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Efficacy of anakinra treatment in pediatric rheumatic diseases:
Our single-center experience
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ABSTRACT

Objectives: This study aims to present our experience on anakinra, a recombinant interleukin-1 (IL-1) receptor antagonist, and efficacy results in
pediatric rheumatic diseases in our clinic.

Patients and methods: Between July 1%, 2016 and July 1%, 2020, a total of 33 pediatric patients (18 males, 15 females; mean age: 6+3.4 years;
range 4 to 13 years) with pediatric rheumatic diseases who were treated with anakinra were retrospectively analyzed. The patients with over
one-month treatment period and followed for at least one year were included. Demographic and clinical findings, outcomes, adverse events,
prior and/or additional treatments were collected at baseline, at 3 and 12 months of therapy.

Results: There were 33 patients with different pediatric rheumatic diseases (11 with systemic juvenile idiopathic arthritis [sJIA] complicated by
macrophage activation syndrome [MAS], six with hyperimmunoglobulin-D syndrome, five with cryopyrin-associated periodic syndrome, five
with familial Mediterranean fever, four with idiopathic recurrent pericarditis, one with NLRP12-associated periodic fever syndrome and one with
unclassified systemic autoinflammatory disease), in the study group. The complete response was observed 69.7% of patients, partial response
in 24.2%, and no response in 6.1% at three months of treatment. Inactive disease status was achieved in 45.5% of the patients with remission-on
medication and 18.2% of the patients with remission-off medication at the end of a year. Anakinra was switched to other biological treatments in
51.5% of patients (n=17). Biological switch to canakinumab and tocilizumab were observed in 70.6% and 29.4% of these patients. Except for local
reactions (n=2), no adverse events were observed in any of the patients.

Conclusion: Anakinra appears to be a promising treatment alternative owing to its rapid effect as a result of its short half-life in autoinflammatory

conditions. While short-term therapy seems to be sufficient for the sJIA complicated by MAS, the patients with systemic autoinflammatory diseases
maintenance a more anakinra-dependent course.

Keywords: Anakinra, autoinflammatory diseases, familial Mediterranean fever, macrophage activation syndrome, systemic-onset juvenile idiopathic arthritis.

Interleukin-1 (IL-1) is a proinflammatory of these diseases caused by overexpression of

cytokine with two distinct ligands (IL-lo and
[L-1pB) that binds to the IL-1 receptor and stimulate
the number of secondary inflammatory mediators.
It plays a critical role in acute and chronic
inflammation.! It is known that IL-1-mediated
inflammation plays a role in the pathogenesis
of a broad range of autoinflammatory
conditions in childhood. The most common

IL-1 are familial Mediterranean fever (FMF),
cryopyrin-associated periodic syndrome (CAPS),
hyperimmunoglobulin-D  syndrome (HIDS),
systemic-onset juvenile idiopathic arthritis (SodJIA),
and idiopathic recurrent pericarditis (IRP),
respectively. Inhibition of IL-1 overexpression as
an effective target therapy has been widely used
in these diseases in the last decade.??
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Anakinra is a recombinant IL-1 receptor
antagonist (IL-1Ra) that competitively binds to the
IL-1 receptors, thus blocking the biological effects
of the IL-1.2 There are studies in the literature
showing anakinra as an effective treatment
for diseases, such as colchicine-resistant FMF,
systemic juvenile idiopathic arthritis (sJIA)
complicated by macrophage activation syndrome
(MAS), Still disease and Muckle-Wells syndrome
(MWS).#8 In this study, we present our anakinra
experience and efficacy results in pediatric
rheumatic diseases in our clinic.

PATIENTS AND METHODS

This single-center, retrospective study was
conducted at Umraniye Training and Research
Hospital, Department of Pediatrics Division
of Pediatric Rheumatology between July 1%,
2016 and July 1%, 2020. A total of 33 pediatric
patients (18 males, 15 females; mean age:
6+3.4 years; range 4 to 13 years) with pediatric
rheumatic diseases who were treated with
anakinra were included. The patients treated
with anakinra due to the resistant disease
consisted of the following diagnoses: FMF,
sJIA complicated by MAS, HIDS, CAPS, IRP,
and other systemic autoinflammatory diseases
(SAIDs). The diagnosis of MAS was made based
on the Paediatric Rheumatology International
Trials Organisation (PRINTO) MAS classification
criteria.” The diagnosis of FMF was made based
on pediatric FMF (Ankara) criteria.l® Also, the
diagnosis of other SAIDs was made based
on the current diagnostic criteria.!'!® The
patients followed for at least one year after the
induction of anakinra treatment were included
in the study. The patients who did not attend
to follow-up visits regularly or had shorter than
one-month anakinra treatment period were
excluded. Anakinra cessation was evaluated in
patients who achieved remission by extending
the treatment interval, considering the primary
disease and clinical findings.

Outcomes

The demographic, clinical, and laboratory
findings, outcomes, adverse events, prior and/or
additional treatments were collected from the
clinical database of the hospital at baseline
(before starting anakinra), after three and
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12 months of anakinra treatment. Qutcome
measures that were evaluated differently for
each disease were examined from the patient
records. The modified Wallace criteria were
used to define inactive disease in sJIA. For a
patient to achieve clinically inactive disease
status based on these criteria, the following
conditions must be fulfilled: no joints with active
arthritis, absence of fever, rash, splenomegaly,
active uveitis or generalized lymphadenopathy,
no presence of erythrocyte sedimentation rate
(ESR) or C-reactive protein (CRP) elevation
related to juvenile idiopathic arthritis, the best
possible physician’s global assessment score
and morning stiffness less than 15 min."* Auto-
inflammatory diseases activity index (AIDAI)
score was used to assess disease activity for FMF,
HIDS, CAPS, and other SAIDs. The AIDAI score
encompasses the fever >38°C, abdominal pain,
nausea/vomiting, diarrhea, headaches, chest
pain, painful nodes, arthralgia/myalgia, swelling
of the joints, eye manifestations, skin rash, pain
relief drugs taken, and calculated by the presence
or absence of these symptoms daily in a month.!®
Also, the overall health status of the patients
was also evaluated with a Visual Analog Scale
(VAS) (1 to 10 - best to the worst) and defined
as physician’s and patient’s global assessment
(PGA) scores. According to all these criteria,
inactive disease was defined as the absence of
active systemic features for each specific disease,
normal ESR and CRP, and with the best possible
PGA score. The patients whose disease findings
improved more than 50%, but inactive disease
status could not be provided were defined as
partial responders. Those with less than 50%
improvement in disease activity were defined as
non-responders. Patients with diagnoses other
than sJIA were also grouped as SAIDs. The
AIDAI, CRP, ESH, ferritin and platelet count
results were evaluated and compared before and
after treatment in patients diagnosed with sJIA
and SAIDs. These outcome parameters were
also compared between responsive and non-
responsive patients in each group.

A treatment-emergent adverse event (TEAE)
was defined as a noxious and unintended event
occurs in normal prophylaxis or treatment doses
and first emerged from first administration until
the last visit within the treatment period which
does not necessarily have a causal relationship
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Table 1. Demographic and clinical characteristics of patients
Characteristics n % Median IQR
Age (year)

At diagnosis 6 4-13

At anakinra onset 8 5-13.5
Sex

Female 15 45.5

Male 18 545
Follow-up duration (month) 14 3.7-28
Diagnosis

Familial Mediterranean fever 5 15.2

SodIA complicated with MAS 11 33.3

Hyperimmunoglobulin-D syndrome 6 18.2

CAPS 5 15.2

Idiopathic recurrent pericarditis 4 12.1

NAPS12 1 3

Unclassified SAID 1 3
Previously treatments

Colchicine 22 66.6

Methylprednisolone 11 33.3

Methotrexate 4 12.1

Cyclosporine 6 18.2
Anakinra treatment duration (month) 3 1-4
IQR: Interquartile range; SodIA: Systemic-onset juvenile idiopathic arthritis; CAPS: Cryopyrin-
associated periodic syndrome; MAS: Macrophage activation syndrome; NAPS12: NLRP12-associated
periodic fever syndrome; SAID: Systemic autoinflammatory disease.

with this treatment. Also, a serious adverse
event (SAE) was defined as any untoward
medical occurrence that at any dose results
in death; life-threatening; requiring inpatient
hospitalization or prolongation of existing
hospitalization; producing persistent or significant
disability/incapacity, or a congenital anomaly/
birth defect.!® All TAESs and SAEs were also
collected and evaluated.

Statistical analysis

Statistical analysis was performed using the
IBM SPSS version 23.0 software (IBM Corp.,
Armonk, NY, USA). Descriptive data were
expressed in mean * standard deviation (SD),
median (min-max) or number and frequency,
where applicable. The normality of the
distribution of the variables was assessed by

Table 2. Comparison of outcome parameters between patients with SoJIA and SAID before and after treatment

Patients with SoJIA

Patients with SAID

Pre-treatment

After treatment

Pre-treatment After treatment

Mean+SD Mean+SD P Mean+SD Mean+SD P
AIDAI NA NA - 14.8+9.5 1.3+2 <0.001
C-reactive protein (mg/L) 91.3+32.8 13.5+£21.7 0.003 99.3+40.2 4.5+3.3 <0.001
Erythrocyte sedimentation rate (mm/h) 33.6+£9.6 18.9+12.5 0.03 52.4+16.8 14.3+6 <0.001
Platelet count® (/mm?) 240,272+102,791 340,545+83,820 0.06 418,636+69,084  290,227+52,887 <0.001
Ferritin* (mg/dL) 4,910+£599 234+203 0.003 NA NA >

NA: Not available.

SodIA: Systemic-onset juvenile idiopathic arthritis; SAID: Systemic autoinflammatory disease; SD: Standard deviation; AIDAI: Autoinflammatory diseases activity index;
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Table 3. Comparison of outcome parameters between responsive and non-responsive patients

SAID group

SodIA group

Patients with partial or
non-response (n

Patients with complete

Patients with partial or

Patients with complete

8)

Mean=SD

14)
Mean+SD

response (n

4)

Mean+SD

non-response (n

7)
Mean+SD

response (n

p
0.29
0.04
0.99
0.65

%

n

%

P

%

n

%

17.6+7.3

13.2+10.4

NA
104.2+19.4

NA
84+37.8
35.4+11.5

AIDAT*

121.7+42.9
52.5+12.3

86.5+33.7
52.4+19.3

0.32
0.41
0.26
0.75
0.1

CRP* (mg/L)
ESR* (mm/h)

30.5+11.4

409+68

42371

195198

266+103

Platelet count® (x103) (/mm?3)

Ferritin* (mg/dL)

NA

NA

5,547+3817

4,547+6111

NA NA

NA NA

50

Presence of arthritis

SodIA: Systemic-onset juvenile idiopathic arthritis; SAID: Systemic autoinflammatory disease; SD: Standard deviation; AIDAI: Autoinflammatory diseases activity index; CRP: C-reactive protein; ESR: Erythrocyte

sedimentation rate; NA: Not available.
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visual (histogram, probability plots) and analytic
methods (Kolmogorov-Smirnov/Shapiro-
Wilk test). The Wilcoxon test was used to
analyze differences between the non-parametric
dependent variables. A p value of <0.05 was
considered statistically significant.

RESULTS

There were 33 patients treated with anakinra
for the different pediatric rheumatic diseases, in
the study group. The diagnoses of these patients
were as follows: 11 were sJIA complicated by
MAS, six were HIDS, five were CAPS, five were
FMF, four were IRP, one was NLRP12-associated
periodic fever syndrome (NAPS12) and the other
one was unclassified SAID. The median age at the
time of diagnosis was six (range, 4 to 13) years.
The median follow-up duration of the patients
was 14 (range, 3.7 to 28) months. Twenty-two of
the patients were on treatment with colchicine,
11 with methylprednisolone, four of them with
methotrexate, and six of them with cyclosporine
before the initiation of anakinra. Demographic
and clinical characteristics of the patients are
shown in Table 1.

The standard dosage of 2 mg/kg/day for
anakinra (maximum daily dose was 100 mg
in children above 50 kg) was started in all the
patients. The patient’s median anakinra treatment
duration was three (range, 1 to 4) months.
Fever and CRP normalized within median two
(range, 1 to 3) and five (range, 5 to 7) days,
respectively. The median physician’s and PGA
scores were found to be seven (range, 6 to 8)
and eight (range, 7 to 9) at the time of anakinra
initiation. The mean CRP, ESR, ferritin, and
platelet counts in the sJIA and SAID patient
groups before treatment are presented in Table 2.
The mean AIDAI score in patients with SAID is
also shown in Table 2.

Third-month outcomes

Until the third month of treatment, 23 patients
(69.7%) achieved a complete remission (no attack
was seen or MAS was improved). While 21 of
these patients (63.6%) were in remission on
medication, anakinra was ceased in two (6.1%)
of them (remission off medication). Also, the
frequency of attacks was decreased by more
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than 50% (partial response) in eight patients
(24.2%) and less than 50% (non-response) in
two (6.1%). Anakinra treatment was switched
to canakinumab due to local reaction or daily
use difficulties in one patient from remission on
medication group and in three patients from the
partial responder group. One patient with sJIA
developed persistent arthritis and, in another with
resistant MAS, anakinra treatment was switched
to tocilizumab due to unresponsiveness. Of these
two non-responders, the patient with resistant
MAS died due to being unresponsive to biological
and immunosuppressive treatments. Three- and
12-month efficacy outcomes of anakinra treatment
are shown in Table 4.

First-year outcomes

At 12-month assessment after the initiation
of treatment, 63.6% of patients were achieved
complete remission. Inactive disease status was
achieved in 45.5% of patients with remission on
medication and 18.2% of patients with remission
off medication (anakinra ceased between one
to 12 months after initiation). The median
physician’s and PGA scores were found to be
1 (range, 0 to 3) and 1 (range, O to 2) at the
last admission. While a statistically significant
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in the SAID group after treatment (p<0.001), it
was found in CRP and ferritin values in the sJIA
group (p=0.003) (Table 2).

Treatment-responsive and non-responsive
patients were compared by clinical and
laboratory manifestations on admission, within
the sJIA/MAS and SAID groups (Table 3). In
the sJIA/MAS group, there was no parameter
predicting treatment unresponsiveness, except
for the presence of arthritis. Half of the patients
with arthritis on admission did not achieve a
complete or partial response to the treatment
within a year. In the SAID group, baseline CRP
was significantly higher in patients that were
non-responsive/partially responsive to treatment
(p=0.04). Conversely, no statistically significant
difference was observed between baseline AIDAI
scores among SAID patients.

In 51.5% of patients, anakinra was switched to
other biological treatments for different reasons
(36.3% partial response or non-response, 6.1%
injection site reactions and 9.1% daily injection
difficulty), at the end of a year. Biological drug
switch to canakinumab and tocilizumab was
observed in 70.6% and 29.4% of these patients,
respectively (Table 4). No adverse events were

improvement was observed in all parameters observed, except for local reactions (n=2).
Table 4. Efficacy and safety outcomes of anakinra treatment
Characteristics n % Median IQR n % Median IQR
Complete responders 23 69.7 21 63.6
Remission on medication 21 63.6 15 45.5
Remission off medication 2 6.1 6 18.2
Partial responders 8 24.2 10 30.3
Non- responders 2 6.1 2 6.1
Physician’s global assessment score (0-10) 7 6-8 1 0-3
(at baseline) (at last administration)
Patient’s global assessment score (0-10) 8 79 1 0-2
(at baseline) (at last administration)
The patients whose treatment switched or ceased due to 2 6.1 12 36.3
lack of efficacy
The patients whose treatment switched or ceased due to 4 12.1 5 151
other reasons*
The patients switched to canakinumab 4 12
The patients switched to tocilizumab 2 B
IQR: Interquartile range; * Injection site reactions and daily injection difficulties.
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Table 5. Treatment responses and switch outcomes at 12 months with respect to patient groups

The patients switched to

Remission off Partial responders Non-responders Biologic switch The patients switched to

Remission on

tocilizumab

canakinumab

medication

medication

%
36

%

%
36
60
66
80
25

%

%

%

36
40

%
27
40

18

18
20
66
20
25

11

SodIA
FMF

60
66
80

33
80
75

HIDS
CAPS
IRP

5)

25

1

NAPS12
uSAIO

100

100

100

1

* Number of patients for each disease, SoJIA: Systemic-onset juvenile idiopathic arthritis; FMF: Familial Mediterranean fever; HIDS: Hyperimmunoglobulin-D syndrome; CAPS: Cryopyrin-associated periodic

syndrome; IRP: Idiopathic recurrent pericarditis; NAPS12: NLRP12-associated periodic fever syndrome, uSAID: Unclassified systemic autoinflammatory disease.
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The treatment responses and switch outcomes of
the patients in the 12-month period with respect
to patient groups are shown in Table 5. While
remission off medication was achieved in four
patients with SodJIA, it was not provided in any
of the other patients with SAID, since a flare was
emerged in the interval widening period (Table 5).

DISCUSSION

Interleukin-1 is the prototypical
pro-inflammatory cytokine that modulates the
inflammatory cascade in many diseases. In this
study, we evaluated the efficacy and safety of
anakinra treatment, as an IL-1Ra, in our pediatric
patients with varying autoinflammatory diseases.
In the majority of our patients, partial or complete
responses were achieved and no significant side
effects occurred. During the 12-month follow-up
period, complete response with anakinra was
achieved in 21 (63.6%) of 33 patients and partial
response in 10 (30.3%) of them. Seventeen
patients required to switch to another biological
drug due to inadequate response (n=12, 36.3%)
and adverse events or non-compliance with
treatment (n=5, 15.1%). Previous studies have
reported varying rates of treatment response
with anakinra in sJIA ranging from 31 to
85%.171% Saccomanno et al.'° evaluated the
potential predictors for the effectiveness of
anakinra treatment in sJIA patients and they
showed that the shorter disease duration, lower
active joint count, higher ferritin level, and
systemic manifestations were associated with the
achievement of complete remission. It was also
demonstrated that intravenous anakinra therapy
can be also used effectively in the treatment
of MAS.?° Another recent study showed that
administration of methotrexate from baseline in
patients with sJIA, regardless of the presence of
MAS, might be beneficial in maintaining inactive
disease status.?! In a MAS cohort of 80 patients,
corticosteroid and intravenous immunoglobulin
treatments were used as the first-line treatment
options, and 12.5% of the patients required
biological therapy. This study also showed that
tocilizumab and infliximab were -effective in
controlling sJIA complicated by MAS.?? Seven
of our 11 patients (63.7%) with sJIA complicated
by MAS achieved complete remission, while
two had a partial response and two were
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unresponsive in our cohort. We observed that
the anakinra was usually effective in breaking the
MAS course in sJIA patients. The short half-life
of anakinra provided an important advantage in
these patients thanks to its rapid impact. Even,
frequent disease flares and tocilizumab switch
while taking anakinra therapy were observed
in patients with persistent arthritis. Half of our
sJIA patients with partial or non-response to
anakinra consisted of patients with arthritis.
Correspondingly, one non-responsive sdJIA
patient presented with chronic arthritis and
reached remission after switching to tocilizumab.
Additionally, there may be conditions in which
the IL-1-based inflammation cascade cannot be
treated, despite maximum anti-IL-1 treatment
dosages. Also, one patient with sJIA complicated
by MAS died, despite the maximum dosage of
anakinra and tocilizumab treatments.

The inflammasomopathies constitute the
prototype of SAIDs, resulting in mutations
in NLRP3, NLRP1, NLRC4, and pyrin
inflammasomes. Previous studies have shown
the effectiveness of anakinra among patients
with inflammasomopathies.>47232% In the
present study, a total of 21 patients with
inflammasomopathy were treated with anakinra.
Among them, two patients with HIDS, four with
CAPS, four with FMF, three with IRP and one
with  NAPS12 achieved remission. Anakinra
was switched to canakinumab in seven patients
due to inadequate response and in five due
to injection site reactions or daily injection
difficulties. In our cohort, inadequate response
or disease flare under anakinra treatment was
usually observed during the interval widening
of treatment in patients with SAIDs. Close
monitoring of these patients is important during
the interval widening of treatment. This group
of patients (CAPS, HIDS or IRP) appears to be
anti-IL-1 treatment-dependent, due to the short
effectiveness of anakinra. We consider that the
development of drug modifications with a longer
half-life such as canakinumab may be beneficial
to provide treatment alternatives in this group of
patients. However, the existing data about the
predictors for the effectiveness of anakinra in
SAIDs are still limited.

Non-steroidal anti-inflammatory drugs and
colchicine are the first-line treatments of acute
pericarditis. Nevertheless, corticosteroids and
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immunosuppressant drugs are required in
persistent or relapsing cases. According to
the European Society of Cardiology (ESC)
guidelines, anti-IL-1 therapy is recommended
in patients requiring prolonged steroid
treatment.?>26 Up to date, a restricted number
of pediatric patients with IRP receiving anakinra
was reported and all of them achieved rapid
maintained response.?”2® Similarly, three of
our four patients with IRP achieved complete
remission within a short period and were still in
remission with anakinra during the 12-month
follow-up period.

The most frequent adverse event in patients
receiving anakinra is an injection site reaction
which is wusually mild, dose-dependent, and
transient resolving spontaneously within a few
weeks.?® The rate of injection site reactions was
6.1% in our study. Furthermore, patients may
refuse daily injections due to its painful effect
and restriction of daily activities. Anakinra was
switched to canakinumab in 9.1% of patients due
to daily injection difficulty.

The single-center, retrospective design with a
relatively small and heterogeneous sample size are
the main limitations of this study.

In conclusion, our study results show that
anakinra is an effective and safe treatment
option in patients with MAS or refractory
autoinflammatory diseases. Mortal conditions
such as MAS can be quickly improved with
anakinra. In sJIA patients with a monocyclic
course, the attack or MAS course can be
controlled with short-term hit-and-run treatment
of anakinra, while the SAIDs group seems to be
more dependent on anti-IL-1 treatment.
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