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In part 1, 15 (7.9%) of 188 patients did not achieve
JIA-ACR30 response and were discontinued from the study
(figure 1). Additional withdrawals in part 1 occurred because of
AEs (three patients), refusal of treatment (three patients) and
loss of follow-up (one patient). Of the remaining 166 patients
who entered part 2, 6 were discontinued (AEs, 3 patients; insuf-
ficient therapeutic response, 2 patients; withdrawal of consent,
1 patient). Because 3 of the 166 patients entering part 2 discon-
tinued the study before receiving a single dose of study drug,
the ITT population for part 2 was 163 patients—81 randomly
assigned to placebo and 82 to continued tocilizumab.

Efficacy in the open-label phase (part 1)
Part 1 was completed by 168 (89.4%) of 188 patients achieving
JIA-ACR30 response (figure 2A). Higher-level JIA-ACR70 and
JTA-ACRI90 responses were attained by 117 (62.2%) of 188 and
49 (26.1%) of 188 patients, respectively. All six JIA-CRVs mark-
edly improved from baseline to week 16 (figure 2B).
JIA-ACR30/50/70/90 response rates were numerically lower
in the 8 mg/kg less than 30 kg group than in the other two
groups (figure 2C). Consistently, tocilizumab concentrations
over time and steady-state exposures were numerically lower in
the 8 mg/kg less than 30 kg group than in the other two groups
(see online supplementary table S2, supplementary figure S1A).

Changes in soluble IL-6R levels and inflammation markers (CRB
ESR) were also more similar between 10 mg/kg for the less than
30 kg group and 8 mg/kg for the 30 kg or more group (see
online supplementary figure S1B-D).

Efficacy in the double-blind, withdrawal phase (part 2)

The primary end point at week 40 was met; there were signifi-
cantly more JIA-flares in the placebo group than in patients
remaining on tocilizumab (39/81 (48.1%) vs 21/82 (25.6%);
adjusted difference in flare rate: —0.21; 95% CI —0.35 to —0.08;
p=0.0024). JIA-flares were evident in the placebo group as early
as 28 days after randomisation in part 2 (figure 2D). Robustness
of the primary end point result was confirmed by logistic regres-
sion analysis (see online supplementary appendix S2).

In the placebo and the tocilizumab groups, JIA-ACR70 and
JTA-ACR90 response rates were numerically higher in patients
receiving MTX than in those not receiving MTX; rates were
numerically lower in patients who previously received other bio-
logical agents than in biological-naive patients (table 2). No dif-
ferences were observed in response to tocilizumab between
patients who were rheumatoid factor-positive and those who
were not (data not shown).

Ad hoc analysis of patients who received tocilizumab continu-
ously in parts 1 and 2, including those who escaped in part 2,

Figure 2 (A) JIA-ACR30/50/70/90 response rates by visit in part 1. (B) Line plot of JIA-ACR core components by week in part 1. (C) JIA-ACR30/50/
70/90 improvement by treatment group at the end of part 1 at week 16. (D) Time to JIA-ACR30 are after randomisation in the withdrawal phase
(part 2); part 1 treatment is indicated in parentheses. For JIA-ACR responses (A, C), n=188. For JIA-ACR core components (B), n=182—187 for
number of joints with active arthritis and number of joints with limitation of movement; n=178-184 for assessment of patient overall well-being;
n=181-187 for physician global assessment of disease activity; n=182—184 for CHAQ-DI; and n=182-188 for ESR. For time to JIA-ACR30 are (D),
n=number of patients remaining in the study at each time point. ®Log-rank test adjusted for strati cation factors applied at randomisation in part 1
was a prede ned, exploratory analysis. HR, 0.36; 95% ClI 0.19 to 0.67. CHAQ-DI, Childhood Health Assessment Questionnaire-Disability Index; ESR,
erythrocyte sedimentation rate; JIA-ACR, juvenile idiopathic arthritis-American College of Rheumatology; VAS, visual analogue scale.
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Table 2 Proportion of patients in the ITT population with JIA-ACR70 and JIA-ACR90 response at week 40 by background methotrexate use,
background glucocorticoid use and previous biological agent use at baseline*

Placebo Tocilizumab
n=81t1 n=82t
Concomitant therapies and previous exposure to biological agent Response level Yes No Yes No
Background methotrexate JIA-ACR70 30/64 (46.9) 417 (23.5) 45/67 (67.2) 8/15 (53.3)
JIA-ACR90 18/64 (28.1) 117 (5.9) 32/67 (47.8) 5/15 (33.3)
Background glucocorticoid JIA-ACR70 14/38 (36.8) 20/43 (46.5) 23133 (69.7) 30/49 (61.2)
JIA-ACR90 5/38 (13.2) 14/43 (32.6) 16/33 (48.5) 21/49 (42.9)
Previous biological agent JIA-ACR70 2/23 (8.7) 32/58 (55.2) 13127 (48.1) 40/55 (72.7)
JIA-ACR90 2/23 (8.7) 17/58 (29.3) 5/27 (18.5) 32/55 (58.2)

*Patients who withdrew or escaped to open-label tocilizumab or for whom the end point could not be determined were classified as non-responders.

tValues are n of N (% of N).

ITT, intent-to-treat; JIA-ACR, juvenile idiopathic arthritis-American College of Rheumatology based on percentage changes of the JIA-CRVs.

demonstrated JIA-ACR70 and JIA-ACR90 response rates of
78.0% (64/82) and 48.8% (40/82), respectively, at week 40
compared with baseline, with improvement from baseline in all
individual JIA-CRVs (table 3).

Safety

AEs and SAEs are shown in table 4 for the safety population
(n=188) at the time of data cut. Overall, 159 (84.6%) patients
reported at least one AE. Rates of AEs/100 PY of exposure were
similar across the three groups (8 mg/kg for 30 kg or more,
501.9; 10 mg/kg for less than 30 kg, 445.6; 8 mg/kg for less
than 30 kg, 471.9). A total of 16 AEs in 16 (8.5%) patients
were considered severe, and seven AEs led to study discontinu-
ation. Common AEs were pneumonia, reported in four (2.1%)
patients (three in the 8 mg/kg for 30 kg or more group, one in
the 10 mg/kg for less than 30 kg group), followed by bronchitis
in two (1.19%) patients (both in the 10 mg/kg for less than 30 kg
group) and cellulitis in two (1.19%) patients (both in the 8 mg/kg
for 30 kg or more group).

No deaths were reported during the study, and no malignan-
cies were identified. In the safety population, 17 (9.0%) patients
reported 22 SAEs, with a rate of 12.5/100 PY. Also, 5 of the 22
SAEs (benign intracranial hypertension, uveitis, urinary calculus,
pneumonia, cellulitis) in 5 (2.7%) patients were considered by
the investigator to be related to tocilizumab.

Laboratory abnormalities included alanine aminotransferase
elevations 3 X upper limit of normal (ULN) or greater in seven
(3.79%) patients, aspartate aminotransferase elevations 3 X ULN
or greater in one (0.5%) patient, neutropenia (less than 1000

cells/mm?®) in seven (3.7%) patients and thrombocytopenia (less
than 50 000 cells/mm?®) in two (1%) patients. These haemato-
logical abnormalities were not associated with infection or
bleeding events. Low-density lipoprotein (LDL)-cholesterol
levels 110 mg/dL or greater were observed in 21 (11.4%)
patients, whereas total cholesterol levels 170 mg/dL or greater
occurred in 64 (34.6%) of 185 patients assessed for cholesterol.
No patients were treated with lipid-lowering agents. One
patient had a positive antitocilizumab antibody assay result,
without anaphylactic reaction, and discontinued during part 1
for lack of efficacy.

DISCUSSION

Results of this study demonstrate that intravenous tocilizumab
10 mg/kg administered every 4 weeks in patients weighing less
than 30 kg and intravenous tocilizumab 8 mg/kg administered
every 4 weeks in patients weighing 30 kg or more are safe and
efficacious for the management of pcJIA. Results were clinically
meaningful because a high proportion (89%) of patients
achieved JIA-ACR30 response by week 16; 62% of patients
achieved JIA-ACR70 response, and 26% even achieved
JIA-ACR90 response.

The primary end point at week 40 was met: significantly
more placebo-treated than tocilizumab-treated patients experi-
enced JIA-flare during the double-blind, 24-week withdrawal
phase. Patients who received tocilizumab for 40 weeks experi-
enced marked improvement in all JIA-CRVs from baseline.

At the end of part 1, JIA-ACR response rates in patients
weighing less than 30 kg who received tocilizumab 10 mg/kg

Table 3 Improvement of all JIA-ACR core components at the end of part 2 (week 40) for the ITT population receiving tocilizumab in parts 1

and 2 (n=82)* compared with baseline

JIA-ACR core response variablest Baseline Week 40 Week 40 (change from baseline)
Joints with active arthritis (range, 0-71) 19.7 (13.95) 3.2 (8.00) —14.5 (11.14)

Joints with a limitation of movement (range, 0-67) 16.5 (13.81) 3.9 (6.95) —10.2 (8.97)

Assessment of patient overall well-being, VAS (range, 0-100) 45.5 (23.11) 8.8 (16.12) —31.1 (28.52)

Physician global assessment of disease activity, VAS (range, 0—100) 57.8 (20.30) 6.2 (7.75) —45.6 (21.47)

CHAQ-DI (range, 0-3) 1.216 (0.67) 0.333 (0.47) —0.804 (0.65)

ESR (mm/h) 31.7 (22.88) 5.4 (6.08) —25.2 (21.97)

*Ad hoc analysis.
tValues are mean (SD).

+Change from baseline was calculated using last-observation-carried-forward imputation for missing values; in other columns, missing values were not imputed.
CHAQ-DI, Childhood Health Assessment Questionnaire-Disability Index; ESR, erythrocyte sedimentation rate; ITT, intent-to-treat; JIA-ACR, juvenile idiopathic arthritis-American College of

Rheumatology; ULN, upper limit of normal; VAS, visual analogue scale (0-100 mm).
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Table 4 Serious adverse events and adverse events occurring in at least 5% of the patients by treatment group for events

Part 1 Part 2%
Tocilizumab All placebo# All-exposure safety group§

Adverse events* N=188 All tocilizumab n=82 n=81 N=188

Duration in study (years) 59.92 3233 27.41 184.4
Patients with at least one AE 124 (66.0) 58 (70.7) 60 (74.1) 159 (84.6)
Total number of AEs] 365 147 141 885
Rate of AEs per 100 PY** 609.2 454.7 514.4 479.8

Most frequently reported (>5%) AEs
Nasopharyngitis 23 (12.2) 14.(17.1) 9 (11.1) 39 (20.7)
Headache 15 (8.0) 3(3.7) - 26 (13.8)
Upper respiratory infection 13 (6.9) 4 (4.9) 2 (2.5 19 (10.1)
Cough 73.7) 2(2.4) 1(1.2) 18 (9.6)
Pharyngitis 8 (4.3) 33.7) 3(3.7) 17 (9.0)
Nausea 12 (6.4) 2 (2.4) 2 (2.5) 16 (8.5)
Diarrhoea 7(3.7) 2(2.4) 33.7) 14 (7.4)
Rhinitis 7(3.7) 2 (2.4) 1(1.2) 14 (7.4)
Vomiting 4(2.1) 33.7) 1(1.2) 14 (7.4)
Abdominal pain 5(2.7) 2 (2.4) 2 (2.5) 13 (6.9)
Oropharyngeal pain 8 (4.3) 1(1.2) 5 (6.2) 13 (6.9)
Rash 3(1.6) 4 (4.9) 1(1.2) 10 (5.3)

SAEs
Patients with at least one SAE 73.7) 3(3.7) 3(3.7) 17 (9.0)
Rate of SAEs per 100 PY 134 9.3 10.9 125
Patients with at least one infectious SAE 4(2.1) 1(1.2) - 9 (4.8)
Rates of infectious SAEs per 100 PY 6.7 3.1 - 49

SAEs by preferred term -
Pneumonia 1(0.5) 1(1.2) - 42.1)
Bronchitis 2 (1.1) - - 2(1.1)
Cellulitis 1(0.5) - - 2(1.1)
Varicella - - - 1(0.5)
Neck injury - - - 1(0.5)
Synovial rupture - - - 1(0.5)
Upper limb fracture - 1(1.2) - 1(0.5)
Sclerosing cholangitis 1(0.5) - - 1(0.5)
Hypertransaminasemia 1 (0.5) - - 1(0.5)
Back pain - - - 1(0.5)
Osteoporosis - - —_— 1(0.5)
Familial Mediterranean fevertt - - - 1(0.5)
Uveitis = = 1(1.2) 1(0.5)
Constipation 1(0.5) - - 1(0.5)
Benign intracranial hypertension 1(0.5) - - 1(0.5)
Psychosomatic disease - 1(1.2) - 1(0.5)
Urinary calculus - - - 1(0.5)
Enterocolitis - - 1(1.2)
Complicated migraine - - 1(1.2)

AEs leading to study drug discontinuation -
Increased blood bilirubin level+$ - 1(1.2) - 1(0.5)
Serum sickness-like reaction§§ 1(0.5) - - 1(0.5)
Gastroenteritis - - 1(1.2) 1(0.5)***
Pneumonia 1(0.5) - - 1(0.5)
Sclerosing cholangitisT1 1(0.5) - - 1(0.5)
Benign intracranial hypertension 1(0.5) - - 1(0.5)

Values are n (%) unless stated otherwise.

*Multiple occurrences of the same AE in one individual were counted only once, except where noted.

tSixteen-week, open-label, lead-in part 1 with all patients receiving tocilizumab.

$Both groups received tocilizumab open-label during part 1 before entering part 2 (24-week withdrawal phase). AE data on open-label tocilizumab escape therapy were excluded.
§Summarises all AEs except those that occurred in a patient once on placebo and includes data after week 40 because safety was based on the data cut.

fIMultiple occurrences of the same AE in one individual were counted.

**Patient-year.

t1Recurrence in patient with pcJIA, with flare of familial Mediterranean fever.

$tHighest total bilirubin reading, 50 umol/L (normal range, 3-24 umol/L); two consecutive readings >51 mmol/L mandated withdrawal per protocol. The event resolved without
sequelae.

§§Patient with serum sickness-like reaction and subcutaneous swelling on dorsum of hand, forearm and foot; the patient was discontinued from the study.

99The patient had transaminitis on study entry: 139 U/L aspartate aminotransferase, 147 U/L alanine aminotransferase; highest readings: 287 U/L aspartate aminotransferase, 289 U/L
alanine aminotransferase. Liver biopsy was performed on study day 134; results were compatible with sclerosing cholangitis. The event was unresolved and considered unrelated to
study medication.

***0Occurred 46 days after the last of five doses of placebo.

AE, adverse event; JIA, juvenile idiopathic arthritis; PY, patient-years; SAE, serious adverse event.
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were similar to those in patients weighing 30 kg or more who
received tocilizumab 8 mg/kg, whereas rates were lower in
patients weighing less than 30 kg who received tocilizumab
8 mg/kg. This is consistent with the 8 mg/kg dose resulting in a
lower tocilizumab exposure in patients weighing less than 30 kg.
Higher body weight-adjusted dosing in lighter patients with
pcJIA is consistent with the kind of dosing required to achieve
comparable tocilizumab exposures and JIA-ACR response rates
between lighter and heavier patients with pcJIA.'°

Notably, the results reported here reflect the efficacy of tocili-
zumab when 24 (14.7%) of 163 patients received suboptimal
doses of tocilizumab (ie, patients weighing less than 30 kg who
received the 8 mg/kg dose). The absolute difference in flare rates
among groups observed in this study may be influenced by lon-
gevity of the drug response and duration of the withdrawal
phase.

Biological agent-naive patients experienced a lower incidence
of flare regardless of assignation to tocilizumab or placebo. This
observation is in keeping with reports from clinical trials of
other biological agents in pcJIA® and is consistent with the
notion that patients who received previous biological therapy
represent a more treatment-resistant subgroup.'® Nevertheless,
JIA-ACR70 response was observed in 48.1% of tocilizumab-
treated patients whose previous treatment with a biological
agent failed.

Similarly, concomitant MTX vyielded fewer flare events,
regardless of assignation to tocilizumab or placebo. Statistical
testing was not planned to assess the significance of the impact
of MTX on efficacy outcomes. However, even without back-
ground MTX, 53.3% of the patients receiving tocilizumab
achieved JIA-ACR70 response by week 40.

The pattern of AEs observed in this study of patients with
pcJIA is consistent with the known safety profile of tocilizumab
reported in other phase 3 studies.”® The frequency of neutro-
penia (3.7%) was similar to that reported in adults with RA
(4.79%)%° but lower than that reported in children with sJIA
(16.99%) who receive tocilizumab in 2-weekly intervals.'”
Similarly, the rate of serious infections (4.9/100 PY) was lower
than that reported for children with sJIA (11.0/100 PY)'° but
similar to that reported for adults with RA (4.7/100 PY).

Hypercholesterolemia occurred in adults with RA*° and in chil-
dren with sJIA. Levels of cholesterol exceeding the ULN for total-
cholesterol or LDL-cholesterol were observed at least once in 31%
of the patients who received tocilizumab.'® Total-cholesterol levels
above 170 mg/dL occurred in 34.6% of children in this study with
pcJIA, whereas 11.4% had LDL-cholesterol levels of 110 mg/dL
or greater. Total-cholesterol and LDL-cholesterol exceeding such
levels have been considered marginally elevated in children.”! The
clinical relevance of isolated elevations in cholesterol level, as
observed in this study, is unclear because of diurnal variations in
lipid levels and because of differences in normative values based
on age and sex.?> Of note, lipid elevations in adults with RA
treated with tocilizumab do not appear to convey increased risks
for cardiovascular disorders or events with appropriate
management.’

This study allowed for the acquisition of data on the magni-
tude of the therapeutic effect of tocilizumab in patients with
active pcJIA (part 1) and for the demonstration that this effect
was indeed due to tocilizumab (part 2). Although the with-
drawal design of this study was valuable in minimising placebo
treatment in children with pcJIA, it had potential limitations.
Patients who did not achieve JIA-ACR30 responses in the open-
label, lead-in phase on tocilizumab were withdrawn, limiting
information about dose responsiveness. Lead-in treatment of

placebo patients with tocilizumab limited the ability to deter-
mine safety and efficacy differences over the limited withdrawal
period, especially because the biological effects of tocilizumab
might have endured beyond the time taken to clear the drug.

Conclusions

Tocilizumab treatment provided sustained and clinically mean-
ingful improvement for patients with pcJIA on monthly dosing
of 8 mg/kg in patients weighing 30 kg or more and 10 mg/kg in
patients weighing less than 30 kg. The safety profile of tocilizu-
mab in this patient population was consistent with that seen in
adults with RA.
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