OPEN-LABEL EXTENSION
PHASE

Sixty-four of 86 patients not receiving methotrexate
(74%) and 80 of 85 receiving methotrexate (94%)
had an ACR Pedi 30 response at week 16 and were
eligible for enrollment in the double-blind phase
(Fig. 2A). Six patients in the no-methotrexate stra-
tum and five in the methotrexate stratum met the
response criteria for eligibility but did not enroll
in the double-blind treatment phase.

Among patients not receiving methotrexate,
disease flares — the primary end point — oc-
curred in a significantly lower percentage of those
receiving adalimumab than of those receiving pla-
cebo (13 of 30 [43%] vs. 20 of 28 [71%], P=0.03)
(Fig. 2B). Of the patients receiving methotrexate,
14 of 38 who received adalimumab (37%) and 24
of 37 who received placebo (65%) had a disease
flare during the double-blind phase (P=0.02). At
the end of the 48-week study, more patients treated
with adalimumab than patients treated with pla-
cebo had ACR Pedi 30, 50, 70, or 90 responses in
both the methotrexate stratum and the stratum

not receiving methotrexate (Table 3). In the metho-
trexate stratum, significantly more patients treated
with adalimumab than those receiving placebo
had ACR Pedi 30, 50, or 70 responses at 48 weeks;
the differences between patients treated with
adalimumab and those receiving placebo in the
stratum not receiving methotrexate were not
significant. Although patients met the protocol-
defined flare criteria in the double-blind phase of
the trial, many continued to show marked im-
provement as compared with their status at base-
line. At the study visit in which a disease flare was
judged to have occurred, 73% of patients had an
ACR Pedi 30, 61% had an ACR Pedi 50, and 24%
had an ACR Pedi 70 response. During the open-
label extension phase, ACR Pedi responses were
sustained during 2 years of treatment (Fig. 2C).
After 104 weeks of treatment, 40% of patients had
an ACR Pedi 100 response.

During an exploratory analysis of the primary
end point, a logistic-regression analysis was per-
formed to evaluate whether concomitant use of
corticosteroids or NSAIDs at study entry influ-
enced the incidence of disease flares among ada-
limumab-treated patients, and no such effect was
found. Because of the small numbers of patients
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receiving corticosteroids during the trial (Table 1),
analysis of ACR Pedi responses according to cor-
ticosteroid use during the trial was not feasible.
SAFETY
The most frequently reported adverse events, after
adjustment according to extent of exposure, were
infections and injection-site reactions (Table 4).
These events were considered mild to moderate.
816
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Figure 2. Response to Treatment.

Panel A shows American College of Rheumatology Pe-
diatric (ACR Pedi) response levels among patients re-
ceiving open-label adalimumab at week 16 according to
whether they were or were not receiving methotrexate.
ACR Pedi 30, 50, 70, and 90 responses are defined as
improvements of at least 30%, 50%, 70%, and 90%,
respectively, in at least three of the six core criteria for
juvenile rheumatoid arthritis, with worsening of 30%
or more in no more than one criterion. Panel B shows
the percentages of patients in the placebo and adalim-
umab groups with disease flare during the double-
blind phase of the study (weeks 16 through 48). Panel
C shows ACR Pedi 30, 50, 70, 90, and 100 responses
during the first 104 weeks of the open-label extension
phase regardless of whether adalimumab was dosed
according to body-surface area or body weight. The
data are from the intention-to-treat population of 128
patients who entered the open-label extension phase
of the study; for missing values, the last observation
was carried forward.

Serious adverse events considered possibly related
to study drug by the investigator occurred in 14
patients: 6 during the open-label lead-in phase,
1 during the double-blind phase, and 7 during the
open-label extension phase. Of these, seven were
serious infections (one case each of bronchopneu-
monia, herpes simplex virus infection, pharyngi-
tis, pneumonia, and unspecified viral infection and
two cases of herpes zoster). Nine patients during
the open-label lead-in phase, no patients during the
double-blind phase, and three patients during the
open-label extension phase discontinued treatment
because of adverse events. No deaths, malignant
conditions, opportunistic infections, cases of tu-
berculosis, demyelinating diseases, or lupuslike re-
actions were reported during this study.

IMMUNOGENICITY
Twenty-seven of 171 patients (16%) had at least
one positive test for anti-adalimumab antibody dur-
ing the open-label and double-blind phases: 5 of 85
(6%) receiving methotrexate and 22 of 86 (26%)
not receiving methotrexate. Development of anti-
adalimumab antibody did not lead to a greater rate
of discontinuation of the study drug, nor did it in-
crease the incidence of serious adverse events.

DISCUSSION

Adalimumab, administered with or without meth-
otrexate, improved signs and symptoms of disease
in children with juvenile rheumatoid arthritis. Dis-
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Methotrexate at Week 48.*

Table 3. ACR Pedi 30, 50, 70, and 90 Responses of Patients Receiving Placebo or Adalimumab with or without

ACR Pedi Response No Methotrexate

Placebo Adalimumab
(N=28) (N=30)
percent
30 32 57
50 32 53
70 29 47
90 18 30

Methotrexate
Placebo Adalimumab
P Value (N=37) (N=38) P Value
percent
0.06 38 63 0.03
0.10 38 63 0.03
0.16 27 63 0.002
0.28 27 42 0.17

* A patient who had a flare according to the protocol definition was classified as having no response from that point forward,
regardless of the patient’s American College of Rheumatology Pediatric (ACR Pedi) response at that time. ACR Pedi 30, 50,
70, and 90 responses are defined as improvements of at least 30%, 50%, 70%, and 90%, respectively, in at least three
of the six core criteria for juvenile rheumatoid arthritis, with worsening of 30% or more in no more than one criterion.

ease flares were significantly less frequent among
children receiving adalimumab than among those
receiving placebo. Disease flare was defined con-
servatively in this study, with a relatively small de-
gree of worsening exceeding the threshold for a
flare. Therefore, many patients met the criteria for
a disease flare while showing substantial improve-
ment as compared with baseline disease activity.
The ACR Pedi scores at week 48, which defined all
patients who had disease flares as having no re-
sponse, were significantly greater for patients
treated with adalimumab than for those receiving
placebo, both among patients receiving metho-
trexate and among all patients regardless of wheth-
er they received methotrexate, but not among pa-
tients not receiving methotrexate. Of patients
treated with adalimumab, 30% not receiving meth-
otrexate and 42% receiving methotrexate had an
ACR Pedi 90 response, a measure that we believe
has not previously been included in an efficacy trial
of juvenile rheumatoid arthritis (Table 3). During
2 further years of adalimumab treatment in the
open-label extension phase, ACR Pedi responses
were sustained, including achievement of ACR Pedi
100 responses by 40% of the patients.

The study was not statistically powered to de-
tect differences between patients receiving and
those not receiving methotrexate; however, the
proportions of patients with ACR Pedi 30, 50, 70,
or 90 responses were somewhat higher among
those receiving adalimumab in combination with
methotrexate than among those receiving adali-
mumab without methotrexate. Although these re-
sults are consistent with findings of studies in
adult patients with rheumatoid arthritis,®* any

differences between patients in the two strata
(those receiving and those not receiving metho-
trexate) are difficult to interpret, because the pa-
tients underwent randomization within each stra-
tum but not across strata. Eleven of 86 patients not
receiving methotrexate withdrew from the study
before undergoing randomization, because of lack
of efficacy of adalimumab.

A small percentage of patients withdrew be-
cause of adverse events. The most frequently
reported adverse events were infections and injec-
tion-site reactions. Serious adverse events consid-
ered possibly drug-related by the investigator
occurred in 14 patients, 7 of whom had serious
infections. No deaths, opportunistic infections,
malignant conditions, demyelinating diseases, or
lupuslike reactions occurred in this study. The size
of the study population and the length of the study
were not sufficient to determine the risks of rare
adverse events.

Approximately 16% of the patients had at least
one positive test for anti-adalimumab antibody
during the study. This percentage is greater than
the 5% observed during clinical trials of adult pa-
tients with rheumatoid arthritis.** There were no
increases in discontinuations of the study drug or
adverse events associated with the presence of anti-
adalimumab antibody. Positive anti-adalimumab
antibody tests were less frequent among patients
receiving concomitant methotrexate than among
those receiving adalimumab monotherapy, a find-
ing consistent with the findings of trials in adult
patients with rheumatoid arthritis.

Conducting placebo-controlled trials in pediat-
ric populations requires special consideration of
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the ethical issues associated with denying active
treatment during a double-blind phase. At the time
the adalimumab trial was designed, two other tri-
als of TNF antagonists in pediatric patients were
ongoing. Our trial of adalimumab was designed
after considering both parallel and randomized
approaches to withdrawal, in consultation with the
Food and Drug Administration (FDA). The FDA
and the study designers agreed that the blinded,
randomized medication-withdrawal design pro-
vided acceptable scientific rigor while minimizing
exposure to placebo in this population of children
with severe, active juvenile rheumatoid arthritis
and that the primary end point should be a com-
parison, in the no-methotrexate stratum, between

E,’; the percentages of patients with disease flares in
© o ~ o the group receiving adalimumab and the group
receiving placebo during the double-blind phase.
Although the double-blind phase, and thus the
= primary end-point analysis, was conducted in pa-
3 tients who had a response, the open-label lead-in
o o o ~

approach is generalizable to clinical practice, given
that treatment decisions are made in an open-
label setting after a reasonable trial with a new
active treatment. If a patient does not have a re-
sponse to an active treatment after a period of time
(16 weeks or so, as in the current trial), a physician
will probably consider other treatment options.
For patients who do have a response, treatment
will be continued.

Adalimumab, alone or in combination with
methotrexate, appears to be an efficacious option
for the treatment of children with polyarticular
juvenile rheumatoid arthritis. Responses were sus-

tained through 2 years of continued treatment.
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listed, the following serious adverse events also occurred (in 1 patient each, except where noted) but were not considered to be possibly related to the study drug: abdominal pain,

abortion, adenoidal and tonsillar hypertrophy (2 patients), arthritis (2 patients), appendicitis (2 patients), diabetic ketoacidosis, femur fracture, unspecified injury, malabsorption, joint
contracture, joint dislocation, juvenile rheumatoid arthritis disease flare (12 patients), osteoarthritis, speech disorder, retinal detachment, urinary tract infection, and vomiting.

7 The patient entered the study with a ventricular peritoneal shunt in place because of preexisting hydrocephalus and had concurrent viral infection and shunt malfunction.

* Serious adverse events were death or any event that was life-threatening; required hospitalization or prolongation of existing hospitalization; resulted in persistent or significant disabili-
I Values returned to normal within weeks after discontinuation of study drug.

ty, congenital anomaly, or spontaneous or elective abortion; or required medical or surgical intervention to prevent another serious outcome. In addition to the serious adverse events
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