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Abstract: Treatment of systemic-onset juvenile idiopathic arthritis is challenging, but the
availability of cytokine antagonists targeting interleukin-1 and interleukin-6 have markedly
advanced the therapeutic options. In this review, we focus on the current experience with
canakinumab, an interleukin-1 monoclonal human antibody for the treatment of systemic-onset
juvenile idiopathic arthritis and describe its efficacy and safety. Canakinumab is an important,
safe, and valid drug in the treatment of systemic-onset juvenile idiopathic arthritis.
Keywords: anakinra, canakinumab, interleukin-1, interleukin-6, systemic-onset juvenile
idiopathic arthritis

Juvenile idiopathic arthritis and systemic-onset

juvenile idiopathic arthritis

Juvenile idiopathic arthritis (JIA) includes a group of diseases with arthritis lasting
more than 6 weeks, of no apparent cause, and an onset prior to the age of 16 years.!
It is the most common chronic rheumatic disease in children.? Seven JIA categories
are defined (Table 1), with differences in clinical presentation, course, prognosis,
and response to treatment with disease-modifying drugs. Differences in the biology
and pathogenesis of the disease may be responsible for the variability in responses to
medical treatment.

Systemic-onset juvenile idiopathic arthritis (soJIA) is characterized by the variable
occurrence of chronic aggressive arthritis, intermittently high spiking fever, maculopapu-
lar rash (often described as salmon-like colored) during fever episodes, hepatomegaly
and splenomegaly, lymphadenopathy, serositis, and a marked increase in acute-phase
reactant levels.’ These findings make it unique among the categories of JIA.

SoJIA, which is the most severe category of JIA, accounts for about 4%—17% of
JIA cases.* The diagnosis is applied when children up to 16 years of age present with
arthritis and fever of at least 2 weeks’ duration, a spiking appearance and spontaneous
disappearance of fever documented for at least 3 days, and the presence of at least
one of following: erythematous rash, generalized lymphadenopathy, hepatomegaly,
splenomegaly, or serositis. Furthermore, diagnosis of soJIA requires exclusion of other
diseases possibly related to the clinical findings.

Given the as yet unknown pathogenesis and extreme heterogeneity of soJIA,
the course of the disease varies between individuals, ranging from a single appearance
of the disease, to recurrent predominantly systemic disease courses, to a progressive
polyarthritis that frequently leads to severe and destructive joint disease. Complications
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Table | Classification of juvenile idiopathic arthritis

Table 3 Criteria for inactive disease in juvenile idiopathic arthritis

Subclassification Category Main extra-articular

manifestations

| Systemic-onset
arthritis (Still's

Fever, rash, hepatosplenomegaly,
pericarditis, pleuritis,

disease) lymphadenopathy, vasculitis,
short stature, dystrophy
2 Seronegative Tenosynovitis, uveitis
polyarthritis
3 Seropositive Low-grade fever, tenosynovitis,

polyarthritis rheumatoid nodules

Oligoarthritis Chronic uveitis

5 Arthritis and Enthesitis, acute uveitis
enthesitis

6 Psoriasis and Psoriasis, uveitis
arthritis

7 Unclassified JIA  Variable

Abbreviation: JIA, juvenile idiopathic arthritis.

of soJIA include growth impairment, osteoporosis, and the
macrophage activation syndrome, which is potentially lethal
(Table 2).5#

The aim of treatment is to reach inactive disease or even
remission as defined in Table 3. Current treatments for soJIA
have proved largely unsatisfactory.’'> Management of the
disease relies on corticosteroids. Children with soJIA do not
respond well to disease-modifying agents such as methotrex-
ate, and poor responses have also been reported with newer
agents, such as anti-tumor necrosis factor."* Several reports
have suggested a major role for cytokines in the disease, such
as interleukin (IL)-6 and, more recently, IL-1[.14%!

Role of interleukin-1|
IL-1 is a proinflammatory cytokine that is produced by mono-
cytes/macrophages and dendritic cells. Its stimulatory effects

Table 2 Criteria for macrophage activation syndrome in
systemic-onset juvenile idiopathic arthritis

Laboratory findings
Thrombocytopenia (=262,000/uL)
Glutamic oxaloacetic transaminase (>59 U/L)
Leukocytopenia (=4,000/uL)
Hypofibrinogenemia (=2.5 g/L)
Clinical findings
Central nervous system symptoms (seizures, coma, pain, irritability)
Hemorrhagia (purpura, hematoma, mucosa bleeding)
Hepatomegaly
Histopathology
Hemophagocytosis in bone marrow
Diagnosis
MAS needs at least two laboratory criteria or two clinical and/or
laboratory criteria
Bone marrow puncture is necessary in uncertain cases only

Note: Data from Ravelli et al.®
Abbreviation: MAS, macrophage activation syndrome.

“Wallace” criteria for inactive disease in oligoarticular (persistent and
extended), polyarticular (RF— and RF+), and systemic JIA
Inactive disease
No joints with active arthritis
No fever, rash, serositis, splenomegaly, or generalized
lymphadenopathy attributable to JIA
No active uveitis to be defined
ESR or CRP level within normal limits in the laboratory where tested;
if both are tested, both must be normal
Physician’s global assessment of disease activity score of best possible
on the scale used
For systemic JIA, all criteria must be met

Abbreviations: RF, rheumatoid factor; ESR, erythrocyte sedimentation rate;
CRP, C-reactive protein; JIA, juvenile idiopathic arthritis.

on T-cells were detected early on. IL-1 induces expression of
numerous proinflammatory genes, including the cyclooxy-
genase type 2 gene, which is important for rheumatic
inflammation. It enhances the expression of intercellular
adhesion molecule-1 and other adhesion proteins, thereby
enhancing intercellular adhesion and activation. Injection
of recombinant IL-1 leads to fever, arterial hypotension,
and severe flu-like symptoms, with myalgia, headache, body
aches, and loss of appetite. IL-1 may therefore be respon-
sible for many of the symptoms of inflammation, and by
influencing the activity of osteoclasts and osteoblasts, even
for the appearance of osteoporosis in systemic inflammation,
as in soJIA.

The biologic effects of IL-1 can be neutralized as outlined
in Figure 1. The first published report of successful treatment
of systemic JIA with IL-1 inhibition occurred in 2004 with
the report of a remarkable response in two patients whose
severe disease manifestations were previously refractory to
other therapies.?> At about the same time, other research-
ers found that serum from children with soJIA induced the
transcription of IL-1B-related genes in the peripheral blood
mononuclear cells of healthy controls. Based on this finding,
these investigators treated patients with soJIA with anakinra,
an IL-1 inhibitor, and achieved a dramatic clinical response.
For example, seven of nine patients who were refractory to
prior therapies achieved a remission. These data prompted
clinicians to use anakinra for the treatment of soJIA in clinical
practice, as reported in several case series. An early report
showed a remarkable response to treatment with anakinra
in ten of 21 patients. In these patients, it seemed that those
with fewer involved joints might benefit more from anakinra
therapy than those with arthritis in many joints.'® A larger
retrospective case series of 46 patients with soJIA was
limited to children who received anakinra as part of their
initial glucocorticoid-sparing treatment regimen or even as
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Table 4 Differences in inhibition of interleukin-|

Drug Mode of action Dosage Application interval Adverse events

Anakinra Receptor antagonist 1-2 mg/kg, during course up to 8 mg/kg  SC daily Painful injections, injection site
reactions, infections, leukocytopenia

Rilonacept Fusion-protein 2.2-4.4 mg/kg SC weekly Injection site reactions, infections

Canakinumab ~ Humanized

monoclonal antibody

soJIA, 4 mg/kg up to 300 mg/injection
CAPS, 2—4 mg/kg up to 150 mg/injection

SC so]IA, every 4 weeks
CAPS, every 4-8 weeks

Infections, liver enzyme elevation,
leukocytopenia, thrombocytopenia,
macrophage activation syndrome

Abbreviations: CAPS, cryopyrin-associated periodic syndrome; SC, subcutaneous; sojlA, systemic-onset juvenile idiopathic arthritis.

first-line monotherapy. Fifty-nine percent of these patients
showed a good clinical response. Of ten patients who received
anakinra as first-line therapy without any glucocorticoids,
eight achieved a complete remission.

In addition to anakinra, other IL-1 inhibitors have been
developed and subsequently studied for soJIA (Table 4).
Currently, there are three different biological inhibitors of the
IL-1 pathway available: anakinra, an IL-1 receptor antagonist
with a relatively short half-life; canakinumab, a human IL-1
antibody with a long plasma half-life; and rilonacept, an IL-1
receptor fusion protein.

Canakinumab in so]IA
Canakinumab is a human monoclonal antibody (Table 4). Its
half-life in plasma is 23—26 days, which is much longer than
that of IL-1p. It binds I1-1f selectively and prevents binding
of IL-1P to the IL-1 receptor. Furthermore, canakinumab does
not bind IL-1o or the IL-1 receptor antagonist, and does not
interact with the IL-1 receptor.

Canakinumab is given as a subcutaneous injection once
a month. It has proven efficacy in the treatment of genetic
fever syndromes and autoinflammatory diseases, includ-
ing cryopyrin-associated periodic syndrome,” familial
Mediterranean fever.?* More recently, positive case reports and
small case series in hyper-IgD syndrome,” tumor necrosis fac-
tor receptor-associated periodic fever syndrome,* Schnitzler’s
syndrome,?’?® Behget’s disease,? and other immune-mediated

diseases,’*

make canakinumab an interesting option for use
in systemic arthritis,” which has found its way into recent
recommendations.’* Not surprisingly, it has also been shown
to be effective in adult Still’s disease.*

In a Phase II trial that included children with soJIA,
23 children and adolescents aged 4-19 years received a
single injection of canakinumab with doses from 0.5 to
9 mg/kg. That trial was an open-label study of dose esca-
lation.*® Canakinumab was readministered at the time of
recurrence of disease. Thirteen of 22 (59%) patients showed
an immediate response, with an improvement of at least a
PedACRS50 (American College of Rheumatology Pediatric

Criteria) by day 15, which defines an improvement of at least
50% in at least three of six parameters without worsening
of more than one of the remaining parameters. These six
parameters include global disease activity by physician’s and
parent’s evaluation, functional disabilities by the Childhood
Health Assessment Questionnaire, systemic inflammation
as determined by erythrocyte sedimentation rate, number of
joints with active arthritis, and number of joints with limited
range of motion. Inactive disease, defined as the absence of
any disease activity indicator, was achieved in four patients
(18%). Seventeen of the 23 patients were previously treated
with anakinra. Six of eleven patients who had not responded
to anakinra before achieved at least a PedACRS50 response
by day 15 after a single dose of canakinumab. This shows
that failure of previous anakinra therapy does not seem
to be a negative predictor of response to treatment with
canakinumab. The best predictor of improvement from base-
line was a low number of active joints, an observation that
seems similar to that seen with anakinra. The median time
to recurrence of disease activity correlated to the dosage as
well as the probability of recurrence within 1 month. With
4 mg/kg of canakinumab given subcutaneously once per
month the rate of relapse in between 1 month was estimated
to be 6%. The injections were well tolerated. Side effects
were mild to moderate, mainly comprising infections and
gastrointestinal disturbances. Three serious adverse events
were observed.

In a unique investigational plan, two randomized
placebo-controlled trials were performed, including a total
of 177 patients. In the first placebo-controlled, double-blind
study of soJIA, 84 patients with systemically active JIA (fever
was obligatory) received a single subcutaneous injection of
canakinumab 4 mg/kg (maximum dose 300 mg) or placebo.’’
Eligible children were aged 2—19 years with soJIA and had
active systemic features and arthritis (two active joints,
intermittent spiking fever >38°C, and a C-reactive protein
level >30 mg/L [normal range <10 mg/L]). Background
therapy with a prednisone equivalent of 1.0 mg/kg/day and
stable doses of nonsteroidal anti-inflammatory drugs and
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methotrexate (up to a maximum of 20 mg/m?*/week) were per-
mitted. Major exclusion criteria were concomitant treatment
with another biologic or disease-modifying drug, diagnosis
of macrophage activation syndrome within the previous 6
months, active tuberculosis, and a live vaccination within 3
months prior to enrollment.

The primary outcome criterion was achievement of at
least an adapted PedACR30 response and no fever. Patients
with continuing fever could be unblinded from day 3, and if
they had received placebo, they were offered canakinumab in
an open trial arm. Six patients (14.0%) on canakinumab and
37(90.2%) on placebo discontinued prematurely, all due to an
unsatisfactory response. On day 15, 36/43 (83.7%) patients
in the canakinumab group and 4/41 (9.8%) of patients in
the placebo group met the primary endpoint of a modified
PedACR30 with simultaneous defervescence. The difference
was highly significant (Figure 2). Furthermore, at day 15, 14
(32.6%) patients on canakinumab versus none on placebo
reached inactive disease status. One patient in each group
developed a macrophage activation syndrome, and also one
patient in each group got a serious infection.

Patients in the above-mentioned first controlled trial could
change to a second study with a withdrawal design. Seventy-
one patients from this trial, ten from the above-mentioned

Activated
macrophage

S

< |L-1RA

\ /

IL-1RacP

IL-1RI IL-1RI

No binding of IL1RacP
results in no signal

-

Phase II trial, and 96 newly enrolled patients contributed to
the total of 177 patients who received canakinumab 4 mg/
kg, with a maximum of 300 mg every 4 weeks. In the open-
label phase of the study, all patients received canakinumab.
In this first part of the study, the primary outcome criterion
was a reduction in the steroid dose taken by at least 25% of
patients at entry to the study by week 20. For this, a standard-
ized corticosteroid-tapering protocol was permitted from
week 9 to week 28 patients who achieved at least an adapted
PedACRS0 response. Corticosteroids were used by 128 of
177 patients (72.3%) patients at study entry. Forty-two of 128
patients (32.8%) were able to stop corticosteroids on treat-
ment with canakinumab and 57 of 128 patients could reduce
their steroid doses. The mean daily dose of corticosteroids
decreased from 0.34 mg/kg to 0.05 mg/kg. Thus, the primary
goal of this part of the study was reached. The secondary
endpoint of the study was the proportion of patients achiev-
ing an adapted PedACR30/50/70/90/100 response or inactive
disease. Atday 15, 81.3%, 74.1%, 58.3%, 34.5%, 18.0%, and
16.4% already fulfilled these response criteria (Figure 3).
If patients improved by reaching the goal of decreasing
pre-existing steroid doses or discontinued steroids, they were
then transferred into the second part of this study, ie, the dou-
ble-blind, placebo-controlled withdrawal phase. One hundred

Canakinumab

Rilonacept
IL-1RacP

\ Signal

Figure | Interaction of IL-1 and IL-1 receptor antagonist with the IL-1 receptor molecules.

Notes: The binding of IL-1 leads the IL-| receptor to a steric approximation of the two chains of the receptor (ILI-R1 and ILIRacP) and triggers activation of the T-cell.
The natural IL-1 RA binds to the IL-IRI, with no association with IL-1RAcP. Thus, anakinra, a recombinant modified ILIRA, inhibits the activation of IL-1c. and IL-1f. IL-1B
is specifically bound by canakinumab. Rilonacept inhibits IL-1 o and IL-1.
Abbreviations: IL, interleukin; ILIRA, IL-1 receptor antagonist; ILIRacP, IL-| receptor accessory protein.

submit your manuscript

26

Dove

Open Access Rheumatology: Research and Reviews 2015:7


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Canakinumab in systemic-onset juvenile arthritis

A Trial 1
Escape and unblind
if fever persists
Day1 Day3 Day 15 Day 29 Double-blind
[ 4
B : Withdrawal
Trial 2 until 37 flares have occurred
0 2 7 8
I 1 Y Y N N I [N [N [ N SO [ S
Part | Part Il Transition to long-term extension
phase
Months
Placebo

Open-label phase

Prednisone
<1 mg/kg/day

Double-blind
- f .

lare withdrawal
phase

Long-term extension
phase

Prednisone 0.2—-0.5 mg/kg/day

Figure 2 Flow diagram of the study for the open-label and withdrawal design.

™~

Notes: (A) Trial | was a head-to-head, placebo-controlled study. Patients with persistent fever after day | had the option to switch to open-label canakinumab (entering trial 2).
(B) Trial 2 was a three-phase trial. In the first phase, attempts were made to decrease the dosage of oral corticosteroids or even to discontinue corticosteroids. Next,
patients were entered into a withdrawal phase in which they were randomized to receive canakinumab or placebo, with disease flare as the primary outcome parameter. The

third phase of trial 2 was an open-label extension study.
Abbreviation: SC, subcutaneous.

patients qualified and were admitted to this randomized part
of the study in which occurrence of a predefined flare of the
disease was the primary outcome criterion. In this part, the
median time to onset of a disease relapse was 236 days (95%
confidence interval 141-449) in the placebo cohort and was
not determinable for canakinumab, since less than 50% of
the patients ever had a relapse. This corresponds to a relative
risk reduction of 63% (Figure 4). Patients who flared were
immediately transferred to the open-label extension part of the
study. The withdrawal phase was terminated after 37 patients
had flared. Subsequently, all patients were transferred from an
observational study to an ongoing open-label extension.
Thirty-nine (78%) patients remained flare-free in the
canakinumab arm versus 24 (48%) in the placebo arm, with

a statistically significant 63% relative risk reduction for
experiencing a soJIA flare (hazard ratio 0.37; 95% confidence
interval 0.17-0.78; P=0.0043). Corticosteroids were used by
128/177 (72.3%) of patients at study entry.

At the end of the second part of the second trial, 41/50
(82%) patients in the canakinumab group had a minimum
adapted PedACR70 response and 31/50 (62%) had inactive
disease status compared with 31/50 (62%) and 16/50 (32%),
respectively, in the placebo group (Figure 5).

Canakinumab in other immune-

mediated diseases
In a three-part, 48-week, double-blind, placebo-controlled,
randomized withdrawal study of canakinumab in patients
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A Day 15
Primary
endpoint

83.7¢

100 +

80

60 -

Patients (%)

20 -+

Canakinumab
36 29 26 18 14
Number of patients reaching the PedACR response levels

Primary
endpoint

Placebo
4 2 1 0o 0

B Day 29

100

79.1*

80 1 76.7*

65.1*

60

40

Patients (%)

20 7

Canakinumab

34 33

28 20 14

PedACR30
PedACR50

PedACR70
PedACR90

PedACR100

Placebo
4 2 1 1 1

Number of patients reaching the PedACR response levels

Figure 3 Response according to PedACR30, PedACR50, and PedACR00 criteria in a double-blind study in patients with systemic-onset juvenile idiopathic arthritis.
Notes: The primary endpoint was PedACR30 and resolution of fever, and was achieved significantly more often in the canakinumab group. (A) Fourteen patients had a
PedACR100 response on day |5. (B) The effect was unchanged until the 29th day. *P<<0.0001, **P=0.0001.

Abbreviation: PedACR, American College of Rheumatology Pediatric Criteria.

with cryopyrin-associated autoinflammatory syndrome,
treatment with subcutaneous canakinumab once every
8 weeks was associated with a rapid remission of symptoms
in most patients.?® Following this study, canakinumab became
approved as the first IL-1 blocker in 2011.

In a two-part, open-label, single-arm Phase II study, the
long-term therapeutic effect of canakinumab was demon-
strated in subjects aged 4—16 years with colchicine-resistant
familial Mediterranean fever and a history of at least three
documented attacks in the 3 months prior to enrolment.?

Treatment with canakinumab in an 8-year-old girl with a
clinical picture of hyperimmunoglobulinemia D syndrome,
that had started before the end of the first year of life,
resulted in disappearance of febrile attacks and a considerable
improvement in the patient’s quality of life during a 12-month
follow-up period. In this case report, the drug was well toler-
ated, and no side effects were observed.” The efficacy and
safety of canakinumab has been assessed in a pilot study
of 20 patients with active tumor necrosis factor receptor-
associated periodic fever syndrome. In this study, canakinumab
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100 7

90 1

807 Canakinumab

70 4

60

50
,

41 ‘T

30 |

,,,,,,,,

20 7

Kaplan-Meier estimate (%)

Placebo
10

T 1T T 1T T 1T T 1T T 1T T T T 1T T 1T T 1T T
1 29 57 85 113141 169 197 225 253281 309 337 365 393421 449 477505 533 561 589 617 645

Study day

Figure 4 Occurrence of relapses during second double blind study phase.

Notes: Disease relapses in the double-blind “withdrawal” phase of the study was
significantly more frequent in the placebo group than in the canakinumab group
(Kaplan-Meier analysis). Twenty-two percent of patients in the canakinumab group
and 52% in the placebo group showed a flare (P=0.0043), meaning that the probability
of a disease flare with canakinumab was about three times lower.

produced a rapid and highly effective clinical and serological
benefit which was maintained for at least 4 months.?® A ran-
domized, double-blind, placebo-controlled study of canaki-
numab in patients with these hereditary autoinflammatory
disorders (tumor necrosis factor receptor-associated periodic
fever syndrome, hyperimmunoglobulinemia D syndrome,
familial Mediterranean fever) is currently recruiting.

In a 9-month study, monthly injection of canakinumab
was an effective and well tolerated treatment for Schnitzler’s
syndrome, a chronic disabling autoinflammatory disorder
characterized by chronic urticaria, paraproteinemia, and
severe systemic inflammation,?” as shown in other case
reports.?

End of Trial 2
100

86 84 82

80 76

64 62

Patients (%)

Adapted

Adapted
PedACR30 PedACR50 PedACR70 PedACR90 PedACR100 remission

Canakinumab

Adapted Adapted Adapted Full

Figure 5 Responses to canakinumab therapy in trial 2.
Abbreviation: PedACR, American College of Rheumatology Pediatric Criteria.

In a report of three adult patients with Behget’s disease
refractory to treatment with corticosteroids and different
combinations of immunosuppressant agents who received
canakinumab, prompt and sustained clinical efficacy was
demonstrated, and canakinumab was seen as a therapeutic
option for resistant or refractory Behget’s disease.? In this
single-center, open-label pilot study, the effects of canaki-
numab on clinical signs and symptoms, quality of life,
inflammation markers, and cytokine levels were investigated
in ten patients with active urticarial vasculitis, and the efficacy
and safety of canakinumab was documented.’!

Khanna et al systematically reviewed the published
data on the pharmacologic and nonpharmacologic agents
used for the treatment of acute gouty arthritis, and found
evidence to suggest the efficacy of treatment of acute gout
with canakinumab, on a comedication with nonsteroidal
anti-inflammatory drugs, selective cyclooxygenase type 2
inhibitors, corticosteroids, and colchicine.??

Safety of canakinumab in soJIA

As far as we can see at the moment, adverse events with canaki-
numab are manageable. In most cases, the adverse events are
infections. Nevertheless, in one study, macrophage activation
syndrome occurred in two patients, one of whom died.>> Mac-
rophage activation syndrome is a well-known potential lethal
complication in autoinflammatory diseases, and especially in
soJIA. Despite this report, canakinumab can be considered as
well tolerated. Even in patients with comorbidities like type 2
diabetes mellitus, the adverse events reported were manageable,*
although long-term observation and further studies are needed.

Conclusion

The more we know about the pathophysiology of inflammation
and its pathways, the more specific targets we can find to control
it. IL-1 is a global player in inflammation, and by blocking it we
have a way to block inflammation very specifically with few side
effects. With improving genetics and panels of ILs, we might in
future even know in advance which patients to treat with which
drug in the form of personalized medicine. Canakinumab seems
to be one of the drugs for this approach.

In summary, canakinumab seems to be very effective
in the treatment of soJIA. Its subcutaneous application is
of benefit for patients who need to treated for a prolonged
period of time.
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